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Preface

The purpose behind Programming Practice: Pascal is to teach you how to
apply the theories, tools, and concepts mentioned in the Principles book to
problem-solving using the Pascal programming language. We suggest that
you either read the Principles book before beginning this book, or read the
two books concurrently.

While using this book to learn Pascal, you may find that there are too many
examples and that some topics have been over-explained. You are
encouraged to select only the topics and examples that best suit your needs
and work habits.
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Chapter 1 An Overview

This chapter provides an introduction to the Programming Practice: Pascal, an
overview of current computing devices and systems, and a brief introduction of
Pascal and programming. Being an overview, this chapter covers a wide range of
subjects, and details. Do not be overwhelmed! Many of the topics will be
discussed in more detail in other chapters. This chapter can be read quickly.
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Chapter 1

An Overview

1.1 Preview

This book intends to teach you how to program a computer using the Pascal
programming language, using the concepts and topics discussed in the Principles
of Programming.

Although the journey through the Principles of Programming is echoed
throughout this book, their are some additional obstacles and terrain that must
be dealt with when learning the Pascal programming language. This chapter
provides you with a guide to these obstacles and outlines the new terrain by
introducing the Programming Practice: Pascal in three subsections:

= A Global View describes the layout of the text book’s material in very
general detail. This sub-section also offers an idea of the way in which
the Programming Practice: Pascal should be used with its companion
book: the Principles of Programming.

e The Road Ahead gives a very brief synopsis of each chapter so that you
can visualize how all the chapters fit together. This provides a route
that will take you from an introduction to computers, programs, and the
compiling process (the last section in this chapter) to being able to write
large useful programs in Pascal.

= Road Signs describes the common pattern on which each of the chapters
are based, tells you how to read the road signs, and gives a brief
explanation of some of the visual aids that will be used throughout this
book.

Apart from introducing the Programming Practice: Pascal, this chapter also
introduces the physical devices from which the computer system is constituted.
The hardware— as its commonly referred to— is the part of the computer system
that changes most rapidly. As new technology is developed, becoming faster,
cheaper and smaller, it replaces the old. For this reason, we will concentrate on
the smaller micro-computers and mini-computers, which are more powerful than
the “monster” computers of just a few years ago.

Programming is the creative process of designing and realizing software.
Programs are written using programming languages of which there are many. In
this book, we emphasize the high-level programming language called Pascal,
but most of the concepts we'll introduce also apply to other languages.

Communication between people and computers at a detailed level is often done
using a keyboard. This chapter includes a brief discussion of the practical skill
of touch typing, which is useful for anyone wishing to communicate with
computers. A sample program which teaches typing is shown in Chapter 2.

In summary, this chapter provides an introduction to the many practical aspects
of computing today, and it does so by concentrating on some typical aspects. It
emphasizes micro-computers over larger computers, but most of the material
described applies equally to all computers. It aims to introduce you to the
practice of programming.
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1.2 Introduction to Programming Practice: Pascal

A Global View

The goal of this book is to teach you how to program computers using the Pascal
programming language. However, learning to write computer programs is very
much like learning any skill, you must first understand the underlying principles
upon which the craft is based and then practice, practice, practice.

For example, you can read all the books ever published about riding a bicycle but,
until you actually get on one and start pedaling on your own, you will not know
how to ride a bicycle. The same applies to computer programming! Here, we
provide the second book, the Programming Practice: Pascal, which assumes that
you have already familiarized yourself with the Principles of Programming
(referred to as Principles): the first book which describes the method behind
problem solving using a computer.

As in the Principles book, Programming Practice: Pascal emphasizes the adage,
“it’s best to learn through examples.” Each chapter uses example programs,
many taken from the Principles book, to teach the same point. For this reason,
you may find the number of examples overwhelming and you should feel free to
pay attention to only the examples which you feel best describe the point that is
being illustrated.

The Road Ahead

In this section, we give a brief summary of what is in each chapter of the
Programming Practice: Pascal. A synopsis of each chapter is presented so that
you can visualize the road ahead.

= Chapter 2, Computing: A short survey of some applications, this chapter
introduces software by giving some examples of packaged programs,
applications, which perform specific tasks.

= Chapter 3, Programming Language: Pascal, in this chapter we further
introduce the Pascal programming language by comparing it to natural
languages and by using syntax diagrams to help our understanding. Some
extremely simple Pascal program examples are given as illustrations of
the syntax presented. Although it will take a few more chapters to
introduce all of the Pascal syntax, some other examples of complete
Pascal programs are also given in this chapter.

= Chapter 4, Data and Actions, this chapter continues with the
introduction to the Pascal programming language that was started in the
last two chapters. Its main concerns are the basic components of the
language with some emphasis on the way in which the language is
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written (i.e. the syntax or grammar) but also on the precise meaning (i.e.
the semantics) of what is written.

Chapter 5, The Four Fundamental Forms in Pascal, the goal of this
chapter is to introduce the four fundamental forms: Sequence, Selection,
Repetition, and Invocation, that are necessary and sufficient to create
any algorithm. At the end of the chapter you will have the necessary
tools to develop your own programs.

Chapter 6, Pascal with Bigger Blocks, this chapter continues the
presentation of the programming language Pascal by introducing other
forms, deeper nests, different data types and more details. These
complements are not as fundamental or important as the topics of the
previous chapter, but are useful and convenient in the development of
clear and correct programs. Remember, bigger is not always better.

Chapter 7, Better Blocks: Procedures and Libraries, this chapter presents
the creation and use of Pascal subprograms, i.e. the Pascal procedures
and functions. Subprograms are often part of libraries, and the chapter
introduces the Pascal units that are used to implement libraries.

Chapter 8, Pascal Data Structures, in this chapter we consider the three
structured data types: arrays, records, and sets, and how they are used in
Pascal. The main concepts introduced in Chapter 8 of the Principles book
and “Abstract Data Type” (or ADT), will be developed further. ADTs
will also be used to create three libraries: IntArrayLib, ComplexLib, and
a Matrix Library

Chapter 9, Algorithms to Run With, the primary purpose of this chapter
is to provide more extensive examples of the data structures introduced in
chapter 8. Algorithms to sort and search data structures will be
discussed, along with the various ways of implementing stacks, queues,
and trees. Also, this chapter will further develop the concept of an
“Abstract Data Type” (or ADT) and create the StackLib, QueueLib, and
SetLib libraries.

Chapter 10, The Seven Step Method, this chapter implementations
solutions as computer programs, and then demonstrates how to verify the
correctness of solutions through testing. To reach this solution, the seven
step problem-solving method- introduced in the Principles book— will be
reviewed and discussed. Although we’ll concentrate on the
implementation in Pascal of an already designed program, we cannot
ignore the design.

Signs Along the Road

Although each chapter constitutes a stage in our learning journey, introducing
new topics and conventions while expanding on others, the same basic pattern is
followed:
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1. Each chapter begins with a Preview that gives a summary of the
material that will be presented in the chapter. This will give you an
idea of what to expect and introduce you to the major concepts in the
chapter.

2. Next, the actual material of the chapter is provided, where topics
concerning the Pascal language is divided into sections. Since the
emphasis through each chapter is that we learn best by example, each
section has many sample programs illustrating the Pascal statements
being discussed. Most of these examples are taken from the Principles
book and references are made when appropriate.

3. Following this, a Review of the material contained in the chapter is
presented. This will serve to remind you of what you have learned and
nudge you to go back and reread anything that you have forgotten.

4.  Finally, each chapter ends with a set of Problems and Programming
Projects to solve. These are the most important parts of each chapter.
Some chapters contain Programming Problems as well. In any case,
programming is an intensely practical skill that can only be acquired by
practice. Remember: “Practice makes perfect!”

The Principles of Programming, because it is a book which explains a great many
theories and concepts, includes signs to visually illustrate important points and
concepts. However, because the Principles of Programming: Pascal teaches a
programming language, it does not include these signs as frequently. If you are not
familiar with these signs they are as follows:

Note: Thisisatip or note box. Inside this box, important information and
tips can be found.

This is a note in In addition to tip boxes, when a paragraph briefly touches upon a subject which
margin which is covered in more detail in another chapter, a reference is provided in the left
directs you to margin.
useful
information. ]

1.3" "Hardware: Computers and Peripherals

Computers, which range in size from monster to micro, are all constructed from
the same kind of components. Here, we will illustrate these components by
describing micro-computers, realizing that today’s “micro” is capable of much
more than the “monster” of just a few dozen years ago. Actually micro-computers
are, nowadays, much more interesting than the larger computers; they are more
convenient to use, more flexible and more commonly available.

All micro-computers are built from only a few basic components, some of which
are shown in Figure 1.1. The main component (shown in the center of the figure) is
an electronic “black box™ unit that contains the Central Processing Unit, some
control circuitry, some internal memory, a power supply, and connectors of various
sorts to allow other units to plug in.
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Figure 1.1 A computer’s basic components
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At the heart of a computer system (inside the black box in Figure 1.1) is the
central processing unit, or CPU, which controls the behavior of the system’s other
components, and performs the operations on the data. Connected to the CPU are
“peripherals”, which perform a wide variety of functions. These pieces of
hardware include printers, memory devices and communication units that can

link one computer to another over standard telephone lines. In this chapter, we
will briefly describe some of the many computers and peripherals, concentrating
only on the most common ones.

The inner building blocks of the CPU are registers consisting of 8, 16 or 32 bits
(binary digits), the larger ones usually corresponding to faster machines. When
the computer is being used, the registers are mainly used to store the data being
manipulated. The programs being executed are stored in the internal memory, as
well as the data they manipulate. The amount of data and programs that can be
stored in memory is measured in units of Kbytes, where a Kbyte, or kilobyte or
simply K, is about one thousand bytes (actually 210 or 1024), and where a byte is
8 bits and is the equivalent of a single character, for example a letter, on a
written page. Very roughly, one Kbyte is sufficient to store a page of text. A
Megabyte, or Meg, is one million bytes (actually 1,049,376 or 220). The internal
memory ranges from 640K, to 16 Megs and larger.
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Other Components and Packaging

Input/Output or “1/0” is usually done through a keyboard and a TV-like display
or monitor. One commonly used display screen shows 24 lines (rows) each with 80
characters. Each character consists of a matrix of dots or pixels, usually 8 pixels
high by 8 wide, making the screen 640 pixels wide by 200 high. Larger
configurations, found in higher quality screens, are 1,000 pixels square.

Programs and data may be stored externally in auxiliary memory, which often
takes the form of one or several disk drives. In the disk drives, the storage is on
thin portable “floppy” magnetic disks, 5% inches or 3% inches in diameter.
The disks are able to store from 720K to beyond a Meg. That’s sufficient space to
store the text of an entire book. Examples of programs will be provided in
Chapter 2.

The packaging of these basic components to form a complete computer system
takes many forms. The organization ranges from all components being integrated
into one box, to the other extreme where all are separate components that have
to be plugged together.

The peripheral devices are connected to the main processor and perform many
different functions, usually involving inputs and outputs. They often take the
form of “cards”, plastic boards of electronic components. These cards plug into
slots on the main processor unit.

The family of input peripheral devices include in particular a rectangular
keypad for entering digits, a regular typewriter-like keyboard, function keys for
specifying special operations and a “wand” for reading bar-codes.

For output, the range of peripheral devices includes mainly screens to display
the output, and printers to provide “hard copy” on paper. A marker (cursor) on
the display screen, which shows the current working point, can be moved by a
mouse, pen, trackball or joystick. A mouse can be used to point, click, or drag
objects on the screen. Printers produce text and graphics of varying quality,
ranging from dot-matrix impact-type (where the image is produced by a type-
head striking the paper as in a typewriter), to ink-jets, to higher quality laser
printers and even typesetting machines. Plotters, which manipulate pens of
varying colors are often also used to output high quality drawings.

Where there is a requirement for a large amount of auxiliary memory, this is
available on “hard disk” drives, which may provide from 40 Megs to hundreds of
Megs, and even Gigabytes (one billion bytes).

Communication between computers over telephone lines is possible with a device
known as a modem (modulator-demodulator). Modems communicate usually at
speeds ranging normally from 2400 bauds (bits per second) to 9600 bauds, and
beyond. Computers can also be interconnected in networks, be they local area
networks (LANSs) or wide area networks (WANSs), through simple twisted pair
wires or coaxial cables.
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Many new types of peripheral have recently become available. These include
for instance speech recognition input devices, speech output devices, visual input
scanners.

1.4 The World of Programming

What is Programming?

The subject of this book is programming, and as you progress, you will discover
that programming is the art of instructing the computer to perform specific
actions. In other words, to get the CPU and its components to work together and
achieve a goal, such as, for example, solving a problem. This is done by
providing the computer with a set of instructions written in a program language.

Why do the instructions have to be written in a programming language? The
reason is simple. The English language was invented for humans to communicate
with each other, and since the computer cannot understand human languages, the
computer cannot understand English instructions. To bridge this gap,
programming languages were invented so that humans could use computers to
solve problems.

As the Principles book points out, programming languages are notations used for
communicating algorithms between people and computers. There are hundreds of
programming languages and, to give you a taste of these, Figures 2.20 to 2.25 of
the Principles book show an example of the same program expressed in six
different programming languages.

“Real world” and “Abstract World”

One view of programming, which was mentioned in Chapter 8 of the Principles
book, is as a way of dealing with the “real” world by using a computer to build an
abstract analogy of it. It is said to be “abstract” because it has been abstracted—
taking only the parts that are essential to solve the problem at hand—from the
real world original.

The real world is said to be “modeled” by the abstract world. The real world
contains items of data such as time, money, grades, etc. whereas the abstract
world treats these data as “black” boxes containing numbers and other symbols.
The real world allows actions on these objects, including counting, measuring,
sharing and sorting, which may also be modeled in the abstract world. A person
is not a number. A map is not reality; much is left out—this is the process of
abstraction, illustrated by Figure 1.2.
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1.5 Pascal

Figure 1.2 Reality vs. Abstraction
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Communication in the real world is between people, and is possible even if there
are some errors of spelling, punctuation, grammar or some imprecision. This is
possible because we all have enough knowledge about the real world to correct
the errors as we go. Generally, this error correction happens so naturally and fast
that we don’t even notice it.

Communication of a program in the abstract world, between users and computers,
is impossible if there is any error of spelling, punctuation, etc. Computers and
programming languages, are at present, rather intolerant of errors and have very
little automatic error correcting ability; however, they can often pinpoint the
errors for the users to correct. The stages involved in successfully programming an
abstract model of the real world is shown in the next section.

Pascal is a programming language developed by Niklaus Wirth around 1970. It
is a rather simple language of moderate size and complexity, but powerful,
compact, reliable, and efficient. Its clarity, simplicity, and structure make it
most suitable as the first language to be learned. In fact, one of Wirth’s major
design goals was to produce a language that would be suitable for the teaching of
programming.

It is not a good idea to skip the fundamental concepts that were introduced in the
Principles book, and begin by learning the language, for, as good as Pascal is, it is
unnecessarily restrictive to think in terms of any one programming language.

An example Pascal program

In Chapter 2 of the Principles book you’ve seen a number of simple pay
algorithms. Although we don’t want to anticipate on the presentation of the
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various features of the Pascal programming languages, we’ll show you now the
Pascal program corresponding to the Pay algorithm found at the left of Figure
2.18 of the Principles book. The spreadsheet Pascal program we’ve just seen was
mostly based on invocations, which made it extremely simple. This simple pay
program is a better example of what Pascal statements look like. We’ll
reproduce here in Figure 1.3 the original pay algorithm.

Figure 1.3 A simple pay algorithm

el Payio el Fayio
0 = Hol s 1Dx$+

| 15 = [Hous-d40]

]

The corresponding Pascal program is given in Figure 1.4. Try and match the
various parts of the flowchart with the various parts of the program. This
should not be too difficult as we have been careful to use indentation to show
more clearly the various parts of the program (and help you match the IFs with
the ELSEs). Here again we don’t expect you to grasp all the details, but this
should help you become familiar with the form of Pascal programs, a skill you’ll
acquire in the following chapters.

Figure 1.4 The Simple Pay Pascal program

PROGRAM SimplePay(INPUT, OUTETUT)

{ Simple pay in Pascal } Coomments begn and end
TAE, wh bracs:, |

howrs, pay: INTEGEER;
EEGTH

Fead( howrs) ;

IF howr=s <= 40 THEW
pay = 10 * hours
ELZE
pary = 10 * 40 + 15 *+ [(howrs - 407 ;
Mritelnl 'Gross pay i=s ', pav:6l;
END.
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Running Programs: Compiling, Linking, Executing

As illustrated in the Principles book, the complete creation of a program takes a
number of steps. In fact, our problem solving method has seven steps, But even
the Program Coding and Testing step is itself made of a number of smaller steps or
stages. The diagram in Figure 1.5 shows the sequence of stages (Editing,
Compiling, Linking, and Executing), and what is involved at each stage. These
stages must be followed in order to get a computer to run a program properly.

Figure 1.5 Stages of the Program Coding step

Create an Import from
Algorithm Libraries
Write a . . .
Program ( Edit Compile J Link ] Run

Editing: this might be the hard part of the Program Coding step. The
algorithm is coded in some programming language, in this case Pascal.
Through the use of an editor application program (see Chapter 2), the
program is put into some computer readable form. This form of the
program is the source code.

Compiling: this is the process of translating a source program into a
lower-level machine language program, the object program. This
translation process is performed by another application program, a
compiler. There is a different compiler for each programming language
and for each machine on which the program is to run. Part of the
compiling process involves checking the source code for syntax errors.

Linking: this is the process of connecting a program to other separately
compiled programs such as modules from various Libraries. If all the
parts that comprise the complete program are available, the result of
linking will be an executable program. If some parts are missing, error
messages will be produced to explain why the link did not complete

properly.

Executing: this is the process of running the executable program on the
computer. An executable program can be executed any number of times
without additional compiling or linking.

Any errors detected during these stages must be corrected, and the stages tried
again in the sequence shown. If there are no errors or other changes, then to rerun
the program requires only executing the executable program at the last stage.
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1.6 Communicating to Computers

Typing

Typewriting is a skill that is very useful for communicating to computers, to
bosses, to colleagues, to professors, etc. Without this skill, the computer user is
likely to be quite handicapped. It is possible to “hunt and peck” with two
fingers, but that method is very tedious, slow, tiring, and inefficient. If you
intend to use computers a lot, it would be a good investment to spend some time
and effort on attaining proper skills, and possibly overcoming some bad habits
which may be deeply ingrained.

Touch typing is actually very easy to learn, especially with computers. It just
takes practice which can be done while writing necessary material such as:
programs, term papers, letters, etc. In the past, with mechanical typewriters, it
was difficult to correct typing errors, so speed had to be sacrificed for accuracy.
With computers it is very easy to correct errors, either instantly when they are
made or at a later time.

Figure 1.6 QWERTY keyboard layout

Return
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space bar

The most common keyboard is called QWERTY, named after the first row of
keys, as shown in Figure 1.6. Another layout of keys, called Dvorak, is more
efficient but not common. It is shown in Figure 1.7.

The normal “home row” position on the QWERTY layout has fingers on the keys
“asdf 7 and “j kI ; 7. Often the keys Dand K have slight bumps for the middle
fingers to find, without looking. On other computers F and J have bumps. You
may wish to stick tape on the “home position” of two keys.
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Figure 1.7 Dvorak keyboard layout

The traditional approach to teaching typing begins by emphasizing the proper
posture: back slightly forward, feet on the floor, and hands curved over the
home-row. The secret to learning touch typing is not to look at the keys! Each
letter or key is to be hit by the specific finger assigned to it, as shown in Figure
1.8.

Figure 1.8 Finger assignments
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Train yourself so that the sight of any letter automatically causes movement in
the corresponding finger. Keep your eye on the paper you are copying from or on
the screen that you are copying to; do not look at the keyboard. You may wish to
correct errors immediately, or wait until you finish; try both ways.

A good way to start is by doing some small finger drills for exercise, to improve
speed and gain confidence. Some sequences you could try are:

asdfg hjkl; staying with the hone keys
frdesw jukilo straying fromthe key positions
frvt juym further from key positions
jwox# S(b;0 random sel ecti ons

aei ou rst conmon letters
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ea, ed, es, ing conmon conbi nati ons
a the it to in comon short words
aAsSdDf F upper and | ower case
It is init, is it not? sent ences
abcdef ghijkl m npgqrstuvwyxz al phabet
123 456 789 0 1492 1984 2001 nunber s
The quick brown fox jumps over the |l azy dog

al phabet
WHI LE | F THEN ELSE FOR END words in Pascal

1 2 Buckle My Shoe. 3, 4 Shut The Door.
m xed words, nunbers, caps

Roses are red, Violets are blue ... poens?
Once upon a time there lived three bulls, a
mommy bul | .. stories

You could also create your own sequences that have whatever structure you like.
You might choose, for example, your name, address, phone number and other
things that you have to write often. However, the best practice is always to
type everything properly, without looking at the keys. You will be surprised
how quickly you can improve.

Evaluation of your progress is helpful because it reinforces good performance. You
should keep track of your improvement in speed (words per minute) and accuracy
(errors per 100 characters) but remember that there is a tradeoff here—the faster
you go, the more errors you are likely to make. Your learning curve is likely to
have plateaus, where there will be no progress for days, followed by large jumps
of considerable improvement.

Software programs for teaching typing are available. They often include speed
tests, accuracy reports, and games. We have created two simple typing
applications, but you might wish to extend them later, in order to add to their
functions and statistics reporting. There is an example of such an application, a
typing application, in the next chapter.
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1.7 Chapter 1 Review

This chapter has provided a very quick overview of many computing concepts
and applications.

Hardware evolves particularly quickly and specific components become obsolete
soon. Many of the numbers mentioned here will change enormously in a short
time. The speeds will get faster, the sizes will get smaller, the capabilities will
get larger and the prices will get smaller. Computer memory, for example,
double in capacity and halve in speed every few years.

Programming is the art of instructing the computer to perform specific actions
which solve a problem. One view of programming is to see it as a way of dealing
with the “real” world by using a computer to build an abstract analogy of it. In
any case, in order to get a computer to run a program properly, a sequence of stages
must be followed (Editing, Compiling, Linking, and Executing). These stages
comprise the Program Coding and Testing step of our seven step problem-solving
method which was introduced in the Principles book.

To communication between people and computers at a detailed level, one must use
a keyboard. To efficiently communicate using a keyboard, one should at least be
familiar with the practical skill of touch typing.
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Chapter 2 Computing: A Short Survey of
Some Applications

Software is the stuff that makes computers go. Without software— the
collection of programs that is needed to operate the computer system—
computers are just a collection of lifeless hardware. This chapter introduces

software by giving some examples of packaged programs, applications, which
perform specific tasks.
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2.1 Preview

The collection of programs that is needed to operate the computer system, the
software, consists of programs and libraries of programs. Generally, a library of
programs is a group of utility programs that are related by the kind of
operations they perform. Although software, like hardware, has evolved
considerably in its few dozen years of existence, it generally has a longer life
than the hardware on which it runs. One program, over its lifetime, may run on
a range of different hardware.

In this chapter, the software that we describe mainly consists of applications,
which are packaged programs intended for use by people who may not have
programming backgrounds but wish to use computers to perform specific tasks.
The uses of these packages are many and diverse, touching virtually all fields.
They are used for learning, organizing, communicating, drawing, writing and
playing. In this chapter we will briefly describe some common application
packages through simple examples.

In later chapters, we will create and modify the Pascal source code for some of
these applications. The purpose of this chapter is to introduce you to some
common applications which can be programmed for a computer using Pascal, not
the Pascal programming language itself.

2.2 Software and Applications

Software is the stuff that makes computers go. Computers are nothing without
software! Software breathes life into computers like tape recordings bring
sound to recorders. This sounds like “hype”, but it is really true, because if you
were given a piece of sophisticated hardware (an advanced micro-computer for
example) with no software, you could not use it. Some software is developed for
a special purpose, related strictly to one area of application, but many software
packages are more general and can be used in many different areas. For
example, most word processing software can be used wherever writing is
required, irrespective of the subject matter. The current word processing
packages are more general because they also include functions to do graphics,
and even some of the functions of spreadsheet software packages. In this
chapter, we intend to give you an overview of general purpose software. Some
typical software packages are represented in Figure 2.1.
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Figure 2.1 Some typical software packages

Write (with a Word Processor)

Organize (with a Data Base)
Bull Story Who | Name: Dan Druff |
Where Street: 300 Main Ave
Once upon a time there lived three City: Northridge, CA
bulls, a daddy bull, a mommy bull, L g9e,
and a baby bull. ZipCode: 91330
How [~ PhoneNo: (818) 885-3398 |
And they lived happily ever after. What | Occupation: Professor |
- Why | Appointment:  Back Injury |
GetFile, Search, Cut, Paste, Format,
SpellCheck, Print, Save, Help, Quit. When | Date &Time:  91/2/29 1530 |

Compute (with Spreadsheet) Draw (in 3 dimensions)

Get, Insert, Delete, Sort, Save, Print

Trip Expenses (rounded)

Mon Tue Wed Thu Fri

Sum  Why I:
70 36 28 66 0 200 Room
15 20 32 17 27 111  Food
10 15 12 13 16 66 Gas

10 11 33 0 s 59 Misc /
105 82 105 96 48 436 Total

Combined (Concurrent) Applications

Write

Call Jan
8r anlizte geedRSy "
alculate . end Ren
Spread WRITE (Bull Story) Give Dues
Draw

Buy Milk

Play Meet Dean

Once upon a time there lived
three bulls, a daddy bull,
a mommy bull, and a baby bull.

CALCULATE:

[ |

DBASE (Phonos)

WHO Dan Druff

SPREAD (Grades)

Name examl exam2 final
Able, | 88 78 80
Baker, J 95 90 75

The use of computers for writing, or word processing, is very common. Writing on
a screen provides extreme flexibility, allowing opportunity for many revisions.
Text can be checked for spelling, formatted in various ways (aligned,
proportionately spaced, etc.) A feature called outlining encourages creation in a

top-down manner. After using a word processor it is most painful to go back to
using a typewriter.
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The organization and the saving of data in a database, so that the data can be
selected and retrieved, is very convenient and fast with a computer. There is
much software available, ranging from small phone book managers to monstrous
database management systems. These database application programs allow us
to structure our data. This is absolutely necessary to manage the complexity of
the constantly increasing amount of information we have to deal with.

Many software packages provide the ability to calculate and analyze data.
Spreadsheets are particularly useful for analyzing data that can be putin a
table, with rows and columns. They are particularly suited to “what if”
gueries, for values can easily be changed, and new results almost instantly
obtained. Statistical packages take data and perform various statistical tests
to find relationships within the data. Calculators are often “simulated” on
computers and can be made to “pop-up” onto the screen at any point where a
quick computation needs to be made. Other computing software of this kind
includes packages for accounting and tax preparation.

A more recent application for computers isdrawing. The range of applications
is from business graphic charts to CAD (computer aided design), to graphic art
or even to doodling. Drawing can be done from a keyboard, using keys that
control the cursor position, but usually, it requires input devices such as mice,
light pens, or digitizers.

The ability to exchange texts, pictures or data between computers over a
network or through telephone lines, is very a very convenient, powerful and
flexible tool. There are many communication software packages, designed for a
number of systems and computers. They make on-line information services
available to access databases, get news, airline flight information, exchange
mail, get software, or participate in a conference. Some banks allow access from
home computers to check balances, transfer funds, and pay bills. Electronic
bulletin boards run by individuals or organizations to share common interests
are numerous and growing.

The use of computers for teaching is still at an early stage. Some repetitive
drill-type exercises are useful but usually at low levels and for specific subject
areas. In some specific areas, simulations of natural phenomena or experiments
are very meaningful to students, and an invaluable help to teaching.

A very common activity on computers is playing games. There exist many kinds
of computer games, some involving strategy, others involving manual skills,
and some others even involving social skills. Many games make much use of
sound and color

Computers can be applied in virtually all areas, and obviously we cannot

establish an exhaustive list of all computer applications. These will include
all the applications we have already mentioned and a large number of other
applications going from genealogy to cookbooks and to farm management, etc.
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2.3 Application Software

Application software includes programs to perform useful functions in different
areas. This chapter is devoted to eight small but useful applications:

Edit a simple editor to help enter lists into files

Type a typing tutor to help improve keyboard skills

Calculate a calculator to manipulate both real and complex numbers
Retrieve a tiny database to retrieve data from files

Plan to create a calendar planner for organizing

Plot to create histograms or bar plots

Drill to provide exercises in arithmetic

Spread to manipulate data in the form of tables

It is recommended that you become familiar with some of these applications,
not necessarily all of them. The Retrieve application is a tiny database
manager that could be especially convenient for organizing some of your
personal data (address book, schedule, To Do lists, etc.) The data files can be
created with the tiny Edit application given here, or they could be created in
any larger editor like the one that came with your Pascal system. This tiny
editor has the advantage of working on all versions of Pascal.

The programs for these applications are written in Pascal, and most of the
details are shown later in this book. Each program is short and should fit on a
page so that you can see it all at once. This small size is made possible by the
use of “reusable” components from Libraries.

A library is a collection of utility programs that are related to a common area.
For example, the Edit program uses two operations on strings (Read and Search)
that are obtained from library StringLib. The Plan program uses operations on
dates (WriteMonth, DaysInMonth, etc.) that are obtained from library
DateLib. The use of programs from libraries reduces a programmer’s work
considerably because these common operations do not have to be written anew
every time a program is written. When a library has been created, it is kept in
the system. Any programmer can then "import" the operations she needs from
this library, and use them as if she had programmed them herself. So, ifa
number of general purpose libraries have been developed, the work of the
programmers is reduced, as they can use the available operations directly in
their programs. The creation and use of such Libraries is an important part of
this book.

Modular programming is based on the concept of creating programs by using
large building-blocks. To help in the modularization of a program, it is useful
to create large building-blocks that can be “encapsulated” into Libraries. For
example, we have presented in Chapter 8 of the Principles book, the concept of
an ADT (Abstract Data Type). The types, data structures and operations of an
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ADT are usually encapsulated in a library, from which necessary items may be
obtained for use in other programs (or other Libraries).

In order to use an application, users need not know its internal details.
Nowadays, application packages are sufficiently convenient to allow use
without any need to know about programming. The applications we discuss
here are quite small and not entirely complete, but all of them can be extended
easily. After you have used an application, you may already have some ideas
about additional features that could be useful. Later, after learning more about
programming and Pascal, you may examine the actual Pascal program for an
application and modify it to extend the application the way you want it. This
is exactly what program “maintenance” is, already presented as the seventh
step of our problem solving method.

Editor Application

TED is a Tiny Editor used to create and modify files of text. Most Pascal
systems include a rather complex editor, but all are different and not
transportable to other systems. This small editor runs on all Pascal systems; it
is small but it is portable. It is also fast and easy to learn. Later when you
have gained more experience, you will want to use the added features of a
comprehensive editor, and move to the larger editor that your Pascal system
provides.

This editor acts on a line at a time. It requests operations by displaying a
question mark “?”” and the following commands may be given (by the first letter
of the command: A, B, D, etc. in upper or lower case):

to go to the Beginning of the file

to Delete the Iine at the current position

to Type out the entire file

to nove the current pointer to the Previous line

to nove the current pointer to the Next |ine

to I nsert one line after current line

to Find a given string, starting at the current |ine
to Modify the current |ine

to provide Help, by listing all comrands

to replace the current |ine by another

to Save a file

to Load a previous file which was created and saved
to End or exit the edit session

mrLWOXIZIT—Z2TVT-HO®

Here is an example of a typical file editing session, with comments at the right
in a different font. The part typed by the user is in bold. Note that commands
may be typed either in upper or in lower case.

?i insert a line
Roses are red
?1 insert a line

Violets are blue
?i insert a line
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So are you

2t Type the whol e thing
Roses are red

Violets are blue

So are you

?p Go to the previous line
Violets are blue

?i Insert following that |ine
Sugar is sweet

?2T Type out the file

Roses are red
Violets are bl ue
Sugar is sweet
So are you

?S Save the file

Enter nane of file

out >RosesFil e G ve nane of saved file

?e Exit, end the edit session
End of edit

TED is a program written in Pascal that uses pointers and doubly linked lists. It
is rather short because it makes use of data structures and operations from a
library called StringLib. You may later wish to extend it in some of the
following ways:

= Add more commands, such as append, to insert more than one line
= Output with line numbers for reference

= Provide more detailed help or instructions.

Typing Applications

There are two aspects to the skill of typing, speed and accuracy. Here, we show
two application programs that provide practice in these areas.

TypeTimer is an application program that presents a line of text to be typed in,
and then indicates how quickly this line was typed. Accuracy is not measured
because it is assumed that errors can easily be corrected. A typical run of this
program is shown below; the part of the dialog that the user typed is shown in
bold.

Typi ng Speed Test

You are to type the following |ine

Type Return when you are ready, and

type Return when you are finished

A qui ck brown fox junps over the | azy dog

A quick brown fox jumps overf the | axy dog

The tinme taken is 50 units.

Time is measured by units, which are not seconds, but some arbitrary units that
are consistent and serve to compare times to measure progress. Such a typing
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exercise is recommended as a “warm-up” before other computing activities.
Keeping track of improvement is useful.

TypeWell is another application program that presents a number of lines of
various kinds of text and indicates whether the typed line is correct or has
errors.

Text of two kinds can be selected. One kind is a set of “silly” sentences, each
consisting of all the 26 letters of the alphabet. Beyond the common *“a quick
brown fox jumps over the lazy dog” it includes many more such sentences. The
other kind of text includes various common words, Pascal reserved words,
numbers, and other useful pieces of text. A typical run of this program is shown
below, the part typed by the user is in bold type.

Typi ng Accuracy Test
VWhat do you wish to try:
Silly sentences or serious statenments?
Enter “silly” or “serious”
silly
Type the follow ng
a quick brown fox junps over the lazy dog
a quick brown fox jumps over the | azy dog
CORRECT!
Type the foll ow ng
exqui site farmwench gives body jolt to prize stinker
exquisite farm wench gives body jolt to prize
stinkl er
ERROR! !'!
etc. .. etc.
Try agai n soon.

These two application programs are both written in Pascal, and they make use
of strings, and files (covered in Chapters 5 and 6). Soon, after learning to use an
editor, you could modify the kinds of text in the two files named “silly” and
“serious”. Later you may wish to modify the program in various ways:

= to combine both speed and accuracy tests into one,
= to keep track of your progress after each exercise.
= to enter yet a third kind of file, “semi-serious”,
= to count the number of errors.

Calculator Applications

RealCalc is a program that simulates a hand held calculator. It provides the
typical four arithmetic functions (addition, subtraction, multiplication, and
division). Entering the letter “q” or “Q” (for "Quit") causes the calculation to
stop. An example calculation is shown below. It converts 100° Celsius to the
equivalent Fahrenheit unit (212°). The part typed by the user is shown in bold

type.
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Enter a val ue

9.0

Enter an action
/

Enter a val ue
5.0

The result is 1.80
Enter an action

*

Enter a val ue

100

The result is 180.0
Enter an action

+

Enter a val ue

32

The result is 212.00
Enter an action

q
End of cal cul ati on

The behavior of this calculator is similar to that of the common four-function
calculator. However, it differs from most hand-held calculators in that each
value and each action are on separate lines. This general form of calculator is
easily extended to the manipulation of other data such as very long numbers or

complex numbers.

For example one such extension, ComplexCalc, operates on complex numbers, i.e.

numbers having a real part and an imaginary part. The following shows a
typical calculation where, as usual, the user’s responses are shown in bold.

Enter a val ue:
| nput Real part

1.0
I nput 1 mag part
2.0

Enter an action

+
Enter a val ue
| nput Real part
3.0
| nput I mag part
4.0
The result is
Real part = 4.00
Il mag part = 6.00
Enter an action

Q

End of cal cul ation

The application program RealCalc is written in Pascal, and can be extended in

many ways:
= to compute squares and powers,
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= to include trigonometric functions,
= to output in different forms (such as scientific notation).

ComplexCalc is also written in Pascal, and makes use of operations on complex
numbers from a library, ComplexLib. The program could also be modified in
many ways:

= to compute the conjugate of a complex number,
= to compute magnitudes and angles,
= to output in different forms (such as polar notation).

Other calculators based on this program could keep the same form and accept
other types of data like the following.

= Large integers (much larger than the standard computer maximum sizes
of 16 to 32 bits) ,

= Vectors (of coordinates in 3 dimensions),

= Matrices (or arrays of two dimensions).

Retrieve Application: A Tiny Database

Retriever, or Tiny Database, is a program that searches a file to find a given
key word or phrase and retrieves the information associated with that phrase.
One database file, for example, might involve a listing of various names, phone
numbers, addresses, and other information such as the following.

Cetera, Ed (818) 885-3398 1234 First Street, Northridge, CA 91324
DeLi on, Dan (405) 349-6400 5678 Shady Lane San Franci sco, CA 90000
Druff, Dan (818) 123-4567 2468 Shady Al ley Los Angel es, CA 90123
Funt, Hla (818) 349-1234 1500 Louis Lane, Northridge, CA 91330
Gone, Polly (818) 548-5948 300A Shady St, Chatsworth, CA 91350

Ho, Qung (818) 543-7654 248 Main St # 7 Northridge, CA 91324
Mo, Kim (818) 987-6543 123 Easy St, Chatsworth, CA 91444
Stein, F.N (405) 666-6666 “Frankie” 13 Lucky Lane, SF, 94114
Wod, Holly (213) 349-6417 X1200 *** Don't call after 9pm

fire: 111- 2222

par amedi cs 111- 3333

pol i ce 111- 4444
time: 222-1212
weat her 333-1212

Each piece or line of information forms a data record. The parts within a record
(name, phone number, zip code, etc.) are called data fields. Notice that here
the records contain very differing fields and the fields have differing details,
lengths, etc. This is a “free-form” database, as opposed to other more complex
and highly structured ones.

Searching such a database called “Phonos” for the key “Funt” is done as follows
(the people's part is in bold type).

Enter search pattern Funt

Enter the File Name Phonos
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Funt, Ella (818)-349-1234 1500 Louis Lane,
Nor t hri dge, CA 91330
End of Search

Files such as this one may be searched in many different ways. We could search
for a first name such as “Dan” and it would retrieve the records associated with
“Dan DeLion” and “Dan Druff”. Similarly, we could search for states, e.g.,
“CA” or cities, say “Northridge”, or area codes, such as “818”. We could also
search that database using special marks like, for example, “***” or “11” or
even parts of words, such as “Comput” to get anything dealing with Computers,
Computation, Computing, etc. Note that searching for a blank space “ *“ would
retrieve the entire data base! On the other hand, searching for a zip code such
as “93333” would retrieve nothing.

An application program like this one could be applied to other files containing
different types of information, such as part inventories, time schedules, tasks to
be done, programs on a disc, collections of stamps, cars on a sales lot, people in
an organization, etc.

The Retrieve program is written in Pascal. It is less than a page long mainly
because it uses the operations on character strings from a library called
StringLib. Using operations from a library means that we don’t have to write
those parts of the program, and instead we can use someone else’s work, which
we know is already tested and working. The Retrieve program stores the files
as one long sequence of characters. The data file must be created separately by
an editor or a word processor. You may wish to create a file of interest to you,
and use the tiny database program to retrieve various details from such a file.
Later you can modify this program in a number of ways, including the following.

= to enter and delete items from the tiny database instead of with an
editor

= to search for fields within the records (i.e. phone numbers only)
= to sort the retrieved items in order

= to print labels for a mailing list

= to format the items

= to count the number of items of various kinds.

Planner-Calendar Application

Planner is a simple application that creates a calendar for any number of
months of any year after 1900, and provides the calendar on a file so that it
may be modified and “customized”. A typical run of this program follows. The
trace is shown first, followed by the resulting file. As usual, the user's part of
this dialog is in bold type.

Enter the cal endar year 1994
Enter the first nmonth, 1..12 1
Enter the nunber of nonths 2
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Enter the gap between nonths 2
Enter the gap between weeks 1
Enter the destination file nane
Qut> JanFeb94

Conmpl eted the cal endar file

Year 1994
January
Sun Mon Tue Wed Thu Fri Sat
1
2 3 4 5 6 7 8
9 10 11 12 13 14 15
16 17 18 19 20 21 22
23 24 25 26 27 28 29
30 31
February
Sun Mon Tue Wed Thu Fri Sat
1 2 3 4 5
6 7 8 9 10 11 12
13 14 15 16 17 18 19
20 21 22 23 24 25 26
27 28

The file “JanFeb94” produced by this program can be modified in a text editor as
shown below. Most of the changes consist of comments added at the right of the
calendar. Changes can also be made to the calendar part; some dates can be
marked (by an asterisk, underlining, or bolding, depending on the editor).

Year 1994
January
Sun Mon Tue Wed Thu Fri Sat
1
2 3 4 5 6 7 8 03: Holiday!!
9 10 11 12 13 14 15 14: Phil's Birthday
16 17 18 19 20 21 22 17: Martin Luther King Day
23 24 25 26 27 28 29 24: Registration, Car Repair
30 31 31: C asses begin
February
Sun Mon Tue Wed Thu Fri Sat
1 2 3 4 5
6 7 8 9 10 11 12 11: CS assignnent due
13 14 15 16 17 18 19 14: Val entine’ s day
20 21 22 23 24 25 26 26: Skiing!!
27 28
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Bar Plot Application

BarPlot is an application that creates a simple bar plot, or histogram,

consisting of a number of bars corresponding to input values. A typical run is

shown below. First, some information is requested regarding the number of bars,
and the values for each bar. As usual, the user’s response is shown in bold type.

Further information is requested about the format of the bars. Finally, the

name of a file is requested and the given plot is saved in this file.
of bars 12

Ent er
Ent er

-
9

7
7

0o 00

6 5
57

t he nunber
t he bar val ues

8
9

Enter width of bars 3

Enter gap between bars 2

Enter Qutput file nane
Power pl ot

Pl ot

is finished

The plot corresponding to this dialog is produced in the Powerplot file, and is
as shown below.
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Again, a text editor could be used to add some information to the histogram just
produced, as shown below.
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The BarPlot program is also written in Pascal. You may wish to modify it later
in various ways like the following.

= to produce various labels as shown on the edited version above,

= to produce an axis and border around the plot,
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< to plot on both the screen and a file,
= toscale a plot to fit onto a page.

Drill Application

The application program Drill provides practice in simple multiplication. It
presents a series of multiplications chosen at random, and after each
multiplication waits for an answer. If the answer is correct, it displays
“Correct”, otherwise, it provides the correct answer. It also keeps track of the
number of correct responses, and shows this score at the end of the series. A
typical run of this application follows, where, as usual, the user’s response is
shown in bold. Notice that a starting value, the “seed”, is required at first;
any integer value will do. The Drill program makes use of another program
called a Random Number Generator to produce the actual values that are used
to make up the questions. The random number generator produces a sequence of
numbers that appear to be chosen by chance, just as if they were produced by
rolling dice. The seed is used to start the random sequence. If the same seed is
used on two runs of the Drill program, then the same questions will be asked.

Enter a seed (starting value ) 1
Type an answer to the foll ow ng
and then press the Return key

8 * 3 =24

Corr ect

0* 3=5
The answer is O

6 * 5 =30

Corr ect

9 * 7 =63

Corr ect

6 * 8 = 48

Correct

5* 2 =10

Corr ect

5 * 5 =55
The answer is 25
Your score is 5 out of 7

Drill is a program written in Pascal and later, after learning more about Pascal,
you may wish to modify it in some of the following ways.

< to allow three incorrect tries before providing the solution

to select larger numbers more often

= to allow input of a level of difficulty

= to extend the drill to additions and subtractions

= to extend to combinations of additions, multiplications, etc.

= to select the problems that you have most difficulty with
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= to convert between various bases

SSS: Small and Simple Spreadsheet

Spreadsheets are very useful applications, especially in Business. Essentially,
they consist of a rectangular grid of cells, as shown in Figure 2.2. Numbers can
be placed in these cells and the spreadsheet program provides a repertoire of
operations for manipulating these values.

Figure 2.2 Spreadsheet Grid of Cells

A BCDE.Z
l l l l l l l
Header goes along the top

Sider at right

- 00 W N e

50

Cell D5 | N— ColumnD Rowb5

As an example of the typical use of a spreadsheet, Figure 2.3 shows a list of
prices and quantities of chair parts. One useful action on this table would be to
multiply the Price column by the Quantity column to create a third column
called Total. A second action, SumAColumn, could sum this third column and
put this sum at the bottom of the column. The Quantity column can be similarly
summed.

Figure 2.3 Example Spreadsheet for Parts

2 Columns

5 Rows

Price Quantity Total Part
10 20 Backs
30 40 Legs
50 60 Rungs
70 80 Seats
0 0 TOTAL

“Real” spreadsheets usually have a highly graphic and convenient user
interface with a mouse allowing quick positioning of the cursor onto a cell.
However every different computer requires a very different program. Each is
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used in a different way. Here, we present a simple spreadsheet application
program written in Pascal that can be run on all computers in the same way.

Since it is simple, it has its limitations. There can only be 26 columns (labeled
alphabetically from A to Z), and 50 rows, so that a normal spreadsheet will fit
onto one page. Also, all the values must be positive integers. The set of possible
operations that this application can perform on a spreadsheet is simple and
shown below. Again, you will be able to add to this set once you have
experience in Pascal programming. Text appears only on the top line (called a
Header) and on the right side (called a Sider).

Data for the program, will be kept in a file, as shown in Figure 2.4, and this file
can be created using any text editor. The first values indicate the number of
columns and the number of rows. Then there is a single header to briefly
describe the columns. This is followed by the table of data values with brief
descriptions at the right of the table. Note that Total in the header does not
correspond to a column in the table (only 2 columns). This format is rather fixed
and rigid to make the program simpler. Later, you will be able to modify the
program to make it easier for you to use.

2 Col ums

5 Rows

Price Quant Total Part
10 20 Backs
30 40 Legs
50 60 Rungs
70 80 Seat s
0 0 TOTAL

Figure 2.4 Parts Inventory File

Before: Original data After SumAColumn (B, 1,4,B,5)
A B C A B C
Price |Quantity| Total Parts Price | Quantity | Total Parts
1 10 20| Backs 1 10 20 0 Backs
2 30 40| Legs 2 30 40 0 Legs
3 50 60| Rungs 3 50 60 0 Rungs
4 70 80| Seats 4 70 80 0 Seats
5 0 0| TOTAL 5 0 200 0 TOTAL
After MulColumns (A,B,1,4,C) "Final" File (after Editing)
A B c Inventory: Chairs
Price |Quantity| Total Parts Price Quantity  Total Parts
1 10 20 200 Backs $10 20 $200 Backs
2 30 40| 1200 Legs $30 40  $1200 Legs
3 50 50| 3000 Rungs $50 60  $3000 Rungs
4 70 30| 5600 Seats $70 80  $5600 Seats
5 0 200 0 TOTAL 200 $10000 TOTAL
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The actions required for this spreadsheet program are few initially, but may
grow to many. We will consider a basic set of simple operations on columns and
rows. They take the form of subprograms which are imported from a Library
called SpreadLib and are as follows.

Initialize is a subprogram that sets up the spreadsheet. It requests the
width of columns. All columns have the same width.

LoadSpread is an operation to take the values from a given file and put
them into the cells of the spreadsheet. The number of columns and rows
must be specified first in this input file.

SumAColumn(C1, R1, R2, C2, R3) is an operation to sum the values in
column C1 (from row R1 to row R2) and put the resulting value into
column C2, row R3. Usually columns C1 and C2 are the same, but they
need not be. For example, in the given example of an inventory of chair
parts, SumAColumn(C, 1, 4, C, 5) sums the first four values in the
column C and puts this sum into the fifth row of this same column C.
MaxAColumn, MinAColumn and MeanColumn are similar.

AddColumns(C1, C2, R1, R2, C3) adds all the values in column C1 and
column C2 (from row R1 to row R2) and puts the resulting value into
column C3. MulColumns similarly multiplies columns. For example, in
the inventory problem, MulColumns(A, B, 1, 4, C) multiplies the first
column A of Prices (from rows 1 to 4) by the second column B of
Quantities yielding a third column C of Total cost.

SubColumns(C1, C2, R1, R2, C3) subtracts from C1 the values of C2, in
the same manner as AddColumns above. Similarly, DivColumns
divides the first column by the second column.

ShowsSpread(C1, C2, R1, R2) displays the spreadsheet on the screen
from the column labeled C1 to that labeled C2, between rows R1 and R2.
This makes it possible either to show the entire spreadsheet or to show
only a given section of the spreadsheet. This operation can be used
many times within a program to trace the effects of various actions.

SaveSpread(C1, C2, R1, R2) saves a spreadsheet, or part of a
spreadsheet, in a file where it can be edited later, or loaded in again
for further manipulations.

MultColConst(C1, R1, R2, K, C2) multiplies a column C1 (from row R1 to
row R2) by a constant value K and puts the result into column C2, which
could be the same as the first column C1. If this is the case, the result is
that the first column was multiplied by K.

MinOfARow(R1, C1, C2, C3, R2) finds the minimum value in row R1
between columns C1 and C2, and puts this value into column C3, row R2.
Usually the two rows R1 and R2 are the same.

AddTwoRows(R1, R2, C1, C2, R3) adds the values in the two rows R1
and R2, between the two columns C1 and C2, and puts the results into a
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given row R3. SubTwoRows is similar; it subtracts the second row R2
from the first one R1.

Obviously, a number of other actions are possible, and could be added later.
Now we can work with these basic operations to design a simple spreadsheet
application. To do that, we write a small Pascal program shown on Figure 2.5.

Figure 2.5 An example Spreadsheet program

PROGRAM Spr eadPr og;
(* Small spreadsheet system *)

USES Spr eadLi b;

BEG N
(* I'nventory spreadsheet *)
Initialize;
LoadSpr ead;
SumACol um(B, 1, 4, B, 5);
ShowSpread(A, C, 1, 5);
Mul Col ums(A, B, 1, 4, O;
ShowSpread(A, C 1, 5);
SumACol um(C, 1, 4, C 5);
ShowSpread(A, C, 1, 5);
SaveSpread(A C, 1, 5);
END.

Although this is not the first Pascal program you have seen (think back about
the six program examples of Chapter 2 of the Principles book), we show it here
as an example. We don't expect you to understand all the details of the
program, but it should help you become familiar with the format of an actual
Pascal program. Note the PROGRAM, USES, BEGIN and END statements,
they are necessary to have a well defined Pascal program. The rest of this
program is made of subprogram invocations that have the form we described
above, and thus should not be difficult to understand. We'll introduce in the
next chapters of this book all the details necessary to produce such a program.

Figure 2.6 Trace of the execution of the Spreadsheet program

Enter Columm Wdth 6
Enter Source File Stock.in
Price Quant Total Part

10 20 0 Backs
30 40 0 Legs

50 60 0 Rungs
70 80 0 Seats
0 200 0 TOTAL

Press Return to continue

Price Quant Total Part
10 20 200 Backs
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30 40 1200 Legs

50 60 3000 Rungs
70 80 5600 Seats
0 200 0 TOTAL

Press Return to continue
Price Quant Total Part

10 20 200 Backs

30 40 1200 Legs

50 60 3000 Rungs

70 80 5600 Seats

0 200 10000 TOTAL
Press Return to continue
Enter Target File Stock. out

File is saved

Figure 2.6 shows a trace of the execution of this program: the first line is caused
by the call to Initialize, the second line is caused by the invocation of
LoadSpread. Then the three tables are displayed by the calls to ShowSpread,
showing the table after each of the following operation, first SumAColumn,
then MulColumns, and finally SumAColumn again. The last two lines of the
trace correspond to the call to SaveSpread that saves the spreadsheet in file
Stock.out. Note that the saved table has now three columns. Later, you may
wish to extend the program or the subprogram Library to do other actions such
as to Move one column to another, to Sort on a column showing the rank of each
cell, or to Compare column values.

2.4 Chapter 2 Review

There are many applications of computers and they are used in a number of
diverse fields. Here, we have shown some very simple applications (a tiny
editor, a small data base, a simple spreadsheet, etc.) These complete
applications are shown later in this book, but they can be used at this point.
You need not know the details within them in order to use them. The average
user certainly doesn’t want to know the internal details, it would only
complicate life!

The use of computer applications is significant in a number of ways. They show
the “external” behavior or interface of a program, which could be “friendly” or
“hostile”. Use also shows limitations of the applications and suggests
improvements. Then when you later achieve the appropriate facility with
programming in Pascal, you may wish to return to these applications to modify
and extend them in various ways. Modifying or maintaining programs is a
challenging activity.
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Software evolves just as quickly as hardware. Software is much easier to
change than hardware and this is both a strength and a weakness. The
temptation and potential for change is enormous, but if not done properly, the
changes could be disastrous. Proper programs should be created in a way to
facilitate changes. This is done using subprograms and Libraries and proper
software engineering principles.

Libraries are the basic building blocks of applications. The Libraries consist of
collections of smaller building blocks called subprograms (or procedures ). In
using these applications you will also learn some concepts involving the use of
libraries, although only at an external black-box level. But soon you will be
able to peek into these Libraries and make changes to them.
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Chapter 3 Programming Language: Pascal

In this chapter we further introduce the Pascal programming language by
comparing it to natural languages and by using syntax diagrams to help our

understanding. Some extremely simple Pascal program examples are given as
illustrations of the syntax presented. Although it will take a few more
chapters to introduce all of the Pascal syntax, some other examples of complete

Pascal programs are also given in this chapter.
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3.1 Preview

Natural language, whether spoken or written, is an example of a highly linear
representation. When spoken, it is a sequence of words. In its written form, it is
a sequence or stream of characters. Written text is organized into sentences,
paragraphs, sections and chapters using mechanisms of spacing, punctuation,
section headers, etc. With computer programs expressed in an artificial
language, a programming language, the text is further organized by levels of
indentation, and more spacing conventions that are used to show the
organization into statements, forms, subprograms, modules, programs, etc.

All languages, natural or artificial, have rules that define what is meaningful
and what is gibberish. These rules constitute a language’s grammar or syntax.
One way in which this grammar can be represented is through two-dimensional
diagrams, called syntax diagrams. This representation is introduced in this
chapter.

People find that two dimensional diagrams are quite easy to grasp. Many of
the constructs of computer science are of this graphic type, such as trees,
breakout diagrams, flowblock diagrams, dataflow diagrams, etc. However,
computers at present are limited to manipulating long linear sequences of
symbols, which include the characters of programming languages, text, data
and, ultimately, bits.

The mismatch between the two-dimensional view of people and the one-
dimensional view of computers is not as severe as it may seem. In fact, there are
ways of representing two-dimensional structures as linear lists through the use
of various methods, such as indentation, numbering schemes, and breakouts.

3.2 Languages

Syntax and Semantics

The term “languages” encompasses both natural languages, such as English,
French or Latin, and artificial languages, such as programming languages. Both
consist of linear sequences of symbols. Natural languages involve symbols,
called words, that follow one another to form sequences called sentences. These
sequences are constructed according to certain rules, the language’s grammar or
syntax. The syntax of English defines the sequence of words

You gave the ball to me
to be grammatical whereas the sequence
You gave the ball to |

is not. Because a language is intended to communicate, there is a meaning
associated with syntactically correct sequences; this is its semantics.
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Syntax is the study of the form, representation, grammar, and structure of a
language. Semantics is the study of meaning, actions, function, and behavior of
a language. Briefly, syntax describes how a language looks and semantics
describes what a language does. For example, consider the following two
sentences:

a dog bit the man
a man bit the dog

These two statements have the same sentence structure (syntax) with only the
two nouns (dog and man) interchanged. These two statements have, however,
very different meanings (semantics), for the first would seldom appear in a
newspaper, whereas the second is sufficiently unusual to become a headline.

Figure 3.1 Two sentence diagrams

(The) ( girl ] [ ate ) @uick@ [ A ) ( dog) ( bit) ( the) ( man)

|article|| noun | | verb ||adverb| | articlel @E’
E)El | nounl

| noun phrase || verb phrase | | verb|| noun phrase |

| noun phrase I

| verb phrase |
I
sentence | | sentence |

A sentence in English can be analyzed into its parts of speech, this process is
known as “diagramming” or “parsing” a sentence. Figure 3.1 shows sentence
diagrams for two different sentences:

THE GIRL ATE QUICKLY
and
A DOG BIT THE MAN

In computer science, such diagrams are known as syntax trees. The actual words
(the symbols) of the sentences are at the top of the tree. They are called the
terminal symbols of the syntax tree because they form the terminals of the
tree’s branches.

The branches join at boxes labeled with the name of the part of speech formed
by the upper branches sprouting from the box. In the diagrams in Figure 3.1,
ATE is a verb and QUICKLY is an adverb. A verb followed by a noun is a verb
phrase. Such parts of speech are also known as syntactic categories. Syntactic
categories are used as terms to describe a language, and form what might be
called a “language to describe a language”, which is more conveniently termed
a meta-language.
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We must distinguish between these two languages, the language being described
and the descriptive language. To do so, we will use capital letters within round
boxes for the ordinary language, and we will use small letters within square
boxes for the meta-language.

Notice that, at right of Figure 3.1, a verb phrase can consist of a verb followed
by a noun phrase whereas at left, a verb phrase is shown as a verb followed by
an adverb. This means that a verb phrase may be constructed in more than one
way. Such a situation is very common in natural languages and also occurs
frequently in programming languages.

Figure 3.2 Examples of syntax diagrams
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| {rompvase} [ —
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Syntax diagrams are one of the methods used for describing the form of
languages. Figure 3.2 shows some examples of this method. The lines joining
the boxes in the diagrams of the figure show the proper sequences of symbols.
Valid sequences are those that can be obtained by tracing a path through the
diagram. Any path that leads completely through a box, following the arrows
on the lines, is syntactically correct. Any path that stops within a box is not
correct. The syntax diagrams then describe all possible paths that are correct.
In syntax diagrams:

= arrows indicate the possible flow of the definition

= rounded boxes indicate terminal symbols that are used as they appear
in the boxes

= square boxes refer to other diagrams.

For example, if we use the syntax diagrams of Figure 3.2 to show that the
sentence THE MAN ATE A BANANA is a well formed sentence, we do the
following.

1. Start with diagram a, which defines a sentence. To get through this
box, we must go through the noun phrase box of diagram b followed by
the verb phrase box of diagram d.
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2. To get through diagram b, we must pass through the article box of
diagram ¢ and then through the noun box in diagram b, which defines
all the nouns of English and is thus too big to be shown here.

3. Toget through diagram c, there are two possible paths, one passes
through the terminal symbol A and the other through the terminal
symbol THE. We take the second path.

4.  The noun box, if it were shown, would show that MAN is a noun.

To get through diagram d, the verb phrase box, we must pass through a
verb box, from which we would find that ATE is a verb. Note that the
verb box is not defined here for the same reason as for the noun box: it’s
too big. We then have the choice of passing through the adverb box or
the noun phrase box. We choose the second alternative path. This
time, when we pass through the article box, we choose the first path
and pick the terminal symbol A. When we pass through the noun box
for the second time we pick up BANANA.

Since there is no path through the diagrams that allows us to pass through the
sequence of terminal symbols DOG, ATE and QUICKLY in that order, the
sentence DOG ATE QUICKLY is not a syntactically correct sentence in the
language defined by these syntax diagrams.

We have defined languages as sequences of symbols. Since a symbol is not
necessarily a word, this definition implies that any sequence of objects can be
thought of as a language. The methods of this chapter apply to all linear
sequences such as the following “Un-Natural” languages: sequences of dice
throws, stops of an elevator, or floats in a parade.

Syntax Diagrams

As we have just seen, syntax diagrams describe the proper form of any sequences
in a graphic way. Any path that goes all the way through the diagram from
the entry point at the left to emerge at the exit point on the right, following
the diagram’s lines in the direction of the arrows, corresponds to a proper
sequence, while all other paths are improper sequences. Syntax diagrams are
sometimes called “railroad layouts”. The major use of syntax diagrams in this
book will be to describe the Pascal programming language. Since you will need
to be able to read syntax diagrams easily, start by studying the simple
examples of syntax diagrams showing “mini-languages” involving money,
names, and time that follow.
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Figure 3.3

Syntax diagram for a dollar amount

Dollar syntax

)

sign

[integer ——- )——{ digit ——[ digit —

dollars point cents

integer

digit (decimal)

TET 2229990909

Figure 3.3 shows the syntax diagram for dollar amounts. A valid sequence
definition shows that the sequence must start with a dollar sign. This sign is
followed by an integer, a decimal point and two digits. An integer is shown to
consist of any number of digits, but a minimum of one digit. Notice how the
integer syntax diagram loops back so that valid sequences can be formed by
passing through the digit box any number of times. The dollar syntax diagram
also contains some words such as “Dollars” and “Cents” that are not in the
boxes. These describe semantics or meaning of the various parts of the sequence.
Sequences having the proper dollar syntactic form include the following.

$1.00 $2.34 $5678.99 $0.12 $003.45

Check the following sequences to convince yourself that they are all improper:
$1 2.34 $56 $7.890 $1,234.56 $1500
$1.2 $7.89 $1.2 12$ 13¢ $1234567.89

Figure 3.4 Syntax for a full name

Full Name

J’ Initial
I letters I—-| suffix |—

letters - —e
Title First Name Last Name

A syntax for a full name is shown in Figure 3.4. Assuming that the letters
syntax diagram is similar to the integer syntax diagram of Figure 3.3, the
prefix or title could be further defined (on another syntax diagram) as being
MR., MRS., MS, or some other title like DR., PROF., SIR, etc. Similarly, the
suffix could be defined as a degree (BS, MS, Ph.D., MD) or other (JR., II, IlI,
ESQ., etc.) or nothing at all. In this case, blanks are assumed as separators, so
are not shown on the syntax diagrams. Notice that a name, according to this
definition, need have neither a first name nor an initial. Following the
straight path through the center of the diagram avoids both of these. This
syntax diagram describes names of the form

MRS. J. JONES or
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DR. HARRY J. JONES MD or
MR. JONES JR.

Figure 3.5 Syntax for clock time

Clock
hours o' Clock
After
— -—C -
Before
HaIf Past
hours

The syntax for Clock shown in Figure 3.5, describes a common way of indicating
time. With this syntax, some properly formed times are:

6 O'CLOCK 22AFTER2 HALFPAST12 44BEFORE4
and some improperly formed times are:
49 O'CLOCK 22BEFORE 13 HALFPASTO0 2HALFPAST

Notice that the form of the hours (from 1 to 12) is represented in two ways. One
method (at the left), is a complete listing of all 12 hours. Another method (at
the right, involving non zero digits) is less exhaustive. Also note that the
syntax diagram for minutes has not been shown, can you draw it?

In the rest of the chapter we’ll look at the first syntax diagrams for Pascal.
Syntax diagrams will help us define the Pascal programming language.
However, there is one thing you should always keep in mind:

having a syntactically correct program in a programming language is no guarantee that the algorithm
specified is correct.

After all, there are plenty of grammatical sentences in English that are not
true. Many of them don’t even have a meaning that is connected to any reality
that we know, for example:

the spherical wall gargled with the purple bus.
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3.3 Pascal Programs

Program Format

In the seven-step problem solving method that was introduced in the Principles
book, step 5 was called Program Coding and Testing. Program Coding can be
viewed as the process of converting an algorithm into a programming language.
This conversion process from flowchart, flowblock or pseudocode into a
programming language is simple compared to the process of creating the
algorithm. The actual coding however, becomes very detailed and consequently
error prone.

Programs in Pascal usually consist of four parts:
1. Header:
this provides a name that is indicative of the algorithm’s purpose
2. Uses Clause:
this specifies the external libraries that will be used by the program
3. Declarations Part:
this describes the various items that are to be used
4. Body:
this specifies the actions to be performed

As we have seen in the preceding chapter, the syntax of the Pascal
programming language can be described by syntax diagrams, made of rounded
boxes, rectangular boxes and arrows. The rounded boxes contain reserved words
of the language, which we shall write in upper-case letters. The rectangular
boxes refer to other syntax diagrams. The lines with arrows show all possible
proper paths through the diagrams.

Any sequence of symbols that is encountered while following a continuous
sequence of arrows through a syntax diagram from entry to exit corresponds to a
proper form, while all others are improper. Arrows between the boxes indicate
points at which separators, usually one or more blank spaces, are required.
Comments or new lines (carriage returns) may also serve as separators. In order
to simplify our introduction of the syntax of Pascal, some of our syntax diagrams
will differ to a minor degree from those in the reference section, however, their
general structure will be consistent.
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Figure 3.6 Syntax diagram for a Pascal program

Program

T(PROGRAM Y—={ Ident |T®-—®TOﬂ

| UsesClause | | Block |"O

If we approach the description of the program syntax top-down, at the highest
level we have programs, or program modules. These are defined by the syntax
diagram of figure 3.7 which consists of a sequence of four boxes: a header
followed by a Users clause, which may be bypassed, then a Block, and finally a
period. Parts 3 and 4 of our previous informal description of a program are
actually comprised in the Block. The Header includes the reserved word
PROGRAMfollowed by an identifier for the program name, like:

PROGRAM Conver si on;

Figure 3.7 Syntax diagram for the Uses clause

UsesClause

(uses)—[ identList F—( )——

The syntax diagram of the Uses clause, is shown in Figure 3.8. It consists of the
reserved word USES followed by Id-List (a list of identifiers or names of
Libraries to be used) and ending with a semi-colon. Here is a possible example
of that clause:

USES SortLi brary, GaphLib, MLibrary, IntLib, MneyLib;

Figure 3.8 Syntax diagram for a Block

Block

==
(BEGIN )—=| Statement ( END )—

The syntax for a Block is shown in Figure 3.9. A Block consists of two main
parts. The first of these two parts contains any declarations required by the
program, and its syntax will be given later. There may be no declaration part,
as in the Fi r st program in Figure 3.10, but usually there are several
declarations. The second part consists of the reserved word BEG N, followed
by a sequence of statements separated by a semicolon and terminated by the
reserved word END. We will define the syntax of statements in the following
chapters.
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A short but simple and complete Pascal program appears at the left of Figure
3.10, along with its run (or execution) to the right of it. That program is so
simple that it has neither a Uses clause nor a Declarations part.

Figure 3.9 The First Pascal Program

The results of executing the program
PROGRAM Fi r st ;

BEG N
Wite('H ');
WitelLn; Hi
Wite('Bye'); Bye
END.

The name of this simple program is Fi r st , and this name appears on the
Header line which happens to be the first line.

The Body of this program, is that part that is sandwiched between the BEG N
and END.  In this example, the body has three statements which are
invocations of Pascal standard procedures (or subprograms):

= the first statement invokes Wi t e to write out the three characters
“Hi “. Note that the space after the two letters “Hi” is a character.

= the second statement calls Wi t eLn (pronounced “Write-Line”) to
terminate the current line, which means that the point at which the
next character output will appear is at the beginning of the next output
line.

= the third statement calls Wi t e again to write out the string of three
characters “Bye”.

As shown at the right of Figure 3.10, this program simply writes out (displays)
the two words “Hi “ and “Bye” on two separate lines. This is not a big
computing accomplishment but it does show some details about Pascal.

If there were no Wi t eLn sandwiched between the two W i t e statements then
the two words would be output on one line as the six characters,

H Bye
However this one line could also have been written by the single statement:
Wite('H Bye');
A Pascal program consists of a sequence of characters separated by blanks to
form “words” and the words form groups separated by semicolons to form
statements. The program ends with a period. At this point, we encourage you to
go back to Chapter 1, and to try and apply the syntax diagrams to the program

Simple Pay of Figure 1.4 (the program has no Uses clause but has two
declarations).
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Program Presentation

In Pascal there are no restrictive rules about spacing, which might not be the
case with other programming languages. A blank space must separate each
word, but anywhere a blank occurs, it could be replaced by more blank spaces or
by a carriage return (to begin a new line). The spacing is important for human
readability. This first program could be written as one long line such as the
following :

PROGRAM First; BEGN Wite('H ');WitelLn;Wite('Bye'); END.

The Pascal programming language is case insensitive, i.e. there is no distinction
made between upper-case and lower-case letters. In Pascal, the word BEG N
has the same meaning as begi n, and the same as Begi n. Hence, this Fi r st
program could also be written as:

Program First;Begin wite('H ');witeln; W TE(' Bye'); end.
or as:

PROGRAM FI RST; BEG N WRI TE(' Hi ') ; WRI TELN; WRI TE(' Bye' ) ; END.

However in the Write statements, the case of the letters that appear within
the quotes is important because the letters are printed exactly as they appear.

As extremes we could write everything in lower-case, or everything in upper-
case, but to make programs more readable we use both upper and lower case
letters, as in natural languages. Names of variables (like names of people) will
usually begin with an uppercase letter. Some special words (like PROGRAM
BEG N, END, REAL, ROUND) will be entirely in upper case. Furthermore, in
this book when we use words that are part of the Pascal language, we will use a
typewriter-like font, as | NTEGER and REAL.

A program is a form of expository writing. In the more usual forms of expository
writing, technical reports, equipment manuals, etc. a great deal of the
readability depends on the style of writing. Style is the personality and
character of writing, the mode of expressing thought in language. Its chief
elements are the sequence and organization of paragraphs, sentence structure
and choice of words. The same is true of programming; there, style is the
quality of a program in which good choices have been made in spacing, in
naming, in structure, and other ways. These aspects will be considered later in
this chapter and in the remaining chapters.

Reserved words are those words that have special meaning in the language
(such as BEG Nand END) and cannot be used in any other way. In this book, we
shall show them in upper case. Pascal does not require them to be written in
upper case but that is part of the style of programming that we shall adopt.
There are 35 reserved words in Pascal; they are listed on the cover of this book
for quick reference. The most common ones used in the next few chapters are the
following:

PROGRAM BEG N, END, CONST, VAR, |F, THEN, ELSE,
VWH LE, DO, AND, OR, NOT, DIV, MDD, FOR DOMTO
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In Pascal, standard identifiers are names that have been pre-defined (such as
| NTEGER, REAL, W i t eLn); here they will often be written entirely in upper-
case, but that is not necessary. The standard identifiers are also listed on the
cover of this book; some of the common ones follow:

SIN, COS, TRUE, FALSE, ROUND, TRUNC, Read, Wite,
PRED, SUCC, ABS, ODD, CHAR, BOCLEAN, | NPUT, OUTPUT.

The reserved words and standard identifiers should not be used by programmers
as names for anything else; there are plenty of other names.

More Pascal Programming: Data and Actions

A single program example, such asFi r st , could be misleading because it
cannot show different ways of doing things. Also, the first example must of
necessity be simple. Let’s now look at another example program called Second
and shown in Figure 3.11, to review some of the previous concepts and introduce
SOMme new ones.

As we showed earlier, programs have a form consisting of a header,
declarations, and a body. The First program had no declarations, this Second
one declares a constant called Year (with value 2000) and a variable called
Age.

Figure 3.10 The Second Pascal Program

PROGRAM Second;
(* Determnes the birth year *)

CONST
Year = 2000;
VAR
Age: | NTEGER,
BEG N
Wite('How old are you? ');
Read( Age) ;

Wite(' You were born around ');
Wite((Year - Age): 4);
END.

A description of the program’s purpose should follow the header, or first line.
Here, the description is a single line that states the function of the program.
Other lines here could indicate the programmer name, the date, the inputs, the
outputs and other information. Such additional information will be considered
later.

Comments are textual information intended for reading by programmers. They
are enclosed within special brackets { and} or(* and*), and are ignored by
the computer. Examples are:

{ This is a conment }
and
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(* This also is a coment *)

When the second type of bracket is used, there must be no spaces between the
asterisk and the parenthesis. The program description on the second line of
Figure 3.11 is a comment, but comments are not limited to entire lines; they can
stretch over many lines or they can be only part of a line. Comments can be
inserted into the program anywhere there is a space. In Pascal, comments
cannot be nested within one another.

Declarations are specifications of the data items (and, as we shall see later,
procedures and functions) to be used in the program. Items declared in Second
include a constant

CONST
Year = 2000;

whose value in this program does not change. If the value of Year must change,
the program must be modified. Another item that is declared in Second is a
variable

VAR
Age: | NTEGER;

which is declared to be of type | NTEGER.

The execution of this program follows. The user's part of the dialog consists of
entering the value of 20 in answer to the question, as shown in bold type.

How ol d are you? 20
You were born around 1980

First, the Write statement displays the prompt How ol d are you?. Then
the Read( Age) statement waits for an integer value to be input, followed by
the user pressing the return key. Another Write statement displays the
message You were born around , and the final Write statement

Wite((Year - Age): 4);

displays the resulting number (which is the year 2000 minus the age of 20,
which is 1980). The number 4 in this last Write statement specifies that 4
spaces should be allotted to display the resulting year (of 1980).

This Second program may not be very useful but it does show important aspects
of most programs; it has a prompt, an input, some (trivial) computation, and an
output.

Data Items

The objects of the real world include things such as days, sheep, and money. In
the abstract world as modeled by a program in a computer, the analogs of these
objects are the data that are manipulated by the program. These data can be
represented as boxes of a certain size and shape (called the data type). The
boxes are given names or labels (called identifiers) so they can be referred to,
and have contents (called values). The boxes are called variables or constants
depending on whether or not the program can change their values.
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The type of an item of data is its description, specifying the range or set of
values that the item may have, and also the operations that can be performed
on it. Every item of data in Pascal has a type that must specified or declared
by the programmer. This requirement, known as strong typing is considered to be
very important because it allows Pascal to check for errors made by the
programmer. Type checking prevents programmers from adding “apples to
oranges”.

Some of the most common items of data are numbers. They are used in different
ways, usually to count or to measure. Measurements often involve values that
are not a whole number of units and they are usually represented by numbers
that have a decimal point. Counting involves whole integral numbers.
Numbers in Pascal are one of two types: | NTEGER or REAL.

The values of data items of type | NTEGER are whole integral numbers, either
positive or negative, such as 7, +11, —40, 365, 2001, 5280, etc. Figure 3.12 gives
the Pascal syntax of such integer numbers. An integer is made of an optional
sign followed by a digit followed by any number of digits, i.e. there is always
at least one digit. A decimal digit is one of the ten values 0 t09.  Examples of
incorrectly formed integers are —3. 4 and 5, 280. Other improper integers are O
(capital letter 0), and | (lower case letter L); these can be easily confused.

Figure 3.11 Syntax for | NTEGER values

Integer

In the “abstract” world, integers correspond to discrete whole numbers on a
“number line” that includes negative values. In the “real” world these numbers
correspond to entities, such as financial worth, which can be positive or go
negative. In the abstract world, counting can continue to any integer value;
there is no upper limit. In the “computer” world there is always both an upper
and a lower limit. The size of this limit depends on the computer. On the
Macintosh for instance, this upper limit is 32,767 (or 215‘1) and the lower limit

is —32,768 (or —215). On all computers the largest possible integer is named
MAXI NT.

Data items of type REAL have values that are numbers with decimal points.
Figure 3.13 shows the syntax for real numbers in Pascal.

Figure 3.12 Syntax for REAL values

Real

o
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Real numbers always contain a decimal point. Examples of syntactically
correct real numbers include 0. 0,0. 5,7. 0, 3. 14159, +98. 6, -459. 99. Notice
that the sequence 5. and. 5 are not valid REAL numbers because there is no
path through this syntax diagram that can lead to these sequences. They
should be written as 5. 0 and 0. 5; the decimal point needs digits on its left and
right side.

As an alternative notation for real numbers, the exponential or scientific
notation can be used for REAL numbers. This form is useful for very large or
small values. A number such as 12300. O can be expressed as 1. 23E4.
Similarly, the number 0. 000123 is equivalent to 1. 23E-4, which is the
Pascal equivalent of the scientific notation form 1.23" 104, The number after
the E (the exponent) indicates how many places the decimal point is to be
moved. Its sign indicates whether it moves left (if negative) or moves right
otherwise. The exponent is usually limited to a standard range.

Items such as diameters, weights and rainfall are usually measured precisely
and the value given includes a decimal point. The constant Pl (3.14159..) is a
commonly used real value. However, you should know that numbers of type
REAL cannot always be represented precisely on computers. For example, the
decimal 0.20 when converted to binary is a repeating number
(0.001100110011...0011...) which must ultimately be chopped to some finite
length, resulting in some error.

Actions: Arithmetic Operations

Pascal has a wide range of operations that can be performed on data. We’ll
consider here some of the simpler actions as an application of the formulas used
to define algorithms in Chapter 3 of the Principles book. The actions are
mainly arithmetic operations on numbers of the REAL and | NTEGER type.

An assignment is the action of copying a value into a variable of the same type,
corresponding to the pseudocode operation Set as in:

Set Pay to Hours x Rate

In Pascal, the assignment operator is a combination of two symbols: a colon
immediately followed by an equal sign—neither a blank nor a comment is
permitted between the colon and the equal sign. An assignment statement has
the form given by the syntax diagram of Figure 3.14.

Figure 3.13 Assignment statement

—— [esignator }—G—{Expression}—

In that syntax diagram, the designator stands in particular for any variable
name, and the expression may be a constant, a variable or a proper combination
of these. Some simple assignment statements follow.

Count 0;
Rat e MaxRat e;
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cost = Price + Tax;

FORCE = Mass * Accel eration;
Area = Pi * Radius * Radius;
Char ge =3 * Adults + 2 * Babies;

The arithmetic operations of addition, subtraction and multiplication are very
similar for | NTEGER and REAL values. However, the division operation differs
between REALs and | NTECERs. Let’s take some of the formula algorithms from
Chapter 3 of the Principles book and change them into assignment statements.

Celsius := (5/ 9) * (Fahrenheit - 32);

Fahrenheit := (9 / 5) * Celsius + 32;
The division of two REAL values XandY is indicated by X/ Y, and yields a
resulting REAL value. The division of two integers | andJ is indicated by |
DIV J, and it yields another | NTEGER by truncating the result to the next lower
| NTEGER value. For example,

5/9 yields 0.55555, but 5 DIV 9 yields 0.

The MOD operator is a useful complement to the DIV operator on | NTEGERs. The
division of an | NTEGERNun®er at or by Di vi sor yielding Quoti ent and
Remai nder can be viewed as a combination of DI V and MOD as follows:

Quoti ent
Remai nder

= Nunerator DIV Divisor;

= Nunerator MO Divisor;

For example,5 MOD 3is2and3 MOD 5 is 3. Some interesting and useful facts
about MOD are:

X MOD Y yields 0 when X divides Y evenly, for example, 8 MOD 4 is 0,
and 1984 MOD 4is 0

X MOD 2is0if Xiseven and 1 if Xis odd, for example, 12 MOD 2 is 0,
and 19683 MOD 2is1

X MOD 10 is the rightmost digit of X, for example, 13 MOD 10 is 3,
and 12345 MOD 10is5

Expressions involving a mixture of types, REAL and | NTEGER, may appear in
assignment statements. In such cases whenever one of the operands is REAL then
the result is REAL. For example, in the above temperature conversion formula,
the REAL division results in the entire expression evaluating to a REAL result.

In Pascal, arithmetic expressions are never ambiguous, that is to say there is
only one way of evaluating an expression. For instance, to anybody the
expression A+B*C could mean either (A+ (B*C)) or ((A+B) * C). Notso in
Pascal where it can only be interpreted as (A+ (B*C)). To achieve this, the
order of evaluation of expressions is specified by an operator precedence
(priority) table, like the following:

Qperation Precedence
+ - | ow

* [ DIV MDD m ddl e
unary - hi gh
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The highest priority operations are done first, while the lowest one are done
last. If operators have the same priority, then the convention is that the
leftmost operator is applied first. So the expression (10 - 1 +2) will give 11 and
not 7. Parentheses are evaluated first, so when in doubt use parentheses!

In a Pascal assignment statement, the identifier at the left and the expression
at the right must be of the same type. There is one notable exception to this
rule: if the variable is of type REAL and the expression is of type | NTECGER, the
value of the expression is converted to the type REAL before the assignment
takes place. For example, if Cel si us were declared to be INTEGER then the
assignment statement above would not be correct. In that case, the REAL value
of the expression on the right would have to be converted by truncation to an

| NTEGER value, by a call to the ROUND function, for instance.

IntegerCelsius := ROUND((5 / 9) * (Fahrenheit - 32));

Thus, the value of Cel si us obtained from a Fahr enhei t value of 65 would
be

(5/9)*(65-32) = (0.5555555)*33 = 18. 333333 = 18

Pascal does not have an exponentiation operator for taking a number to some
power. One alternative is to create a subprogram to do this; another is to avoid
the need for exponentiation by factoring, as in the following formula algorithm:

Seconds + 60*M nutes + 60*60*Hours + 24*60*60*Days
Seconds + 60*(M nutes + 60*(Hours + 24*Days))

Notice that both expressions require no exponentiation, and that the second
expression also requires half as many multiplications and so is more efficient.
Similarly, the following formula from Chapter 3 of the Principles book:

SIN(X) = X — X3/31 + X551 — XI/71 +,
must be written in Pascal in the following manner.
Sin:=X- XXX (3*2) + X*X*X*X*X/ (5%4*3*2) -

but the computation can be done in a more efficient manner, provided we know
more about loops.

Tinme :
Tinme :

3.4 More Example Programs

As an advance view of what is coming, we’ll give here three program example
written from algorithms presented in Chapter 3 of the Principles book. Again,
we have to anticipate somewhat on a number of details that will be presented
in the coming chapters, but as you are familiar with the algorithms, the
programs should not be too difficult to understand. They will give you more to
think about, and help you apply what has been presented in this book so far.

The first program example is a temperature conversion program that was
written from the algorithm drawn from Figure 3.20 of the Principles book. The
complete program is shown in Figure 3.15.
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Figure 3.14 A Temperature conversion Program

PROGRAM Convert ;
(* Convert Celsius tenperature to Fahrenheit *)
VAR
Cel sius, Fahrenheit: REAL;
BEG N
Wite('Enter Degrees C ');
Read( Cel si us) ;
Fahrenheit := (9.0 / 5.0) * Celsius + 32.0;
Wite(' Fahrenheit is ');
Wit e( ROUND( Fahrenheit));
END.

The program is very simple, has no Uses clause, declares two Real variables,
asks for a Celsius temperature, inputs it, applies the conversion formula, and
displays the resulting Fahrenheit temperature. Note that the input of the
Celsius temperature is done by calling standard procedure Read. Also note that
the conversion formula was written with Real variables and Real constants, as
we want to be sure the computation is done with Real numbers. The second line
of the program is a comment giving the program’s objectives. The display of the
resulting temperature is done through a call to Wi t e, as usual, but the value is
first transformed into an integer value by a call to standard function ROUND.

A typical run of this program is shown below.

Enter Degrees C. 100.0
Fahrenheit is 212

The second program example is a little longer, and is the coding of the
algorithm shown in Figure 3.32 of the Principles book. The complete
ChangeMaker program is shown in Figure 3.16.

Figure 3.15 The ChangeMaker Pascal Program

PROGRAM ChangeMaker ;
(* Make change for a dollar *)
VAR
Cost : | NTEGER;
Remai nder: | NTEGER,
Quarters: | NTEGER

Ni ckel s: | NTEGER;

Penni es: | NTEGER;

Di mes: | NTEGER;
BEG N

(* I'nput the Cost *)
Wite(' Enter the cost in cents: ');
Read( Cost ) ;

(* Make the Change *)
Remai nder := 100 - Cost;
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Quarters = Remai nder DIV 25;
Renmai nder := Renmi nder MOD 25;
D nes = Remai nder DIV 10;
Renmai nder := Renmi nder MOD 10;
Ni ckel s = Remai nder DIV 5;
Renmai nder := Renai nder MOD 5;
Penni es = Remai nder;

(* Qutput the coin count *)

Witeln(' The change is ');

WitelLn(Quarters: 2, ' quarters');

WiteLn(Dinmes: 2, ' dinmes');

WitelLn(Nickels: 2, ' nickels');

WitelLn(Pennies: 2, ' pennies');
END. (* ChangeMaker *)

The line following the program header is a comment stating the program’s
purpose. In this program there are more variables declared as the computations
produce more results. All the variables are declared to be integers. The body of
the program (between BEG N and END) asks for a Cost less than a dollar, and
computes the change, i.e. the number of quarters, dimes, nickels and pennies. It
then displays the results. The computations are done by using the MOD and
DIV arithmetic operations. We give below an example run of this program.

Enter the cost in cents: 32
The change is

2 quarters

1 dines

1 nickels

3 penni es

The third and last program example is somewhat similar to the last example
we saw in Chapter 2. We obtained it by coding the algorithm found in Figure
3.46 of the Principles book. The complete program is shown in Figure 3.17.

Figure 3.16 A Payroll Pascal Program

PROGRAM Payr ol | ;
{ Repetitive pay algorithm}

CONST WeekHours = 7 * 24; (* Hours in a week *)
VAR Hours, Rate, Pay: | NTEGER;

BEG N
Wite(' Gve nunber of hours and rate ');
Read(Hours, Rate);
WHI LE Hours >= 0 DO BEG N
| F (Hours < 0) OR (Hours > WeekHours) THEN
Witeln('Error in hours')
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ELSE BEA N
| F Hours <= 60 THEN
| F Hours <= 40 THEN
Pay := Hours * Rate
ELSE
Pay := ROUND(40*Rate +
1. 5*Rat e* (Hour s- 40))
ELSE
Pay := 70 * Rate + 2 * Rate * (Hours -
60) ;
Witeln(' The pay is ', Pay);
END; {IF}
Wite(' Gve nunber of hours and rate ');
Read(Hours, Rate);
END; { WHI LE}
END.

This program is longer than the preceding examples, as the algorithm has more
different cases to deal with. The line following the program header is a
comment explaining what the program does. The program declares a constant
and three integer variables. Note that the constant declaration is followed by
acomment. The program body (between BEG Nand END) has been written with
indentations to help understand the structure of the algorithm. The program
statements between the line: “WHI LE Hours >= 0 DO BEGQ N’ and the line
“END; { WHI LE} " will be repeatedly executed, as long as the number of hours
read is positive. The indentations are such that these two lines bracket the
statements to be repeated. The rest of the program involves nested selections
whose details will be covered soon. The pay computations assign their result to
variable Pay, which is then displayed. Note that the second assignment
statement to Pay:

Pay := ROUND(40*Rate + 1.5*Rate*(Hours-40))

is slightly different from the two others. This is because of the Real constant
1.5 which causes the expression to be evaluated as a Real value. To store this
Real value in an integer variable it is necessary to convert it using the ROUND
standard function, which we just saw in the Convert program above.

Here is an example run of this program.

G ve nunber of hours and rate 40 10
The pay is 400

G ve nunber of hours and rate 0 15
The pay is O

G ve nunber of hours and rate 60 15
The pay is 1050

G ve nunber of hours and rate 70 15
The pay is 1350

G ve nunber of hours and rate -1 0
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3.5 Chapter 3 Review

This chapter introduced natural and programming languages, their syntax and
their semantics. The verification of the syntax of a sentence was done based on
two very different forms of representation. A "stream" of text is usually linear
and one-dimensional, while syntax trees used for parsing a sentence are two
dimensional. Two dimensional representations are convenient for humans,
while computers can deal with one dimension.

Languages, whether natural or for programming, involve sequences of symbols,
and have a grammar or syntax that can be described in two dimensions. This
syntax can be described by means of syntax diagrams. Syntax diagrams are used
to define the Pascal programming language syntax. The semantics of the
language require that explanations be given to accompany the syntax diagrams.

Some complete Pascal programs were presented even if some of the statements
anticipated their presentation in the next chapters. These examples are useful
to enter slowly and painlessly the world of Pascal.

3.6 Chapter 3 Problems

1. Simple Syntax
Create syntax diagrams describing the following forms:
a. Phone Numbers (with area codes, prefix, suffix)

b. License Plates (with three letters followed by three digits, and
vice versa)

Dates (such as 84/2/28 or 11-28-84 or Feb. 28 1984)
d. Military time (such as 0800 or 1547 )
e. Dewey Decimal number system (as used in public libraries)

2. Identifier

An identifier, or name, in the standard Fortran Language consists of one

to six symbols, the first being a letter and the others being either letters
or digits. Create a syntax diagram describing such identifiers, showing

explicitly all possible paths.

3. Elevator

Create syntax diagrams describing the behavior of an elevator which
travels between four floors. Typical sequences of travels (from the first
to the fourth floor) are:
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- e o 9

» T 3

< <

1234 123234 121232123234 1212121,2372]1234

Roll Your Own Syntax

Find an example from everyday life which would have a structure that
could be described by syntax diagrams. Examples could involve:
addresses, ZIP codes, part numbers, card games, sports, trains, parades,
dice, Roman numbers, combination locks, or Robert's Rules of Order.

Unreal

Using the following syntax diagram that defines REAL number constants
for Pascal:

Real

ScaleFactor

N p—
T

determine which of the following are in that proper form. Express
those in proper form in the alternative REAL notation, with a decimal
point only and without a ScaleFactor. This illustrates the great number
of wrong ways that numbers may be represented, and the simplicity of
syntax diagrams to define the right form.

5. 28E3 b. 1.6E-05 c. 1.35e5
E5 e. 1E2 f. .B5E
2E3. 4 h. -.5E3 i. 10E10

2. 55EE23 k. 3.4.1 . 4.E5

5. 95E0 n .5 0. OE-3
2.-3E4 g -.1E1 r. 3.0E4
3. oE4 t. 5,280 u. 5280
-3.4E-6 w. 13.4E. 4 X. 5.5E5.0
AE3 z. 5. 5E-1E2



Section 3.6  Chapter 3 Problems 71

6.

Integers

Create syntax diagrams to define integers in Pascal if they consist of
either any number of digits or any number of hexadecimal digits
preceded by the symbol "$"

Top Syntax
Using the syntax diagrams at the top levels of Pascal programs:

Program

(PROGRAM )| Ident |T®--—©TOT]
VT UsesClause T| Block |-—O

()
—/
dent
I |Letter : L
IdentList
UsesClause

——(UsEs }—{ identList |—=}—
Block

[ — ] (BEGIN)l‘l_O ( END }—=

Statement

Answer whether the following are syntactically correct (without being
concerned as to why anyone would want to do this).

a. Isitpossible for a program to have no declarations?
b. Isitpossible for a program to have no UsesClause?
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c. Isitpossible for a program to have no statements in the body?
d. Isit possible for a program to have no word BEG N in it?
e. Isit possible for a program to have no semicolons?
f. Isit possible for a program to consist of only semicolons?
8. Exterminate

The following program is loaded with syntactic errors (bugs), as well as
others. Every line has at least one error. Count the number of syntactic
errors, and rewrite the program properly. Actually, computers
(compilers) are good at finding such errors, but they don't rewrite the
programs. (Hint: one easy way of doing this is to enter this program in
your system and have the compiler do the job! But be careful! There are
some errors that might confuse your compiler?)

PASCAL Sal es;
(* Infested with bugs. Find them * )

CONSTANT TaxRate := 06.5%
VAR Cost, total: real;

BECGEN
WiteLN("Inputt cost');
ReadReal cost );
tax := TaxRate x cost;
total = Cost + TaxRate
(* "Qutputt the total' *)
Wite( total );

END

9. Least

What is the shortest possible program that can be written in Pascal? It
doesn't need to do anything useful; it just needs to run without error.

10. Evaluate

Compute the following, according to the operator precedence table
given in this chapter.

a 9-8-7 b. 10/2/5
C. (1 + 2)/3*4 d. 7 MOD (11 MOD 7)
e. 7 MOD (11 DIV 7) f. (1 MOD2) DV

(3 MOD 4)
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11. Represent

Write the following real numbers in exponential notation:

a. Speed of light in a vacuum (in meters per second)
300000000.0

b. Charge on an electron (Coulombs)
0.00000000000000000016

c. Mass of an electron (kilograms)
0.000000000000000000000000000000911

12. Express
Write the following formulas as assignments in Pascal:

a. E=mc?

b = 6.67*10 "'mm,
I,2

 x=C b+b?- 4ac

2a
3.7 Chapter 3 Programming Project

Getting Acquainted

Your first programming project is to become familiar with your version of
Pascal; all implementations differ somewhat. To concentrate on these details,
you can start with the following simple program. It is one of the smallest that
does something (displays "Hi ! ").

PROGRAM Hi ;

BEG N
WiteLn('H !"):
END.

1. Study your editor and then enter the above program. Make some errors
and correct them, both immediately after you made them, and also
much later.

2. Run the above program, a process usually involving compiling and
linking followed by executing.
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3. Create a number of errors in the program (misspell words, delete
semicolons or words, insert words) and observe the error messages.

4.  Extend the program to write several more lines. Insert comments in
various places. Insert gaps between lines in the output.

5. Save the program, not because it's good, but just to know how to save
programs. Then retrieve the program and modify it again.
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Chapter 4 Data and Actions

This chapter continues with the introduction to the Pascal programming
language that was started in the last two chapters. Its main concerns are the

basic components of the language with some emphasis on the way in which the
language is written (i.e. the syntax or grammar) but also on the precise meaning
(i.e. the semantics) of what is written.
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4.1 Preview

The main topics of this chapter are the data and the actions of Pascal
programs. We'll start with the declarations of the data elements, and at first
will only use the simplest kind of data, numbers. The two main types for
numbers, Integer and Real, were defined in Chapter 3. Declarations will be
defined using syntax diagrams which were introduced in Chapter 3.

Complete programs, involving actions on data, are also presented here. The
readability of programs—very important for understandability—depends on
their layout. This topic, as well as some aspects of programming style, are
introduced at this early stage, mainly to instill good habits from the beginning,
by showing well designed program examples.

Like most chapters in this book, the goal of this chapter is to introduce some
basic concepts of the Pascal programming language with many examples. You
should gain familiarity with the form of programs written in the language, and
a great many details concerning the language. In the course of this chapter, you
will be reading many short programs, and segments of programs. After
completing the chapter, you should be able to recognize the proper form
(syntax) of many parts of the language. You should also be able to write some
very simple programs. Most of these programs will involve only a series of
actions, but some of them will also involve simple forms such as loops, decisions
or sub-programs. The following chapters will present more formally what has
been introduced here.

4.2 Programming: Data and Actions

Declarations: Syntax Diagrams from the Bottom

A Pascal program is written using the characters of your computer keyboard,
including the 26 upper case letters, the 26 lower case letters, the ten decimal
digits, and a number of other symbols (punctuation marks, brackets, etc.) These
characters are combined to form numerical values, identifiers, keywords,
operations, and ultimately programs. We can use syntax diagrams to describe
all of these and we will now show the syntax diagrams for some of the lower
level components of a Pascal program.

In Pascal, the symbolic names of variables, constants, programs, subprograms,
etc., are called identifiers. The syntax diagram for identifiers is shown in
Figure 4.1.
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Figure 4.1 Syntax diagram for an identifier

Identifier(id)

——l letter I

You can see that an identifier consists of a letter followed by any number of
letters or digits. However, you should note that some Pascal system keep only
the first 8 (or 16 or 32) characters of the identifier. In that case Enpl oyeel and
Enpl oyee2 would appear to be different to you, but would be the same for the
system. Reserved words, found within rounded boxes on syntax diagrams (such
as BEG N, END, FROM | F) must not be used as identifiers. A list of reserved
words is given on the Reference page at the end of this book. Examples of
identifiers are shown in Figure 4.2,

Figure 4.2 Proper and improper Pascal identifiers

Exanpl es of Identifiers

Pr oper | npr oper
A 7
Age 2* Pi
R2D2 Pi *2
Over 21 Over 21
MaxAge Max Age
t enmpor ary VWHI LE

Bal anceOf Paynent s

In Pascal, declarations define the meaning of an identifier. For example, a
declaration defines the name of data items, indicating their type or set of
possible values. Figure 4.3 shows a simplified form of the syntax diagram for
declarations where a declaration consists of a choice between four different
kinds of declaration. Usually in a program, the declarations are grouped in the
order shown, first the constants, then the types, followed by variables and
procedures. Some examples of declarations for constants and variables are
shown in Figure 4.4.

Figure 4.3 Simplified syntax diagram for a declaration

Declaration

[ CONST Declaration

- | TYPE Declaration

— | VAR Declaration —

[ PROC Declaration
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Figure 4.4 Examples of declarations of constants and variables

Exanpl es of Decl arations
CONST
Pi = 3.141592653589;
Year = 2001,
Period = ".";
T = TRUE;
Prompt = '"Enter a val ue';
TwoPi = 2.0*Pi;
(* Physical constants*)
Avogadro = 6. 023E23;
Pl anck = 6. 63E- 34;
Coul onb = 8. 99E9;
VAR
Age : | NTECGER;
Radi us : REAL;
Grade : CHAR
Mal e : BOCOLEAN;
Zi pCode: | NTEGER;
count : | NTEGER,
| SBN : | NTEGER,

There is often a need in programs for values that remain constant during the
program execution. Such constants can be used directly (as 2000) within
programs, or they can be given a symbolic name through a declaration, and
referred to by that name. Named constants are preferable because they make it
easier to modify programs. For example, if we use a symbolic constant for the
year, each time the year must be changed, only one line of the program needs to
be changed. On the other hand if we use the constant directly, it is just too
boring and thus error prone to change many occurrences of 2000 to 2001, and
sometimes the wrong 2000 (a street address perhaps, or a salary) could get
changed also. Using named constants also improves the readability of the
program—it is easier to understand Avogadr o than 6. 023E23.

The syntax diagram for the declaration of a named constant is shown in Figure
4.5. The declaration consists of the word CONST followed by any humber of
instances of the sequence: an identifier, an equal sign, a constant expression and
a semicolon. We've seen the syntax diagram for the declaration of identifiers
in Figure 4.1, and the diagram for constant expression is in Appendix X. The
constant expression following the equal sign may involve constants and a single
simple arithmetic operation such as:

Hour sl nAWek = 7*24;
TwoPi = 2.0*Pi;
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Figure 4.5 Syntax diagram for a declaration of a named constant

ConstantSection

—T1—( CONST @—l ConstExpressionI @ ,‘]

Of course we humans could compute these constants, but that is tedious, and
could be error prone. Besides, the number 168 hides the two parts (7 days and
24 hours) from which it is constructed. Notice that Pi must be declared before
TwoPi .

Figure 4.6 Syntax diagram for the declaration of variables

Variable Declaration

)

:| Ident I : D, [ Type |

(VAR)[

The variables used in a program must be declared as shown in the syntax
diagram of figure 4.6. The declaration of variables begins with the word VAR
followed by a list of identifiers separated by commas (which could contain only
one identifier), followed by a colon followed by a type (I NTEGER, REAL, etc.)
There could be any number of these list of identifiers-colon-type combinations,
each terminated by a semicolon. Notice the similarity between the
declarations of Constants and Variables. To improve readability identifiers
could be described briefly by a comment, as follows.

CONST

MaxAge = 150; (* max age of humans, assuned to be 150
years *)

VAR

Angl e: REAL; (* angle of shaft to horizontal, given in
degrees *)

The choice of types, names and values for data items is an important
responsibility of programmers, and that choice may not always be obvious. For
example, money may be viewed as an integer (20 cents) or as a real value (0.20
dollars). If it is used in a change-making program or an accounting program it
must be chosen to be an | NTEGER, because integer operations give exact results.
If it is used in a loan program (involving large sums and complicated formulas)
then it could be chosen to be a REAL number. The counting of sheep or of a human
population should be done with the | NTEGER type, although the upper limit
for | NTEGER might be an inconvenience (there are five billion people on earth!)

Data items are referred to by names, which are identifiers, created by the
programmer. The data names should be chosen so that they clearly describe
the reality that is being modeled. The names should neither be too long nor too
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short. For example, to count the number of months paid on a bank loan we could
use the symbolic name Mor vh or Mont hsPai dOnLoan, but some intermediate
length name such as Mont hs may be preferable. If this is the case, it will be
useful to insert a comment with the declaration, indicating that Mont hs is the
number of months paid toward the loan. As we already mentioned, comments
are pieces of text included in a program to help the reader understand it; they
do not change the way in which the program works. The data type for the
variable Mont hs should also be | NTEGER, because its value comes from
counting.

Proper selection of names and types will pay off ultimately in the ease of
reading and modifying of programs. More details involving Pascal declarations
will be considered shortly. Other data types will be introduced later.

Simple Input and Output in Pascal

As you've already seen in the program examples of the two preceding chapters,
the input and output of values using Read and W i t e can be done easily. The
input is usually always done in a simple manner. The output can also be done as
simply as you wish, but can also be formatted as elaborately as you wish. Here
we will introduce and review the basic concepts of input/output in Pascal, using
mostly numerical values.

The input of values is done by a Read statement (actually a call to the Read
standard Pascal procedure) which has the simple form:

Read( | nputlList );

where | nput Li st consists of a number of variable names (not constants or
expressions) that are separated by commas. Some examples are:

Read( Si ze) ;

Read( Rat e, Hours);
Read(First, Second, Third);
Read(A, B, C D E F, G H);

Execution of such a Read statement causes data values to be accepted from the
keyboard and assigned to the variables of the | nput Li st. The input values
should be separated by blank spaces, not commas. The variables can be of
various types, but the input values should appear in the same order as the
variables in the | nput Li st, as the values are matched with the variables in
order.

The simplest kind of output involving numbers and strings of characters enclosed
in quotes is done by W i t e statements having either of the following forms:

Wite( QutputList ); or WitelLn( QutputlList );

where Qut put Li st consists of a number of expressions or quotations separated
by commas. The expressions may be constants, variables, or formulas. The
guotations are strings of characters enclosed between single quotes, not double
guotes. Here are a few examples:

Wite(Size);
Wite('Hello ');
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Wite(' X =", X);

WiteLn(A, B, C D);
WitelLn((9/5)*C + 32);
WitelLn(' You are about ', Age,

years old.");

The execution of a W i t e statement produces a display on the screen.
Quotations are displayed exactly as shown; expressions are first evaluated and
then their values are displayed. The execution of Wi t eLn has the same effect
as Wi t e but after displaying the information on the screen, the cursor
advances to the next line. Also, Wi t eLn can be used with no Qut put Li st and
no parentheses to produce a blank line, as

WitelLn;

In the above example with simple W i t e statements, the format of the output
is very simple and somewhat crude. For instance, the field width, that is, the
space provided for writing a value, is fixed and is often much larger than
required, with the result that ugly gaps appear in the displayed output. Also,
REAL values are written in scientific notation with exponents, which is not
natural for business and other applications. Such simple output is quick and
convenient but it can be refined if we use format descriptors as follows.

It is possible to obtain some control over the layout of the output by associating
format descriptors with each item in the Qut put Li st. The format descriptors
have two forms:

E:W or
E: WD

where E is any expression in the Qut put Li st , Wis the width of the field, and,
for a REAL value, D indicates the number of digits after the decimal point. W
and D can be specified by expressions having | NTEGER values. Some formatted
examples follow.

Wite(' The age is ', Age:2);
will display:

The age is 7
Wite(' Pay the amount of $', Pay:7:2)

will display:

Pay the anount of $1234.56
Pay the anmobunt of $ 78.90

depending on the value of Pay.

Notice the two spaces in the first example between "is" and "7", as "7" does not
fill the width of its field. Also note in the second example that the decimal
point is counted as one of the seven symbols in the field. In a numerical field
the numbers fill the field from the right, this is called right justification, with
spaces added to the left to make up the field width to the value of W In the
last example, the spaces between the dollar sign and the dollar amount is
especially dangerous because digits could be put into the spaces dishonestly.
This gap could be prevented by computing the exact width as will be shown
shortly.
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Figure 4.7 The InOutDemo Pascal program

PROGRAM | nQut Deno;
(* Shows sinple input/output *)

CONST

Year Now = 2000;
VAR

Age, YearBirth, Wdth: | NTEGER,
BEG N

(* Pronpt for |nput *)
WitelLn('Enter birth year: ');
(* Enter & Echo an input value *)
Read( YearBirth);
Wite('Year = ');
WitelLn(YearBirth:4);
WiteLn;
(* Test for appropriate input *)
(* Conpute the approximate age *)
Age : = YearNow - YearBirth;
(* Format & display the Qutput *)
Wdth := 2;
Wite( 'Your age is around ' );
Wite( Age: Wdth );

END. (* |nQutDenp *)

The program | nQut Deno, shown in Figure 4.7, is a program that illustrates not
only the input-output actions just discussed, but also their proper use for
obtaining a user-friendly program. This program is a variation of the Second
program we saw in Figure 3.12 in the last chapter. It simply inputs a birth
year, subtracts it from the present year, and outputs the resulting Age. In its
original version in Chapter 3 it was much shorter, but here the new version
illustrates a number of concepts mainly about “user-friendly” communication
between users and computers. The program first prompts the user for a value,
then echoes the value just input back to the user to serve as a check. A comment
(* Test for appropriate input *) atthis pointinthe program
indicates that code should be added at some future time to check that the value
input is reasonable, for example, that it is non-negative, or not greater than the
Year Now constant. The output shows some helpful comments and Age is written
in a field width set to have value 2, as the following execution shows.

Enter birth year:
1975
Year = 1975

Your age is around 25

There are a number of possible improvements to this program. First, it could
test the input to see whether the entered value is proper. For example, if
Year Bi rt h is later than Year Now, then the following piece of program could
detect that improper input and serve as an obstacle while the input values are
improper.

(* Test for an appropriate input *)
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VWH LE BirthYear > BirthNow DO BEG N
WitelLn(' The year is inproper ');
WitelLn(' Enter another value ');
Read(Bi rt hYear);

END;

Another improvement would be to compute the value of W dt h. The following
fragment of program sets W dt h to 1, 2 or 3 depending on the age. This could
replace the previous assignment of the value 2 to W dt h

(* Compute the Field Wdth of Age *)
| F Age >= 100 THEN
Wdth := 3;
I F Age < 100 THEN
Wdth := 2;
IF Age < 10 THEN
Wdth := 1;
Wite(' Your age is ', Age:Wdth);

4.3 More Programs: A Top View of Pascal

In the remainder of this chapter, we'll provide some more examples of simple
but complete programs to show some how algorithms are expressed in Pascal, as
well as differences and similarities among programs. Our examples will also
illustrate the main forms (Sequence, Selection, Repetition) and the two numeric
types (I NTEGERand REAL). The emphasis will be on introducing the syntax
that is common to all Pascal programs. In some cases some details will be
informally introduced only briefly, and the formal definition of the syntactic
features will be left for the next chapter.

Our first program example is Chal | engeGuess, which was written from the
algorithm description found in Figure 4.40 of Chapter 4 in the Principles book.
The program follows closely the pseudocode, and is reproduced in Figure 4.8.

Figure 4.8 Pascal program ChallengeGuess

PROGRAM Chal | engeCuess;
{ Challenge a user to guess a nunber }

VAR Nunber, Guess, Count: | NTEGER,

BEG N
Nurmber := 1 + TRUNC(1000 * Randon);
{ 0 < Number <= 1000 }
Count := 0;
Wite(' Make a guess: ');
Readl n( Guess) ;
VWHI LE Guess <> Nunber DO BEG N
| F Guess > Nunber THEN
Wite('High; ")
ELSE
Wite('Low, ');
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Count := Count + 1;
Wite(' Make a guess: ');
Readl n( Guess) ;

END; {WH LE}

Witeln;

Witeln(' Congratulations! ', QGuess:1, ' is
right.");

Witeln('lIt took you ', Count:2, ' tries');
END.

The program Chal | engeGuess declares three integer variables, Guess,
Nunber and Count , which will be used respectively to hold the value guessed
by the challenger, the value originally chosen by the program, and the number
of guesses necessary to find the number. The program statements are included
between the BEG N, END pair. The first statement chooses a random number
between zero and 1000, by calling standard function Randomwhich returns a
Real value between 0 and 1. The next statement sets Count to zero, and the next
two statements ask for and read the first Guess.

Then we start a WHI LE loop whose body includes seven lines. The Guess is
compared to the chosen Nunber , and a message is displayed indicating
whether the guess was too high or too low. The Count is incremented and the
next guess is asked for and read. The loop will terminate when the Guess and
the Nunber will have identical values.

The last three statements display a message of congratulations with the
number of guesses that were necessary to find the Nunber . Note the width of 1
that is given for Count: this will avoid having unnecessary spaces in the
displayed line like:

Congratul ations! 1 is right.

as the width is enlarged if the value is too big for the given width. The
following is an example of the execution of this program.

Make a guess: 500
Low, Make a guess:
Low, Make a guess:

750
875

Hi gh; Make a guess:

Low, Make a guess:
Hi gh;
Hi gh;
Hi gh;
Hi gh;
Low, Make a guess:

Congr at ul ati ons!
It took you

Make a guess:
Make a guess:
Make a guess:
Make a guess:

812
844
828
820
816
814
815

815 is right.
9 tries

Before introducing other program examples, we’ll pause and discuss
programming style and program layout. These two aspects are of no importance
to the computers that will run your programs, but are extremely important for
the humans who will have to read, understand, modify, in other words,
maintain your programs.
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4.4 Programming Style

Remember that your program is first a communication: communication of the
algorithm to the computer, and communication of the solution to a given
problem to the programmers that will use and maintain it. To achieve good
communications, it is important to develop a good style for writing programs
early. The main goal of this style is to make programs readable to other
programmers, and also to yourself. When you return to modify a program you
did a year ago, you will be surprised at how difficult it is to understand what
you did! It is much like trying to understand a shopping list that you wrote a
year ago! A good programming style will make a program more readable,
understandable, modifiable, and "debuggable". The program examples we
have shown all have a common style.

You might be astonished to learn that poetry is closer to programming than is
prose. Poetry has greater structure, words are selected very carefully, each line
is spaced properly and indentation is important. On the other hand, prose is
viewed as one long stream; it is broken anywhere (including the middle of a
word) to begin another line.

Like poetry, programming style is an art. Your ability will improve with
experience, but when you are just beginning some guidelines and rules of thumb
are especially useful. The following guidelines are not "sacred" rules that
should never be broken but can serve to help you develop judgment toward an
individual style. Remember, it takes practice to know when to break rules.

The identifiers you choose should be as meaningful as possible. This could take
some time and a little effort but it is worthwhile, for it is the most important
way to improve program readability. Names in general should not be too short
(1,3, K orXX, OT have no meaning, but in a mathematical context X, Y and Z
may have) nor should they be too long (these are error-prone and can hide the
structure of the program). As a rule of thumb, a length of "8 plus or minus 3" is
ideal. The names of variables are proper nouns so the first letter could be
capitalized (as in Sum Bal ance). If the names consist of compounded words
then the first letter of each word should also be capitalized (as in Over Ti ne,
Count OF Sheep, etc.)

The judicious use of comments is also very important to a good programming
style. Comments should describe what is done and why it is done, but not how it
is done—the code tells how it is done. Oftentimes, comments are assertions that
explain how values are related at that point in the program. Comments should
not occur too often (hiding the program), nor too seldom (hiding the main

ideas). You’ll reach a good balance with experience. In many ways, comments
are like footnotes in text. Here are two examples of Pascal comments whose
advice should be followed:

(* UNI FORM UPPER CASE | S HARDER TO READ THAN LOMER CASE
*)

{ Comments should be nmeaningful, and be witten in a
readabl e way }
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4.5 Layout

Looking at our example programs, you might have noted that the spacing used
in a program is very important for readability. Horizontal spacing involving
indentation serves to show levels and code structure. The indentation should
not be too little (one space is hard to see) nor too much (more than 5 spaces takes
time); here we indent by 2 or 3 spaces. Lining up identifiers (or colons) in
declarations often looks good and provides a checklist—the eye finds it easy to
run down columns. Inserting blank spaces can also aid readability; for example:

Wite(' Age =', Age: 5);
is preferable to the squeezed
Wite(' Age=', Age:b)

Vertical spacing is also extremely important; blank lines provide gaps so the
human eye can view clusters of lines as a unit separated from other units. A gap
between the uses part of a program and the declaration part is obvious; other
gaps may take some judgment. Sometimes a gap between each form (Selection or
Repetition) clarifies a program, sometimes it just doesn't help. Often a
comment preceding a cluster of lines ties the lines together as a unit.

Many of the above guidelines are not important by themselves, but when all
taken together can make a big difference. Consistency in a single style is often
sufficiently important by itself. Also, ignoring some of these guidelines may not
appear serious, but when a program of many pages must be read, it can be very
bothersome to deal with such “unfriendliness”.

Other aspects of style will be considered later. They include naming of
procedures (as verbs), conditions (as adjectives), avoiding global variables, the
indentation of forms, modularity, etc.

of Programs

Let’s look now at one more slightly larger Pascal program, to see its layout or
arrangement. Itis a program to make change for a tendered amount when
purchasing something, given a Cost . This program corresponds to the Make
Change algorithm of Figure 4.25 in Chapter 4 of the Principles book.

Figure 4.9 The MakeChange program

PROGRAM MakeChange;
(* Make change for a tendered anount *)

VAR
Cost ,
Remai nder,
Tendered: | NTEGER;

BEG N
{ Input the Cost }
Wite('Enter the cost in cents: ');
Read( Cost ) ;
Wite('Enter the amount tendered in cents: ');
Read( Tender ed) ;
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{ Make the Change }
Renmai nder := Tendered - Cost;
VWH LE Renmmi nder >= 25 DO BEG N

Wite(' Quarter ');

Remai nder := Renuni nder - 25;
END; {WH LE} {Remai nder < 25}
VWH LE Renmmi nder >= 10 DO BEG N

Wite('Dinme ');

Remai nder := Renuni nder - 10;
END; {WH LE} {Remai nder < 10}
| F Remai nder >= 5 THEN BEG N

Wite('Nickel ');

Remai nder := Renai nder - 5;
END; {IF} {Remai nder < 5}
VWH LE Renmmi nder >= 1 DO BEG N

Wite(' Penny ');

Remai nder : = Renmi nder - 1;
END; {WH LE} {Remai nder < 1}
Witeln;

END. { MakeChange }

The Pascal program MakeChange, shows one layout of the program. It begins
with the minimum of documentation—a brief statement of the program’s
purpose. To be complete, this documentation should also include the name of
the author and the date the program was written. This date (or some kind of
number, like “Version 1.5”) is important because programs get modified and
there may be a number of versions available, so the date makes it convenient to
find the latest one. The documentation at the head of the program should also
include a brief listing and a possible description of the program’s inputs and
outputs, and any limitations it might have, or other information that could be
useful. For example, the following comment could be inserted at the beginning
of the program.

(* Programto make change ( all anpunts in cents )
* by Ann Onynmous 94/2/30. Version 1.1

| NPUT:

Cost : cost of itens, in integer, not real!
Tendered : integer amount in cents

QUTPUT:

a nmessage indicating the number of quarters

(25 cents), the nunber of dines (10 cents), the
nunber of nickels (5 cents), and the nunber of
pennies (1 cent), |ike:

“Quarter Quarter Dinme Penny Penny”

TO DG
Change to output the nunber of coins

L I S T R
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Notice that this comment extends over a number of lines. The intermediate
asterisks at the left are not necessary, but do serve to group these lines. The
colons are also lined up; this is not necessary, but it looks good (some other
applications of vertical alignment can be seen in the complete program). Some
of this documentation may seem obvious, but it should still be done as a service
to others who may wish to read the program. Notice how this documentation
mentions the work that remains to be done. Gaps—empty lines—between lines
also serve to group parts of the program, separating one part from another for
greater readability. Indentation is also very helpful for humans, and is used
mostly to show what is included in the various loops. Notice also the other
comments in the body of the program:

{ I'nput the cost }
{ Make the change }

Taken alone, these comments are a higher level algorithm. Some comments are
assertions like:

{ Remai nder < 25}

which indicate the state of the program variables at various points. A typical
execution of the program follows.

Enter the cost in cents: 33
Enter the ampbunt tendered in cents: 100
Quarter Quarter Dinme N ckel Penny Penny

Figure 4.10 shows the same program in a different layout. Look at it and see
what layout you prefer.

Figure 4.10 Other layout for program MakeChange

PROGRAM MakeChangeZ2;

(* Make change for a tendered anount *)

VAR Cost, Remmi nder, Tendered: |NTEGER;

BEG N

{ Input the Cost }

Wite('Enter the cost in cents: '); Read(Cost);
Wite('Enter the amount tendered in cents: ');
Read( Tender ed) ;

{ Make the Change }

Remai nder : = Tendered - Cost;
VWH LE Remmi nder >= 25 DO BEG N
Wite('Quarter '); Renainder := Renainder - 25;

END; {WH LE} {Remai nder < 25}

WHI LE Renai nder >= 10 DO BEG N

Wite('Dinme '); Renminder := Renainder - 10;

END; {WH LE} {Remai nder < 10}

| F Remai nder >= 5 THEN BEG N

Wite('Nickel '); Remai nder := Remai nder - 5;
END; {IF} {Remminder < 5}

WHI LE Renai nder >= 1 DO BEA N

Wite('Penny '); Remminder := Remminder - 1;

END; {WHI LE} {Renmai nder < 1}
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Witeln;
END. { MakeChange2 }

The alternative layout of program MakeChange?2 shows a very different
arrangement. It is a short and fat layout compared to the long and thin layout
of MakeChange shown in Figure 4.9. However, the two versions of the program
behave exactly the same and produce the same results. As you might have
already guessed, the second layout of MakeChange?2 is not preferred. It
appears to be less readable, because the “vertical squashing” hides the
program’s structure. It is also harder to modify, because, to insert a segment of
code may require much moving of the text, that may also result in errors.

Modifications and improvements to programs are always possible. For instance,
this MakeChange program could be modified to test for proper input values,
rejecting negative values for Cost, Tender ed and Renai nder. The input
Cost and Tender ed could also be echoed, and the total amount of the change
could be output. The output could be modified as already mentioned and also,
for example, to print numbers as “one penny” or with plural denominations such
as “three pennies”. Many other modifications to this program are suggested in
the projects at the end of this chapter.

In general, a Pascal program can be seen as having a top part (declarations)
indicating WHAT (data, names, types, tools imported), and a bottom part
(actions) indicating HOW the data are to be manipulated. Documentation, in
the form of comments, indicates WHY something is done and supports the
WHAT and HOW.

4.6 More Programs: Continued

We’'ll present two more examples of complete programs before the end of this
chapter. However, you should be aware that Pascal offers you a number of tools
that make it possible for you to write program without having to “re-invent the
wheel” every time. On the one hand, Pascal includes a number of pre-defined
subprograms that are always available. On the other hand Pascal allows you
to define your own subprograms, and to use subprograms from program libraries.

Actions: Pre-Defined Standard Functions in Pascal

As a convenience to the programmer, commonly used actions are often made
available in a programming language. Pascal has a number of pre-defined
actions, as shown in Figure 4.11. These actions are all functions, analogous to
trigonometric functions like sine, cosine, etc., that accept a single value and
yield a single value of a given type. Functions can be used anywhere a variable
of that type may be used.

Figure 4.11 Pascal pre-defined functions

Pre-defined Functions
ABS(N) yields the absolute value of any numeric type N
ooD( 1) is true if integer | is odd
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SN vields the ensitivepaupranrifge aymeric e N
ROUND( R) converts a REAL value Rinto its nearest | NTEGER value
TRUNC( R) converts a REAL value Rinto an| NTEGER by truncation

Others

including SI N, COS, LN, EXP, ORD, CHR, SUCC, PRED

ABS('N) is a function that operates on a numerical value of any type
(REAL or | NTECGER), and returns its absolute value (i.e. its positive
value) of the same type. For example:

ABS(-1) is 1, ABS(-2.3) is 2.3, ABS(4.5) is 4.5.

ODI( I') is a function that operates on an | NTEGER value | and indicates
whether this value is an odd number. It can be used within
conditions both in Repetition and Selection forms. For example:

| F ODD( YEAR) THEN
Wite(' Cannot be a | eap year');

SQRT( N) is a function that computes the positive square root of any
REAL or | NTEGER value Nand returns a value of the same type.

SQRT(4) is 2, SQRT(4.0) is 2.0, SQRT(8) is 2

SQR( N) computes the square of any REAL or | NTEGER value and returns
a value of the same type. For example:

Hypot enuse : = SQRT(SQR(Base) + SQR(Hei ght));

ROUND( R) is a type conversion function that converts a REAL number R
into an | NTEGER val ue by returning the nearest | NTEGERto R
ROUND(3.14) is 3, ROUND(2.7) is 3 and
ROUND(-1.9) is -2

TRUNC( R) is a type conversion function that converts a REAL number R

into an | NTECER value by chopping off the decimal part of the
number. For example,

TRUNC(3.14) yields 3, TRUNC(2.7) yields 2.

The trigonometric functions SI N( R) and COS( R) return the sine and
cosine of aREAL angle Rrepresented in radians. Angles in degrees
can be converted to radians by multiplying by Pi and dividing by
180.

The exponential functions LN( R) and EXP( R) involve the base e (where
e = 2.71828). These functions can be used to compute the Nth power
of X by:

XtoPower N : = EXP( N*LN(X) );
The logarithm of X to any base B can be determined from:
LogXt oBaseB : = LN(X)/LN(B);

There are other pre-defined actions, including ORDand CHR, which we will
consider later when needed.

Let’s now look at another simple Pascal program, shown in Figure 4.12, to
produce a table of temperatures expressed in Celsius and Fahrenheit units.
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Figure 4.12 Pascal program TempTable

PROGRAM TenpTabl e;

(* Creates a table of temperature *)
(* Fahrenheit val ues approxi mate *)
VAR

Cel sius: | NTEGER

Fahrenheit: REAL;

BEG N

WiteLn( ' TEMPERATURE );

Witeln( ' Cel sius Fahrenheit ' );

Cel sius := 0;

WHI LE Cel sius <= 100 DO BEA N
Fahrenheit := (9/5)*Cel sius + 32;
Wite(Cel sius: 5);
Wit eLn( ROUND( Fahrenheit): 10);
Cel sius := Celsius + 10;

END; (* WH LE *)

END. (* TenpTable *)

Program TenpTabl e outputs a table of Celsius temperatures and the
corresponding Fahrenheit values. The Celsius temperature starts at 0°C.
Within the loop, the Fahrenheit value is computed, both the Celsius and
Fahrenheit values are written as integers, and the Celsius value is increased by
10 to get the next temperature. The looping continues while the Celsius value is
less than or equal to 100, and it stops when Celsius exceeds 100.

Notice that the temperature conversion formula is similar to the one in the
Convert example of Figure 3.16 in the last chapter. Note however that in
TenpTabl e, the decimal points are not shown in order to make TempTable
more readable. This does not change the computation which is done with REAL
values because of the “/”” operation. Usually it is better to write the constants
as REAL and show the decimal points in order to make the program less error
prone. The program produces the following output.

Temperature
Celsius Fahrenheit
0 32
10 50
20 68
30 86
40 104
50 122
60 140
70 158
80 176

90 194
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100 212

Libraries: Using Units in Pascal

Libraries of programs are extremely important in software development as they
enable software to grow in a disciplined and controlled manner. Libraries make
it possible to achieve modularization, one of the goals of software engineering.
Software engineering is a field of Computer Science that establishes methods
for the development of good software. Libraries are basically collections of
subprograms and data types that can be viewed as useful extensions to a
programming language.

The Pascal libraries are called units. In this chapter, we will not create units,
that will only come later, but we will use them. The details of the units are
hidden, but the subprograms within the units are available to be shared.

We have defined library | nt Li b as a collection of various operations on

| NTEGERS that are not provided in Pascal. All these operations are
subprograms, but most of them are Pascal procedures, rather than Pascal
functions. Procedures calls are independent statements, analogous to the
invocation of subalgorithms in pseudocode, while function calls are only used in
expressions, and are therefore only parts of statements. The following
operations are available in library I nt Li b.

Incr (I, S) isaprocedure thatincrements an| NTEGERI by a step size
of S, where Sis also an | NTEGER. For example:

Incr(A, 1); increases variable A by 1.
Incr(B, -2); decreases variable B by 2
Incr(C, C; doubles variable C

Decr (1, S) isaprocedure that decrementsan | NTEGERI by an
| NTEGER step size of S. It is very similar to the above increment
operation.

Maxi mi ze2(A, B, C) isa procedure that finds the maximum of any
two | NTEGERs Aand B and sets C to that value. For example:

Mexi mi ze2(7, 11, M;
results in Mhaving 11 as its value.

M ni m ze2(A, B, C) isaprocedure that finds the minimum value C
of any two | NTEGERs A and B. It is similar to Maximize2.

Order 2( A, B) isaprocedure that sorts the two input variables A, Bin
increasing order. For example, if the value of X is 11 and the value
of Yis7:

Oder2(X, Y);
results in X having value 7 and Y having value 11.

Order3(A, B, Q) isaprocedure that sorts the three input variables
A B, and Cinincreasing order. For example, if the value of X is
11, the value of Y is 7, and the value of Z is 9:
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Order3(X, Y, 2);

results in X having value 7, Y having value 9 and Z having value
11.

Divide(N, D, Q R) isaprocedure that divides numerator Nby
denominator D and produces a quotient Qand a remainder of R. For
example:

Divide( Sum Num Mean, Renj;
divides Sumby Numyielding a quotient Mean and a remainder Rem.

I nt ToReal (I, R) isaprocedure that converts a given | NTEGERI into

its corresponding REAL value R For example:

I nt ToReal (7, X);

results in X having the REAL value of 7.0.
The fact that a program requires the use of one or more operations from a
Library is indicated by naming the Library in the Uses clause, which follows

the program header (recall the syntax diagram of Figure 3.7 in the last
chapter). To use any of the above procedures from IntLib requires only to add:

USES | nt Li b;

at the beginning of your program. We’ll now look at such a program, shown in
Figure 4.13, that implements the algorithm taken from Figure 4.17 in Chapter 4
of the Principles book.

Figure 4.13 The Triangle program

PROGRAM Tri angl e;

(* Determnes if a 3-sided figure is a triangle
*)

USES | ntLi b;

VAR Si deA, SideB, SideC. | NTEGER

BEG N
Wite(' Gve the three sides ');
Read( Si deA, SideB, SideC;
O der 3(Si deA, SideB, SideC;
| F SideA + SideB < Si deC THEN
Wite('not a triangle ")
ELSE
| F SideA = SideC THEN
Wite('equilateral triangle')
ELSE BEA N
IF (SideA = SideB) OR (SideB = SideC) THEN
Wite('isosceles ');
| F Si deA*Si deA + Si deB*Si deB
THEN

Si deC* Si deC

Wite('right triangle')
ELSE
Wite('triangle ');
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END;
END.

The Tri angl e program is simple but involves nested selections. It uses
procedure O der 3 from library IntLib to put the side lengths in order. To do
this, it has only to invoke it, because the “Uses | nt Li b; ” statement has
made all the contents of the | nt Li b library available to program Tri angl e.

The program declares three integer variables for the triangle sides. It reads
the three values and orders them by invoking Or der 3. Then, it checks to see if
it is not a triangle and if so displays a message. If it is a real triangle the
program checks to see if it is an equilateral triangle, and if not checks the
isosceles condition. It then checks to see if the triangle is a right triangle. The
indentation of the program is very important as it shows the structure of the
program. In particular, it shows what statements are nested in others. For
instance, the first ELSE includes the rest of the program so that, if the figure is
not a triangle, none of the following statements are executed. On the other
hand, the last ELSE includes two | F statements. Nested | F statements must be
written with care, and more will be said about them in the next chapter. In the
meantime you may note that ELSEs cannot be preceded by semicolons.

A typical execution of the Triangle program follows.

Gve the three sides 5 4 4
i soscel es triangle

Note that the last line message was displayed by executing two Wi te
statements.

4.7 A Foretaste of Procedures

In the last program example, Tri angl e, we have invoked a procedure from
library | nt Li b. To be able to do that the | nt Li b library must have been
defined by another programmer, and the procedure must have been completely
defined. Defining procedures in Pascal is not very different from writing
programs. Remember that procedures are subprograms corresponding to
subalgorithms. Subprograms have a form similar to programs as they have a
header, a declarations part and a body. Let’s implement the algorithm
developed for the game of Fifty in Chapter 4 of the Principles book. That
solution used a subalgorithm Turn Of Player (found on Figure 4.29 of that book)
which must be translated into a Pascal procedure. We’ve done so in Figure 4.14,
which shows the corresponding program with numbered lines to facilitate
references.

Figure 4.14 The program of Fifty

(1) PROGRAM Fi fty;

(2) { Play the dice game of Fifty }

(3)

(4) VAR Scorel, Score2: | NTEGER,

(5)

(6) PROCEDURE Tur nCf Pl ayer (VAR Score: | NTEGER);
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(7) { Play a turn }
(8) VAR Di ceA, DiceB: | NTEGER

(9) BEG N

(10) DiceA := 1 + TRUNC(6 * Randon); { O < Dice <= 6 }
(1) DiceB :=1 + TRUNC(6 * Randon); { O < Dice <= 6 }
(12) I F DiceA = DiceB THEN

(13) IF DiceA = 3 THEN

(14) Score := 0

(15) ELSE

(16) IF DiceA = 6 THEN

(17) Score := Score + 25

(18) ELSE

(19) Score := Score + 5;

(20) END; {TurnO Pl ayer}

(21)

(22) BEQAN

(23) Scorel : = 0;

(24) Score2 : = 0;

(25) WHI LE (Scorel < 50) AND (Score2 < 50) DO BEGA N
(26) Tur nOf Pl ayer (Scorel);

(27) Tur nOf Pl ayer (Score2);

(28) END;

(29) | F Scorel = Score2 THEN

(30) Wite(' The gane is atie ')

(31) ELSE

(32) | F Scorel > Score2 THEN

(33) Wite('Playerl wins ')

(34) ELSE

(35) Wite('Player2 wins ');

(36) END. { Fifty }

The main program is found in lines 22 to 36. It initializes the scores (lines 23-
24), repeatedly invokes Tur nOf Pl ayer (lines 25-28) until one of the scores is
greater than or equal to 50. Finally a message is displayed indicating the
winner (lines 29-35).

The subalgorithm Tur nOf Pl ayer has been packaged into a procedure (lines 6-
20) which includes a header giving the name of the procedure and its
parameter, the declaration of two integer variables representing the two dice,
and the actions of the subalgorithm. The procedure appears before the main
program as it is a declaration: in order to use a procedure we must declare it
beforehand or import it from a library as we did in the triangle program. The
procedure simulates two throws of each die by using standard function Random
as we have already done in the Chal | engeGuess example. If the throws
bring up a double, the score is modified accordingly.

The statements of a procedure are similar to the statements of a program, they
are ended with an END statement which is followed by a semicolon and not a
period. We’'ll present formally procedures and functions in the next chapters, so
do not become anxious if things are still a little murky, this example is only
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intended to show you that there are neither mysteries nor magic in
programming.

4.8 Chapter 4 Review

This chapter introduced more of the basic concepts of the Pascal language,
starting with identifiers and declarations of variables and constants, whose
syntax diagrams were given. The chapter also introduced simple input and
output operations in Pascal, mainly for numerical values.

The chapter also expanded its presentation of actions on data. These actions
that included arithmetic operations built-into the language, were expanded to
include both standard actions pre-defined in the language (ABS, SQRT, FLOAT,
ROUND, etc.) and actions imported from various Libraries (I ncr, Max2,

Order 3, etc.) Onesmall Library, I nt Li b, was introduced to show how such
Pascal units could be used.

A few Pascal programs that manipulate data were also introduced in this
chapter. The programs were short and simple, but they illustrated
nevertheless many aspects of Pascal. They were given as complete examples
with the goal to familiarize you with the syntax of Pascal, even though the
formal definition of some parts weren’t covered in this chapter. Programming
style and program layouts, important to produce readable and usable programs,
were introduced, as well as a number of simple rules that were applied to the
example programs of the chapter, and will be applied in the remainder of the
book.

4.9 Chapter 4 Problems

1. Pieces of Program

Write (but do no run) a short piece of a Pascal program to do the
following:

a. Round off an integer to the nearest hundred, for example, 1234
rounds to 1200 and 5678 rounds to 5700.

b. Extendthe MakeChange program to return half dollars, dollars,
and two dollar bills.

c. Tear apart a four digit integer D, into its digits D1, D2, D3, D4. For
example, 1984 breaks into D1=1, D2=9, D3=8, D4=4.

d. Perform the MOD operation using other arithmetic operations such
as DIV, multiplication and subtraction.
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4.10 Chapter 4 Programming Projects

Generate Conversion Tables

Modify the temperature conversion TenpTabl e program to create some other
table of conversions. Some examples are:

1

Angle Table

Convert angles from degrees to radians for degrees ranging from 0 to 360
in steps of 10 degrees.

Metric Conversion Table

Create a table of metric amounts, say kilograms from 0 to 25, and the
corresponding amounts of pounds and ounces (rounded off).

Sales Tax Table

Create a sales tax table that lists prices up to a dollar in steps of 5
cents, and for each price, gives the rounded off tax (for a given tax rate
of say 6.5 percent). Then it continues in steps of a dollar up to 15 dollars.

Compound Growth Table

Create a table showing the growth (of inflation, bank balance,
population, etc.) of some initial amount (say 100) when the rate of
growth is a fixed percent of the present amount for each time period
(month, year, etc.). Create one table for two rates (5 percent and 10
percent) for 20 time periods.

Other Tables

Create a table for any other formula that interests you (from business,
science, mathematics, etc.).

Observing Errors

Become acquainted with your computing system by entering and running one of
the following short programs. Then make some errors to see what happens.
Finally make some modifications.

PROGRAM Ci r cl e;
(* Conputes the circunference and area *)

CONST
Pi = 3.14159;
VAR
Radi us, Area, Circunference: REAL;

BEG N
WiteLn(' Enter radius of circle ');
Wite(' Enter negative to quit ');
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Read( Radi us) ;

VWH LE Radius >= 0.0 DO BEG N
Crcunference := 2.0 * Pi * Radius;
Wite('Crcunference is ', Crcunference: 7: 3);
WiteLn;

Area := Pi * Radius * Radi us;
Wite(' The area is ', Area: 7: 3);
WitelLn; WitelLn;
Wite('Enter next radius ');
Read( Radi us) ;
END (* WHILE *);
END.

PROGRAM Conpound,;
(* Shows conpoundi ng growth *)
(* Indicates tine to double *)

VAR
Amount, Rate: REAL;
Year : | NTEGER;

BEG N

Wite('Enter a growth rate ');

Read( Rat e) ;

Wite(' Year Anount ');

WitelLn;

Year = 1;

Amount := 1.0;

VWH LE Anobunt < 2.0 DO

BEG N

Amount := Anount * (1.0 + Rate);
Year .= Year + 1;
Wite(Year: 4, Anount: 7: 3);
WitelLn;

END (* WHILE *);
END.

Demilitarize Time

Create a program to input two values representing the time in military (24
hour) units (such as 0250 and 1430) and to output the number of minutes between
these times.

Hint: Use MOD and DIV to break up the input times into Hours and Minutes.
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TipTable

Create a table that shows the tip corresponding to various amounts ranging
from one dollar to thirty dollars, in steps of one dollar. The tip is 15 percent of
the bill, rounded off.

a.

Easy Tip

Create the table using | NTEGERs for the dollar amounts, and for the
number of cents. For example, the amount of 20 dollars has a tip of 300
cents.

Clearer Tipper

Modify the table by writing the tip in terms of dollars and cents, with
the decimal point. For example, the amount 7 dollars has a tip of 1.05.
In order to print the tip with the decimal point and two digits for the
cents, you will have to use:

Wite(Tip: 5 2);
Clearest Tipper

Modify the above table by writing both the amount and the tip with a
decimal point and making the amount change in smaller steps of half
dollar.

Bigger Tipper

Modify again the above table by creating a third column in the table to
show a larger tip of 20 percent.

Round Tipper

Modify the table so that the tip is rounded to the nearest nickel (i.e. is
a multiple of 5). For example, an amount of 13.50 would correspond to a
tip of $2.025 which becomes $2.05 in this table.

Fancy Tipper

Modify any of the above tables by adding a border (of asterisks, or
dashes for horizontal borders and exclamation points for vertical
borders) around the entire table.

Nicer Tipper

Modify any of the above tables by printing the dollar signs
immediately to the left of each dollar amount.

Nicest Tipper

Modify some of the above tables so that there is not a single column, but
two columns side by side.

More Tips
Make up your own additional modification to this table.
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STT: Sales Tax Table

You are to write a program that creates a table such as the following to
determine the amount of sales tax for various sales amounts. The sales tax is
given as a percentage (here 6.75%) of the Sales amount.

Sal e Tax
Armount 6. 75%
1.00 0. 067
2.00 0.135
3.00 0. 202
4.00 0. 270
5. 00 0. 337
6. 00 0. 405
7.00 0.472
8. 00 0. 540
9.00 0. 607
10. 00 0. 675

As you “grow” the program by adding the following parts, do not make a
“hard” paper copy of any tables until your very last one. This saves paper (and
therefore trees).

a. Begin by writing a program for a simple table as above.
b. Modify this so that the taxes are rounded off to the next nearest cent.
Enlarge the table for larger sales (up to $20).

d. Include an extra column for other countries with other tax rates (say
8.25%).

e.  Add extra tax ranges, before and after your range,
going from $0.10 to $1.00 in steps of 0.10,
going from $20.00 to $200 in steps of 10 dollars.
f.  Puttwo big columns together in parallel, for a fatter and shorter table.

g. Beautify the table, with a header, good spacing, a box around the
table, etc.

h. Incorporate any other changes that you have time to do.

Be prepared to turn in the last table that you created. We may wish to compete
for the best tax table. To print the dollar and cents amounts with the decimal
point, you will want to use a field width as described for the printing of Clearer
Tipper above.



Section 4.10 Chapter 4 Programming Projects 101

SSP: Simple Side Plot

The given program creates a table of values of a function and also plots this
function on its side. In this case the function is the square, Y = X * X, but
other functions may be substituted for this square.

PROGRAM Si dePl ot 1;

(* Plots Y vs. X sideways *)

VAR
X, Y REAL;
RY | NTEGER;
BEG N
X :1=-6.0;
WHI LE X <= 6.0 DO
BEG N
(* Table part *)
Y:=X* X
Wite(X 5: 2);
Wite(Y: 7: 2);
(* Plot part *)
Wite(" ');
RY := TRUNC(Y) + 1;
Wite(0: RY);
WiteLn;
* Next part *)
X:= X+ 1.0;
END (* WH LE *);
END.
QUTPUT
-6.00 36.00 0
-5.00 25.00 0
-4.00 16.00 0
-3.00 9.00 0
-2.00 4.00 0
-1.00 1.00 O
0.00 0.000
1.00 1.00 O
2.00 4.00 0
3.00 9.00 0
4.00 16.00 0
5.00 25.00 0
6.00 36.00 0

The goal is to extend this program in many ways to be more general, more user-
friendly, and more useful. Rename each extended version as Si dePl ot 2,
Si dePl ot 3, etc.
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4.

Enter this program, run it, and get to understand it.
Re-range

Extend the range, by prompting for and entering the first and last
values of X. Rename this Si dePl ot 2.

Take step
Modify this program to enter the value of the step size.

Scale it

Modify it further to enter a scale factor, which multiplies Y by some constant
value. If the scale factor is 0.5, then it halves each value of Y; if the scale
factor is 2.0, then it doubles each value.

5.

Make axis
Beautify the output by making and labeling the axes, both Xand .
Foolproof it

Check that the step size is not negative; and does not print off a page,
and any other possible unpleasant results.

Test and show it

Try your program with various plots of different sizes, such as:
a. the Square function
b. atrigonometric function

c. any other function of your own, from Physics, etc.
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Chapter 5 The Four Fundamental Forms in

Pascal

The goal of this chapter is to introduce the four fundamental forms: Sequence,

Selection, Repetition, and Invocation, that are necessary and sufficient to

create any algorithm. At the end of the chapter you will have the necessary
tools to develop your own programs.
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5.1 Preview

As a continuation of the introduction of the various Pascal constructs, this
chapter concentrates on the Pascal equivalents of the four fundamental forms:
Sequence, Selection, Repetition, and Invocation. Most of these have already
been illustrated by examples in the preceding chapters, but the forms will be
presented here more formally.

The simplest form is the Sequence, a series of statements, that is considered
very briefly. Logical expressions, which are based on relational operations, are
considered in detail for they are used in both the Repetition and Selection
forms.

The simplest expression of the Repetition form, a Wi | e statement, is
introduced next. This introduction is accompanied by the tracing of the
execution of such a statement, with some aspects of loop invariants.

The Selection form is introduced with the Pascal | F- THEN- EL SE statement.
This statement is presented in detail, as well as nested | F statements.

The Pascal equivalents of the Invocation Form, PROCEDURE and FUNCTI ON
calls, are considered from the point of view of using PROCEDUREs and

FUNCTI ONs that are available from Libraries. This presentation is mainly
based on the use of dataflow diagrams. The complete creation of subprograms
will be covered in a later chapter.

5.2 The Sequence Form in Pascal

The Sequence is the simplest of the four fundamental Forms introduced in the
Principles book. The Pascal version of this Form consists simply of series of
statements separated by semicolons, and sandwiched between a BEA Nand an
END. This is also known as the Pascal compound statement. The statements
should be indented from the BEG N-END pair for improved readability. Also
semicolons must separate statements, but they may also terminate statements as
shown in Figure 5.1.

Figure 5.1 A Pascal Sequence

BEG BEA N (* Swap *)
T:= R Tenp D=
R:=§ First;

S:=T First :=

END Second;

Second : = Tenp;
END (* Swap *)

Shown in this figure are two versions of a program fragment to swap the values
of two variables. The first version, on the left, is very minimal. It has no
indentation, no meaningful names, and no semicolon after the third
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assignment—no semicolon is needed there because semicolons separate
statements. The second version, on the right, is more verbose. It has more
meaningful names and indentation to show the program’s structure. It is also
more consistent since it has semicolons terminating every statement including
the last (where it is not strictly necessary). This extra semicolon, just before the
END, allows the insertion of other statements at the end of this sequence form
(between the last statement and the END), without having to go back to the
previous statement to add the extra semicolon. In addition, it is easier to
remember the rule “Always put a semicolon after a statement” than a rule with
an exception to cover the last statement in a sequence.

Other examples of the Sequence form follow. They can be viewed as short but
complete programs, or they can be used as parts of other programs, or they can
also be “encapsulated” into subprograms (FUNCTI ONs or PROCEDURES, as seen in
the last example of Chapter 4).

Figure 5.2 A second Pascal Sequence

BEGA N (* To De-Mlitarize Tine *)
Read(M | Ti me) ;
Hour s ;= MITine DV 100;
Mnutes := M I Tine MOD 100;
Wite(Hours, Mnutes);

END (* of De-MIlitarizing Time *)

The program fragmentDeM | i t ari ze Ti ne, shown in Figure 5.2, is a piece of
a program showing how a military time (given as an | NTEGER such as 2345) can
be split into Hours and Minutes (such as 23 hours and 45 minutes). The | NTEGER
divide operation DI V yields the hours directly (2345 DIV 100 = 23). The
MOD operation produces the remainder of the integer division which is stored in
M nut es (2345 MOD 100 = 45).

We can obtain the number of minutes without using the MOD operation, if we use
a slightly more complex expression:

Mnutes := MITime - 100*(M I Tine DV 100)

Figure 5.3 shows another program fragment that computes the value of a
variable Xraised to the Nth power.:

Figure 5.3 A third Pascal Sequence

BEG N (* Power *)
Read(X, N);
P = BExp(N"Ln(X));
WiteLn( P );

END (* of Power *)

It uses both the standard exponential and logarithmic functions, introduced in
the Chapter 4. Since Pascal does not have an exponentiation operator, this
method could be particularly useful.
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The trigonometric function Tangent is sometimes useful for some applications,
but is not directly available in Pascal. The program fragment of Figure 5.4 first
converts degrees into radians in Rads, and then divides the sine of this angle
by the cosine to yield the tangent.

Figure 5.4 A fourth Pascal Sequence

BEGA N (* Tangent of Degrees *)
Wite(' Enter Degrees:');

Rads := (Pi/180) * Degrees;
Tang : = SIN(Rads) / COS(Rads);
END (* of Tangent *);

5.3 Conditions in Pascal

Selection and Repetition forms are controlled by a logical expression, or
condition. For this reason, we will consider conditions first, before considering
these two forms.

Simple conditions, involving one relation, are shown in bold within the
following (partial) forms:

IF X =5 THEN ...

| F Hours > 7*24 THEN (* Error *)...
WH LE X <= Y DO ....

| F ODD( Year) THEN .....

VHLE (X - Y) < 0.1 DO...

Conditions may involve arithmetic expressions (variables, operations) as well
as arithmetic relations ( <, =, etc.) The relations used for comparing two
guantities are summarized below, in pairs which are opposites:

< less than >= greater than or equal to
> greater than <= less than or equal to
= equal to <> not equal to

Each of these simple relations can be used in a single logical expression (as X
<=Y). If the variables in the logical expression have a value, then each of
these relations evaluates to true or false.

We can create compound conditions by joining simple conditions with one of the
logical operations (AND, OR, and NOT). Here are a few examples of compound
conditions:
(A< B) AND (B < Q) (* values A B,C are increasing *)
(T=7) OR(T =11) (* awinning first dice throw *)
(0 <= P) AND (P <= 1) (* Pin the range [0, 1] *)
NOT( ODD( Year) ) (* Year is even *)
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Although the precedence of the three logical operations is defined with OR
lowest, and NOT highest, we should use parentheses to avoid any possible
confusion, either when first writing the program or later when reading it.

It is often useful to negate compound conditions. To negate a logical expression
(using DeMorgan's Rule, described in Chapter 5 of the Principles book)
consisting of two conditions joined by an AND we simply complement each of
the conditions and change the AND to an OR. For example, consider the
following expression:

(A< B) AND (B < Q (* values A B, C increasing *)
Its negation or complement is:

(A>=B) OR(B>=C) (* A B,C are non-increasing*)
Notice that this negation differs from a similar condition:

(A>B) AND (B> C) (* values A B, C decreasing *)

We will consider such conditions in more detail when we discuss the Boolean
type and Boolean expressions in Chapter 6. The informal presentation we have
given here should suffice for most needs, provided that you use parentheses to
avoid problems.

5.4 Repetition Form: The WHILE statement

The syntax of the Pascal WHI LE loop is shown in the syntax diagram at the left
of Figure 5.5. At the right of the same figure is a template that shows how the
statement should be written in a Pascal program, when the body of the loop
includes more than one statement.

Figure 5.5 Syntax diagram and template for Pascal WHI LE
statement

Syntax (or form)

——-(WHILE )—-I Expression I—-( DO )—-l Statement I——-

Template (or skeleton)

WHILE DO

END
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The Pascal WHILE statement consists of a single sequence: the word VWHI LE,
followed by a logical expression, then the word DO, and finally a simple
statement that serves as the body of the loop. Usually, the body involves more
than one statement, and in that case the single statement is replaced by a
compound statement. Remember that a compound statement is a group of
statements enclosed within a BEG N- END pair. The template shown at the
right of Figure 5.5 covers this specific case. The semantics for the While
statement match those of the Repetition form and are defined by the flowchart
in Figure 5.6.

Figure 5.6 Flowchart showing semantics of While statement

—

True False

body

_J

Figure 5.7 shows a typical example of a Pascal WHI LE loop that computes the
factorial of N.

Figure 5.7 Loop to compute the factorial

Fact := 1;

Count := N

VWH LE Count > 0 DO BEG N
Fact .= Fact * Count;

Count := Count - 1;
END (* of while loop *) ;

Notice how we use the indentation to show the extent of the body of the loop.
With this format, the WHI LE is aligned with the corresponding END and the
body of the loop is clearly visible.

Figure 5.8 Loop to compute the square

Square : = 0;

OddNum : = 1;

VWHI LE OddNum < (N + N) DO BEGA N
Square := Square + OddNum
OddNum : = GddNum + 2;

END (* of while loop *) ;

The segment of Pascal program shown in Figure 5.8 shows how the square of
variable Ncan be computed by summing the first N odd integers.
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Figure 5.9 Loop to enter valid data

Wite('Enter age: ');

Read( Age) ;

VWH LE Age < 0 DO BEG N
Wite('Re-enter: ');
Read( Age) ;

END;

Wite(' The age is ');

Wite(Age:2 );

Figure 5.9 illustrates a very useful method for entering valid data. First, the
user is prompted to enter the Age. Then, while the Age is negative (not a
reasonable value for an age), the user is asked to re-enter the value. When a
proper value has been entered, it is echoed to confirm that the intended value
was actually received.

Figure 5.10 Loop to force user to order data

WitelLn(' Enter three values: ");
WiteLn('In increasing order ');
Read(A, B, O);

VWH LE (A > B) OR (B > C DO BEGN
WitelLn(' Order them');
Read(A, B, O);

END (* WHI LE *);

WitelLn(' Ordered values are: ');

Wite(A 3, B:3, C3);

The segment of Pascal program shown in Figure 5.10 is a similar example: the
user is prompted to enter three values that are in increasing order. The program
does not continue further unless the values are in order. This example

illustrates a program that is not very user-friendly. The user should not have
to enter data in order, for that could be done easily by the computer (remember
we have done it in the Triangle example of Chapter 4)!

Tracing Loops

The tracing of the execution of loops by hand was considered in the Principles
book. Tracing loops in this way often provides insight, suggests modifications
and is a very effective way to detect errors. Itis also a useful way to show
relations between variables, and to find loop invariants. However, such tracing
by hand is frequently tedious and error-prone. Because it is so labor intensive, it
is usually limited to only a few loops. Using the computer to help in the tracing
can be equally useful and is much more convenient.

We’ll do it on an example algorithm seen in Chapter 5 of the Principles book.
We reproduce here the algorithm pseudocode taken from Figure 5.36.

Input Amount, Duration, Payment, Rate
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Set Balance to Amount

Set Time to O

While Time < Duration
Set Interest to Rate x Balance chopped
Set Balance to Balance + Interest — Payment
Set Time to Time + 1

Output Balance

This algorithm computes the Balloon Payment of a loan, and Figure 5.11 shows
a Pascal version for it. However, an error was introduced during the translation
into Pascal, and we have left it here!.

Figure 5.11 Pascal program for Balloon Payment of a loan

PROGRAM Loan;
(* Problemof Interest on a |oan *)
(* Conputes: the Balloon Paynent total interest *)

VAR
Amount, Duration, Paynent, Interest,
Bal ance, Time, IntSum | NTEGER,
Rat e: REAL;
BEG N
(* I'nput necessary information *)
Wite('Enter anount of loan: ‘);
Read( Anount ) ;
Wite(‘'Enter paynent anount: *‘);
Read( Paynent) ;
Wite('Enter the duration in nmonths: *);
Read( Dur ati on);
WitelLn(' Enter annual interest rate ‘);
Wite('as a decimal percent: ‘););
Read( Rat e) ;
Rate : = Rate/1200; (* Convert to nmonthly *)

(* Compute the Ballon Payment *)

Bal ance : = Anmount;

I nt Sum : = 0;

Time := 1;

VWH LE Tine < Duration DO BEG N
I nt er est TRUNC( Bal ance * Rate);
Bal ance := Balance + Interest;

Bal ance = Bal ance - Paynent;
I nt Sum = IntSum + I nterest;
Ti me =Time + 1;

(* Begln trace ************************)
Wite(Tine: 2);

Wite(‘ Balance = ‘);

WitelLn(Bal ance: 4);
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(* End trace **************************)

END (* WH LE *)

(* Qutput all required Results *)
Wite('Balloon Balance is: ');
WitelLn( Bal ance:5);
Wite('Total interest is : ');
WitelLn( I ntSumb5);

END (* Loan *).

Notice that, in the Pascal version of Figure 5.11, the input of the data and the
output of the results is now a much larger proportion of the whole algorithm.
This is typical of programs that have interaction with the user. Notice also
that some statements to output tracing information that appear in the Pascal
program were not part of the original algorithm. These extra statements have
been sandwiched between comments with many asterisks.

If we run that program with the data we used in the trace of the original
algorithm, we obtain the following:

Ent er anount of | oan: 600
Enter paynment anount: 100
Enter the duration in nonths: 6
Enter annual interest rate
as a decimal percent: 12
Bal ance = 506

Bal ance = 411

Bal ance = 315

Bal ance = 218

Bal ance = 120

Bal | oon Bal ance is: 120
Total interest is : 20

OO~ wWN

This output contains information produced by the trace statements that have
been added to the program. Notice that this trace “grows” downward, as
opposed to the hand-trace, shown in Chapter 5 of the Principles book, which
grew towards the right. The final resulting Balloon payment seems reasonable
but there are problems!

The trace information shows us that the program executes the loop 5 times only,
rather than the required 6 times; furthermore, the count values in the trace
start at 2, whereas we expected them to start at 1. The trace output has
allowed us to detected an error, an “off-by-one” error, which is very common. A
remedy is to initialize the Ti nme to zero before entering the loop—as was done
in the pseudocode! After this correction, the program produces:

Ent er anount of |oan: 600

Enter paynent anount: 100

Enter the duration in nonths: 6
Enter annual interest rate

as a decimal percent: 12
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1 Bal ance = 506

2 Bal ance = 411

3 Bal ance = 315

4 Bal ance = 218

5 Bal ance = 120

6 Bal ance = 21

Bal | oon Bal ance is: 21
Total interest is : 21

This time, the loop is executed the correct number of times and the values in the
Ti me field start at the more reasonable value of 1. Notice that the final
Bal ance equals the total interest, which is a nice check.

This program, with its trace, can be run for other values of input like the
following which checks the interest-only loan mentioned in Chapter 5 of the
Principles book.

Enter anount of | oan: 600
Enter paynent anount: 6
Enter the duration in nonths: 6
Enter annual interest rate
as a decimal percent: 12
Bal ance = 600

Bal ance = 600

Bal ance = 600

Bal ance = 600

Bal ance 600

Bal ance = 600

Bal | oon Bal ance is: 600
Total interest is : 36

OO, WN P

A more realistic set of values would involve larger amounts, monthly payments
over 5 years, and the resulting trace would have 5" 12 or 60 lines. Such large
amounts of output in a trace are likely to be overwhelming, so the trace could be
modified to output only every fifth value. We could also output some
additional information, the values of | nt er est and| nt Sum as a table by
inserting the following Selection form:
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Figure 5.12 New set of trace statements

(* Detailed Trace of program ******)
IF Time = 1 THEN (* Header *)
WiteLn( 'Num Bal Int Sum);
IF (Time MOD 5 = 0) THEN BEG N
Wite(Time:2),;
Wite( Balance:6 );
Wite( Interest:4 );
Wite( IntSum5 );
WitelLn;
END (* IF *);
(* End of detail ed trace **********)

After replacing the previous trace statements of the Loan program by the more
detailed trace statements of Figure 5.12, the following output was obtained
froma run:

Enter anpunt of | oan: 12000
Enter paynent anount: 200
Enter the duration in nonths: 60
Enter annual interest rate
as a decimal percent: 12
Num Bal Int Sum

5 11590 116 590

10 11159 112 1159

15 10704 107 1704

20 10229 103 2229

25 9729 98 2729

30 9204 93 3204

35 8650 87 3650

40 8069 81 4069

45 7458 75 4458

50 6816 69 4816

55 6141 62 5141

60 5432 55 5432

Bal | oon Bal ance is: 5432
Total interest is : 5432

The debugging of programs is often done by judiciously placing such Wi t e
statements within programs. The statements need not just write values, but
could also write messages as in:

WitelLn( 'Entering the Input part');

WitelLn( 'Leaving the Wile Loop ');
Other outputs could also involve the loop invariants or the use of a tool called a
debugger, which will be introduced later.
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5.5 WHILES, REALS, and Errors

The WHI LE loop is a very convenient form for repeating actions. Some actions
however may be approximations, especially when dealing with REAL values,
and, when repeated often, may result in significant errors. The following
example shows one such problem involving REAL values.

The Pascal program BadChanger in Figure 5.13 is a very crude change making
program whose method was considered briefly in Chapter 4 of the Principles
book (Figure 4.30).

Figure 5.13 A bad change program

PROGRAM BadChanger ;
(* A bad way to nmake change *)

VAR Penni es: | NTEGER;
Tendered, Cost, Remmi nder: REAL;
BEG N
(* I'nput necessary information *)
Wite(' Enter cost of item ');

Read( Cost ) ;
Wite(' Enter anobunt tendered: ');
Read( Tender ed) ;
(* Conpute the change in pennies *)
Remai nder := Tendered - Cost;
Penni es = 0;
VWH LE Renmmi nder > 0 DO BEG N
Remai nder : = Renmi nder - 0.01;
Penni es .= Pennies + 1;

END (* WHI LE *);

(* Qutput all required Results *)
Wite('Cost is: ');
Wite(Cost: 4:2);
Wite(' Anount tendered is: ');
Wite(Tendered: 4:2);
Wite(' Change is: ');
WiteLn(Pennies: 3);

END (* BadChanger *).

In this program, a certain amount is Tender ed for an item with a given Cost ,
and the difference is the Renmi nder . Its (unfortunate) way of making change
is to repeatedly increment a Pennies counter and decrease the Remai nder by
0.01 as long as the Renmi nder is greater than zero. The intent is that, when
the loop is completed, the number of pennies should equal the original

Remai nder , because a penny was added to Penni es for each penny—3$0.01—
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that is subtracted from Renai nder. However this is not always true as can be
seen from the following sample runs. Many of these runs are off by a penny!
Enter cost of item 0.72
Ent er anount tendered: 1.00
Cost is: 0.72 Anount tendered is: 1.00 Change is: 28

Enter cost of item 0.61
Enter anpunt tendered: 0.75
Cost is: 0.61 Anount tendered is: 0.75 Change is: 14

Enter cost of item 0.43
Enter anpunt tendered: 1.00
Cost is: 0.43 Anount tendered is: 1.00 Change is: 58

Enter cost of item 0.75
Ent er anpunt tendered: 2.00
Cost is: 0.75 Anount tendered is: 2.00 Change is: 126

Enter cost of item 0.25
Enter anpunt tendered: 1.00
Cost is: 0.25 Anount tendered is: 1.00 Change is: 76

The reason for this error is related to a common problem of REAL values. REAL
values such as 0.01 can only be approximated within a computer, so some very
slight error may result. In fact, when 0.01 is converted to binary, the equivalent
binary value is a repeating number (0.0001100110011...00ll...), which eventually
must be approximated. This leads to an error, which could be very small, but it
is nevertheless an error. Then, when the subtraction of the 0.01 is repeated,
this error accumulates and results in a larger error. In this case the final error is
rather small, only a penny; but the error is inconsistent, occurring only some of
the time. In other algorithms, the error could “grow” and become very serious.

Not all computers represent REAL values to the same degree of approximation
so that the effects of this error are likely to differ from one Pascal system to
another. Such errors and inconsistencies cannot be tolerated. There are
solutions to this problem.

It is possible to avoid this error in various ways. One way is to simply avoid
REAL values and declare Cost , Tender ed, and Rerrai nder tobe | NTEGER The
values would be considered as cents, rather than hundredths of a dollar. The
user of the program would need to be prompted to enter values as “whole”
numbers, or cents.

Another way would be to allow the input of REAL values, but to convert them
into | NTEGER values in the program. This could be done by multiplying the
REAL values by 100 and then rounding the result as follows:

(* Enter Real noney and convert it into |Integer *)
Wite('Enter the cost with a decimal point: ');
Read( Real Cost) ;

I nt Cost := ROUND(100 * Real Cost);
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The use of REAL values also poses other problems that can be avoided if they
are anticipated. For example, two REAL values should not be compared for
equality because the value of 0. 1 * 10 may not exactly equal 1. 0. Instead,
the difference between the two values could be compared to determine how
small it is, i.e., how close is the approximation. For example, to determine if a
triangle is a right triangle the condition:

(A*A + B*B) = CC
should be replaced by the following comparison with a small value Err :
(A*A + B*B - CC <= Err

or alternatively, if the magnitude of error is more important, the comparison
can be replaced by:

ABS(A*A + B*B - C:C) <= FErr

5.6 Selection Forms in Pascal
The Selection Form is illustrated by the flowchart of Figure 5.14.

Figure 5.14 Flowchart for the Selection Form

|

Truer_<>_§alse

D E

This Form is interpreted in the following manner: if condition C is true then
action D is performed, otherwise action E is performed.
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Figure 5.15 The Selection Form in Pascal

—+—=( If )}—f expression |—=( THEN}—=| Statement |—]

Syntax Diagram

(else y—=| statement | J

Template

Act or B Acts E

ELSE

Actor B Acts E

Figure 5.15 shows at left the syntax diagram, and at right the template for the
Pascal version of the Selection Form. Notice that, in the syntax diagram, the
ELSE-part is optional. This is also shown in the template where the optional
ELSE-part is shaded.

These actually define two forms of the Selection called | F- THEN- ELSE and
| F- THEN, which are:

| F expressi on THEN | F expressi on THEN
St at ement St at ement

ELSE
St at ement

It is important to realize that, just as it was the case with the WH LE
statement, the Statement in both the THEN-part and the ELSE-part could be
any statement, that is to say:

1. Asimple statement, e.g. an assignment or input-output statement.

2. Acompound statement, e.g. a sequence of statements enclosed in a
BEGQ N- END pair,

3. Another Selection Form
4. A Repetition Form
and that each of these could, in turn, include other forms.

It is also very important to realize that there cannot be a semicolon just before
an ELSE! If this was the case, this semicolon would mark the end of the
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preceding simple | F- THEN form. Such an extra semicolon in the middle ofan| F
statement is the source of many errors!

The following three sample segments of Pascal code show some simple Selection
forms.

| F Age < 18 THEN
Mnors := Mnors + 1;
This is a simple Selection having no ELSE part; it increments M nor s each time
the Age is less than 18.

IF Age < 0 THEN
WiteLn(*Error’)

ELSE BEGA N
Count := Count + 1;
Sum := Sum + Age;
END;

This second code segment is an example of the second kind of Pascal Selection; it
has an ELSE part that consists of more than one statement thus requiring the
BEGQ N- END pair. Note the absence of semicolon before the ELSE.

| F This > That THEN BEG N
Max := This;
Mn := That;
END
ELSE BEA N
Max : = That;
Mn := This;
END;

In this third example, both the THEN and the ELSE parts have compound
statements and thus, two BEA N- ELSE pairs are required. Note the chosen
indentation that shows clearly what statements belong to each part.

This last example determined the maximum and the minimum of two values.
There are alternative ways of performing the same operation as shown below.
Both manners can be proven equivalent by the methods seen in Chapter 5 of the
Principles book.

Max := This; Max := This;
M n : = That; M n : = That;
IF Max < Mn THEN BEG N IF Max < Mn THEN BEG N
(* Swap *) Max := That;
Tenmp : = Max; Mn := This;
Max = Mn; END;
Mn = Tenp;

END;
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5.7 More Selections: Combinations of Selection Forms

It is possible to combine Selection Forms in various arbitrary manners. We will
consider here some nests of Selections, both simple and complex.

Figure 5.16 Max3 algorithm and code

If First < Second IF First < Second THEN

If Second < Third I F Second < Third THEN
Set Big to Third Big := Third

Else ELSE

Set Big to Second Bi g : = Second

Else ELSE

If First < Third IF First < Third THEN
Set Big to Third Big := Third

Else ELSE
Set Big to First Big := First;

Figure 5.16 shows algorithm Max3 that finds the maximum of three values. It
consists of three Selections, two nested within one larger Selection. On the left
of the figure is shown the pseudocode representation of the algorithm and, on
the right, is the corresponding Pascal code. Notice how closely the two
versions match; this is an indication of how easy it can be to convert pseudocode
into Pascal.

Confusion in Choices

Notice that, in the Pascal program for Max3, there is only one semicolon, at the
very end, which marks the end of the outer Selection. In Pascal, it often seems
as though some programs could also be written using extra semicolons, but Pascal
is not very “forgiving” of such excesses. When in doubt, don't! It is especially
important not to put a semicolon just before an ELSE.

Confusion could possibly arise in the case where an IF is nested inside an IF
without an intervening ELSE, as in the following:

IF ATHEN IF B THEN C ELSE D,
Humans could unfortunately read and interpret this in to different ways as

follows:
Proper form | nproper form
| F A THEN | F A THEN
| F B THEN | F B THEN
Cc Cc
ELSE ELSE

D D
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Pascal associates the lonely ELSE with the nearest preceding | F, as shown on
the left, that is, Dis performed if Aistrue andBisf al se. If the
interpretation on the right is intended, that is, Dis performed if A is f al se,
irrespective of the value of B, then a BEG Nand END must be inserted around
the inner | F and the code fragment must be written in the following manner:

IF A THEN BEG N
IF B THEN
C
END
ELSE
D

More Nesting of Choices

Figure 5.17 shows four algorithms for an Age Tally System that increments two
counters, High and Low depending on the Age. The four algorithms are
equivalent in behavior; the proofs of equivalence are similar to those found in
Chapter 5 of the Principles book. The algorithms differ somewhat in structure,
and lead to different programs. Notice especially the indentation. Algorithms
1 and 2 show the second Selection nested in two ways. In Algorithm 1, this
Selection is nested in the “true” of the main Selection whereas in Algorithm 2 it
is in the “false” leg.

Figure 5.17 Four different ways to nest choices

Algorithm 1 Algorithm 2
If Age3 12 If Age < 12
If Age > 21 Increment Low
Increment High Else
Else If Age > 21
Increment Low Increment High
| F Age >= 12 THEN BEA N | F Age < 12 THEN
| F Age > 21 THEN Low : = Low + 1
High := H gh + 1; ELSE
END | F Age > 21 THEN
ELSE High := High + 1;
Low := Low + 1,
Algorithm 3 Algorithm 4
If Age <12 If Age < 12
Increment Low Increment Low
Else If Age > 21
If Age > 21 Increment High
Increment High
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IF Age < 12 THEN | F Age < 12 THEN
Low := Low + 1 Low : = Low + 1,
ELSE | F Age > 21 THEN
| F Age > 21 THEN Hgh := Hgh + 1;
Hgh := Hgh + 1
ELSE
; (* do nothing *)

Nesting in the false branch, as in Algorithm 2, is usually preferred because it is
“top-down” and easier to read. It is also easier to extend. For example, to
increment a Mid age counter the additional cases grow downwards, and this
avoids the above mentioned confusion about matching the | Fs and the ELSEs.
Algorithm 3 shows yet another more detailed way of doing the nesting in the
false branch; the Pascal code explicitly includes the case where no action is
taken. Notice that the Pascal “no action” statement, generally known as the
null statement, is just a semicolon.

Alternative Ways to Code Selections

There are many different ways to code Selections, and some ways are better
than others. These possibilities will be illustrated by coding the extended
payroll algorithm of Chapter 2 of the Principles book. This algorithm is
shown in Figure 5.18 in both flowchart and pseudocode forms. Notice that the
inner Selection is nested within the left or true “leg” of the outer Selection form.
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Figure 5.18 Flowchart and pseudocode for extended pay

algorithm

[ Input HOURS, RATE |

True False

HOURS £ 60

True

HOURS £ 40

Set PAY to et PAY 1o
RATE’ HOURS - At A
15" RATE (HOURS - 40)

( )

Set PAY to
RATE 40 + 1.5 RATE 20 +
2" (HOURS - 60)

)

[

[ ouputPay |

end

The Pascal code corresponding to the Selection part of this extended pay
algorithm is

| F Hours <= 60 THEN BEG N
I F Hours <= 40 THEN
Pay := Rate * Hours
ELSE
Pay := Rate * 40 + 1.5 * Rate * (Hours - 40);
END
ELSE
Pay := Rate*40 + 1.5*Rate*20 + 2*Rat e*(Hours-60);
In this fragment of Pascal code the nested Selection is indented, and this careful
use of indentation helps make the structure of the algorithm easily visible, and
is of great help to readers. Since, at any point in a Pascal program where we
can have one blank, we can also have an arbitrary number of blanks or new
lines, such indentation does not change the program.

The way in which the Selections of this algorithm have been nested requires
the Pascal equivalent to have an extra BEGIN-END pair. This solution is not
extremely good, but can be improved as follows.
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If the condition of the outermost Selection form is reversed, the nested Selection
is moved to the false branch. The pseudocode for this modified algorithm is
the following:

If Hours > 60
Set Pay to Rate x 40 + 1.5 x Rate x 20 +
2 x Rate x (Hours - 60)
Else
If Hours £ 40
Set Pay to Rate x Hours
Else
Set Pay to Rate x 40 +
1.5 x Rate x (Hours - 40)

Here, the condition Hours £ 60 has been reversed to the complement condition
Hours > 60 and the actions on the two “legs” of the Selection have also been
changed. The smaller Selection is now nested in the Else leg. This structure
translates into Pascal as the following:

| F Hours > 60 THEN
Pay := Rate*40 + 1.5*Rate*20 + 2*Rat e*( Hour s-60)
ELSE
| F Hours <= 40 THEN
Pay := Rate * Hours
ELSE
Pay := Rate * 40 + 1.5 * Rate * (Hours - 40);

Notice that the omission of the BEA N- END pair makes the logic easier to
understand. The major barrier to comprehension here is all the explicit
numbers, whose meaning needs to be kept in mind. This can be alleviated in a
complete program through the use of named constants, declared in a CONST
section at the beginning of the program. The Ext endedPay Pascal program,
given in Figure 5.19, shows how this might be done.

Figure 5.19 The Extended Pay program

PROGRAM Ext endedPay;
{ An Extended Payroll program

}

{ Selection nested in Else branch of outer
Sel ection }

CONST Regul ar Rat e = 10;
ExtraRat e = 15;
Doubl eRat e = 20;
BaseHour s = 40;
Ext raHour s = 20;
Doubl eTi meStart = BaseHours + ExtraHours;
BasePay = Regul arRate * BaseHours;
Ext r aPay = ExtraRate * ExtraHours;

VAR Hours, Pay: | NTECGER,
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BEG N
Wite('Enter hours');
Read( Hour s) ;
WiteLn;

| F Hours > Doubl eTi meStart THEN
Pay : = BasePay + ExtraPay +
Doubl eRate * (Hours -
Doubl eTi neSt art)
ELSE
| F Hours <= BaseHours THEN
Pay := RegularRate * Hours
ELSE
Pay := BasePay +
ExtraRate * (Hours -
BaseHour s) ;

Wite(' The gross pay is ');
Wite(Pay: 5);
WiteLn;

END. { ExtendedPay }

5.8 Select Form: Handling Many Branches

The real subject of the discussion in the last section was how to present many
different flow paths as clearly as possible. Although the ExtendedPay
algorithm had only three possible paths through it: over 60 hours, between 40
and 60 hours, and up to 40 hours, the solution was not obvious. This problem is
actually complicated by some restrictions on structure imposed by the syntax of
Pascal. The conclusion that we reached was that it was better to nest the inner
Selection in the Else branch of the outer Selection. To see that this applies
generally, we’ll expand the ExtendedPay algorithm by verifying that the
number of hours input is reasonable—not more than the number of hours in a
week! The pseudocode for this new version is:

If Hours > Hours in Week
Error
Else
If Hours > 60
Double pay
Else
If Hours > 40
Time and Half
Else
Regular
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Notice that this structure has a uniform pattern that can easily be extended to
cover more branches. In this structure, the conditions are tested in the order
given and whenever one is true, the corresponding action is done and any
following conditions and actions are ignored; so the next action begins after the
very end of this form.

If we take the Selection structure of the pseudocode and translate it to Pascal,
we obtain the following:

| F Hours > Hoursl nWwek THEN
(* Error message *)
ELSE
| F Hours > Doubl eTi neStart THEN
(* Conpute pay including double tinme hours *)
ELSE
| F Hours > ExtraTineStart THEN
(* Conpute pay including extra tine hours *)
ELSE
(* Conpute pay for regular tinme hours only *)

One thing is clear, although this structure is consistent and can be readily be
extended, it has its limitations. Because of our indentation rules, the more
branches we have, the more we indent and the space for the statements gets
shorter and shorter. If we had 20 possible branches, we would be indenting 60
spaces and have almost no room left on a line. We therefore recognize the
regularity of the structure and modify the indentation rules to obtain the
following:

| F Hours > Hoursl nWeek THEN

(* Error message *)
ELSE | F Hours > Doubl eTi meStart THEN

(* Conpute pay including double tinme hours *)
ELSE I F Hours > ExtraTi neStart THEN

(* Conpute pay including extra tine hours *)
ELSE

(* Conpute pay for regular time hours only *)

This structure can be extended to arbitrarily many branches. It is common to
refer to the conditions in the Selections as selectors, there is one selector for
each branch. When we use this select structure, it is crucial to remember that
the selectors are tested in the order shown and that the branch is selected by
the first selector to be true. The action that follows the last ELSE is the one
that is performed when none of the selectors is true. Figure 5.20 shows two
Pascal versions of the same algorithm. The purpose of that figure is to show
that there is more than one possible ordering for the branches, as long as the
selectors are specified properly.

Figure 5.20 Two versions of a Grade program

Wite('Enter percentage’); Wite('Enter percentage’);
Read( Percent); Read( Percent) ;
WiteLn; WiteLn;

Wite(' The grade is ‘); Wite(' The grade is ‘);
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I F Percent<DLinmt THEN | F Percent >= ALimt THEN
Wite('F); Wite('A);

ELSE I F Percent<CLinmt THEN ELSE | F Percent>=BLimt THEN
Wite('D); Wite('B);

ELSE | F Percent<BLint THEN ELSE | F Percent>=CLimt THEN
Wite('C); Wite('C);

ELSE | F Percent<ALinmt THEN ELSE | F Percent>=DLimt THEN
Wite('B); Wite('D);

ELSE ELSE
Wite("A); Wite('F);

The values for the named constants, ALi m t, BLi mi t, etc. would be defined
elsewhere in the CONST declarations.

Finally, yet another version of the ExtendedPay program shows a very
different structure and formulas compared with the previous examples. This
new version is shown in Figure 5.21.

Figure 5.21 A new version of Extended Pay

PROGRAM NewExt endedPay;

{ An Extended Payroll program }
{ Decision nested in Else branch of outer Decision }
{ Normal indentation }
CONST Regul ar Rat e = 10;

Extral ncrease = 5;

Doubl el ncrease = 5;

BaseHour s = 40;

ExtraHour s = 20;

Hour sl nWeek =7 * 24

Doubl eTi nmeSt ar t BaseHours + ExtraHours;

VAR Hours, Pay: | NTECGER,

BEG N
Wite('Enter hours: ');
Read( Hour s) ;
WiteLn;

IF Hours >= 0 THEN { regul ar pay}
Pay : = Regul arRate * Hours;

| F Hours > BaseHours THEN { add extra pay }
Pay := Pay + Extralncrease * (Hours - BaseHours);

| F Hours > Doubl eTi neStart THEN { add doubl e pay }
Pay := Pay + Doubl el ncrease *
(Hours - Doubl eTineStart);
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| F (Hours < 0) OR (Hours > HourslnWek) THEN
Pay := 0;

WitelLn(' The gross pay is ', Pay: 5);

END. { NewExtendedPay }

In this new version, the pay computation is done in an entirely different
manner. First the regular rate is applied, then the overtime rate is added if
necessary, then the double time rate is added if necessary, and finally the pay
is reset to zero if the number of hours is invalid. In this version the Selections
are not nested, which means that all the conditions are checked all the time,
which is not the case with nested selections.

5.9 Awkward Nests: General Nesting

Not all Selections nest as neatly as the examples we have shown in the
previous section. Sometimes it is very awkward to nest the Selections so that
the algorithm is easy to understand. As an example of this situation consider
the triangle classification algorithm that was discussed in Chapter 4 of the
Principles book, and shown in the last chapter. Figure 5.22 shows the original
algorithm and a new Pascal version.

Figure 5.22 The Triangle algorithm and program

Input Sides A, B, C | F (A+B) <=C THEN
Sort sidesso A<=B<=C Wite('Not a triangle')
ELSE
If A+ B <C then | F ABS(A-C) <Err
Output "Not a triangle ™ THEN
else
if A=C then Wite(' Equilateral')
Output "Equilateral™ ELSE BEA N
else I F
if (A=B) or (B=C) then (ABS(A-B)<Err) OR
Output "Isosceles ™
ifA A+B B=C C (ABS(A-C)<Err) THEN
then
Output "Right triangle™ Wite('lsosceles');
else I F

Output "Triangle™
ABS( A* A+B*B- C*C) <Err
THEN
Wite('Right triangle')
ELSE

Wite('triangle')
END
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The structure of the heart of this algorithm consists of a sequence of two
Selections nested within a Selection form, that is itself nested within yet
another Selection. The corresponding piece of Pascal program is given to the
right of the pseudocode in the figure. Notice especially the indentation: there
are three levels. Notice also that only one semicolon is needed, that is to
separate the two Selections in sequence. Two other semicolons could be added,
can you guess where?.

As we saw earlier, REAL numbers should never be compared for equality. This is
why in that version of the Tr i angl e program, we test for approximate
equality by comparing the absolute value of the difference with an acceptable
error, Err. When the difference is less that Er r , we say that the two values
are sufficiently close to be taken as equal. The admissible error must be
specified by the programmer as some small quantity such as:

CONSTANT Err = 0.0001,;

Mixed Nests: Repetition and Selections

Programs that involve combinations of Repetitions and Selections nested in one
another are very common. The actual creation of algorithms that make use of
such nested combinations is considered in detail in Chapter 6 of the Principles
book, but the coding of such nests is straightforward, as is shown in the example
of Figure 5.23.
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Figure 5.23 A Change Maker program

Input Cost Wite('Enter cost: ');
Input Tendered Read( Cost ) ;
Wite(' Enter anobunt tendered: ');

Set Change to Tendered - Cost Read( Tender ed) ;
Set Quarters to O Change = Tendered - Cost;
Set Nickels to O Quarters := 0;
Set Pennies to O N ckel s = 0;
While Change > 0 Penni es = 0;
{Loop invariant:

Tendered = Pennies + VWHI LE Change > 0 DO

5 x Nickels +

25 x Quarters + (** Loop invariant: *x)
Change} (** Tendered = Pennies + *x)
If Change 3 25 then (** 5*Nickels + 25*Quarters + **)
Set Quarters to Quarters + 1 (** Change **)
Set Change to Change - 25
Else | F Change >= 25 THEN BEGQ N
If Change 3 5 then Quarters := Quarters + 1,
Set Nickels to Nickels + 1 Change . = Change - 25;
Set Change to Change - 5 END
Else ELSE
Set Pennies to Pennies + 1 | F Change >= 5 THEN BEG N
Set Change to Change — 1 Ni ckels := Nickels + 1;
Output Quarters Change = Change - 5;
Output Nickels END
Output Pennies ELSE BEG N
Pennies := Pennies + 1;
Change := Change - 1;
END; { nested |IF and WHI LE}
WiteLn(' Quarters ="', Quarters);
WiteLn(' Nickels ="', Nickels);
WitelLn(' Pennies = ', Pennies);

The example of Figure 5.23 is a change making algorithm corresponding to the
fourth version of Change Maker developed in Chapter 5 of the Principles book.
On the left of the figure is the algorithm in pseudocode. This “Change by
Selections” consists of a Loop with double-nested Selections within it. Notice
that the loop invariant is shown in the pseudocode. The body of the
equivalent Pascal program is shown at the right of the pseudocode. Notice the
indentation of the | F statements within the WHI LE statement.

In such mixed, nested program constructs, it is often convenient and helpful to
comment the ENDs of each of the compound statements as, for example

END (* of IF *)
or
END (* of WHILE *).
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Notice also the spacing of the statements: we’ve left a gap around the entire IF
form.

Assertions, such as the loop invariant, are shown as comments with two
asterisks beginning with ( ** and ending with **) to mark a difference from
other comments.

Style matters, such as the above comments, space gaps, and indentation are not
required in Pascal, but are most useful to readers of the program. Remember,
programs are read more often than they are written!

5.10 Subprograms: Using Subprograms as Black Boxes

Up to now we have considered subprograms to be black boxes, that is, single
actions, that transform inputs into outputs. This view has allowed us to use
such large actions very early in learning the practice of programming. In
particular the input/output actions of Pascal are enclosed in subprograms Read,
ReadLn, Wite, and WiteLn. In Chapter 4, we've also used a subprogram
from a Library (O der 3), and we also have had a peek at what a Pascal
subprogram looked like (Tur nOf Pl ayer). Later, we will look inside the boxes
in detail to “see how they work”, and, eventually, we will create our own.
Until then, we will mainly use subprograms that are available from Libraries.
The black boxes or subprograms were constructed as procedures and functions in
Pascal that were grouped to form libraries. A library in Pascal is called a unit.
Here, we will use the unit | nt Li b that comprises operations on Integers.

To make use of black boxes requires knowledge of only a few rules. The main
concept is the distinction between inputs and outputs, which is obvious once a
dataflow diagram has been drawn. Inputs have arrows going into a dataflow
box, and outputs have arrows coming out of the box. For example, in the Di vi de
box of Figure 5.24, there are two inputs labeled Numand Den (short for
Numerator and Denominator) and two outputs labeled Quot and Rem(for
Quotient and Remainder). A subprogram can have any number, including none,
of inputs and outputs or parameters, depending upon what it needs to perform its
function. In addition to Di vi de, which has two inputs and two outputs, we
shall see subprograms with inputs but not outputs, others with outputs but no
inputs and even some with neither inputs nor outputs. Usually, to avoid
complexity, the numbers of inputs and outputs is kept small.
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Figure 5.24 Dataflow diagram for the Divide subprogram

Cents 25

! !
B B

Num Den
Divide
Quot Rem
3 4
Quarters Remainder

When we use a subprogram as an action, we say that we are “invoking” or
“calling” the subprogram. When this happens, certain data in the program
that is using the subprogram, usually referred to as the “caller” are connected
with the inputs and outputs of the subprogram. Inputs may be connected to a
variable or a constant, but outputs cannot be connected to a constant (because the
output value needs to be put somewhere and the value of a constant can’t be
changed). Inputs of various boxes may be connected together; the same variable
may connect to different inputs. Outputs may not be connected together because
one output may have a different value than another, but no variable can have
two different values at the same time.

Figure 5.25 Definition of Divide subprogram

Di vi de (integer divide)

imported fromliIntLib Library has 4 paraneters all of type
| NTEGER. Cal | ed by:
Di vi de(Num Den, Quot, Rem;
where the Input paraneters are:
1. Num for Numerator
2. Den, for Denom nator
and the Qutput paraneters are:
3. Quot, for Quotient
4. Rem for Renmi nder.

Figure 5.25 defines the Divide subprogram, a very commonly used operation. It
is defined by the way in which it is invoked:

Di vi de(Num Den, Quot, Rem;

The four parameters which define such an action are called formal parameters.
They could have been defined in some other order but, once defined, the order of
definition is important. We've also shown this parameter numbering on each of
the arrows on the dataflow diagram of Figure 5.24 to avoid confusion. In the

case of Di vi de the first two parameters are inputs and the last two are outputs.



Section 5.10  Subprograms: Using Subprograms as Black Boxes 133

Calling or invoking such an action simply involves replacing the formal
parameters by some actual parameters. For example, to convert a given number
of cents into the equivalent number of quarters and pennies we need simply
write:

Divide(Cents, 25, Quarters, Pennies);

Similarly, a given number of ounces can be converted into the equivalent number
of pounds and ounces (remember: 16 ounces equal one pound) by:

Di vi de(Qunces, 16, Pounds, CQunces);
Notice especially that Qunces here is both an input and an output. This is
natural in Pascal, but may be a problem in other programming languages.

Figure 5.26 Dataflow diagram for Subtract subprogram
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Figure 5.26 shows the dataflow diagram for subprogram Subtract. It is defined
with the following form:

Subtract (First, Second, Result);

and subtracts the value of the Second parameter—the subtrahend—from the
Fi r st parameter—the minuend—to yield the difference as the Resul t .

Subprograms Add and Mul ti pl y have the same form as Subt r act , that is,
they have two inputs and one output. They are all available from Library
IntLib.

The square of any integer value Val can be created by connecting the two inputs
toMul ti pl y together as:

Mul tiply(Vval, Val, Square);

Figure 5.27 shows a complete program in Pascal demonstrating the use of the
subprograms Di vi de and Subt r act , which are imported from the Library
called I nt Li b. We will actually create this Library, and its contents later, but
now we’ll merely use it. The dataflow diagram on the left of the figure shows
the dataflow through the computation part of the program, which corresponds
to the boxed part of the Pascal program on the right. The dataflow diagram
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corresponds to the diagram that was presented in Figure 3.32 of Chapter 3 of
the Principles book.

Figure 5.27 Dataflow diagram and Pascal program for the
SubChange algorithm

Tendered Cost

Subtract

Num Den
Divide
Quot  Rem Quarters
—{q]
Rem
Num Den
Divide
Quot Rem Dimes
|—
Rem
Num Den
Divide
Quot  Rem Nickels
——{]
Rem Pennies
P

PROGRAM SubChange;
{ ChangeMaker using procedures }
{ inported fromthe library IntLib }

USES
IntLib; { For Divide and Subtract }

VAR
Cost, Tendered, Remai nder,
Penni es, N ckels, D nes,
Quarters: | NTEGER;

BEG N
{ I'nput Cost and Tendered anobunts }
WitelLn(' Enter both the cost ');
WitelLn('and the amount tendered ');
WitelLn('as cents: ");
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Read( Cost, Tendered);

{ Make the change usi ng subprograns }
Subtract (Tendered, Cost, Renmi nder);

Di vi de( Rermai nder, 25, Quarters, Renainder);
Di vi de( Rermrai nder, 10, Di nes, Renmai nder) ;
Di vi de( Rermai nder, 5, Nickels, Pennies);

{ Qutput the resulting coin counts }
WitelLn(' The change is ');
WitelLn(Quarters: 2, ' quarters');

WitelLn(Di nes: 2, " dines');

WitelLn(Nickels: 2, ' nickels');

WitelLn(Pennies: 2, ' pennies');
END.

The program SubChange finds the change from a given amount for an item of a
certain cost. Notice that the main part of the program consists of the four calls
to the imported actions Subtract and Divide. This program can be written in
other ways using Repetitions, etc. If you recall we already defined a Change
Maker program in Chapter 4 (Figure 4.9), and also in this chapter (Figure 5,24).
If you compare SubChange to these, you’ll note that it is shorter and simpler.

The ShortSort Library

It would be useful to have subprograms in a Library that sorted two and three
variables. For example, the procedure Sort 2(P, Q L, S) couldactonany
two integers P, Qand produce outputs that are ordered: L the larger and S the
smaller. Similarly procedure Sort 3(A, B, C, L, M S) would output the
three integer values of A, B, and Cordered in L (large), M(middle) and S
(small). Subprograms that sorted four or five variables could be created using
these smaller sort subprograms as building blocks. These sort subprograms are
known as "short sorts” for they involve only a few variables. Later,
subprograms that can sort any number of values will be done using arrays.

In Pascal, libraries are built as units. A Pascal unit is made of two parts: the
Interface and the Implementation. Interfaces are specifications of groups of
data items and actions that are available from units. These interface
specifications describe what is available, not how it is constructed. They show
the names of subprograms, the parameters that are passed in and passed out,
and a brief statement of the behavior of the subprograms. Along with each
Interface part there is an Implementation part that actually defines in detail
what the interface part describes generally, i.e. how the data structures and
the operations are implemented.

Definition of Short Sort Li b (informal)

Defines sort subprograms of 2 and 3 variables and a subprogram for generating
test data for these subprograms.
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Figure 5.28 Informal interface specifications for Sort2, Sort3 and
Create3 subprograms

¢ '

first second
Sort2

large small

o
S

first second third
Sort3

maxi midi mini

Vot

Create3
first second third

R

Sort2(First, Second, Large, Small)
Sorts two integer val ues.

| nput : First, Second

Qut put: Large, Snall

Sort3(First, Second, Third,
Maxi, Mdi, Mni)

Sorts three integer val ues

| nput : First, Second, Third

Qutput: Maxi, Mdi, Mni

Create3(First, Second, Third)

Generates three values (from 0, 1, 2) each time it is called. It repeats after 27
calls.

I nput : none
Qutput: First, Second, Third

Figure 5.28 shows an informal interface for Short Sort Li b in the form of text
and diagrams. In the corresponding Pascal code, the first procedure, Sor t 2
would be described in the interface by:

PROCEDURE Sort 2( P, Q INTEGER, { pass-in }
VAR L, S: INTEGER); { pass-out }

In the procedure heading, the word VAR precedes the parameters that are
passed out. In the data flow diagrams this means that whenever the diagrams
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have arrows leaving them, a corresponding VAR appears in the procedure
heading of the interface definition. This graphic view makes it clearer;
parameters that are passed in have no VAR preceding them, parameters that
are passed out are preceded by VAR We need not be further concerned about
these VARs now, for we are not creating units, we are using already created ones.
Later we will create our own.

Figure 5.29 Program to test ShortSortLib and its output

PROGRAM Short Sort Test ;
{ Test ShortSortLib }

USES Short SortLib;

VAR A, B, C, D, E, F,
1, J, K L, M S | NTEGER;
BEG N
WiteLn(' Data Sort3 Check');
Witeln(' ABC LMS L MS);
| = 27;
VH LE | <> 0 DO BEA N
Create3(A B, O;
Wite(A 2, B 2, C 2);
Sort3(A, B, C L, M 9S);
Wite(' ');
Wite(L: 2, M 2, S 2);
Sort2(A, B, D E);
Sort2(E, C, F, 9);
Sort2(D, F, L, M;
Wite(' ');
Wite(L: 2, M 2, S 2);
WitelLn;
I =1 - 1;
END;

END.
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Figure 5.29 shows a Pascal program to test our Shor t Sor t Li b library, and the
results obtained by executing it. Note the USES Short Sort Li b;
beginning of the program, that makes it possible for it to use procedures from

Short Sort Li b.

at the

This program performs the test by using Cr eat e3 to

generate all possible combinations of the data values 0, 1 and 2. Each time, the
program prints the combination of values. For each of these combinations it
calls Sor t 3 to put the values into order into three variables L, Mand S, whose
values are then printed under the column labeled Sort 3. As a comparison, the
test program then uses Sor t 2 and the original values to simulate the action of
Sor t 3, again putting the results into L, Mand S, and printing their values under
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the column labeled Check. The correctness of Sort 2 and Sor t 3 are then
verified by comparing the values of L, Mand S in the Sor t 3 and Check columns.

Another Pascal program, Gr ader, shown in Figure 5.30, is a “friendly”
forgiving average program. It simply uses the Short Sort Li b subprograms to
average the best and mid grades and forget the worst.

Figure 5.30 Program Grader

PROGRAM Gr ader ;
(* Forgiving Gading program*)
USES
ShortSortLib; { for Sort3 }
VAR
Mdterm Final, Projects,
Best, Md, Wrst, G ade: |NTEGER
BEG N
WiteLn( 'Enter three percentages: ');
Read( Mdterm Projects, Final ); WiteLn;
Sort3( Mdterm Projects, Final, Best, Md,
Wrst );
Grade := (Best + Md) DV 2;
Wite( 'The "forgiven" nmean is ', Gade:3);
END. { G ader }

Notice particularly that we were able to create a program, such as Gr ader ,

t hat uses these subprograms, even though we only knew the Interface part,
and had no knowledge of the inner details from the Implementation part. Of
course we must first specify in a USES cl ause that we wish to use the
operations from this Library before we can use them. Using these short sorts,
we could similarly create program segments to sort 4 variables (in two different
ways) and 5 variables (more than 4 ways). Try it.

Notation for Defined Procedures

Procedures may be defined very conveniently by using dataflow diagrams.
Arrows into the diagrams show input parameters, and arrows coming out of the
diagram show output parameters. The names of the procedures and their
parameters are given next to the arrows as shown at the left of Figure 5.31.
Such diagrams however cannot yet be understood by computers, so they must be
transformed into a “linear” notation that defines procedures in terms of text,
shown at the right of the figure.
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Figure 5.31 General form of Pascal procedure definition

Informal Definition Formal (Pascal) Definition
(as a diagram) (as program text)
P Q R
PROCEDURE Nane
l l l (A Atype; (* input *)
B: Btype; (* input *)
A B C C Cype; (* input *)
Name VAR Y: Ytype; (* input *)
VAR Z: Ztype); (* input *)
Y z
‘ l Procedure invoked with statement:
Name(P, Q R S, T);
S T

In Pascal, procedures are defined strictly as a sequence of symbols with
considerable structure. Before we show how a procedure such as Divide is
completely defined in a programming language, it is useful to list what must be
communicated. The simple invocation of the procedure in a program statement
such as:

Divide( A+ B+ C, 3, Mean3, Ren);
assumes many things that must be specified in the procedure definition
Divide(Num Den, Quot, Rem.
Parts of this definition are as follows:
1.  The name of the procedure is descriptive.
Di vi de is an obvious name; it is not DI VI DE nor di vi de.
2. The number of parameters is fixed.
Di vi de has exactly 4 parameters, no more no less.
3. Order of the parameters is important, once it is established it is fixed.

The Numerator is first followed by Denominator, then the Quotient and
Remainder.

4.  The names of the parameters should be meaningful.

The formal names in the definition need not be the same as the actual
names in the program given in the | MPLEMENTATI ON part.

5. The types of the parameters (I NTEGER, REAL, etc.) must be respected.
Di vi de has all parameters of the same type, | NTEGER.

6. The direction of passage of the parameters, input or output, must be
indicated.

Here the first two parameters are input and the last two are output.
7. Assertions may be indicated; when they are, must be respected.
For example, the denominator should never be zero.

8.  The parameters in a procedure call are separated by commas, not spaces
or colons.
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Figure 5.32 Specification of Divide subprogram

Divide procedure defined as:

Sum Num PROCEDURE Di vi de
l l ( Numerator : |INTEGER, { input }
Denomi nator: |INTEGER, { input }
Num Den ) VAR Quoti ent : INTEGER, { output
Divide VAR Rermi nder : | NTEGER); { out put
Quot Rem
l I (** The Denomi nator nust not be zero **)
Mean Rem

Examples of the use of the Divide subprogram:
Divide(A B, C D);
Divide(A+ B, C* D, E F);
Di vi de(Sum Num Mean, Ren);

Figure 5.32 specifies Di vi de both as a dataflow diagram and as a linear form
in Pascal. The linear form begins with the keyword PROCEDURE, followed by
the name Divide. This is followed by parentheses that enclose all the
parameter specifications. The parameters are given in a fixed order. Each
parameter has three parts:

1. passage is indicated by preceding the name by VAR in the case of output
parameters; there is no VAR preceding the input parameters.

2. the name of the parameter is given, followed by a colon.
3. the type of the parameter is given after the colon.

Following the parameter list some explanations, conditions, limitations, or
other comments may appear.

It is also possible to describe Divide in a slightly different way by grouping
some of the similar parameters. For example, the first two parameters are
input parameters and so could be grouped together. Similarly the last two
parameters are output parameters and can be combined following a VAR. We
can also shorten the parameter names, just to illustrate an alternative
definition that fits on a couple of lines.

PROCEDURE Di vi de(Num Den: | NTEGER, VAR Quot, Rem
| NTEGER)

(** Divides Numby Den to yield Quot and Rem Den
cannot be 0 **)

Libraries, or uni t s in Pascal, are collections of procedures. The Interface part
consists of definitions as shown above, which are sufficient for using the
procedures. The Implementation part of a unit will provide the details, but
these can be hidden from the users of Libraries.

The Power procedure, defined in Figure 5.33, shows parameters of different
types.
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Figure 5.33 Specification of the Power subprogram

Power procedure defined as:

2.0 10
PROCEDURE Power
+ ‘ (X' REAL; { input }
N: INTEGER, { input }
X N VAR P: REAL); { output }
Po;ver (* Raises X to an integer Power N *)
* Examples of the use of the Power subprogram:

Power (2.0, 10, P):

Power (A + B, C, D);
Power (A + B, | * J, R);

Procedures vs. Functions

We have already seen the use of dataflow diagrams to describe subprograms as
black boxes. Subprograms defined in this way can always be implemented as
procedures. Sometimes they can also be implemented as functions.

Functions can be thought of as subprograms that return a value, and this value is
associated with the name of the subprogram. This name can thus represent a
value, and therefore must have a type associated with it. In mathematics,
particularly in trigonometry, we are familiar with the idea of a function. The
function sin(x) has a single value, the trigonometric sine of the angle x.

Figure 5.34 Dataflow diagram for Max4

A B C D
]
Max2 Max2
E F

Max2
l
G

Procedure Max4, illustrated in Figure 5.34, is created out of three applications
of Max2. Max2 may be implemented as either a function or a procedure. If we
implement it as a procedure, we think of it as an action and therefore label it
with a verb, e.g., Maxi m ze. If we implement it as a function, we think of it as
a value and therefore label it with a noun, e.g. Maxi nmum
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Figure 5.35 Two forms for the subprogram Max2

Max2 as a Max2 as a
True Procedure Function Procedure
(Action or Verb) (Object or Noun)
P Q P Q
X Y X Y
Maximize
M Maximize
R R
Maximize (P, Q, R); R := Maximum (P, Q);

As another example, Figure 5.35 shows the subprogram Max2 represented in two
ways. On the left side of the figure, it is represented as a procedure

Maxi mi ze(A, B, C), whose action is to put the maximum value of Aand B
into C. On the right side of the figure, it is represented as a function

Maxi mum( A, B), whose value is the maximum of the two values AandB. The
procedure call is a statement, whereas the function call is an expression that
could be part of a statement. These two must obviously be used in two different
manners. Let’s compare the Pascal statements needed to compute the maximum
of four variables A, B, Cand D. If we are using procedure Maxi ni ze, we would
write:

Mexi mi ze(A, B, E);
Mexi mi ze(C, D, F);
Maxi m ze(E, F, Q;
With function Maxi mum we would write:
E := Maxi mum( A, B);
F := Maxi mum(C, D);
G .= Maximum(F, Q;

In fact, with function Maxi num we could rewrite the last three statements as
only one statement:

G : = Maxi mun{Maxi mun{A, B), Maxi mun(C, D));

This one line of nested function calls is equivalent to the sequence of three
invocations of Maxi m ze. The nested function calls also avoid the use of
temporary objects Eand F, which are necessary for the procedure version.

In this particular case, either procedure or function forms can be used. In
general, however, the procedure form is more powerful because it allows for the
possibility of more than one output. Thus, although the function forms may be
shorter and more convenient, they are not as general as procedures. For
example, our previous Sor t 2 procedure cannot be implemented as a function
since it produces two results.
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In the interface section of a unit, the two forms Maxi m ze and Maxi mumwould
be defined differently as:

Definition of a procedure: Definition of a function:

PROCEDURE Maxi m ze( X, VY: | NTECER FUNCTI ON Maxi nun( X, Y: | NTEGER )

VAR M | NTEGER) ; : I NTECER
Earlier in this chapter and also in Chapter 4, we referred to | nt Li b, a library
of useful operations that can be applied to | NTEGERs. Figure 5.36 shows the
Interface part of the IntLib unit.
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Figure 5.36 IntLib interface part

UNI'T I ntLib;
| NTERFACE

PROCEDURE Add(First, Second: |NTEGER; VAR Result:
| NTEGER) ;
{ Result := First + Second }

PROCEDURE Subtract (First, Second: |NTEGER;, VAR Result:
| NTEGER) ;
{ Result := First - Second }

PROCEDURE Multiply(First, Second: |NTEGER, VAR Result:
| NTEGER) ;
{ Result := First * Second }

PROCEDURE Di vi de(Num Den: | NTEGER;, VAR Quot, Rem

| NTEGER) ;
{ Quot := First DV Second
Rem := First MOD Second }
PROCEDURE I ncr (VAR |: INTEGER, J: | NTECER);
{1:=1+3}
PROCEDURE Decr (VAR |: INTEGER; J: | NTECER);
{1:=1-73}%

PROCEDURE Order2( VAR X, Y: | NTECER);
{ Sorts A and B in increasing order }

PROCEDURE Order3(VAR A, B, C. INTEGER);
{ Sorts A, B and Cin increasing order }

PROCEDURE Maxi m ze2(A, B: INTEGER, VAR C. | NTECER);
{ Returns the naximumof A and Bin C}

PROCEDURE M ni mi ze2( A, B: INTEGER; VAR C. | NTECGER);
{ Return the minimumof A and Bin C}

PROCEDURE | nt ToReal (I: I NTEGER;, VAR R REAL);
{ Convert integer value of |I into real R}

The action of the first four procedures specified in this figure is obvious from
their names, and the associated comment. Also included are other useful
actions already introduced in Chapter 4.

The arithmetic actions just defined as procedures have, as might be expected,
verbs as names: Add, Subt ract and Mul ti pl y. These operations could have
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been written as functions, and in that case the names should have been Sum

Di f f erence and Pr oduct . These hames are houns representing the values of
the functions. Sumrepresents the value of the sum of its two arguments. This
duality of values and actions, nouns and verbs, procedures and functions,
provides a beautiful complementarity of views.

Procedure Di vi de cannot be represented as a function because it has two
results—Quot i ent and Remai nder. On the other hand, since the division of
REAL values returns only one value, it can be represented as a function, say

Real Quot i ent. This enables us to express our previous temperature conversion
formula as the following nest of REAL functions (Pr oduct andDi f f er ence
have been redefined to work on REAL values):

C .= Product (Real Quotient(5, 9), Difference(F, 32));

In the Pascal definition of a function, the type of value returned is given at the
end of the header following a colon, for example, function Sumwe just mentioned
would have the following definition:

FUNCTI ON Sum(First, Second: | NTEGER): |NTEGER

You can compare this with the equivalent procedure definition where output
parameters are specified in the parameter list with a preceding VAR, as we
have seen above in the following definition:

PROCEDURE Add(First, Second: |INTEGER;, VAR Result:
| NTEGER) ;

The complete definition of such library procedures and functions is done in the
implementation part of the library, and will be considered in detail in a later
chapter.

To emphasize the difference between procedures and functions, Figure 5.37
shows the interface specification for a collection of procedures that make up
the MaxM nLi b library. This unit gives an example of both functions and
procedures that act on | NTEGER values.

Figure 5.37 MaxMinLib unit

UNI T MaxM nLi b;
| NTERFACE

PROCEDURE Maxi m ze2(A, B: INTEGER, VAR C. | NTECER);
{ Sets Cto be the nmaxi mum value of A and B }

PROCEDURE M ni m ze2(A, B: INTEGER, VAR C. | NTECER);
{ Sets Cto be the m nimum value of A and B}

FUNCTI ON Maxi mun2( A, B: | NTEGER): | NTEGER
{ Returns the nmaxi mum val ue of A and B }

FUNCTI ON M ni mun2( A, B: I NTEGER): | NTEGER
{ Returns the m nimum value of A and B}
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Notice that Maxi ni ze is a verb and is implemented as a procedure, while
Maxi mumis a noun and is implemented as a function.

5.11 Binary Logic Library: BitLib

Bi t Li b is a Pascal unit that deal with binary digits, or bits. Infact,BitLi b
implements the abstract data type Bl T (see Chapter 8 of the Principles book).
This means that the unit defines the type BI T as well as a number of operations
for values of this type. These operations are similar to the logical operations
that were discussed in Chapter 5 of the Principles book. They bring us to the
very low logic level of digital computer components. The actions will be
denoted as And2, Or 2, Not 1, And3, etc. with the integer indicating the number
of inputs to the data flow diagram.

The type BI T defined by the unit is a type having only two values: 0 and 1.
Input and output of a single bit value is done using procedures ReadBi t ( X) and
WiteBit(Y).

Type Bl T has values 0 and 1 only.

Input and Output:

ReadBi t ( X) : reads in a value of type Bl T into X. Only the
values 0 and 1 are accepted.

Wit eBit(X):writes out the value of Y

In addition the Bi t Li b unit comprises eight actions illustrated in Figure 5.38.
The following three actions correspond to the diagrams of that figure.

And2( X, Y, 2): isabinary action having two inputs and one output
as shown at the left of Figure 5.38. The output Z has a value of 1 only
when both inputs have value 1; otherwise the output value is 0.

O 2(X, Y, Z),shown inthe middle of Figure 5.38, has an output
value Z of 1 when either one or the other (or both) of the inputs XandY
have the value 1; otherwise the value is 0.

Not 1( X, Y),shown at the right of Figure 5.38, is a unary action with
one input X and one output Y; the output is the opposite value (or
complement) of the input value. When Xis 1 then Y is 0 and vice versa.
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Figure 5.38 The actions of BitLib

S EY T

X Y X Y X
And2 Or2 Notl
z Z Y
And2 (X, Y, Z) Oor2 (X, Y, 2) Notl (X, Y)
Input Output Input Output In Out
x vy | z X Y| z x| v
0 O 0 0 O 0 0 1
0 1 0 0o 1 1 1 0
1 O 0 1 0 1
1 1 1 1 1 1
X | Y Xor2 Nor2 Nand2 Imp2 Eg2
0 0 0 1 1 1 1
0 1 1 0 1 1 0
1 0 1 0 1 0 0
1 1 0 0 0 1 1

The five other binary actions (with two inputs and one output) are also shown
at the bottom of Figure 5.38. Notice that the exclusive-or, denoted Xor 2, has
an output of 1 only when exactly one of the inputs has value 1. This differs
from the basic Or 2 action (that is also called the inclusive-or), which has an
output of 1 when both inputs have value 1.

Nor 2 and Nand2 are two other binary actions that are often used as components
in electronic logic circuits such as are used in computers. The action Eq2
indicates when its input values are equal. The implication | mp2 is not used
much in computing, but is more important in the logic of Philosophy.

Finally, Creat e2(P, Q isan action (not shown) that produces a different
combination of the two parameters each time it is called; it repeats
combinations after 4 calls. Cr eat e2 is very similar to procedure Cr eat e3 of
Short Sort Li b, but has two parameters instead of three.

We’ll build a binary “half-adder” from the bit actions of Bi t Li b that has two
inputs X and Y and two outputs, Sumand Car r y. The relations between its input
and outputs is shown in Figure 5.39.

Figure 5.39 Definition of Half-adder

X Y SumCarry
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

The figure describes binary addition in the four cases:0+0=0,0+1=1,
1+0=1,and 1+ 1=2(i.e. 10 in binary, which is 0 with a carry of 1). The
carry in the first three cases is 0. It is called a half-adder because it performs
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half the operation required to perform binary addition; the other half is to add
in the carry from the previous stage.

We’ll use the operations of Bi t Li b to bui | d a half adder whose dataflow
diagram is shown on Figure 5.40. This dataflow diagram shows the actual
interconnection of the digital logic components. The method of creating and
optimizing such systems is the topic of other courses. Here we simply use this
diagram to trace through it.

Figure 5.40 Dataflow diagram for binary half adder

B

| or2 | |And2|

Sum | C| Carry

The Pascal program corresponding to this dataflow diagram is fairly easy to
construct, using the actionsof Bi t Li b.  The Test Hal f Adder Pascal program
of Figure 5.41 tests the actions of BitLib, using Cr eat e2 to produce all four
possible inputs to the half adder.
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Figure 5.41 The TestHalfAdder program

PROGRAM Test Hal f Adder ; Qut put from execution
Test Hal f Adder :

USES Bi tLi b;
A B Sum Carry
VAR A, B, Carry, D, E, Sum BIT, 00 O 0
Count: | NTEGER; 01 1 0
10 1 0
BEG N 11 0 1
Count : = 4;

WitelLn('A B SumCarry');
WHI LE Count > 0 DO BEG N
Create2(A B);

(* Bi nary hal f -adder *)
And2(A, B, Carry);

O2(A B, D;

Not 1(Carry, E);

And2(D, E, Sum;

WiteBit(A);
Wite(' ');
WiteBit(B);
Wite(" ');
WiteBit(Sun);
Wite(' "),
WiteBit(Carry);
WiteLn;
Count := Count - 1;
END;

END.

Notice that the three actions And2, O 2 and Not 1 of Bi t Li b are not
independent. For example, O 2( P, Q R) can be created from the other two,
using DeMorgan’s first law, as:

Not 1(P, S);

Not1(Q T);

And2(S, T, U;

Not1(U, R);
We can also write a short Pascal program, Test Or 2 of Figure 5.42, to test this,
using Create2 again to create all possible inputs.
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Figure 5.42 The TestOr2 program

PROGRAM Test Or 2; Qut put from
Test Or 2
USES BitLib;
PQRO2
VARP, Q R S T, U BIT, 000 O
Count : | NTEGER; 011 1
101 1
BEG N 111 1
Count := 4;

Witeln('P QR O 2');
WHI LE Count > 0 DO BEG N
Create2(P, Q;

(* O2 fromAnd2 and Not1l *)

Not 1(P, S);
Not1(Q T);
And2(S, T, U;
Not 1(U, R);
WiteBit(P);
Wite(' ');
WiteBit(Q;
Wite(' ');
WiteBit(R);
Wite(" ');

(* Create conparison result *)
oO2(P, Q R;
WiteBit(R);
WiteLn;

Count := Count - 1;

END;

END.

The equivalence of operation O 2 and the sequence of four actions above, is
shown by comparing the two columns R and Or2 in the output at the right of
Figure 5.42.

5.12 Chapter 5 Review

This chapter introduced more formally the four fundamental forms in Pascal:
Sequence, Selection, Repetition and Invocation.

The simplest form is the Sequence form which consists of a series of statements.
The statements are separated by semicolons. The only unusual problem is
whether to put a semicolon following the last statement of the series. Strictly
speaking, it is not necessary, but for consistency, we will often put one there.
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The Repetition form was covered before the Selection form, because the Pascal
syntax for the Repetition is simpler. However we did not consider the nesting
of repetitions here; that will be considered later.

The Selection form was covered in detail, along with arbitrary nests of
Selections, and the many ways to do things. Some simpler nests coded with the
| F- THEN forms and the | F- THEN- ELSE- | F form were also considered in this
chapter.

The Invocation form was described and used, but the creation of subprograms
was not discussed at this time. Libraries of subprograms were considered,
mainly from the view of data-flow diagrams. Procedures and functions were
compared and contrasted.

This chapter did not cover the creation of very complex programs consisting of
these four fundamental forms. It emphasized the creation of rather small
programs. In the next chapters, we can begin to consider creating more complex
programs.

5.13 Chapter 5 Problems

1. Is It Possible
Can there be a semicolon before an ELSE?

b. Can there be an END before and ELSE?
c. Can there be a semicolon before the END that terminates WHI LE?
d. Can there be a DOimmediately before an END?
Can there be a semicolon just after a DO?
f. Can there be an ELSE just before an END?

g. Can there be two ENDs in sequence separated by a semicolon?

2. Check Syntax

The following statements contain errors of syntax; you are to find them.
The ability to find such errors is not important because compilers detect
them easily. These problems are given here to help you learn the
proper syntax. Do not be concerned with the meaning of the program
fragments.

a. IFX<YORZTHEN X := MN;
b. WVHLE |l < 5 DO
WitelLn(l);
Inc(l);
END;
c. IF First < Second THEN
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Wite(First);
ELSE
Wite(Second);
d WHLE A <= B DO
BEGAN
Inc(A);
Dec(B);
END;
e. IFthis t hat THEN
t hat this;
f. WHILE5=5DO0
Write(*help’);

3. Coding Problems

Translate the following fragments of pseudocode involving conditions
Ci and statements Sj into pieces of programs in Pascal.

1. While Cq
S1
While C2
S2
S3
S4

2. IfC1
If C2
S1
Else
S2
S3
Else
S4
If C3
S5

3. While C1
S1
If C2
S2
While C3
S3
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4. If C1
While C2

While C3
S4
S5
Se
Else
If C4
S7
Else
Sg
While Cg

So

5. While C1
While C2
While C3
If C4
S1
Else
If C5
S2
Else
If Ce
S3
Else
If C7
S4
Else
While Cg
S5
S6

5.14 Chapter 5 Programming Problems

Write Pascal programs for some of the following algorithms which are given in
the Principles book. After a few examples, this coding process may seem very
trivial, but concentrate on choosing proper types, reasonable identifier names
(for constants as well as variables), “friendly” prompts, meaningful output, and
good indentation, layout and comments. You need not run these programs yet;
later they may be used as parts of larger programs. The last 2 or 3 problems in
each group are more challenging.
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Sequence Problems

o g > 0w DN

~

CHARGE algorithm of Figure 3.1.
IDEAL algorithm of Figure 3.4.

ISBN Remainder of Figure 3.5

TIME algorithm of Figure 3.7.
TEMPERATURE algorithms of Figure 3.8

MEAN and VARIANCE algorithms of Figure 3.10 for the number of
hours worked on five days.

SINE algorithm (for first 3 terms) of Figure 3.12.
BASE algorithm of Figure 3.13.

Selection Problems

N o a kM w Db PRE

Loop

> w Do

PAY algorithms of Figures 2.15 and 2.16.
MORE-CHARGE algorithm of Figure 3.39

DAYS and LEAP algorithm of Figure 3.40

COMPARE algorithm of Figure 4.5.

PEOPLE CLASSIFICATION algorithms of Figure 5.17.
MAJORITY algorithm of Figure 3.16

GRADES algorithms of Chapter 5 Section Nested Selections, Methods 3
and 4.

MAJORITY algorithms of Chapter 5 Section Larger Selection Forms,
Methods 1, 2, 3, 4 and 5.

Problems

DIVIDE algorithm of Figure 5.34.

FACTORIAL algorithms of Figures 5.14 and 5.15.
BETTER PRODUCT algorithm of Figure 5.35.
DICE GAME of Figure 3.3.

Subprogram Problems
(assume that the given sub-programs are available)

1
2.
3.

SECONDS algorithms of Figure 5.42.
MINIMUM TIME DIFFERENCE algorithm Figure 5.45
TIME-DIFFERENCE algorithms of Figure 5.43.
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Debugging Problems

1.
PROGRAM BadSwap;
(* Swaps two values without a third *)
(* contains one bug for you to find *)
(* Find the error by either |ooking *)
(* at the code, or by running tests *)
VAR first, second: REAL;
BEG N
WitelLn(' Enter two real values ');
Read(first);
Read( second) ;
first = first * second;
second := first / second,
first = first [/ second;
Wite(' Swapped val ues are ');
Wite(first: 9 );
WitelLn(second: 9);
END.
2.
PROGRAM BadFact ori al ;
(* This program al nost computes *)
(* the factorial of any input *)
(* You find the problem here *)
VAR i ndex, fact, num | NTEGER;
BEG N
Wite('enter a value ');
Read( num ;
fact = 1
i ndex := num
VWH LE i ndex >= 0 DO BEG N
fact = fact * index;
Dec(i ndex);
END;
Wite(' Factorial is ');
WiteLn(fact: 5);
END.
3.

PROGRAM BadM n3;
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(* Finds the mnimum of 3 val ues *)
(* but it contains one error *)
(* Find it by looking at the code *)
(* which is called "opaque box" *)
VAR A, B, C, mni: |NTECER
BEG N

Wite('Enter three values ');
Wite('use integers only ');

Read( A) ;

Read( B) ;

Read(C);

IF (A< B) AND (A< C THEN
mni = A

ELSE IF (B < A) AND (B < C THEN
mn := B

ELSE
mni := C

Wite(' The minimumvalue is ');
WiteLn(nmini: 4);
END.

PROGRAM BadM d3;
(* Finds the md value of 3 values *)
(* in nost cases, but not all cases *)
(* You are to find the problem here *)

VAR A, B, C, nid: |INTEGER

BEG N
WitelLn(' Enter three values ');
Read( A) ;
Read(B) ;
Read(C);

IF(B< A AND (A< C R
(C < B) AND (A < B) THEN
md := A
ELSE
IF (A< B) AND (B< (O R
(C < B) AND (B < A THEN

md :=B
ELSE
md := C

Wite(' The nmid value is ');
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WiteLn(md: 2);
END.

Selection Programs

Create Pascal programs to solve the following problems. Pay particular concern
to checking the input values, and displaying the output. Provide sufficient runs
to test the program. Plan first.

1.

Classify Quadrilaterals

Four-sided figures may be classified according to their inner angles as:
qguadrilaterals, trapezoids, parallelograms, or rectangles. Write a
program that takes the four angles of a quadrilateral, in degrees,
starting with the smallest and continuing clockwise with adjacent
angles in order and identifies these figures. Modify this program to
include kites (where at least one pair of the non consecutive angles is
equal).

Dice Poker

The game of dice poker (or Indian Dice) involves the throwing of five
dice, their spot values constitute the “hand”, and the evaluation of the
hand is as described below . Write a program to input the five spot

values, evaluate the hand, and display the kind of hand (“five of a
kind”, etc.). The algorithm can be simplified if the values are sorted.

a. Five of a kind, means that all dice have the same value,

b. Four of a kind, means that 4 dice have the same value,

c. Full house, means that 3 are of one value and 2 of another value,
d. A Straight, means that the 5 values are in consecutive order,

e. Three of a kind, means that three dice are of one value,

f. Two pairs, means 2 dice of one value and 2 of another,

g. One pair, means that only two dice have the same value,

h. No pairs, means none of the above.

Human Time Out

Write a program that inputs time in 24-hour military form and outputs
one of the following four forms, whichever is most appropriate:

"H O cl ock"

"M mnutes after H'

"Hal f past H'

"M mnutes before H'

where M and H are the required minutes and hours.
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Procedures and Repetitions

Libraries of various kinds were described in this chapter, for instance
Shor t Sort Li b that has a number of procedures like Sort 2 and Sort 3. Use
these, and any others you are familiar with, to write the following programs.

1.

Many Sorts of Sorts

Create two programs to sort 4 | NTEGERs, using the Sor t 2 procedures,
but interconnected in two different ways.

Create a program to sort 7 | NTEGERs using Sor t 3.
Sorts and Sports

Create a segment of a program to sort 5 | NTEGER values, then use it in
the following program.

Five judges of a sporting event each provide an | NTEGER input score
from 1 to 10 that describes their evaluation of the sports performance.
The overall score of the event is determined by dropping the highest
and lowest scores, and averaging the remaining three scores. This
scoring continues for any number of evaluations until a negative value is
input, signifying the end of the competition.

Redo this program (or parts of it) by using different subprograms.
Forgiving Grader

A student’s percentage score is determined by averaging the highest
four percentage scores out of five (exam1, midterm, final, projects, quick-
quizzes), thus “forgiving” the lowest score. This grading is to continue
for any number of students until a negative value is input, signifying the
last of the students.

Do this in two different ways, using different sub-programs.
Demilitarize Time

Time can be expressed in “military” or 24-hour form where 20:30 means
8:30pm. Create an algorithm to convert such a military time into “non-
military” time. A sequence of times is to be converted until a negative
time is input.

Create another program to determine the time elapsed between any two
given military times on the same day.

Create another program which determines the elapsed time between
any two given times on two successive days.

Create another program to determine the shorter elapsed time between
three given times on the same day.

Date of Easter

The algorithm to determine the date of Easter for any given year could
involve a number of Div and Mod actions. Create a program to
continuously determine the date of Easter according to the following
algorithm for each input year Y until a negative year is input:
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1.  The “golden number”, G is (Y Mod 19) + 1.
2. The century number Cis (Y Div 100) + 1.

3. The number of years X in which a leap year was dropped, e. g.,
1900, so as to keep in step with the sun is (3C Div 4) — 12.

4.  Acorrection Z to synchronize Easter with the moon’s orbit is (8C
+5) Div 25

5. IfD=(5Y Div 4) - X - 10 then March ((-D) Mod 7) is a
Sunday—if (-D) Mod 7 = 0 then March 7 is a Sunday.

6. The “Epact” E specifies when a full moon occurs. E = (11G + 20 +
Z - X) Mod 30. If E=25and G is greater than 11, or if E = 24 then
E is increased by 1.

7.  Easter is on the “first Sunday following the first full moon that
occurs on or after March 21”. The “calendar moon” used for
finding Easter is defined as the Nth of March where N =44 — E.
If N <21 thenset Nto N + 30.

8 Toadvance N toaSunday,set N=N+7—-((D+ N)Mod 7.

9. If N > 31 then the date of Easter is the (N - 31) April;
otherwise the date is N March.

Josephus’ Problem

It is said that, after the Romans had captured Jotapat, Josephus and forty other
Jews took refuge in a cave. Josephus, much to his disgust, found that all except
himself and one other man were resolved to kill themselves rather than fall
into the hands of their conquerors. Fearing to show his opposition too openly,
he consented, but declared that the operation must be carried out in an orderly
way, and suggested that they should arrange themselves round a circle and
that every third person should be killed until only one man was left, who must
then commit suicide. It is alleged that he placed himself and the other man in
the 31st and 16th places. You are to write a Pascal program that prints out the
execution order in the generalized case where, instead of every third person
every nth person is killed. The program should input two | NTEGERs, M the
number of people in the circle, and N, the execution ordinal With M=8and N=
4, the deaths occur in the order shown:

Position in circle Execution order
5

o OO~ W N -
©® W, o N
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5.15 Chapter 5 Programming Projects

Project A: Change Change

You are to modify the program SubChange of this chapter in any five of the
following ways. Do this in stages ending with one larger program (not five
smaller ones).

1.

10.

11.

Make the program more general, by allowing the output of half-dollars
and dollar bills.

Make the program more robust, by having it reject any improper values
(such as negative costs).

Make the program more informative, by writing out the amount of
change as:

“The change is 28 cents” or
“The change is 2 dollars and 13 cents”.

Make the program more convenient, by putting it into a loop and having
it continue making change until a negative value is input.

Make the program grammatically correct, by writing singular and
plural counts such as

“1 quarter 0 dimes 0 nickels 3 pennies”.
Make the program output shorter, by not writing out the zero count as:
“1 quarter 3 pennies”.

Make the program output more verbose by writing out the numbers in
English as:

“one quarter three pennies”.

Make the program output more complete by writing out the connectives
also as:

“The change is one quarter and three pennies”.

Make the program more user friendly, by allowing input as real numbers
with decimal points such as 0.75, 1.25

Make the program more productive, by having it keep track of the
numbers of coins of each type (not attempting to put out any quarters if it
has none).

Make some improvements of your own.
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Project B: Payroll

Create a program describing the payroll system of the Principles book Chapter
2, Section 2.4. Do this in stages: first, create the generalized version, then
modify it to include the extended version, which pays double time for hours
worked over 60. Next modify these two with the changes in the foolproof
version, which checks that the input number of hours worked is both greater
than or equal to zero and less than the number of hours in a week and, finally,
embed all of this in a loop that repeats the pay process for many people.

Project C: Quadratic Roots

The solutions to (roots of) the quadratic equation

Ax*+Bx+C=0
are given by the quadratic formula:

-B+JB’- 4AC
2A
Create a program to determine these solutions and test it for the following
values:

C

0 (Many roots)

1 (No roots)

2 (One root)

0 (Special root)
2 (Complex roots)
-16  (Similar roots)

A
0
0
0
0
1
4
1 -6 (Real roots)

, O N Ol P O O W

Study also the cases where BZis much larger than 4" A" C.

Project D: Digital Circuits

If you have some knowledge of switching theory (or would like to gain some),
use the Bi t Li b procedures to create the following (and show some input-output
traces).

1. M 3(A B, C M, amajority of three binary inputs.

2. FRull Add(A, B, C1, S, C2),afulladder of 3inputsand 2 outputs
(input A, B and carry C1 from previous stage; output sum S and carry C2
to the next stage).
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3. HalfSub (X, Y, D, B),ahalfsubtractor, with 2 inputs and 2
outputs.

4. FullSub (X Y, Z D, B),afullsubtractor.
Anything else of interest.

Project E: Roll Your Own

It is much harder to create a project than it is to investigate or solve an already
created one. Create a project.

CRN: Convert Roman Numbers

You are to create a program to convert a given integer from the normal or Arabic
form into the Roman form. The Arabic number will be, at first, in the range 1 to
300, but will grow later. The Roman number will first be a simple kind that
allows 4 repetitions of symbols, but will also grow later.

You may need to review the concept of Roman numbers; the following may
refresh your memory.

lisl, Vis5, Xis10, Lis50
Cis 100, D is 500, M is 1000

The Arabic 1984 in the simple Roman form is:
MDCCCLXXXIIII

and in the standard Roman form is:
MCMLXXXIV

First do the simpler Roman numbers. Limit the Arabic input value to a
maximum of 300. Call this program Romanl. Use the ChangeMaker program
as a guide. Do sufficient tests to convince yourself that it works.

Secondly, extend the above program to larger Roman numbers. Call this
program Rorman2.

Finally, modify Roman2 to accept and convert to the standard Roman form.
Call this program Rorman3. Test it thoroughly.

GPR: Growing Pay Roll

This assignment is to gain experience in coding and “growing” programs, using
the PayRoll algorithms of the Principles book Chapter 2, Section 2.4. Assume
all the variables to have REAL values. Write these programs in Pascal exactly
in the structure shown; do not change the structure of the algorithms—yet! Use
reasonable names (not R, H, P) and readable style with indentation.

1.  Write a program consisting of the Generalized version of Figure 2.14
embedded in a loop that continues until a negative number of hours



Section 5.15 Chapter 5 Programming Projects 163

worked has been entered. Name this program Pay1, run it and test it.
Print the program and make a record of some test runs.

2. FoolProof the above version as shown in Figure 2.16, and save it as
Pay2. Make the resulting program readable with good indentation.
Test it for all possible cases. Print this version and record your test runs.

3. Extendthe above program as a Cascaded equivalent as on the right of
Figure 2.18 and save it as Pay3. Print out your program, and show some
test runs.

Time permitting:

4.  Modify the structure of any of the above programs to use the nested
ELSE | F Selections whenever possible. Test it.

5. Extend the PayRol | program further by computing the Net Pay, which
is the G ossPay less the Deduct i ons. The deductions include some
M sc amounts that are input, and also include Taxes at a fixed rate,
say 20%, of the Gr ossPay.

6. Print out the pay in the form of a pay check, with a date and the
amount. Leave space for the name and the written amount to be filled
in by hand.

7. Further modify the program to sum all the money paid out to the
employees and to the government in the form of taxes, and to output
these sums at the end.

8.  Make any other changes, modifications, improvements that you have
time for.

MWM: Many Ways to Mid

This lab project involves many very different ways to do the same thing. Study
the problem of finding the middle value M d of any three variables, say A, B, C,
having different | NTEGER values as described in the Principles book Chapter 5,
Problems. You will also need the definition of MaxM nLi b from this chapter.

Method 1: Using bigger building blocks, Procedures

Use the procedures Maxi m ze2, M ni m ze2 from MaxM nLi b, and connect
these together to get the M d value of three variables as given in one of the
following diagrams. Test it for all possible cases; but do not print out these
tests, just print out the program.

Method 2: Using other bigger building blocks, Functions

Copy the above program and modify it to use the functions Maxi nung,
M ni mun® from MaxM nLi b, and connect these together to get the M d value by
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using the other diagram that follows. Write the expression for the value of
M d as one line. Embed the computation of M d within a loop to make it easy to
test this program for all possible cases (save a tree). Print out the test results.

A B B C CcC A A B B C CcC A
L 11 11 I R I I
| min | | min | | min | |max| |max| | max|
| max | | min |
I I
M1 M2

Method 3: Using Complex Nests

Create a program corresponding to the following general nest of Selection forms.
Use only the simple conditions shown (do not use ANDs, ORs etc. in the
conditions). Test this program. You may wish to document this program with
assertions at various points.

C<A)and (A<B
R
True
— (A<C)and (C<B)
False True SetMto C

A<B)and (A<C
True ( ) ( ) False Set M to B
—_— — (A<B)and (B<C)

alse

(C<B)and (B<A)
B<A)and (B<C
( ) ( ) False

(B<A)and (A<C)

Method 4: Another way (Time Permitting)

Create yet another different program to find the M d value of three variables
having different values.

DFP: Data Flow Programming

This lab project will involve programming at a high level, using subprograms
from Libraries. The programs involve data flows rather than control flows!
You will be creating programs using procedures which will be tested within the
Pascal test program shown at the end of this problem. You do not need to be
concerned with the details of the Pascal test program, Test Pr og; just use it as
given. Your main task is to make various modifications to the data flow part in
the middle of the given program TestProg.
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1.  Enter the program TestProg below.

PROGRAM Test Pr og;
(* Tests of prograns in Integer Library *)

PROCEDURE Sort 2( First, Second: |NTEGER

VAR Large, Small : |NTECGER);
VAR Tenp: | NTEGER;
BEG N
Large := First;
Smal | : = Second;
IF Large < Small THEN BEG N (* Swap *)
Tenp = Large;
Large := Snall;
Smal | := Tenp ;
END (* SWAP *)
END;
PROCEDURE Sort 3( First, Second, Third: |NTEGER,
VAR Maxi, Mdi, Mni : INTEGER);
VAR Tenmpl, Tenp2, Tenp3: | NTEGER;
BEG N
Sort2(First, Second, Tenpl, Tenp2);
Sort2(Tenp2, Third, Tenp3, Mni);
Sort2(Tenpl, Tenp3, Maxi, Mdi);
END;
VARA B C D E F, G H I, J, K L M
N, O P, QR S T, U V, W X VY, Z |INECGER
Count : | NTECER;
BEG N

WitelLn(' Enter nunber of tests ');
Read( Count) ;
WitelLn(' Enter the test values ');
WHI LE Count > 0 DO BEG N

Read( A) ;

Read( B) ;

Read(C);

(* Enter Subs here *)
Sort2(A, B, D E);
Sort2(E, C, F, S);
Sort2(D, F, L, M);
(* End of the Subs *)

Wite(' "),
Wite(L: 4, M 4, S 4);
WitelLn;
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DEC( Count ) ;
END;
END.

Run TestProg to check that it does sort any 3 different values. Output
the result of this test. Draw the data flow diagram next to the
program.

Run TestProg to check that it does sort any 3 values (some which may be
the same). Can you do this in less than 27 test values? Output the test
results.

Modify TestProg to create a Sort4 using only Sort3. Output the test
results when all values are different. Draw the data flow diagram on
this output page.

Replace the lines that input the test values with a call to a procedure
Test4(A, B, C, D), which assigns a different set of test values each time
it is called, which you must write and insert in TestProg. Output the
test results again.

Modify TestProg to create a Sort4 using only Sort2, and output the test
results when all values are different; use the Test4 procedure. Draw
the data flow diagram again.

Find yet another different way to create a Sort4 using Sort2 and use the
above Test4 procedure to test this program. Draw the data flow
diagram again.

Modify the program to create a Sort5 using Sort3 in different ways.
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Chapter 6 Pascal with Bigger Blocks

This chapter continues the presentation of the programming language Pascal by
introducing other forms, deeper nests, different data types and more details.

These complements are not as fundamental or important as the topics of the

previous chapter, but are useful and convenient in the development of clear and
correct programs. Remember, bigger is not always better.

Chapter Overview

6.1
6.2

6.3

6.4

6.5
6.6

6.7
6.8

6.9

6.10

6.11

6.12
6.13

6.14

6.15
6.16
6.17

PrEVIEW. ..ot 169
Conglomerations.........ccccceeiiieiiiiiiie e 169
Mixed and Nested FOrmS.........cccooviiiviiiiiiiiieineens 169
MOTE Dala.......covniiiiieici e 171
EXternal. ..o 171
CASE FOIrm. o 173
More Repetition FOrms..........cccviiiiiniiie e, 175
LI 2 L= 0T g 0 Yo T o 177
(O 1 T- 1 - 102 (] g IV o - 182
INPasCal.......coooiii 182
Representation of Characters............cccoeeeviveiviiennnnnnns 185
Boolean Type in Pascal............cccovvvvieeiiiieciiininnn, 190
1Yo ] = 1Y o 1= 193
Big Types in Pascal........ccccoooevviiiiiiiiiiiii e 193
EVEN Bigger TYPES. oot eiiiiieiiie e eeee e eeeeaiiaees 193
Smaller TYPeS .ot 194
Programmer Defined TYPeS.....cccccceveveiviiiiiiiiiiiiinn, 195
Enumerated TYPeS....ccuviiiiiiiiieeieeeeiiiie e e e 195
Subrange Types In Pascal.........ccccccvvvvnniiiiiininiiinnnnnn, 198
Strings in Pascal.........ccccvviivi i 198
Simple Files in Pascal..........ccccooooovviiiiiiin e, 201
More Files: Input and Output..............cccocviviiiinennn, 205
Modification of Programs.............ccccccvvvvviviiiiiinnnenn, 207
Programming Style........ccccoeiiiiiiiiiiiicccie e, 209
DOoCUMENTAtION. . .uuiiii e 209
Further Guidelines for Identifiers...........c..ccoovniennn. 212
A Bad Style HOrror Story.......ccccceeeiiieiieiiciie e 213
Criticism of the MeanMean Program.............ccccceeeen. 215
Errors in Programming........ccccccvvvvvveeiieiiiiiiieiieeieeeneeen 216
SYNtactiCc EFTOrS. ... 216
EXECULION EFrOrS. ... 217
(Yo TTor: LN =1 o o] - SRR 217
Other EFTOrS. ..o 217
Debugging, Testing, Proving........ccccccoovvvvvivveeeeniiinnnn, 217
Chapter 6 REVIEW......cccvviiiiiiii v 219

Chapter 6 Problems..........cccccoiiiiiiiiie e 219



168 Chapter 6  Pascal with Bigger Blocks

6.18 Chapter 6 Programming Problems............cccccccveeennns 221
6.19 Chapter 6 Programming Projects.........cccccccvvvviveeennnns 224
Plotting Programs........ccceeovveeeiiiiieeiiiiieii e 224
Modify Calculator..........ccoooovviiiiiiiii e 226
Statistics (Rainfall)..........c.cooveiiii 227
Project PIOtUP.......ciiii i 227
BSD: Big Statistics Data..........ccccevvvvvviiiiiiiiieeiinnenans 228
BTD: Big Text Data.........cccvvivieeiiiiiiieeivii e 229

SMC: Small Monthly Calendar..................ccccvvvvnnnns 230



Section 6.1 Preview 169

6.1 Preview

The more important part of this Chapter is the material on programming style,
documentation, errors, testing and debugging, since a knowledge of these areas is
essential to serious programming. Without it, you will waste much time
floundering around making blunders, then searching for and correcting them.

First, we consider larger programs that are created from complex nests of the
four fundamental forms. The coding of these algorithms into readable programs
is straightforward. Indentation is important for clarity. Next, we consider
briefly the processing of larger amounts of data, in particular, arbitrary
amounts of external data. We also introduce some other Pascal statements,
especially the extensions of the Selection and Repetition forms (CASE, FOR

and REPEAT). Many examples are shown of deeper nests, especially of the
Repetition form.

Some additional data types, especially the Character and Boolean types, are
introduced along with some example programs illustrating these types.

A particular goal of this chapter is to expose you to additional tools, concepts
and skills. Many of these are alternatives to tools you have previously seen,
but this will allow you to better choose the appropriate tools, best suited for
your purposes. For example, the FOR loop is concise and convenient, but it is also
limited in some ways over the more general VWHI LE loop. You should be capable
of knowing when to use either of these loops.

Another important goal of this chapter is to provide an appreciation for
programming style, documentation, modification, testing, and debugging. This
is done through examples. There are really three ways of learning to become a
good programmer: practice, practice and practice with, in each case, a great
deal of self criticism. This chapter will put you on the right track.

6.2 Conglomerations

Mixed and Nested Forms

In almost all non trivial programs, you will find mixed combinations of forms.
In Pascal, such combinations, whether they be sequences or nests, should be
considered as a structure of forms rather than as a conglomeration of individual
statements. We will give a number of examples that illustrate mixed forms and
their nesting.

As we have already mentioned, a program is essentially a one-dimensional
sequence of words and symbols that represents a two-dimensional structure. In
order to understand the program, you must appreciate this two-dimensional
structure. Thus, the careful use of statement indentation in the program is an
important way of helping the reader see the two-dimensional nature of the
program. Strictly speaking, indentation is not necessary, but it is very
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convenient and certainly helps in explaining, understanding and extending
programs.

The precise details of the style of indentation are not as important as the fact
that the indentation exists and follows rules that are consistently applied. In
this book, we use an indentation of 3 or 4 spaces per nesting level; in other books
it may vary from 2 spaces to 6 spaces. You will eventually decide on the rules
that you will adopt for yourself, but in the meantime you could imitate the
style shown here. You shouldn’t be in a rush to develop your own style yet; it
will come naturally in time.

Figure 6.1 Pseudocode and Pascal program for Signed Product
algorithm

Input X
Input Y PROGRAM Si gnedPr oduct ;
Set Count to X { Shows Loops nested in a Choice }
Set Prodto O
If Count > 0 VAR Count, Product, X, Y: |NTEGER;
While Count > O
Set Prod to BEG N
Prod + Y Wite(' Enter two values: ');
Set Count to Read( X, Y);
Count - 1 Count =X
Else Product := O;
While Count < O
Set Prod to I F Count > 0 THEN
Prod — Y VWH LE Count > 0 DO BEG N
Set Count to Product := Product + YV;
Count + 1 Count := Count - 1;
Output Prod END { WHI LE }
ELSE
VWH LE Count < 0 DO BEG N
Product := Product - YV;
Count = Count + 1;

END { WHI LE };

Wite(' The product is ',
Product: 7);
END. { Signed Product }

The program Signed Product from the Principles book Chapter 5 (Fig. 5.48) is
shown in Figure 6.1, both as pseudocode and as a Pascal program. In this
program there are two While loops nested within a Selection form. Notice the
three levels of indentation corresponding to the three levels of detail: the
program level, the branches of the | F statement, and the bodies of the loops.
Also notice that the identifier names in the program have been chosen to be
meaningful.
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As you can see in Figure 6.1, spacing between lines is also very useful to separate
the various parts of a program. Here, the initial part of the program body is
separated from the nested Selection, which is separated from the output part.
Some may also wish to insert space between the WHI LE forms within the | F
form. But spacing, like indentation, can easily be overdone. Experiment.

The alignment of symbols, such as the colon-equals symbols within sequences of
assignments, is sometimes viewed as helping readability; however, if followed
slavishly, it can also mask a program’s structure. The most beneficial aspect of
the writing style in programs is consistency. For instance, if the indentation
step varied from 1 to 6 spaces in our program in Figure 6.1, it would be a
hindrance to the reader. Having a fixed indentation step lets the reader see
the various "blocks" of our program at first glance. Remember, the goal in using
a writing style is the understandability of programs, not the mindless
adherence to rules.

6.3 More Data

External

One of the abilities that makes computers such a powerful tool is their ability
to process large amounts of data, one item at a time. For example, the daily
guantity of rainfall over many months may need to be analyzed to compute
various averages, accumulations, extremes, trends, and other statistics. Other
such large quantities of data could include prices, sales figures, efficiencies and
grades. One common method of processing such external data is considered in
Chapter 6 of the Principles book. With this method, the end of the data is
marked by a special value, the terminator or end of file marker, that is
different from all possible data values. This value is usually specified by
including it as the first value in the external data.

Figure 6.2 shows the pseudocode for the BigMax algorithm from the Principles
book Chapter 6 (Fig. 6.6), and the corresponding Pascal program. In this
program, the terminating value for the data is entered first. This value (for
example, - 999) differs from the other typical values by being negative, large
and unusual. Thus, it is not only unique, it is easily remembered by the user.
Following this value, other values are entered and processed, that is, they are
compared to the current value of Max, which is updated if necessary, until the
terminating value is reached; this marks the end of the data. Finally the
maximum value is output. A sample output produced by the execution of this
program is shown in Figure 6.3.

Possible modifications to this program include the computation of other
statistics, means, minimum value, second-largest value, etc. For some types of
data it may be necessary to use REAL values instead of | NTEGERs. Reading the
input from a file would also be natural for this type of problem.
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Figure 6.2 Pseudocode and Pascal program for BigMax
Input Terminator PROGRAM Bi gMax;
Input Val (* Shows a Choice nested in a Loop*)
Set Max to Val (* The data is sandw ched between *)
Input Val (: occurrences of a unique marker :)
whie val * Terminator (Y1 VS. ThE program assures )
If Max < Val pu )
Set Max to Val VAR Ternmi nator, Value, Max :
Input Val | NTEGER;
Output Max BEG N
Wite('Enter terninal value: ');
Read( Ter nmi nat or) ;
Wite('Enter first value: ');
Read( Val ue) ;
Max : = Val ue;
Wite(' Next value: ");
Read (Val ue);
VWH LE Val ue <> Term nator DO
BEG N
| F Max < Val ue THEN
Max : = Val ue;
Wite(' Next value: ");
Read( Val ue) ;
END { WHI LE };
Wite(' The maxi mumvalue is ',
Max: 7);
END { Bi gMax }.
Figure 6.3 Execution of the BigMax program
Enter term nal value: -999
Enter first val ue:
Next val ue: 56
Next val ue: 67
Next val ue: 76
Next val ue: 65
Next val ue: 54
Next val ue: 43
Next val ue: 35
Next val ue: -12
Next val ue: 89
Next val ue: 98
Next val ue: 22
Next val ue: 12
Next val ue: -999




Section 6.3 More Data 173

The maxi num val ue is 98

CASE Form

Pascal’s CASE statement is a convenient way of expressing a selection from a
number of choices, that would otherwise be expressed as a series of deeply
nested | F- THEN- ELSE- | F.. constructs. This alternative form can be used where
each of the conditions involves the comparison of a specific value with several
different constant values. This is illustrated in Figure 6.4 where the
pseudocode and corresponding Pascal program are shown for the Price

algorithm from the Principles book Chapter 6 (Fig. 6.8). This program selects a
price depending on the quantity of items sold.

Figure 6.4 Pseudocode and Pascal program for Price algorithm

Input Quantity PROGRAM Pri ce;
Select Quantity (* Select price depending *)
1: (* on quantity sold *)
2 3P.r|ce 99 VAR Quantity, Price: |NTECER
Pricje < 98 BEG N
4’5’(.5' Wite(' Specify quantity: ');
Price < 95 Read(Quantity);
7,8, 9:
Price < 90 CASE Quantity OF
Otherwise: 1:
Price < 85 Price := 99;
2, 3
Output Price Price := 98;
4, 5, 6:
Price := 95;
7, 8, 9:
Price := 90;
OTHERW SE
Price := 85;
END;

WiteLn('Price is ', Price: 3);

END. { Price }

Figure 6.5 shows the syntax diagram for the Pascal CASE statement. A
Caselabel Li st consists of any number of constants separated by commas. For
example, one list representing the non working days of some month might be:

1, 2, 8 9, 15, 16, 21..24, 29, 30
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In this example, the sequence 21. . 24 is a Pascal notation called a “subrange”
and denotes the values 21, 22, 23, 24. The OTHERW SE part is optional; the word
ELSE may be used instead of OTHERW SE.

Figure 6.5 Syntax diagram for Pascal CASE statement

CaseStatement
_.(CASE)—" EXpression |_.( OF) ( M cace | | ]

1 Case I
ELSE
OTHERWISE
Case

O

The number of days in a month depends on the month and could be written as a
CASE statement as follows:

(* Days in a nonth of a |l eap year *)
CASE nmonth OF

1:

Days := 31,
2:

Days := 29;
3:

Days := 31,
4.

Days := 30;
5:

Days := 31,
6:

Days := 30;
7.

Days := 31,
8:

Days := 31,
9:

Days := 30;
10:

Days := 31,
11:

Days := 30;
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12:
Days := 31;
OTHERW SE
Wite('error');
END;
Alternatively, the above example could be shortened by combining the days
into longer label lists as:

(* Days in a Month of a Leap year *)
CASE Month OF

9, 4, 6, 11 :
Days : = 30;
1, 3, 5, 7, 8, 10, 12:
Days := 31;
2:
Days := 29;
OTHERW SE

Wite('error');
END;

Notice that not all the deeply nested Selection forms that are expressed in
pseudocode with a Select form can be written with the Pascal CASE statement.
The reason is simple: the CASE statement requires that the conditions always
involve constants that are not REAL numbers.

6.4 More Repetition Forms

The REPEAT- UNTI L form was first introduced in Chapter 5 of the Principles
book. It is a Repetition form where the associated condition is evaluated after
the body of the loop has been executed, rather than before as in the WHI LE loop.
Consequently, the body of the loop is executed at least once. The syntax of the
Pascal REPEAT- UNTI L statement is defined in the syntax diagram in Figure 6.6.

Figure 6.6 Syntax diagram for Pascal REPEAT statement

RepeatStatement
—( REPEAT Statement (UNTIL)——| Expressionl——

When written, the REPEAT and UNTI L reserved words sandwich the indented
statements forming the body of the loop, as in the following:

REPEAT
St at enent s
UNTI L condition

Figure 6.7 shows two almost equivalent Pascal versions of algorithm
OddSquare discussed in Chapter 6 of the Principles book. Both calculate the
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square of an | NTEGER, Num by summing the first Numodd integers. In the
version on the left of the figure, GddSquar eWi | e, a WHI LE statement is used,
and in the version on the right of the figure, ddSquar eUnt i | , a REPEAT-
UNTI L statement is used. Notice that the loop conditions in the two versions
are the negations of each other—if you think about the meanings or “while”
and “until”, you will see why this is so. Notice also that, in GddSquar eWi | e,
a BEG N- END must be used to delimitate the body of the loop, whereas in
QddSquar eUnt i | the REPEAT- UNTI L pair encloses the body of the loop.
These two versions are only almost equivalent because of another important
difference between the semantics of the two statements. In the REPEAT- UNTI L
| oop, the body is always executed at least once, whereas, in the WHI LE | oop,
if the loop condition is initially false, the body is not executed at all.
Consequently, if the value entered is zero, OddSquar eUnt i | gives the wrong
result 1, whereas QddSquar eWhi | e gives the correct result of zero.

Figure 6.7

Two versions of the program OddSquare

PROGRAM OddSquar eWhi | e;
(* Calculate the square of *)
(* N by sunming the first *)

(* N odd nunbers *)
VAR Square, OddNum Num

| NTEGER,
BEG N

Wite(' Specify nunber to
be squared ');

Read( Num ;
Square : = 0;
OddNum : = 1;

WH LE QddNum <= ABS( Num +
Num) DO BEG N

Square : = Square +
OddNum
QddNum : = OddNum + 2;
END;

WitelLn(' Square is ',
Squar e:
END. { OddSquareWhile }

4);

PROGRAM OddSquar eUnti | ;
(* Calculate the square of*)
(* N by sunming the first *)

(* N odd nunbers *)
VAR Square, OddNum Num

| NTEGER,
BEG N

Wite(' Specify nunber to
be squared ');

Read( Num ;
Square : = 0;
QddNum : = 1;
REPEAT
Square : = Square +
QddNum
OddNum : = OGddNum + 2;
UNTI L OddNum > ABS( Num +
Numj ;

WitelLn(' Square is ',
Squar e:
END. { OddSquareUntil }

4);

Here is an example of the execution of both programs.

Speci fy nunber to be squared: 15

Square is 225

The program Mean, shown in Figure 6.8, is another example of the use of the
REPEAT-UNTI L statement. This program calculates the mean of a sequence of
input values terminated by the value -999. Notice that it requires that at least
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one value other than -999 be input. If the first value is the end of data marker,
—999, then, as a consequence of the way the REPEAT- UNTI L | oop operates, the
program assumes that the —999 is a genuine data value and waits for another
—999 to terminate the program. Study the program carefully so that you
understand why this is so.

Figure 6.8 A Mean program

PROGRAM Mean;
(* Calculate nean of list of values *)
(* terminated by EndOf Data val ue *)

CONST EndOF Data = -999;

VAR Sum Num Val ue: | NTEGER;
Mean: REAL;

BEG N
Sum : = 0;
Num : = O;
Wite('Enter list of values term nated by ',
EndOf Data, ' : ');

Read( Val ue );
REPEAT
Sum : = Sum + Val ue;
Num : Num + 1;
Read( Val ue );
UNTI L Val ue = EndOf Dat a;
Mean := Sum/ Num

WiteLn(' Mean of ', Num ' values is ', Mean:6:2);
END. { Mean }

6.5 The For Loop

In Chapter 6 of the Principles book, we introduced the For loop for use in our
pseudocode to provide a Repetition Form that made it convenient to specify the
number of iterations to be performed. The Pascal equivalent of this loop is the
FOR statement, whose syntax is defined in the syntax diagram of Figure 6.9
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Figure 6.9 Syntax diagram for Pascal FOR statement

ForStatement J_
—( FOR Ident Expression TO Expression
(CEOR )= [ident J-+(:=)—=[ Expression | (o) :ﬁ

o

This syntax diagram shows that the statement has two forms:

FOR var := expri TO expro DO
st at enment

and

FOR var : = expri DOMWNTO expro DO
st at enent

In both forms, var is the counter variable for the loop, called the loop control
variable, and st at enent is the body of the loop. In execution of the first of
these forms, var is initialized to the value of expr 1, and the body of the loop
is executed repeatedly with the value of var being increased by 1 between each
iteration until its value is greater than the value of expr 2. The execution of
the second form is similar, the difference being that the value of var is
decreased by 1 between each iteration, and looping continues until the value of
var is less than the value of expr 2. The body of the loop is not executed at all
if, in the case of the TQ, the value of expr 1 exceeds the value of expr 2 or, in
the case of the DOANTO, the value of expr 1 is less than the value of expr 2

The following are three sample fragments of Pascal code illustrating the use of
the FOR statement:

1. Fact :=1;
FOR Count := 1 TO Num DO
Fact := Fact * Count;

Here, the factorial of Num is calculated with the Count increasing by 1
at each iteration.

2. Fact :=1;
FOR Count := Num DOMNTO 1 DO
Fact := Fact * Count;

This code is essentially the same as in example 1 above, except that
Count is decreased by 1 at each iteration.

3. Square :=0;
OddNum : = 1;
FOR Count := 1 TO Num DO BEG N
Square := Square + OddNum

OddNum : = OddNum + 2;
END;
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This is yet another example of finding the square of Num by summing
the first Num odd integers.

There are a number of restrictions on the use of the FOR statement, and it is
necessary to know what they are.

1.  The expressions describing the initial and final values of the loop
control variable are evaluated only once, on entry to the loop before the
body of the loop is executed for the first time.

2. The statements in the loop body must not change the value of the loop
control variable.

3. The loop control variable is usually, but not always, of type | NTEGER,
but cannot be of type REAL.

4.  The step, the amount by which the value of the loop control variable is
increased or decreased at each iteration, is fixed at 1, and cannot be
changed.

5. The loop control variable may not retain its value after the loop is
done.

In addition, there are some other restrictions on the loop control variable of the
FOR statement. At this time, you might not understand them, but you may come
back to this page later, so you should be aware of these additional restrictions.
The loop control variable cannot be:

= a formal parameter of a procedure
= imported from another unit

= a component of an array, of a record, or a variable designated by a
pointer

In short, there are many things it cannot be!

If you find that these restrictions are too severe for your needs, then you can use
a WHI LE statement instead. The WHI LE statement is always more general, but
the FOR statement is often more convenient.

Figure 6.10 shows side-by-side a FOR statement and its equivalent WHI LE
statement.

Figure 6.10 Equivalent FOR and WHILE statements

C:.=M
FOR C:= MTO N DO BEG N WHI LE C <= N DO BEG N
st at enent s st at enent s
END; CcC:=C+ 1,
END;

The FOR statement is shorter, but the equivalent WHI LE statement is more
general, since it may also be used for loop control variables of the REAL type.
Actually, if there were only one statement in the loop body, then the FOR
statement would not need the BEG N- END pair, and so would be much shorter
than the equivalent WHI LE statement.
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Figure 6.11 shows a Pascal program that is a refinement of the graph plotting
algorithm discussed in Chapter 6 of the Principles book. It has been refined to
plot two functions on the same graph, both sideways with the X axis vertical
and the Y axis horizontal. This program can serve as a summary of the previous
discussion of nesting and of the different forms of loops.

Figure 6.11 The Pascal program Si dePl ot XY

PROGRAM Si dePI ot XY;
(* Plot of two functions vs. X *)
(* Both sideways, Y horizontal *)

CONST MaxY = 40;

VAR X, Y1, Y2, First, Last, Incr, Factor: REAL;
QL, @@, Step: |INTEGER

BEG N
{ Input plot paraneters }
Wite('Enter first value: ');
Read(First);
Wite('Enter |ast value: ");
Read( Last);
Wite('Enter scale factor: ');
Read( Factor);
Wite('Enter an increnent: ');
Read( I ncr);
WitelLn;

{ Draw horizontal Y axis }
FOR Step := 0 TO MaxY DO
IF (Step MOD 5 = 0) THEN

Wite('+")
ELSE
Wite('-");
Wite(" Y ');
WitelLn;

{ Do the Plot on its side }
X .= First;
VWHI LE X <= Last DO BEG N

Y1 := SIN(3.14159 * X/ 180.0);
Y1l : = Factor * Y1,

QL = ROUND(Y1);

Y2 := 0.005 * X;

Y2 .= Factor * Y2;

@ = ROUND(Y2);

FOR Step := 0 TO MaxY DO
IF Step = 0 THEN
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Wite( '"|")
ELSE
IF Step = QL THEN
Wite( '*")
ELSE
IF Step = @ THEN
Wite( '+")
ELSE
Wite( ' ');
WitelLn;
X := X+ Incr;
END { WHI LE };
Wite('X);
END { Si dePl ot XY }.

The output from a typical run of the Pascal program Si dePl ot XY of Figure
6.11, is shown in Figure 6.12.

Figure 6.12 Output from typical execution of Pascal program

Si dePl ot XY
Enter first value 0.0
Enter | ast value 180.0
Enter scale factor 40.0
Enter an increnent 5.0
B e e LTI Iy R 4
|
+*

+ *

+ *

+ *
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6.6 Character Type

in Pascal

A character is a single keyboard symbol. It is not a sequence of symbols like a
string, but an individual “lonely” symbol. Characters can be placed in various
categories:

the ten decimal digits: 0,1, 2, 3,..., 9
the 26 lower-case letters: a, b, c,..., z
the 26 upper-case letters: A/ B, C,..., Z

punctuation and miscellaneous characters, suchas!, @#,[,].,:,",> =,
etc.

There also exist non printing characters that do not correspond to a keyboard
symbol. These characters are also called control characters and are useful for
text formatting, telecommunications, or user interface. They include for instance
Ring Bell,Carriage Return, Form Feed, Line Feed, Escape.

Variables whose values are characters, are of type CHAR. They can be
declared, assigned, compared, input and output much like | NTEGER or REAL
variables, but there are important differences.

A Character value must be distinguished from the name of a variable, so single
guotes surround characters within programs (but not characters input at the
keyboard).

The following declarations show the distinction between character constants
and variables.

CONST
PERIOD = "'.";
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FAIL = "'f";

NO ='N;

BLANK ="' ";

MALE ="'M;

F ='F;
VAR

C, Ch, Grade, Reply, Sex,
Initial, Return, Nuneral: CHAR

Assignment of a character value to any variable of type CHAR is easily done:

Reply :="y";
Sex ='F;
Grade := FAIL;

Character values can be compared for equality. When they are compared using
the greater-than or less-than relation, the ordering is given by the standard
sequence of their character code (called ASCII, as seen in the next section). The
26 letters can be compared by their alphabetic order, with' A' <' B' <' C etc.
Some examples involving comparisons are:

IF Gade <= 'C THEN
Wite(' Good ');
WHLE ('"C < Gade ) AND (Grade <= 'F'" ) DO
(* Sonething!! *)
IF (Sex ='"M) OR (Sex = 'm) THEN
Wite("'Male ");
Numeric character values are also in the usual order: ' 0' < '1' < '2', etc.
These character numerals should not be confused with | NTEGER values. CHAR
and | NTEGER are two entirely different types. The ordering of characters other
than the alphabetic and numeric follows the standard character codes, which
will be considered in the next section. Because of this, the numeric characters
are all considered less than the alphabetic letters, and the upper-case letters
are considered less than the lower case letters!

There are only a few operations that involve character values. Arithmetic
operations on characters are meaningless. However, the function call

Succ( Ch) returns the CHAR value that succeeds the current value of the CHAR
variable Ch in the standard sequence. Similarly, the call Pr ed( Ch) returns
the preceding character value.

If the value of CHAR variable L is a lower case letter, the value returned by
UpCase( L) isthe corresponding upper case character—the value of other
characters is unchanged. It can be used to simplify statements such as:

IF (Reply ="'Y'") OR (Reply ='y') THEN
Wite('VYes ');
which becomes:

| F (UpCase(Reply) = 'Y ) THEN
Wite('Yes ");
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The input and output of characters is done as usual with the Read andW it e
statements. When Read( C) is executed, whatever character is entered
(without quotes) gets stored into CHAR variable C. The following is a code
fragment that increments a counter on receiving the required $ character:

Read( Repl y) ;
IF Reply = '$" THEN
Count := Count + 1;

However, since characters are read one by one, all the characters in the input
stream are considered. When we read integers, we did not have to worry about
extra blanks or end of line characters, as the system would skip them. When we
read characters we have to be aware of all characters, as the system does not
skip any! For instance, the following segment of program is intended to input
the sex, denoted by ' M or' F' “safely”. It requests the input of one character
(either Mor mfor male, or Forf for female), and reads in one character. While
the input character is not one of these four acceptable values it keeps looping.

(* Input Sex *)
Wite('Enter Sex: Mor F ');

Read( Sex) ;
VWH LE (UpCase(Sex) <> 'M) AND (UpCase(Sex) <> 'F') DO
BEG N
Wite('Enter Mor F only ');
Read( Sex) ;
END;

Unfortunately, this piece of program does not quite work in the case where the
user does not enter an acceptable response. The output obtained if, for example,
the user entered the improper response X is:

Enter Sex: Mor F X
Enter Mor F only Enter Mor F only

which seems somewhat mystifying. The problem is that the computer requires
a Return after an input. This pressing of the Return key generates a second input
character, a Carri age Return. The sequence of events is thus:

1. Theinitial “Enter Sex: Mor F “ isdisplayed.
2. The user enters two characters, an x and aCarri age Ret urn.

3. The program reads the x, rejects it as improper and displays the first
“Enter M or F “.

4.  The program reads the Carriage Return, rejects it as improper and
displays the second “Enter M or F “.

This problem is easily solved by inserting another Read after each Read(Sex),
to “eat-up” this Return character. Nothing is done with this Return character
which was read in; it simply prevents this wrong character from being read in
by the next Read statement. A comment in the program should document this
situation as shown in the modified version:

(* Input Sex *)
Wite('Enter Sex: Mor F ');
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Read( Sex) ;
Read(Return); { to "eat" Carriage Return character }
WHI LE (UpCase(Sex) <> 'M) AND (UpCase(Sex) <> 'F') DO

BEG N

Wite('Enter Mor F only ");

Read( Sex) ;

Read(Return); { "eat" Carriage Return }
END;

This kind of problem is easy to see when the program is tested after it is
written. The modifications are minor and easy to make.

When dealing with character variables, each Read takes a single character
from the input line of characters. Thus, successive characters can be read by a
sequence of Read statements. For example, the following piece of program reads
all the characters of a sentence and counts the blanks in it. The number of
blanks could correspond to the number of words if multiple blanks between
words are not used.

(* Counts Wbrds (blanks) in a Sentence *)
WitelLn(' Enter sentence to be anal yzed');
Bl ankCount := O;
Read( Ch) ;
VWH LE CH <> Peri od DO BEG N

| F CH = Bl ank THEN

Bl ankCount := Bl ankCount + 1;
Read( Ch) ;
END (* WHI LE *);
Wite('Blank count ="', BlankCount: 2);

Note that identifiers Blank and Period refer to character constants previously
declared.

Representation of Characters

In the computer, each character is represented by a numerical code in the range
0-255, which, in binary, uses eight bits. The most common character code is
known as ASCII (American Standard Code for Information Interchange). Figure
6.13 shows the portion of the ASCII table for the decimal values ranging from
32 to 126. The code values below 32 correspond to control characters that do not
print. The values above 126 correspond to special characters.

Figure 6.13 Portion of ASCII codes table for values 32-127

Dec Char Dec Char Dec Char Dec Char Dec Char

Value Value Value Value Value
32 SP 48 0 64 @ 80 P 96
112 p 33 ! 49 1 65 A 81 Q

97 a 113 q 34 " 50 2 66 B
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82 R 98 b 114 7 35 # 51

67 c 83 S 99 c 115 s 36 $
52 4 68 D 84 T 100 d 116t
37 % 53 5 69 E 85 U 101 e
117 u 38 & 54 6 70 F 86 Vv
102 f 118 v 39 ' 55 7 71 G
87 W 103 g 119w 40 ( 56 8
72 H 88 X 104 h 120 x 41 )
57 9 73 | 89 Y 105 i 121y
42 * 58 : 74 J 90 z 106 |
122z 43 + 59 ; 75 K o1 [
107k 123 { 44 ’ 60 < 76 L
92 \ 108 | 124 | 45 - 61 =
77 M 93 ] 109 m 125  } 46

62 > 78 N 94 A 110 n 126 -~
47 / 63 2 79 o) 95 B 111 o
127  DEL

We see in Figure 6.13 that the ten digits 0 to 9 have ASCII decimal values
ranging from 48 to 57. Notice also that the capital letters begin at an ASCII
decimal value of 65, and the lower-case letters begin at 97. Thus, there is a
difference of 32 between any upper-case letter and its lower case equivalent.
The space character, denoted by SP in the figure, has an ASCII value of 32. The
character with value 127, DEL, is the keyboard delete character. The table
does not show the first 32 ASCII characters because they do not print.

However, you might want to use some of them in a program, for instance Bell,
Backspace, Horizontal Tab, Line Feed, Vertival Tab, Form Feed, Carriage,
Return. Itis possible to do that by using their ASCII code preceded by * #' , as in
the following example.

CONST BELL = #7;
CR = #13;

The function ORD( C) is a function that gives the ordinal number of the
character Cin the standard ASCII sequence. For example, ORD("' A" ) is 65,
ORD(' B') is66and ORD(' Z' ) is 90. The values of the ORD function for the
lower case letters range consecutively from 97 through 122.

It is important to realize that a character numeral such as ' 2' is not equal to
the | NTEGER value of 2. The two items are of very different types and should
not even be compared. However, there are a number of ways to convert between
the two types.
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The conversion of a decimal digit, Nuner al , of CHAR type into its corresponding
| NTEGER type, Di gi t, is useful in a number of applications. It could be done as
shown in Figure 6.14.

Figure 6.14 Conversion of a character digit to an integer

(* Convert CHAR Nuneral to INTEGER Digit *)

IF Nuneral ='0'" THEN
Digit :=0

ELSE | F Nurmeral = '1" THEN
Digit :=1

ELSE | F Nurmeral = '2' THEN
Digit := 2

ELSE | F Nurmeral = '3" THEN
Digit :=3

ELSE | F Nurmeral = '4'" THEN
Digit :=4

ELSE | F Nurmeral = '5" THEN
Digit :=5

ELSE | F Nurmeral = '6" THEN
Digit :=6

ELSE | F Nurmeral = '7" THEN
Digit :=7

ELSE | F Nurmeral = '8" THEN
Digit := 8

ELSE | F Nurmeral = '9'" THEN
Digit :=9

ELSE

WiteLn('Error ');

Alternatively, this conversion can be done in a one line statement by using the
fact that the ORD of character O is 48, and the other digits follow. So the
character value ' 2' with an ORD value of 50, is simply 2 away from the value
of ORD("' 0' ), which is 48. Assuming that character variable Nuner al contains
a numeric character, we find the corresponding | NTEGER value by simply
subtracting 48 from ORD( Nurrer al ) :

Digit := ORD(Nuneral) - ORD('0');
Notice that, rather than subtracting explicit value 48 (which by itself has no
meaning), we subtracted ORD(' 0' ), which relates to character ‘0’. This is
self-documenting code.

For conversion from an | NTEGER code to the corresponding ASCII character,
standard function CHR is used. For example, CHR(65) is' A" and CHR(48) is
the character zero. Conversion of an | NTEGER digit to its corresponding CHAR
digit can be done by:

Nuneral := CHR(ORD('0Q0') + Digit);

To test whether a character actually corresponds to a decimal digit we only
need to use the simple condition:
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IF ("0 <= Ch) AND (Ch <= '9') THEN

Our next example program, Asci i Tabl e, shown in Figure 6.15 is a program
that generates the same ASCII table as in Figure 6.13, but arranged in three
columns. This program makes considerable use of the CHR function. Notice
that in the table the first character (with decimal value 32) corresponds to a
blank space, and the last character (with value 127) corresponds to Delete.

Figure 6.15 Pascal program to generate a partial ASCII table and

its output
PROGRAM Asci i Tabl e; ASC | Table
(* Print a table of ASO Il val ues *)
OONST Gap = ' '; Dec h Dec Ch Dec Ch
32 64 @ 96
VAR |, J: | NTECER 33 ! 65 A 97 a
BEG N 34 " 66 B 98 b
. # 7
{ Wite a Tabl e Header } 32 $ 28 g 133 3
Wite(' ASA | Table');
Witeln; 38 & 70 F 102 f
Wite(' Dec G Dec'); 39 71 G 103 g
Wite(" Ch Dec Ch'); 40 (72 H 104 h
Witeln; 41 ) 73 1 105 i
{ Fill intable of 3 colums } 42 = 74 J 106 ]
FOR I := 32 TO 63 DO BEG N 43 + 75 K 107 k
§1N;=I(;Ga 3 3 Gap, Gap) V. 76 L 108 |
ite p, J. 3, P, P); -
SR oo e
Wite(Gp, Gp); ) n
J:=1 + 32; a7 | 79 O 111 o
Wite(Ga\p, J: 3, Gap, Gap); 48 0 80 P 112 p
Wite(GRJ)); 49 1 81 Q 113 q
‘J’V'tel(Gapé4@p); 50 2 82 R 114 r
=1 + 64
Wite(Gp, J: 3, Gp, Gp); 51 3 83 S 115 s
Wite(OHR(J)); 52 4 84 T 116 t
Wi teLn; 53 5 85 U 117 wu
END { FCR }; 54 6 8 V 118 v
END { AsciiTable }. 55 7 87 W 119 w
56 8 88 X 120 x
57 9 89 Y 121 y
58 90 Z 122 z
59 ; 91 [ 123 {
60 < 92 \ 124 |
61 = 93 ] 125 }
62 > 94 ~ 126 ~
63 ? 95 127 O




Section 6.6  Character Type 189

The Four Function Calculator example described in Chapter 6 of the Principles
book (Fig. 6.25) used character variables. The corresponding Pascal program,
Cal cul at e, is shown in Figure 6.16.

Figure 6.16 The Pascal program for a Four Function Calculator
with REAL val ues

PROGRAM Cal cul at e;
(* Four Function Cal cul ator of Real Values *)

VAR Val ue, Result: REAL;
Ch, Action, Return: CHAR

BEG N
Wite(' Cal culate Real Nunbers ');
WitelLn;
Wite('End with '"Q" for quit ');
WitelLn;
Wite(' Enter a value: ');
WitelLn;
Read( Resul t);
Read(Return); { to "eat" Carriage Return }
Wite(' Enter an action: ');
WitelLn;
Read( Acti on);
Read(Return); { to "eat" Carriage Return }

Action := UpCase(Action);
WH LE (Action <> 'Q) DO BEG N
Wite(' Enter a value ');
WitelLn;
Read (Val ue);
Read(Return); { to "eat" CarriageReturn }
|F (Action = '+ ) OR (Action = 'A) THEN

Result := Result + Val ue

ELSE I F (Action = '-'") OR (Action ='S') THEN
Result := Result - Val ue

ELSE I F (Action = "'"*") OR (Action = "'M) THEN
Result := Result * Val ue

ELSE I F (Action ="'/") OR (Action = 'D ) THEN
Result := Result / Val ue

ELSE
Wite('Error ")

{ END IF };

Wite(' The Result is ');
Wite(Result: 10:3); Witeln;
Wite(' Enter an action ');
WitelLn;

Read( Action);
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Read(Return); { to "eat" Carriage Return }
Action := UpCase(Action);

END { WHI LE };

WitelLn(' End of Calculation ');

END { Calculate }.

The following is an example output from a typical run of program Cal cul at e of
Figure 6.12.

Cal cul ate Real Nunbers
End with 'Q for quit
Enter a val ue
9.0
Enter an action
/
Enter a val ue
5.0
The Result is 1. 800
Enter an action
*
Enter a val ue
100
The Result is 180.000
Enter an action
+
Enter a val ue
32
The Result is 212.000
Enter an action

q
End of Cal cul ation

6.7 Boolean Type in Pascal

As we saw in the Principles book, the Logical type is useful in a number of
applications. In Pascal, that Logical type is actually called BOOLEAN type.
Data items or variables of type BOOLEAN can only have one of two values: TRUE
or FALSE. The following fragment of Pascal code illustrates declarations
involving the BOOLEAN type.

CONST T = TRUE;
F = FALSE,
YES = TRUE;
NO = FALSE;

VAR  Mal e, Done, Over18, Increasing, Wn: BOOLEAN,
Tall, Aged, Female, Triangle, Error: BOCLEAN,
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Based on these declarations, the following code fragment shows examples of
assignments involving BOOLEAN variables and values.

Mal e = TRUE;

Done = F

Over 18 = (Age > 18);

Aged = Over 18;

Tal | = (Height > 72);
Triangle := (Snmall + Md > Large);

Notice that in three of the samples above, the value being assigned to a
BOOLEAN variable is the result of an arithmetic comparison. Operators on
BOOLEAN variables are the three logical operators AND, OR and NOT, as
illustrated below:

Equilateral := (A =B) AND (A =C);
Wn =(S=7) OR (S =11);
Fenal e = NOT Ml e;

The direct input and output of Boolean values is not possible in Pascal. Input
can be done indirectly by entering the characters 'T* and 'F' as follows:

(* ReadBool *)

Wite('Enter truth value. ');

Wite("Gve T or Fonly ");

Read( Repl y);

Read( Ret urn);

Wite(Reply);

Reply := UpCase(Reply);

VWH LE (Reply <> 'T") AND (Reply <> 'F') DO BEG N
WiteLn('T or Fonly ");
Read(Reply); Wite(Reply);

END;

IF Reply = 'T" THEN
Truth := TRUE

ELSE
Truth := FALSE;

This ReadBool algorithm can easily be put in the form of a useful Pascal
procedure. Similarly, the output of the BOOLEAN value of variable Val can
also be done indirectly by the following statements.

(* WiteBool *)

| F Val THEN
Wite(' TRUE ')
ELSE

Wite(' FALSE ');
These statements will be used to define a Pascal procedure Wi t eBool (Val ).
Boolean expressions, consisting of complex combinations of variables and
operations, are commonly used in both WHI LE and | F statements. For clarity,

parentheses should be used, especially when BOOLEAN and arithmetic
expressions are mixed. For example:
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((Inning <= 9) OR (Scorel = Score2)) AND NOT Rain

Truth tables for any given Boolean expressions can be created by nesting loops as
in the program Tr ut hTabl e, shown in Figure 6.17, which proves DeMorgan's
Theorem:

(NOT P) AND (NOT Q = NOT(P OR Q

Notice in that Tr ut hTabl e program the BOOLEAN Loop control variables,
Fi r st and Second. The nested loops provide all four possible combinations of
these two BOOLEAN values. An expression having three such variables would
require a further nest and would produce eight combinations. Four variables

would produce sixteen rows, and in general n variables produce 2" rows.

Figure 6.17 The Pascal program Tr ut hTabl e

PROGRAM Tr ut hTabl e;
(* Shows Bool ean data and operations *)

VAR First, Second, Left, Right: BOOLEAN,

PROCEDURE Wit eBool (Val : BOCLEAN);

BEG N
| F Val THEN
Wite(' TRE ')
ELSE

Wite(' FALSE ');
END, { WiteBool }

BEG N
{ Wite Header }
WiteLn(' Proof of DeMorgan theorem');
WitelLn;
WiteLn(' First Second Left Right ');
WiteLn('----- ------ ----- ----- ");

{ Loop through all truth val ue comnbinations }
FOR First := FALSE TO TRUE DO
FOR Second : = FALSE TO TRUE DO BEQ N
{ Wite out Input values of First, Second }
W iteBool (First);
W it eBool ( Second) ;

{ Separate Input values fromthe output }
Wite('| ");

{ DeMorgan’s Result }
Left (NOT First) AND (NOT Second);
Ri ght NOT(Fi rst OR Second);
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{ Wite out the new val ues of Left, Right }
Wit eBool (Left);
Wit eBool (Ri ght);
WiteLn;
END { I nner FOR };
END { TruthTable }.

Notice the use of procedure Wi t eBool whose statements were defined earlier.
These statements were used to declare a procedure by enclosing them in a

BEGQ N- END pair, and preceding this with a procedure header. The following is
the output obtained after executing the Tr ut hTabl e program.

Proof of DeMorgan theorem

First Second Left Right

FALSE FALSE | TRUE TRUE
FALSE TRUE | FALSE FALSE
TRUE FALSE | FALSE FALSE
TRUE TRUE | FALSE FALSE

6.8 More Types

Big Types in Pascal

So far, the only numeric types that we have discussed have been | NTEGER, and
REAL. These types describe numbers of a very common range. For example,
values of type | NTEGER include all whole numbers between -32,768 and 32,767
(represented in 16 bits). Variables of this | NTEGER type are however
insufficient for many purposes, such as counting the population in even a small
town!

In order to be able to represent larger integer values in Pascal, another type,
LONG NT, is available. This type uses 32 bits and covers the range going from
-2,147,483,648 to 2,147,483,647. The usual Integer operations (Read, Wi te, +,
-, *,DIV, MDD, etc.) apply to these long integers as well. Similarly, for
numbers beyond the range of REAL numbers, -3.38 1038 t0 3.38 1038, there is a

DOUBLE data type that covers the range —1.79" 10308 to0 1.79" 10308,

Even Bigger Types

If the extended type LONG NT is still insufficient for our needs, then it is
possible to create even larger types. As an example, we will create a new type
called ELI NTEGER (Extra Long Integer), which will express integers of one
hundred or even more digits. Later, we will create an entire Library, called
ELi nt eger Li b, with various arithmetic operations on these very long
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integers. The operations will not be in their usual form (+, -, *, /), but rather in
the form of procedures such as:
ELi nteger Add(1, J, K);

which adds the ELI NTEGER| toELI NTEGER J, and produces another
ELI NTEGERK. The symbols for comparison (<, =, <=, etc.) of ELI NTEGERs
would also be in the form of procedures such as:

Equal s(I, J), or IsLessThan(K, 2)

Smaller Types

Often, some variables need only take only a few values. For example, there are
only two sexes (male, female), four directions (North, East, South and West),
seven days of the week (Sunday, Monday, etc.) and twelve months of the year
(January, February, etc.) In the older programming languages, these were often
coded as small | NTEGER values. For example, Sunday was assigned a value of
0, Monday was 1, Tuesday was 2, etc. and Sat ur day was assigned a 6. This led
to more readable statements. For example, instead of writing

|IF Date = 5 THEN ...,
it is clearer to write

|F Date = Friday THEN ...".

Pascal programs could still use such a mechanism, but it has problems. For
example, we could define the following constants:

CONST

Male = 0; Female = 1;
North = 0; East = 1;
South = 2; West = 3;
Sun = 0; Mon = 1;
Tue = 2; Wd = 3;
Thur = 4; Fri = b5;
Sat = 6;

All of these are of the same numeric type, and so if an error is made by
comparing two different types, for example:
|F Date = Male...

it cannot be detected by the system. This particular error of comparing Dat e
with Mal e is also very difficult for humans to detect. The English language
and its two meanings for “Date” could cause considerable confusion. Pascal,
with its emphasis on type-checking, has an alternative mechanism that
allows a programmer to create different types for each different kind of data
being worked with. The next section shows how to create types for working
with the above kinds of data, including SexType, Di r ecti onType, and
WeekDayType.
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6.9 Programmer Defined Types

Enumerated Types

It is often convenient for a programmer to define a new data type. It allows the
“real-world” to be reflected in its model represented by a program, through
data types that match more closely the real world data than the | NTEGER,
REAL, CHAR data types that are part of Pascal. Oftentimes, the programmer
defined data types have only a few values and can thus be defined by listing, or
enumerating their possible values. An enumerated type is defined by giving
names, using distinct identifiers, to each possible value of the data type. The
syntax of such a definition is shown in the syntax diagram shown in Figure 6.18.

Figure 6.18 Syntax diagram for declaration of an Enumerated
Type

EnumeratedType

(TYPE ) | [ident J=CG)—~CO) J—@ [®~®T

We could, for example, define the seven weekdays by the following type:
TYPE WeekDay = (Sun, Mon, Tue, Wed, Thu, Fri, Sat);

The values of this WeekDay type (Sun, Mon, etc.) need not all consist of three
characters. Here, we have used a uniform size for consistency only, and in fact
we could have used the complete names.

We give below some examples of declarations of some other common enumerated
types. Notice that the word TYPE must precede the declarations. For
documentation purposes, the name of the type often includes the word Type.
Sometimes the name of the type is written entirely in capitals.

TYPE
SexType = (MALE, FEMALE);
GradeType =(F, D C B, A;
DirectionType = (North, East, South, West);
Devi ceKi nd = (keyboard, printer, console);
SEASON = (Spring, Sunmer, Fall, Wnter);
St at eType = (increasing, decreasing, still);
Pr of Type = (Lecturer, Assistant,
Associate, Full);
Coi nType = (penny, nickel, dine,

quarter, halfDollar);

(Freshman, Sophonore, Junior,
Seni or, Graduate);

(January, February, March, April,

St udent Type

Mont hType
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May, June, July, August,
Sept enber,
Cct ober, Novenber, Decenber);

Values of the type are defined by unique identifiers. The order in which the
identifiers are given is by definition an increasing order. This ordering makes it
possible to compare the values of an enumerated type. For example, with the
above declarations, January is less than Febr uar y, and a grade of F is less
than a grade of D. Order may not always be important, for example, although
MALE was listed before FEMALE and therefore would compare as less than, this
is really an accidental effect of having to list something first. Also the same
identifier cannot appear in two types. For example, if Sun is a value of type
WeekDay, then it cannot also be enumerated in some other type, for example, in
a Sol ar Syst enmlype.

Once the enumerated types have been defined, they can be used to declare
variables, in the same manner that built-in types, like | NTEGER, etc. can be
used.

VAR Day, Date, today, tonorrow WekDay;
Grade, G MaxGade, Final, average: G adeType;
Mont h:  Mont hType;
State: StateType;

There are only a few possible actions on values of enumerated types, including
assignment and comparison as shown in the following fragments of code. Notice
how readable they are.

Day : = Mon;

|F Day = Fri THEN

| F Grade <= D THEN
IF (May < Month) AND (Month < July) THEN

WH LE State = increasing DO

There are also a few standard functions that operate on enumerated types:

SUCC( X)
This function returns the successor value, i.e. the next value in the
enumeration list. For example, if Day has the value Tue then
SUCC( Day) has the value Wed. If Day has the value Sat then
SUCC( Day) is an error since Sat has no successor in the enumeration
list.

Pred( X)

This function is the converse of SUCC and returns the predecessor
value in the enumeration list. For example, the value of
PRED( Wd) is Tue, while PRED( Sun) is an error.
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Using this for example, the following program fragment loops through all the
working days of the week.

Day : = Mon;

WH LE Day <= Fri DO BEG N
(* body *)
Day := SUCC(Day);

END;

In the real world, some data types are really cyclic and contrary to the way in
which the SUCC function works, the successor of Sat is Sun. The next value of
such a cyclic type can easily be determined by adding a test, as in the following
piece of program.

(* Determi ne The Next Day *)
| F Today = Sat THEN
Tonorrow : = Sun
ELSE
Tonor row : = SUCC( Today) ;

Standard function ORD that we have seen applied to character values, also
operates on enumerated types.

ORD( X)

is a function that indicates the order or position of X (with the first
value being 0). Thus, the value of ORD( January) is 0 and
ORD( Decenber) yields 11.

There are no standard input and output operations for enumerated types, but
they can easily be created. For example, the following fragment of program can
output the weekday value of the variable Day.

(* Qutput of weekday for given Day of WekDay type *)

| F Day = Sun THEN
Wite(' Sunday ')

ELSE I F Day = Mon THEN
Wite(' Monday ')

ELSE I F Day = Tue THEN
Wite(' Tuesday ')

ELSE | F Day = Wed THEN
Wite(' Wednesday ')

ELSE | F Day = Thu THEN
Wite(' Thursday ')

ELSE | F Day = Fri THEN
Wite('Friday ")

ELSE I F Day = Sat THEN
Wite(' Saturday ')

ELSE (* none of the above *)
Wite('Error ');
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Subrange Types In Pascal

Another programmer defined type, the subrange type is a type whose values
are restricted to a contiguous subrange of values of another type—the base type.
The values must be consecutive, one following the other in order. For example,
the digits 0 to 9 form a subrange of the | NTEGER type. Similarly, the days Mon
to Fri are a subrange of the WeekDay type. Subrange types are declared in the
following manner:

TYPE typename = M nval ue .. Maxval ue;

where M nval ue is less than Maxval ue, and both are constants of the base
type.
Examples of declarations of subrange types are:

TYPE DayOf Mont h = 1..31
M dWeekType = Mon..Fri;
Year Type = 1900. . 2000;
Bi t Type =0..1;
Di ceThr ow =1..6;
Decimal Digit = 0..9;
VHFChannels = 2..13;
Wor kHour s = 0..168;
Count DownTyp = -10..0 ;
G adeType ='A ..'F,;
Percent Type = 0..100; (* INTEGER not REAL *)

VAR Year, BirthYear: YearType;
M dTerm Project: PercentType;

The set of operations that are applicable to a subrange type is “inherited” from
its base type, the type of the original range. Subranges cannot involve REAL
values.

It is also possible to use characters as the base type of a subrange type. The
G adeType shown above includes the five characters from Ato F (including E).

Error checking is another important feature of the Pascal subrange types. If a
value outside of the range is assigned to a variable of a subrange type, this
causes an error message, warning the programmer of an unintended situation.
For example, if the variable Hour sWor ked were of type Wor kHour s, then it
would be limited to the number of hours in aweek (7~ 24 = 168). If a value
higher than this were assigned to it, an error would occur.

6.10 Strings in Pascal

Strings are sequences of characters. In Pascal, they are described by the built-in
type STRI NG which is limited to a maximum of 255 characters. Shorter strings
than this may be declared by specifying an explicit maximum length. For
example, if 25 characters were sufficient to represent a person’s hame, a
variable Name could be declared of type STRI N 25] . Variables to hold
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sentences could be declared of type STRI NJ 80] , etc. As we have already seen,
constant string values are sandwiched between single quotes. String constants
and variables are declared in a manner similar to the following examples.

CONST SPACE ="' ',
PERROD ="'.';
GREETING = "Hello there ';
PROVPT = "Enter first nane, then last ';

VAR Last Nanme, FirstNane, Full Nane,
Initial, Street: STRINJ 25];
Addr ess, Sentence, Saying, Poem STRI NG

Simple actions on strings include input and output through Read and Wi t e,
as wel | as assignment. Concatenation is the operation of joining together
two strings, and is denoted by a plus (+) sign between the two strings. For
example, the body of a very short program that uses the above declarations,
and reads two input strings (separated by a Return) is:

BEG N
Wit e( PROVPT) ;
Read( Fi r st Nane, Last Nane);
Ful | Narme := FirstNanme + SPACE + Last Nane;
Wite(GREETI NG Full Nane, PERI OD);
END.

Besides Read and Write there are a number of standard functions and
procedures that operate on strings. Among these, the following three functions
are used often.

LENGTH( St r)

is a function that counts the number of characters in string St r . For
example, Lengt h( G- eeti ng) has the value 12.

POS(Pat, Str)

is a function that searches for the occurrence of a sequence of
characters, the pattern Pat , in the string St r, and returns the
position of the first occurrence of that pattern if there is one,
otherwise it returns the value of zero (0). For example:

POS( SPACE, 'John Motil' ) returns the value of 5.
POS( ' M' , '"John Motil' ) returns the value of 6.
POS( 'mo' , 'John Motil' ) returns the value of O.

COPY(Str, Position, Num

is a function that returns a substring of Numcharacters from string

St r beginning at Position; this copy action does not modify string

Str. For example:

Copy(' M ssissippi', 4, 3) returns the value 'sis'.

As an example of a standard procedure operating on Strings, we’ll look at
Del et e.

Del ete(Str, Position, Num
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is a procedure (not a function) that deletes from string St r a number
of characters Numbeginning at Position. For example, after the two
actions:

Str := 'Pascal';
Delete(Str, 3, 3);

the value of St r will be 'Pal '.

Comparisons of Strings use the alphabetic order (called lexicographic
ordering). One string is less than another if it comes before it alphabetically
(according to the ASCII order). Equality requires exactly the same characters,
including blanks. For example:

' Age' < 'Beauty' Dbecause Age comes before Beauty
"able' > 'Able' because capital letters cone
earlier

in the ASCI| order
' Rose' <> 'Rose because the second Rose has a space
"l ove' < 'lovely' because love is shorter

Figure 6.19 shows a Pascal program NanmePar se that demonstrates some of the
operations that can be performed on strings.

Figure 6.19 Pascal program demonstrating string actions

PROGRAM NanePar se;
(* Denpbnstrates sone String actions *)
(* that involve nanes of people *)

TYPE Short String = STRIN{F 25];
CONST Space Yy

Hyphen
Greeting "Hell o there ';

VAR First Nane, LastNane, Full Nane: ShortString;
Count, NameCount, Gap: | NTECER,

BEG N
Wite('Enter the nunber of nanes: ');
ReadLn( NaneCount ) ;
WiteLn;
VWHI LE NaneCount >0 DO BEQA N
Wite('Enter a nane, last name first: ');
Read( Ful | Nane) ;
Gap : = POS(Space, FullName); { NOTE }
IF Gap > 0 THEN BEG N
Last Nane := Copy(Full Nane, 1, Gap);
Del ete( Ful | Name, 1, Gap); { NOTE }
Fi rst Nane : = Ful | Nane;
| F Lengt h(Last Nane) <= 4 THEN
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WitelLn(' That is a short last name');
| F Pos(Hyphen, LastNane) <> 0 THEN
WitelLn(' That is a hyphenated nane');
IF FirstName = "Bill' THEN { etc., etc. }
WitelLn('Bill is a good nane ');
Ful | Nane := FirstNane + Space + Last Nane;
WitelLn(G eeting, Full Nane);
WiteLn;
END { IF };
NameCount := NanmeCount - 1;
END { WH LE };
END { NaneParse }.

Program NanePar se asks for the number of input names, and repeatedly
applies the same processing to all the input names. It reads a full name made of
two parts separated by a space. It locates the space, and copies the first part of
the string into the last name, and the last part of the string into the first name.
It then checks the last name and the first name and outputs a number of
messages, before displaying a greeting with the recomposed full name.

The output from a typical run of program NanePar se follows.

Enter the nunber of nanes 3

Enter a name, last name first Mtil John
Hell o there John Motil

Enter a name, |last nanme first Gates Bill
Bill is a good nane
Hello there Bill Gates

Enter a nane, |last nanme first Do-Dah Bill
That is a hyphenated nane

Bill is a good nane

Hell o there Bill Do-Dah

6.11 Simple Files in Pascal

A file is an ordered collection of data, such as the characters of a text, the item
counts in an inventory, or the records of a patient. Files are often used to store
large amounts of data on secondary storage devices (such as tapes or disks). The
data in files may be accessed and manipulated by programs.

The simplest kind of files are sequential files where the data may be read

exactly in the order in which they were written. Files that are organized so
that their data can be accessed in any order are known as random access files
and are much more complex. Random access files are not treated in this book.

Sequential files can be viewed as long linear tapes similar to audio or video
tapes. At present, all files will be of type TEXT, which means that they are a
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sequence of ASCII characters, where | NTEGER and REAL values are represented
in the form that they appear in Pascal programs (as a sequence of characters).

Actions on files involve reading and writing, opening and closing, and assigning.

Apart from the standard input and output files, which correspond to the

keyboard and the screen Text W ndow, files are accessed through file

variables of type TEXT. Thus, an actual file on a disk might be referred to

through a variable, like Dat aFi | e. To do this, we need a declaration like:
VAR Dat aFi | e: TEXT;

This file variable must be associated to the actual data file through a call to
the procedure Assi gn. For example:
Assign(DataFile, 'Rain.Data');

associates the file whose name on disk is Rai n. Dat a to the file variable
Dat aFi | e.

Before data values can be read from a file, the file must be prepared by
executing aReset statement referencing the file variable, in this case:
Reset (Dat aFi | e) ;

Following this, each Read statement aimed at the data in the file, must
include the name of the file variable as its first argument. Thus, the statement
Read( Dat aFi | e, Val ue);

will read the next data item from the file associated with Dat aFi | e, the disk
file Rai n. Dat a, into the variable Val ue. Finally when all the data has been
read (often towards the end of a program), the file associated with Dat aFi | e
is closed with a statement of the form:

Cl ose(DataFil e);

When reading a file, it is possible to detect the end of the file, by using a call to
the Boolean function EOF:
ECF( Dat aFi | e)

and this condition should be tested before reading a value.

Figure 6.20 compares two versions of the program Mean that we saw earlier in
this chapter. Meanl, on the left, takes data from the keyboard, whereas
Mean2 reads the data from the file Rai n. Dat a, and echoes the values read to
the screen. Note the differences between the two programs carefully, extra
blank lines have been inserted into Mean1 so corresponding statements are
always side-by-side.
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Figure 6.20 Comparison of two versions of the Mean program

PROGRAM Meani,;

(* Finds the Mean of many val ues
*

(* Wses a terninating sandw ch *)

VAR Ter m nator, Sum

Val ue, Count: | NTECER
Mean: REAL;
BEG N

{ Setup for entering many
val ues }

Wite('Enter a termnal val ue:
Read( Ter m nat or) ;
WitelLn('Enter all the val ues:

)i

{ Do the Mean conputation }

Sum = 0;

Count := O;

Read( Val ue) ;

WH LE Val ue <> Term nator DO
BEG N

Sum = Sum + Val ue;
Count := Count + 1,
Read( Val ue) ;

END { WH LE };

Mean := Sum/ Count;

{ Qutput the Resulting Mean }
Wite(' The nmean value is ');
Wite(Man: 7:2);

END { Meanl }.

PROGRAM Mean2;

(* Finds the Mean of many val ues
*

(* Wses sinple text files *)

VAR Ter m nat or, Sum

Val ue, Count: | NTECER
Mean: REAL;
Dat aFi | e: TEXT;
BEG N
{ Setup for entering many
val ues }
Assign(DataFile, 'Rain.Data');

Reset (Dat aFil e) ;
Read(DataFile, Termnator);
WitelLn(' The values are: ');

{ Do the Mean conputation }

Sum = 0;

Count := O;

Read(Dat aFi |l e, Val ue);

WH LE Val ue <> Terminator DO

BEA N

WitelLn(Val ue:4); { ECHO}
Sum = Sum + Val ue;
Count := Count + 1;
Read(Dat aFi l e, Val ue);

END { WH LE };

Mean := Sum/ Count;

{ Qutput the resulting Mean }
Wite(' The mean value is ');
Wite(Mean: 7:2);
C ose(DataFile);

END { Mean2 }.

Figure 6.21 shows a comparison of the outputs of Mean1 and Mean2.
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Figure 6.21 Comparison of results from Meanl and Mean2
Contents of file Rain.Data
-1
11
22
33
44
55
66
77
88
99
-1

Output obtained from Meanl
. Output obtained from Mean2
Enter a termnal value: -1

Enter all the val ues )
The val ues are:

11

11
22

22
33

33
44

44
55

55
66

66
77

77
88
99 88
1 99

The nmean value is 55. 00
The nmean value is 55. 00

Writing values into a file is similar to the reading process just shown. As with
reading, we need a file variable, which is declared in the same manner;

VAR Qut put Fil e: TEXT;

The actual file name is then assigned to the file variable, through a call to the
procedure Assi gn:

Assign(CQutputFile, 'Results.Data');

In this case, the output from the program will be written to a file called
Resul t s. Dat a. The file is then opened or prepared for use by the statement:

Rewrite(QutputFile);

which sets or rewinds the file to its beginning, so that the data written by the
program will overwrite any values that already existed in the file. Each

W i t e statement to this file must include the file variable as its first argument,
asin:

Wite(QutputFile, Value);

Each execution of such aW i t e statement appends a value to the end of the
file.
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Finally, when all the writing is completed, i.e. the end of the program is
reached, the file is closed with a statement identical to what we saw above for
input files.

C ose(QutputFile);

More Files: Input and Output

A very common situation in computing involves reading from one file, doing
some actions, and then writing to another file. As an example, suppose we wish
to take a text file of mixed upper and lower case letters and convert it to
entirely upper case letters. This might be useful for counting occurrences of
words, or checking spelling. We can then search for the one capitalized word
(such as “THE”) rather than the many variations of the word (such as “The” or
“the” or “THE”).

Figure 6.22 Program Capper

PROGRAM Capper ;
(* Capitalizes all lowercase letters *)
VAR Ch: CHAR
InFile, QutFile: TEXT,;
BEG N
Assign(InFile, 'Source.Data');
Reset (I nFil e);
Assign(QutFile, 'Target.Data');
Rewrite(QutFile);
WiteLn(QutFile, 'Header');
VH LE NOT EOF(InFile) DO BEG N
Read(InFile, Ch);
Ch : = UpCase(Ch);
Wite(Ch); { to the Screen }
Wite(QutFile, Ch);
END { WH LE };
G ose(lnFile);
G ose(QutFile);
END { Capper }.

The program Capper , shown in Figure 6.22, converts all the characters of some
input file, Sour ce. Dat a, into upper case characters and puts these into an
output file called Tar get . Dat a. Again, file variables | nFil eandQut Fi | e
are used to refer to the actual files' Source. Data' and' Target. Data',
external to the program. The first two calls to the Assi gn procedure establish
this correspondence.

The main body of the program is a simple loop which reads a character from
the input file, capitalizes it, echoes it to the screen, and writes it to the output
file. This process is repeated as long as the end of the input file is not read

WH LE NOT EOF(InFile) DO
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Finally, once this loop is finished, the two files are closed.

Figure 6.23 Program Flasher

PROGRAM Fl asher ;
(* Flash-card Questions & Answers *)
(* Shows the input of a file nane *)

VAR Question, Answer, Reply, FileNane: STRING
QAfil e: TEXT,;
BEG N
{ Enter file name from keyboard }
Wite('Enter name of QA file: ');
ReadLn(Fi | eNan®e) ;
Assign(QAfile, FileNane);
Reset (QAfil e);
WitelLn;

{ Do question and answer }
ReadLn( QAfil e, Question);
VWH LE Question <> 'END DO BEG N
WitelLn(Question);
ReadLn( Repl y);
ReadLn( QAfil e, Answer);
|F Reply = Answer THEN
WiteLn(' Correct ")
ELSE
WiteLn('It is ', Answer);
ReadLn( QAfil e, Question);
WitelLn;
END { WHILE };
END { Fl asher }.

Program Fl asher, shown in Figure 6.23, is a program that asks people questions
and analyzes their answers. The questions are read from a file, while the
answers are read from the keyboard. The program compares this response to

the answer stored in the file, and indicates whether it is correct (and if not, it
provides the correct answer). The Questions and Answers file alternates
guestions and answers lines, as in the following example.

Wiat is 1 + 1?

2

Who is buried in Gant's tonb?

Grant and his wfe

VWhat is the chem cal symbol for gold?
Au

END

Questions and answers here are simply strings that are read one at a time by
ReadLn( QAFi | e, Questi on), which stops reading at the End-of-line or
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Return character. A typical run of this program follows with the user's
response in bold.

Enter nane of QA file: M scQA
1+1-=

2

Correct

Who is buried in Gant's tonb?

Gr ant

It is Gant and his wife

What is the chemcal symbol for gold?
AG

It is Au

A important feature of this program is that it can access different files which
could correspond to different categories or levels of questions. The name of the
actual file to be accessed is input by the user in the first few lines of the
program body. It is read into string variable Fi | eName, and file variable
QAFi | e is assigned this name. This mechanism is important because the
program need not be recompiled for each different input file.

6.12 Modification of Programs

As we have mentioned when we introduced the seven-step problem solving
method in the Principles book, it is very common to modify programs. For
example, the Bisection algorithm, discussed in Chapter 6 of the Principles
book, could be modified in two very different ways. One version, Squar eRoot,
finds the square root of any real number. Another version, Guesser, plays a
guessing game involving only integers. Both versions shown in Figure 6.24, are
based on the same general Bisection algorithm. These two algorithms are so
similar, and yet so different.

Figure 6.24 Two versions of the Bisection algorithm

Input X Input X
Set High to X Set High limit
Set Lowto O Set Low limit
Set Guess to
Set SqgRoot to (High + Low) / 2

(High + Low) 7/ 2
While (SgRoot x SqRoot) * X
If (SqRootx SgRoot) > X
Set High to SqRoot
Else
Set Low to SgRoot
Set SqgRoot to
(High + Low) /7 2
Output SgRoot

While Guess is not correct
If Guess is too high
Lower High limit
Else
Raise Low Limit
Set Guess to
(High + Low) /7 2
Output Guess
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The bisection algorithm basically operates by taking two limiting values (Low
and High) and adjusting them successively to bracket the required result with
ever closer bounds. The adjustment is made by finding the mid-point between
the Low and High, and assigning that to one or the other of these extreme
points. This effectively halves the “search space” at each adjustment, and the
process converges very quickly to a solution. The two corresponding Pascal
programs and their output from typical runs are shown in Figure 6.25.

Figure 6.25 The Pascal programs Sqguar eRoot and Guessor

PROGRAM Squar eRoot ; PROGRAM Quesser ;
(* Find Square Root by Bisection (* Quessing using Bisection *)
*)

QONST Max = 1024;
QONST Err = 0.001;

VAR H gh, Low, Md,

VAR H gh, Low, Md, X REAL; Trial, NunWrials: |NTEGER
Reply, Return: CHAR
BEGA N
BEG N WitelLn('Pick an integer ');
Wite('Enter a value: '); WitelLn('fromO to 1023. ');
Read( X) ; WitelLn;
WitelLn; Low = 0;
Low :=0.0; H gh = Max;
Hgh := X Md = (Low + Hgh) DV 2;
Md := (Low+ Hgh) / 2.; Trial := 1,
WH LE Trial <= 10 DO BEGA N
WH LE ABS(Md*Md - X) > Err DO Wite('Is it less than ');
BEGA N Wite(Md: 4, ' ");
Read(Repl y) ;

Read(Return);
Reply := UpCase(Reply);
IF Reply = 'Y THEN

Hgh := Md
IF (Md* Md) > X THEN ELSE
Hgh := Md Low := Md;
ELSE Md :=(Low+ Hgh) DV 2
Low := Md; Trial := Trial + 1;
WiteLn(Md: 7: 3); END { WA LE };
Md := (Low + Hgh) / 2.; WitelLn;
END (* WH LE *); Wite(' Your nunber was ', Md:
Wite(' The square root is '); 4);
Wite(Md: 7: 3); END { Quesser }.

END { Square Root }.
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Enter a value 2.0 Pi ck an integer
fromO to 1023
1. 000

1. 500 Isit less than 512 y
1. 250 Is it less than 256 n
1. 375 Is it less than 384 n
1.437 Is it less than 448 y
1. 406 Isit less than 416 n
1.422 Is it less than 432y
. Is it less than 424y
The square root is 1.414 Is it less than 420 n
Is it less than 422 n
Is it less than 423y

Your nunber was 422

The Squar eRoot program involves REAL numbers, and finds that value of the
midpoint whose square is near the input value within a given error amount. In
this case the error amount was fixed as a constant at 0.001. For the given input
value of 2 it required 7 iterations before finally arriving at the square root. For
larger values and smaller errors it would also require more iterations before
halting. The intermediate values shown in the given trace were produced by
the Wi t e statement inside the loop.

The Guesser program is very similar, but it involves | NTEGER values and
differs in details. The easiest detail to miss is the divide operation, which
must be changed from/ to Dl V. Two new variables, Repl y (a CHAR) and Tr i al
(another | NTEGER) also need to be introduced. This program does a fixed
number of trials (logo> Max or 10 in this case), so the WHI LE loop could have been

replaced by a FOR loop.

We have used extra blank lines to keep the programs main structure in parallel.
A comparison of these two programs shows that Guesser is very interactive, or
input-output intensive, whereas Squar eRoot is much less interactive, with a
single input and a single output (the trace given with all the intermediate
values is not necessary).

As usual, it is possible to extend these programs. For example, Guesser could
be generalized to guess within any number of trials (not just the 10 trials of the
range 0 to 1023). The number of trials could be defined as a constant, or could be
entered by the user. The program could also be made robust by providing more
detailed instructions (if requested), and by testing the input responses. This
will be done in the next section.

6.13 Programming Style

Documentation

Style in programming may seem unnecessary, but it is actually very important.
Documentation and comments may seem obvious at the time they are written,



210

Chapter 6

Pascal with Bigger Blocks

but at a later time, when we have forgotten the details, any information is very
valuable. As we progressed in this book, we have already incorporated many
of the concepts of style into our programs. For example, we have often used
comments, and we have carefully selected suitable variable names. We have
also used indentation constantly and consistently. Remember, consistency of
form is often better than the details of the particular way in which the
statements are arranged.

We’ll illustrate the principles of internal documentation with a program
example. Internal documentation is the element of documentation that is part
of the program text. Our example, program Guesser 2, is shown in Figure 6.26
together with the output obtained from a typical run. At the beginning of the
program (in a starred box) is a brief statement of the goal of the program, the
author and date of creation. Other relevant information could also be put
there, including a list of inputs and outputs, special limitations, assumptions
and warnings. The starred boxes should not be overused, but there should be one
at the beginning of each program, and also at the beginning of each procedure
and function.

Figure 6.26 Documented version of Guesser

PROGRAM Quesser 2; Do you want
(*****************************************) InStrUCtI ons’)
(* Sinple Quessing Gane using Bisection *) If so enter Y (for
(* Shows fancy layout and docurmentation *) |yes): y
(* by A Nonynous on February 28, 1994 *)
(*****************************************) Thl s IS a guess' ng gane
You nay pi ck any
QONST YES = 'Y ; i nt eger
NO ="'N; FromO to 1023
NUM = 10; { Nunber of tries } It will be guessed in
MAX = 1024; { H ghest value } 10 tries
{ MX is 2 to the power NUM}
Pi ck a nunber
VAR H gh, Low, Md, Trial 1
Trial, NunWrials: |NTEGER Is it less than 512? y
Reply, Return: CHAR,
Trial 2
BEGA N Is it less than 2567 n
{ Cfer instructions to user }
WitelLn(' Do you want instructions? '); Trial 3
Wite('If so enter Y (for yes): '); Is it less than 384? m
ReadLn( Repl y) ; )
Wi teLn: Enter Y or Nonly: b
Enter Y or Nonly: n
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{ Provide instructions if requested }

Reply : = UpCase(Reply); Trial 4

IF Reply = YES THEN BEG N Is it less than 448? y
WitelLn(' This is a guessing gane ');
WitelLn(' You may pick any integer'); Trial 5

Witeln(' FromO0 to ', MAX-1:. 4); Is it less than 416? n

WiteLn('It will be guessed in ');

WiteLn(NUM 2, ' tries '); Trial 6

Wi teLn; Is it less than 432? y
END { instructions };

Trial 7

{ Initialize } Is it less than 4247 y
WitelLn('Pick a nunber ');
Low :=0; Trial 8
Hgh := MAX Is it less than 420? n
Md :=(Low+ Hgh) DV 2
Trial :=1; Trial 9

Isit less than 422? n
{ Loop a nunber of tines }

VWH LE Trial <= NUM DO BEG N Trial 10
{ Pronpt for an input } Is it less than 4237 y
WiteLn('Trial ', Trial: 2);
Wite('lIs it less than '); Your nunber was 422

Wite(Md: 4, '?2");
ReadLn( Repl y) ;
Reply := UpCase(Reply);

{ Test for correct input }
WA LE (Reply <> YES) AND
(Reply <> NO DO BEAN

Wite('Enter Yor Nonly: ');
ReadLn( Repl y) ;
Reply := UpCase(Reply);

END { WVH LE wong input };

Wi teLn;

{ Adjust the mddle value }
IF Reply = YES THEN
Hgh := Md
ELSE
Low := Md;
Md := (Low+ Hgh) DV 2;
Trial := Trial + 1;
END { WH LE };

{ Qutput the final guess }
Wite(' Your nunber was ');
Wite(Md: 4);

END { Quesser2 }.

The two constants YES and NO (better than Y and N) are used for the
convenience of reading. The number of trials, NUM and the highest value, MAX,
are also declared as constants for the flexibility they offer: with them, it is
easy to change the game to work with other ranges. This method of allowing
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easy change of “constants” is called parameterization, and is very important in
large production programs, where there may be many occurrences of a constant.
The relationship between the parameters NUMand MAX is also given as a
comment for convenience of modification. Note that we have used capital
letters to write the constants names. This is part of our style, and makes it
possible to differentiate between variables and constants rather easily.

The main program has gaps which break it up into “chunks”, which are easier
to comprehend when reading. Each chunk is preceded by a comment describing
what is done in the chunk (not how it is done). These comments alone form a
high-level algorithm:

O fer instructions to user }
Provide instructions if requested }
Initialize }

Loop a number of tines }

Prompt for an input }

Test for correct input }

Adj ust the mddl e val ue }

Qut put the final guess }

Notice also the “friendly” nature of the dialogue as shown to the right of the
program:

late Nate Nate Wate W Wasn Woa e

it offers to help with instructions,
it reports the trial number,

it prompts the user,

it separates the trials,

it forgives bad inputs.

Moderation is as important with documentation as it is with everything in life.
Too much documentation may be overwhelming, and too little may be useless.

Further Guidelines for Identifiers

We already know that identifiers chosen for naming variables, constants,
procedures, functions and programs cannot be Pascal keywords. The compiler
will prevent us from making that mistake. However, to avoid confusion it is
also wise not to choose identifiers that are names of standard procedures or
functions. If you do, the system will accept it but you won’t be able to use the
standard item anymore as it is hidden by your new declaration.

We have seen that capitalizing the names of constants is useful because it
allows us not to confuse variables and constants when reading the program. We
encourage you to capitalize the first letter of variables, and to keep your
identifiers reasonably short. Long identifiers like

Text wi t hnogapsi sal sover yhar dt or ead,

are a pain. When an identifier is made of several words, the first letter of each
word should be capitalized as
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InterestRate, OverTine, CountO Sheep

Identifiers should only comprise letters and digits. Apart from rare exceptions,
very short names should not be used at all

A B C I, J, X1, X2
Instead, meaningful short names should be used:
Sum | ndex, Top, Difference, Rootl, Root?2

Procedure names should have the first letter capitalized and be commands
(verbs):

Sort, ConputeCost, Search

Function names should be nouns, as they represent a value:
Tangent, Vol une, Conpoundl nt er est

Type names should contain the word Type or its root, or end with T
Bi t Type, WeekdayTyp, AccountT, Enpl oyeeT

In all the programs, spaces should be used inside lines to make the text more
readable. In particular, assignment signs and arithmetic operators should be
preceded and followed by a single space:

Y1 := SIN(3.14159 * X / 180.0);
In procedure and function calls, parameters should be spaced as in the example:
Di vide(First, Second, Quotient, Renainder);

A Bad Style Horror Story

The program shown in Figure 6.27 actually runs as it stands, and was designed in
earnest by a person with very little style. We have made only very minor
changes to it. It is severely unfriendly. We’re sure that by looking at it, you can
indicate a number of things that are not done well, and that you can suggest
improvements as well. Do not try to fix it up—it is not worth repairing. It’s the
kind of program that must be redone completely.

Figure 6.27 The mean Mean program

PROGRAM MeanMean;

(* Mean Unfriendly program*)

(* Try it; You'll hate it *)

CONST ZERO=0; ONE=1;

VAR I, C, N X, S, true: |INTEGER
LABEL QUT;

BEG N

Wite ("H. I'""MYOUR FRIEND );

Wite (' TO HELP YOU AVERAGE' ); WiteLN
Wite (' HON MANY | NPUTS DO YOU HAVE');
Read ( N);

S :=0;
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REPEAT Wi teLn;

Wite ("I MPUT COUNT '); WiteLn;
Read (O);

Wite ("INPUT X '); Read(X);

Wite ('ECHO VALUE ); Wite (X 5);
S:=S+ XDVN

IF (C=N

THEN BEG N

Wite (S, 10 );

goto out;

END;

IF (X =-99) THEN BEG N

S:=S- XDVN

Wite ( S: 10 );

goto out; END;

Wite (' DO YOU WANT ANOTHER VALUE?'); WiteLn;
Wite ("TYPE 1 IF TRUE O IF FALSE."'); WiteLn;
Read ( true );

UNTIL true = O;

out: ;

END.

A typical output produced by an execution of this program follows.

H. |I'MYOUR FRI ENDTO HELP YOU AVERAGE
HOW MANY | NPUTS DO YOU HAVE3

| MPUT COUNT

1

I NPUT X 1

ECHO VALUE 1DO YOU WANT ANOTHER VALUE?
TYPE 1 IF TRUE O | F FALSE.

1

| MPUT COUNT

2

I NPUT X 3

ECHO VALUE 3DO YOU WANT ANOTHER VALUE?
TYPE 1 IF TRUE O | F FALSE.

1

| MPUT COUNT

3

I NPUT X 5

ECHO VALULE 5 2
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Criticism of the MeanMean Program

This is a severely unfriendly program both for the computer user, and also for
any programmer who must maintain it. Unfortunately, it’s bad programs like
this one that need the most maintenance. It supposedly computes the mean
value (but doesn't say so). It is actually a mean program, hostile, treacherous
and awful!

The writer of this computerized trash probably has an attitude problem that
leads to the program being even unfriendly when intending to be friendly. The
chatty, condescending prompts “I'm your friend to help you average” are not
necessary. The user could not care less. The text prompts in complete uppercase
letters are less readable than if they were done in lower case, or even better, in
mixed upper and lowercase letters. Even with all these prompts there is no
indication to the user that the program expects integers only and provides an
approximate answer.

The user is first prompted to input the number of input values, this is awkward.
As you know, the program could have used a special end of data marker value
to help the user. In fact there is a similar provision for terminating the
program with a preset terminating value of —-99. Unfortunately, that value
cannot be changed without modifying the program, and the user is never told
about it! Furthermore, after entering each value the user is asked if another
value is to be entered. This repetition—taking two lines yet—is bothersome
after a very short while. The response to this question would more naturally be
Yes or No, orevenYorN, instead of typing 1 or 0.

The prompt “I MPUT COUNT” is not at all clear. The prompt to enter a value is
“I NPUT X7, but the user has no knowledge or interest in X. Also the spelling
error becomes bothersome after it has been repeated several times.

You’'ll note that every value is echoed, which is good practice, but each echo is
preceded by the message ECHO VALUE which is unnecessary. The final average
however has no message indicating that it is the output.

So much from the user's point of view. Sometimes a program is user unfriendly
because the programmer wishes to make the program simpler or shorter.
However, here, the inside program view is equally horrible. The program is
very difficult to read, as it has no indentation and no gaps to separate its
various parts. The variable names are very primitive and not meaningful. The
one attempt at a longer name, t r ue, is confusing because this name describes one
of the standard constants of type BOOLEAN (but here t r ue is of type | NTEGER! )
There is very little useful documentation, and the little documentation given is
useless and confusing.

Finally, even though this program runs, it suffers from some errors and will give
bad results at times. The method of finding the average proceeds by | NTEGER
division (which truncates the result) of each value before accumulating that
value. Every value that is input after the “I NPUT X’ prompt is divided by the
stated number of inputs and added to the sum, which gives a very poor
approximation of the mean. To save time and improve accuracy, the values
should all be summed first and then divided once. The resulting output should
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have been either a REAL value, or an | NTEGER value with an indication of
whether it is exact or approximate.

As a final bad point, take the case when the program is terminated by the input
of —99. By the time this is detected, the value has already been added to the
average, so it must now be subtracted. Definitely not a nice feature.

The only good thing that we may say is that there are many prompts.
However, these are often very cryptic, badly phrased, or misleading...

6.14 Errors in Programming

In every complex creative activity, errors are possible, and programming is no
exception. In programming, the errors are often called “bugs” and the process of
finding and removing them is called “debugging.” Unfortunately, even the
smallest program bug can cause a serious failure.

There are a number of different sources of errors, often classified as:

= Syntactic (compile-time errors)
e Semantic (execution or run-time errors)
e Logical (performance errors)

Syntactic Errors

arise from improper forms in a language involving:

Spelling | NTERGER vs. | NTEGER

Punctuation Misplaced semicolons

Typography letter Oinstead of digit O

Sequence declaration part before uses part

Spacing space between the : and the =in
the assignment : =

Type mismatch assigning a REAL to a CHAR

Omission of declarations or ENDs

Misuse using | F, END etc. as hames for
variables

Incompleteness not closing quotes or parentheses

Most of the syntactic errors are detected by the Pascal compiler, and so are
fairly easy to find.

Execution Errors

are not found by the compiler, but do appear during a run.
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Some examples of these “run-time” errors involve;

Undefined variables (not initialized)
Unexpected value (value out of range)
Invalid operations (divide by zero)
Infinite loop (non-halting program)

Logical Errors

are those which may not prevent a program from running, but do produce wrong
results and may go undetected. Some such errors include:

Off by one (looping one too many or too few times)
Wrong comparison (less than instead of greater than)
Wrong operation (increasing instead of decreasing)
Reversed operation (equal vs. not equal)

Side effect (inadvertent change of variable)

Other Errors

may also be encountered, these include:
= Misunderstanding of functions,
< Misuse of operating system, and
= Misbehavior of the computer.

6.15 Debugging, Testing, Proving

Debugging is the process of finding and “exterminating” program bugs. Keep in
mind that this process can be very time-consuming. One method of debugging is
to trace the program, by hand, using some simple values. However, for
anything other than the simplest of programs, this can be very tedious and
error-prone. Another useful technique is to add output instructions to the
running program at strategic points. In this manner, aW i t e statement can be
inserted at various points to output some information. When looking for a bug,
the Bisection method may be used to place the Wi t e statements (first, in the
middle of the program, then in the middle of one of the program halves, etc.),
in order to successively narrow down the possibilities.

As a first step to debugging, it is essential to find out where the action flows.
This can be indicated by writing tracing comments to form a trail, such as:

I NI TI ALl ZI NG
ENTERI NG FI RST LOCP
LEAVI NG SWAP SUB
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Once the flow of actions has been determined, we can output what values
variables have at intermediate points. This is also done through the use of
W i t e statements, yielding a computer-generated trace like:

A=2
or

XIS5AND YIS 7

It is also possible to use Wi t e statements to generate a trace of how variables
are related, for example, in a loop invariant. This can done with code sequences
such as:

IF (S +B) = (I *1) THEN
WiteLn('S+ B =1 *1");
Similar statement sequences can also be used to trace when a particular
condition occurs:

IF (X MOD 2) = 0 THEN
WiteLn(' X IS NOWEVEN );

IFY >= 0 THEN
WiteLn('Y IS POSITIVE);

Such conditional output statements can also be very useful in reducing the
amount of output generated inside a loop to an amount that can easily be
examined, as:

IF 1 =3 THEN
WiteLn('1 ="', I: 1, " J =", J: 9);

After the debugging W i t e statements have served their purpose, they can be
removed (or commented out, or embedded in a Selection form for further use).

TESTING is the process of checking, or verifying to determine proper
performance. Itis a means for gaining confidence in a program’s results. The
fact that a program works for one set of input data, does not necessarily mean
that it will work for another set. One path through a program is not
necessarily typical of all other paths.

One method of testing a program is to try all possible sets of data (checking all
paths), but this is often impractical because too many combinations are
necessary. For example, if there are 20 logical conditions in a program (either
in Selections or Loops), then there may be over a million different paths!

Another method is to test using random values, but such values may be too
typical, and may not include critical values. The best and most reliable way to
test is to use carefully selected values based both on the particular problem
being solved by the program, and the way in which the algorithm is structured.
The selection of such test data is independent of the programming language and
is discussed in the Principles book. Some data should be simple and easy to
verify by hand computation. Some data should test for extreme or boundary
values (such as zero, very large and very small values). Some data should be
faulty or wrong, to check whether the program is robust and fails “softly.” It is
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also helpful if the test values are unique, each value testing and isolating one
program part at a time.

Unfortunately, as the old saying goes, testing can reveal the presence of bugs,
but only in the simplest cases can it reveal their absence.

In theory, the only really sure way is to prove the correctness of programs much
as one proves mathematically the correctness of a geometrical theorem.
Unfortunately, such techniques are very complex and are beyond the scope of
this book. However, informal use of assertions (including loop invariants) is a
step in the proper direction.

6.16 Chapter 6 Review

This Chapter mainly presented alternative ways of constructing more complex
programs. At the same time, new features of the Pascal programming language
were introduced.

These newly introduced forms included the CASE statement as an alternative to
the | F- THEN statement in special cases. However, the Selection form,
represented by the | F statement, remains more general. The WHI LE statement
was shown to have two alternatives: the REPEAT statement and the FOR
statement. Again these extra repetition statements are not necessary, but may
be convenient.

Two new data types, CHAR and BOOLEAN, were also introduced through
examples. Deeper nests, especially of the Repetition form, were considered
with examples related to plotting functions.

Programming style, program layout and program documentation were
considered. Examples were given to show how to produce good readable
programs. A badly styled program was also discussed to show how difficult
things can be when programming style goes lacking. Program modification,
program testing, and program debugging were also discussed.

6.17 Chapter 6 Problems

1. For to While
Write the following FOR statement in an equivalent WHI LE form:

FOR C : = FIRST TO LAST DO S1;

2. Repeat to While
Write the following REPEAT statement in an equivalent WHI LE form:
REPEAT S1; UNTIL CI.



220

Chapter 6

Pascal with Bigger Blocks

While to Repeat
Write the following WHI LE statement in an equivalent REPEAT form:
WH LE C1 DO Si;

Case to Ifs
Write the following CASE in terms of the | F statement:
CASE E1 OF K1: S1; K2, K3: S2; K4: S3; S4; END

Char

Four successive character A, B, Cand Dare input to a program. Write
short pieces of program to compare these characters and to output
whether or not the following are true.

a. All the characters are digits.

b. None of the characters is a digit.

c. Some of the characters are vowels.

d. The characters are in increasing order.

e.  There is no repetition within the sequence of characters.

Numeric Characters

Four successive characters E, F, G Hare input to a program. One of the
characters F, Gor Hcould be a period; all the others are digits. Thus,
the sequence of characters can be interpreted as representing an amount
of money. Write a piece of program to compare the characters and to
output the value of the amount in cents. For example 1.25 is output as
125.

Logical evaluation

Given 5 logical variables P, Q R, Sand T, where Pand Qboth have the
value TRUE, and Rand S both have the value FALSE, and the value of
T is undefined, evaluate the truth values of each of the following.

a. P OR (R ANDT)
b. QOR (RORT)
R AND (S OR T)
d. P AND (T R R
e. QAND NOT (SORT)



Section 6.17  Chapter 6 Problems 221

8. More
Create Pascal programs for the following problem statements:

6.18 Chapter 6 Programming Problems

1 Gas

Create an algorithm that inputs sequences of two values Miles and Gals
representing the mileage and gallons of gasoline at a succession of
refills. The algorithm is to compute and output the immediate average
miles-per-gallon (labeled Short for short range), and also the overall
average mpg (since the beginning of the data), which is labeled Long
for long range. A typical input-output sequence follows (and should end
with negative mileage).

INPUTS OUTPUTS
Miles Gals Short Long
1000 20
1200 10 20 20
1500 20 15 16.67

2 GPA

The grade point average of a student is computed from all the course
grades G and units U. Corresponding to each grade is a numeric point P
(where A has 4 points, B has 3 points, etc.). The products of each grade
point and its number of units are then summed. This sum is divided by
the total number of units, to yield the grade point average. Create an
algorithm to compute the grade point average for a sequence of pairs of
values G, U (ending with negative values).

3 Speed

Create an algorithm to analyze the speed during a trip of N stops. At
each stop, the distance D and time T from the previous stop are
recorded. These pairs of values are then input to a program which
computes each velocity (V = D/T) and outputs it. It also ultimately
indicates the maximum speed on the trip, and the overall average
(total distance divided by total time).

SAMPLE RUN (N = 5)
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D T \%
45 1 45
100 2 50
55 1 55
120 2 60 Avg=380/8=475
60 2 30 Max=60

Unbiased Mean

In some sports, a number of judges each ranks performance on a scale from
1to 10. To adjust for biases, both the highest and lowest values are
eliminated before computing the average. Create an algorithm to
compute such an average for M judges on N performances.

More Plots

Modify the program Si dePl ot XY of this Chapter as follows:
a. Mark points on the axes.

b. Plot a third function.

c. Input the size of the grid.

Upright Plots

Create an “upright” plot program, similar to the Si dePl ot XY program
in this Chapter. Modify it as shown above.

Calendar

Create a program to print out a calendar for a month, given the number
of days in the month and the starting day of the week. Create a grid of
horizontal lines and vertical lines.

Encrypt-Decrypt

Create a program to input a file of characters, to encrypt it for security
purposes in such a way that it is not easily understandable and to
output it to another file. Then create another program that reconverts
the encrypted file and returns the original file. Your algorithm could a
simple arithmetic function on the ASCII values or use a random number
generator.
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10

11

Flasher?2

Modify the Flasher program of this chapter to keep track of the number
of correct answers.

Binconvert

Create an algorithm to convert a sequence of binary input characters
(not integers) into their corresponding decimal values. For example,
1101 is the decimal 13

a) Write the algorithm, if the input is read from left to right (ending
with a period).

b) Write the algorithm, if the input is read from right to left (ending
with a blank).

When in Rome...

One method for converting an Arabic number into a Roman number is to
separately convert each digit (the units, tens, hundreds, and thousands
positions) as shown.

1 9 8 4
M CM LXXX 1V

Write an algorithm that accepts as inputs any values up to 3999, and
outputs the corresponding Roman numbers.

a) Do this, if the number is entered digit by digit (least significant
digits first, like 4 8 9 1).

b) Do this, if the number is entered digit by digit (most significant
digits first, like 1 9 8 4).

c) Do this, if the number is entered as an integer, like 1984.
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6.19 Chapter 6 Programming Projects

Plotting Programs

Many interesting programming problems involving nests of loops can be
encountered in creating plots using a printer. The following plots should be
created in a general manner with the sizes entered at the beginning of execution.
Arrays are not necessary for any of these; later, some may be done more easily
using arrays.

1. Starbox

* * % *x * *x * %

* % %k X %k F F
* 0% %k X %k X F

* * % *x * *x * %

2. Tic-Tac Grid

H o HHHHHHHH
H o HHHHHHHH

3. Diamond

*
*
b I
E I I T
b I
*
*

4, Pine Tree

—
—
————
—————
————
———
——
—



Section 6.19 Chapter 6 Programming Projects

225

——
——
——

5. Trianglel

1

12

123

1234
12345
123456
1234567
12345678

6. Triangle2

1
22

333

4444
55555
666666
7777777
88888888

7. Calendar
(given beginning weekday & month)

S MT WT F S
1 2 3 4
5 6 7 8 910 11
12 13 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30 31

8.  Greeting (input 9)
(gap every 5 years)
Happy Anniversary
Happy Anniversary
Happy Anniversary

Happy Anniversary
Happy Anniversary

Happy Anniversary
Happy Anniversary
Happy Anniversary
Happy Anniversary

9.  More Greetings
(given input age of 21)
Happy Birthday Happy Birthday
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Happy Birt hday Happy Birt hday
Happy Birt hday Happy Birt hday
Happy Birt hday Happy Birt hday
Happy Birt hday Happy Birt hday
Happy Birt hday Happy Birt hday
Happy Birt hday Happy Birt hday
Happy Birt hday Happy Birt hday
Happy Birt hday Happy Birt hday
Happy Birt hday Happy Birt hday

Happy Birt hday
10. Checkered Grid

* k% * k% * k% * k%
* k% * k% * k% * k%

* k% * k% * k% * k%

Modify Calculator

Modify the program Cal cul at e given in this chapter in the following ways:

a. Toinclude a call for Help (by entering action H) that just lists the
possible actions.

b. Toaccept the action =ort (for “type”) to output the result instead of
showing it after each action.

To allow actions to be also given by upper case characters.
d. Toformat the output in a better way.

e. Toextend to other actions to include square root, trigonometric functions,
etc.

f. To have a “memory” similar to other hand-held calculators.
g. To have an “undo” command that “forgets” the previous action.
h.  To do anything else you could find convenient in a calculator.
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Statistics (Rainfall)

Create an algorithm and the corresponding program to analyze the rainfall
over a period of any number of days. The rainfall figures (real numbers, giving
the daily amount of rain) are input in order, and end with a negative number.
The following group of “statistics” is computed as the numbers are read in (they
are not stored in arrays!).

1. MEANIs the average rainfall per day, computed by summing all the
amounts and dividing by the number of days.

2. MAXis the maximum amount of rain that fell in any day.
3. MAXDAY is a day on which the maximum rain fell.

4. M Nis the minimum amount of rain that fell in any day, not including
zero.

5.  RANGE is the amount of variation in rainfall.
6. DRYDAYS s the number of days of no rainfall.

7. MAXCHANGE is the largest change in amount of rainfall between two
consecutive days.

8. MAXDROR is the largest drop in amount of rainfall between two
consecutive days.

9. MEANCHANGE is the average of the absolute amount of change between
two consecutive days.

10. VAR ANCE is the difference between the mean of the square of the
values and the square of the mean of the values.

11. DEVI ATI ONis the square root of the variance.

12. SECONDMAX is the second largest value of rainfall.

13.  DRYRUN s the length of the largest period of days without rain.
14.  WETRUN s the length of the largest period of days with rain.

15. MAXMEEK is the week which had the most accumulated rainfall.

16. VEETRI PLE is the largest accumulated rainfall over three consecutive
days.

Project Plotup

Create a program to plot a function in the proper orientation, with the Y axis
vertical and the X axis horizontal (which is just the opposite of the
Si dePl ot XY of this chapter). Then modify it in some of the following ways.

a. Draw the X and Y axes, using the plus "+" symbol.
b. Label the above axes.
Extend the plot to two coordinates (allowing negative X values).

d. Extend the plot to four coordinates.
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e.  Allow for a second function to be plotted.
f.  Enclose the entire plot within a box.
g. Add your own modifications.

A possible plot format follows:

Y
+

khkhkkkhkhkkkhkkhhkkkhhkkhkhhkkkhhkxkhkhhkk hkxkhkdhxkkhhxk,kdxkk,*x*x*%

* + * 10
* + *

* + * 8
* + *

* + * 6
* + *

* + * 4
* + *

* + * 2
* + *

E (o o Nt SR ¢
* + *

* + *

* + *

* + *

* + *

* + *

* + *

* + *

* + *

* + *
kkhhkkkhkhkkkhkkhhkkkhhkkhkhhkhkkhhkkhkhhhkkhhkxkhkkdhxkk hxk,dkxkk,kx*x*%

0O 2 4 6 8 10

BSD: Big Statistics Data

This project will involve files of data values and statistical actions on these
values. You will be given a file of rainfall amounts (in millimeters) for any
number of days, and you will compute the following, in order, with the program
growing in complexity as the project continues!

Reference:
Chapter 6 of the Principles book and this chapter.
1. ECHO

First create a simple Pascal program that reads | NTEGER values from a
file called Rai n. DATA until it reaches a negative value, which is the
terminating value. This program simply reads the values and then
writes them out to the screen.
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2. COUNT.

Modify (or grow) the above program so that while it reads and writes
the input values, it counts them.

3. MEAN

Modify the above program to find the mean value of all the data
values, and to output this value.

4. MAX

Modify again the above program to find the maximum value of all the
data values, and indicate also on what day this fell.

5. MN

Modify the above program to find the minimum non-zero amount of rain
that fell in one day, and also show on what day this fell.

6. WETDAYS.
Modify the program again to count the number of days of rainfall.
7. VETRUN

Modify it again to find the length of the largest period of days with
rain.

8. Time Permitting: See other possible modifications in the STATISTICS
programming project above.

BTD: Big Text Data

This project will involve files of data values and statistical actions on these
values. You will be given a file of text (such as the Gettysburg Address) and you
will compute the following, in order, with the program growing!

Reference:
Chapter 6 of the Principles book and this chapter.
1. ECHO

First create a simple Pascal program which reads Character values
from a file called Get t ysbur g. Text until it reaches a dollar sign,
which is the terminating value. This program simply reads the values
and then writes them out to the screen.

2. COUNT.

Modify (or grow) the above program so that while it reads and writes
the characters, it counts them. Modify it also to count the number of
words, lines and sentences.

3. MEAN

Modify the above program to find the mean or average word length and
to output this value. Find also the average number of words per line.
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4. MAX

Modify again the above program to find the length of the longest word.
5 MN

Modify the above program to find the length of the shortest sentence.
6. VOWELS.

Modify the program again to count the number of vowels in a file.
7. MORE.

Indicate other actions of the above kinds that could be computed for a
text file. Do one or two of these.

SMC: Small Monthly Calendar

You are to plan a program and code it to output a calendar of a single month
(similar to the Calendar Planner Application). You will input the number of
days N in the month and the day of the week F (where F =1 on Sunday, F =2 on
Monday, etc.) on which the first of the month falls. For example, the following
calendar is for a month with N = 30 days, with the first day occurring on a
Saturday, so F = 7. You may use the Pascal FOR statement now; arrays
(whatever they are) are not necessary yet, but may be used at a later time.

Sun Mon Tue Wed Thu Fri Sat

1

2 3 4 5 6 7 8

9 10 11 12 13 14 15

16 17 18 19 20 21 22

23 24 25 26 27 28 29
30

Modify this program in the following ways,:
a. Putting a border around the outside,
b.  Putting each day into a box (of plusses)
Making the size of each box or cell variable
d.  Putting more months
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Chapter 7 Better Blocks: Procedures and

Libraries

This chapter presents the creation and use of Pascal subprograms, i.e. the

Pascal procedures and functions. Subprograms are often part of libraries, and
the chapter introduces the Pascal units that are used to implement libraries.
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7.1 Preview

The encapsulation of both actions and data types into subprograms is a very
important part of computing, and is treated in great detail in this chapter,
which makes it one of the most important chapters.

First, procedures and their syntax are considered, and numerous examples are
given. Nested procedures are also treated, with more examples. The concept of
functions as limited procedures is considered next, along with many examples.

In Pascal, libraries, which are collections of related subprograms, are created
through the units mechanism. Units consist of an Interface part, which is a
specification of what the procedures in the unit do, and an Implementation
part, which indicates how the procedures do what they do. The creation of
libraries through Pascal units is described, again with many complete
examples.

In this chapter, you will learn how to create the kinds of procedures, functions
and libraries that you have been using and re-using in previous chapters.

7.2 Procedures in Pascal

Use and Definition

A procedure is a very useful “black box” that encapsulates (comprises all the
elements of) a subalgorithm. Once a procedure is declared, it may be used
whenever the subalgorithm is required. First, consider the procedure Max,
which operates on two data values, Xand Y and produces a value M which is
the maximum of the two values X and Y. Max can then be used, for example, to
find the maximum of three values A, B and Cas in the body of the program Max3
from Chapter 7 of the Principles book (Fig. 7.7):

Read(A, B, O);

Max(A, B, E);
Max(E, C, L);
WitelLn(L);

Here, Max is first used to set E to the maximum of the values Aand B. Then Max
is used again to set L to the maximum of the values E and C. In other words, we
have used the actions encapsulated in Max twice to build the larger operation of
finding the maximum of three values.

We will use the procedure Di vi de, which is a little more complex than Max, to
illustrate how procedures are defined in Pascal. Di vi de operates on a
numerator Numand denominator Den, and produces a quotient Quot and
remainder Rem A call to Di vi de is denoted asDi vi de( Num Den, Quot,
Ren) . We can use Di vi de in many different ways as shown in the following
examples.

Conversion of many units is done conveniently by Divide as:



Better Blocks: Procedures and Libraries

Di vi de( Foot age, 5280, Ml es, Feet);
Di vi de(Total Oz, 16, Pounds, Qunces);

Two | NTEGER values can be averaged simply by:

(* Mean of Two | NTEGER Val ues *)
Divide(A + B, 2, Mean2, Rem;
Wite(Man2: 3);
IF Rem= 0 THEN

Wite(' exactly')
ELSE

Wite(' approximtely');

It is simple to determine whether Year is a leap year with:

(* Sinple Leap: Fails for 1900 *)
Di vi de(Year, 4, Q Remainder);
| F Remai nder = 0 THEN

WiteLn(Year: 4, ' is a leap year')
ELSE
WitelLn(Year: 4, ' is not a leap year');

The algorithm for computing the check digit in the ISBN, the International
Book Number, is described in Chapter 3 of the Principles book. The check digit
is computed from the weighted sum W Sumof the first nine digits of the number,
D1, D2, D3, D4, D5, D6, D7, D8, D9, as follows.

(* 1SBN Check Digit Conmputation *)
WSum:= Dl + 2*D2 + 3*D3 + 4*D4 + 5*D5 +
6*D6 + 7*D7 + 8*D8 + 9*D9;

Divide(WSum 11, Q Check);
| F Check = 10 THEN

Wite(' Check digit is X))
ELSE

Wite(' Check digit is ', Check:1);

In Figure 7.1, Di vi de is described in four different ways. The top two
representations are taken from Chapter 7 of the Principles book. The dataflow
diagram shows the four parameters of which two are passed in and two are
passed out. The data space diagram shows the actual space occupied by the
variables associated with the procedure Di vi de. Also shown is the
pseudocode of the procedure, from which is seen that it makes use of a
temporary variable C, and that this variable is private to the procedure and
cannot be accessed by any of the programs that use Divide.
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7.3 Syntax

Figure 7.1

Procedure descriptions

Numerator Divisor

|

N D
Divide
Q R

N

Quotient Remainder

Dataflow diagram

N Cl
D

Divide(N, Db Q R:
Set Rto N
Set Cto O
Wiile R3* D Iloop
Set Cto C+ 1
Set Rto R- D
Set Qto C

R

Dataspace diagram

PROCEDURE Name PROCEDURE Di vi de(Num Den: | NTEGER;
VAR Quot, Rem | NTECER);
( Parameter list ); VAR
Count : | NTEGER,;
BEG N
Local Objects Rem = Num
Count := 0;
VWH LE Rem >= Den DO
BEG N BEG N
I nc(Count);
: Dec(Rem Den);
Actions END;
Quot := Count;
END; END;
Template Pascal definition

The template for the Pascal definition of a procedure is shown at the bottom
left of Figure 7.1. From the template, we see that the first part of the procedure
consists of its name, which should be descriptive of the procedure’s purpose.
This is followed by a parameter list, which must specify all the parameters,
their names, data type, and whether they are being passed in or passed out.
Then comes a declaration part for the local variables, which are hidden
within the procedure. Finally, there is a series of statements that describe the
actions performed in the body of the procedure. Finally, in the bottom right
guadrant of Figure 7.1, the complete Pascal definition of the Di vi de procedure,
with more descriptive names for all the variables, is shown so that its
correspondence with the template can be seen.

of Subprogram Forms

Procedures in Pascal

As we saw in the preceding section, procedures are a very convenient and
powerful form of abstraction. We can use them without burdening our minds
with the details of how they carry out their purpose. Viewed from the user’s
standpoint, a procedure has a name and a list of parameters. There are three
kinds of parameters:
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= Input parameters—data values are passed into the procedure; in
Di vi de, Numand Den were input parameters.

= Output parameters—data values are passed out of the procedure; in
Di vi de, Quot and Remare output parameters.

= Input-output parameters—data values are passed in and out of the
procedure.

Pascal implements only two parameter passing mechanisms: pass by value,
used for input parameters and pass by reference, used for both output and input-
output parameters. Consequently, there is no distinction made in Pascal
between output and input-output parameters. Comments could be used to
indicate the difference. It is often convenient to list the input parameters first
but this is not necessary.

Figure 7.2 Syntax diagrams for a ProcedureCall statement

ProcedurecCall

—— | ActualParameters lT.

ActualParameters

—~O—[ErE—0—

Figure 7.3 Syntax diagrams for a ProcedureDeclaration

ProcedureDeclaration

Declaration j F@
——|ProcedureHeading |-—O (BEGIN) | Statement (END)-—O——
ProcedureHeading

——( PROCEDURE )——| Ident |—1—‘| FormalParameterslT—

FormalParameters

7\
i (P
—~(O—~[ Frsesion |2 ~(D—

FPSection

ﬂj—’il identList |~ )—{ Type }—
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A procedure is invoked by a Pr ocedur eCal | statement, whose syntax is
defined by the diagrams in Figure 7.2. From these diagrams we see that a

Pr ocedur eCal | consists of the name of the procedure followed possibly by the
Act ual Par anet er s, which is a list of expressions separated by commas and
enclosed in parentheses. The procedure itself is specified by a

Pr ocedur eDecl ar at i on whose syntax is defined by the diagrams in Figure
7.3.

These diagrams show that a Pr ocedur eDecl ar at i on consists of a

Pr ocedur eHeadi ng, a semicolon, a Bl ock and another semicolon. In turn, the
Pr ocedur eHeadi ng consists of the name of the procedure followed possibly by
the For mal Par anet er s, which is essentially a list of identifiers and types
separated by semicolons and enclosed in parentheses. The close correspondence
between a Pr ocedur eCal | and a Pr ocedur eHeadi ng emphasizes the fact
the Procedur eCal | is the point at which data communication between the
user of the procedure and the procedure itself takes place.

The distinction between input parameters, and output or input-output
parameters is made by prefixing the output or input-output parameters with
the word VAR Thus the Pr ocedur eHeadi ng for the Di vi de procedure is as
shown in Figure 7.4.

Figure 7.4 The procedure heading for Divide

PROCEDURE Di vi de(Num Den: | NTEGER, VAR Quot, Rem | NTEGER);

Input parameters Output parameters

The correspondence between the Act ual Par anet er s of the ProcedureCal | ,
and the For mal Par anet er s of the Pr ocedur eHeadi ng is on a strict left-to-
right one-by-one match. It is required that each actual parameter that
corresponds to an output or input-output parameter be a variable—it must not be
an expression. On the other hand, an actual parameter that corresponds to an
input parameter can be an expression or a constant. An example of such a
correspondence is given in Figure 7.5.

Figure 7.5 Correspondence of actual and formal parameters

Procedure call
Divide(A + B + C, 3, Mean3, Reninder);

[/ N\

PROCEDURE Di vi de(Num Den: | NTEGER, VAR Quot, Rem | NTEGER);
Procedure heading

When a procedure call is executed, the following Steps take place:
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1.  The caller’s point of return is recorded. This is the point at which
execution will continue after the procedure being called has completed
its actions, i.e. the next statement after the procedure call.

2. Space is allocated for all input parameters and local variables. Using
Di vi de as an example, space is allocated for the input parameters Num
and Den as well as for the internal variable Count .

3. The output and input-output formal parameters are linked to their
corresponding actual parameters in the procedure call. Quot is linked
to Mean3 and Rem is linked to Remai nder .

4.  The actions specified in the body of the procedure are performed.
5. The space allocated in Step 2 is deallocated.
6.  Execution is resumed from the point of return recorded in Step 1.

This sequence of steps is discussed in greater detail in Chapter 7 of the
Principles book.

To summarize the material covered in this section, let’s look at a complete
program example. The complete Pascal program in Figure 7.6 is based on the
AverageExample algorithm found in Chapter 7 of the Principles book.

Figure 7.6 The AverageExample program

PROGRAM Aver ageExanpl e;
(* Mean of two | NTEGER Val ues *)

VAR First, Second, Average, Renainder: |NTEGER,

PROCEDURE Di vi de(  Num Den: | NTECGER;
VAR Quot, Rem | NTEGER);
(* Integer division of Numby Den giving a
qguot i ent
Quot and a renmi nder Rem *)
VAR Count: | NTEGER;

BEG N
Rem : = Num
Count := 0;
VWHI LE Rem >= Den DO BEG N
I nc(Count);
Dec(Rem Den);
END;
Quot : = Count;
END;
BEG N

Wite('Gve two integers: ');
Read(First, Second);
Divide(First + Second, 2, Average, Renminder);
Wite(Average: 3);
| F Remai nder = 0 THEN
Wite(' exactly ')
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ELSE
Wite(' approximtely');
END. { AverageExample }

This program starts by asking for and reading in two values, Fi r st and
Second. It then calls procedure Di vi de, which is declared earlier in the
program—a procedure must be declared in the program or in an external unit
before it can be used. The expression Fi r st + Second is evaluated, and the
resulting value is passed in to become the value of Numin Di vi de. Similarly,
the value 2 is passed into Den. In the procedure, the value in Num(the sum of
Fi r st and Second) is divided by Den (2) and the resulting quotient and
remainder are assigned to Quot and Rem Since these are output parameters
that were linked to Aver age and Remai nder in the procedure call, these two
variables are set to the quotient and remainder obtained in the division.
Execution then continues with the Wi t e statement and the value of Aver age
is output. Then, either the word “exactly” is output, if the value of Remai nder
is zero, otherwise the word “approximately” is output.

Notice that, in the declaration of procedure Di vi de, the word VAR has two
different meanings according to its context—depending on whether it occurs in a
procedure header or a declaration. Also note the use of standard procedures | nc
and Dec to increment and decrement a variable:

"Dec(Rem Den)" isequivalentto"Rem := Rem - Den."

More Examples of Pascal Procedures

Figure 7.7 shows the program Change, which is based on the Change algorithm
of Chapter 7 of the Principles book, and contains a Di vi de subprogram. The
main program makes change, using a series of calls to the procedure Di vi de.
This program illustrates a number of concepts.

Procedure Di vi de is essentially the same as the one defined in the Average
example of Figure 7.6. Here, it has longer and more meaningful parameter and
variable names (Numer at or instead of Num and Remai nder instead of Rem).
In the procedure header, each parameter is set on a separate line, with its type
and indication of method of passing. This header could also have been written
as one long line or as the following:

PROCEDURE Di vi de
( Nunerator, Denoninator: |NTEGER, { pass-in }
VAR Quotient, Remai nder: |NTECGER); { pass-out}

The form shown in Figure 7.7 is more redundant than this one because it repeats
the | NTEGER type and the VAR indicator. The form of Figure 7.7 is more
verbose but also less prone to error. In particular, one common programming error
occurs when a VAR precedes lists of output parameters of different types. The
VAR actually applies only to the parameters of the first list; it does not apply
to the other lists. For example, consider the header:

PROCEDURE SubPr og( A, B, C | NTEGER
VAR X, Y: INTEGER, Z: REAL)
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Here the VAR indicator applies to parameters Xand Y only; they are passed by
reference, butZ is passed by value. If it is intended for Z to be also passed by
reference, then it needs to be prefaced by another VAR, as i n:

PROCEDURE SubPr og( A, B, C |NTECER;
VAR X, Y: | NTEGER;
VAR Z: REAL)

Figure 7.7 The Pascal program Change

PROGRAM Change;
(* Calculate change to be given *)

VAR Tendered, Cost, Remai nder,
Quarters, Dines, N ckels, Pennies: |NTEGER

PRCCEDURE Di vi de( Nunmerator: | NTEGER;, { i nput
paraneter }
Denonmi nator: | NTEGER, { input paraneter }

VAR Quotient: | NTEGER, { output paraneter
}
VAR Renuai nder: | NTEGER);{ output paraneter
}
VAR Count: | NTEGER, { Local variable }
BEG N
Remai nder := Nunerator;
Count = 0
VWH LE Renmi nder >= Denoni nator DO BEG N
I nc(Count);
Dec( Rerai nder, Denomi nator);
END;

Quotient := Count;
END; { Divide }

BEG N

{ Input the transaction data }

Wite(' Enter the anmount tendered in cents ');
Read( Tender ed) ;

Wite('Enter the cost in cents ');

Read( Cost ) ;

{ Carry out the conputation of change }
Rermai nder : = Tendered - Cost;

Di vi de( Remai nder, 25, Quarters, Remminder);
Di vi de( Remai nder, 10, Dines, Remainder);
Di vi de( Remai nder, 5, Nickels, Pennies);

{ Qutput the results }

WitelLn(' The change is:');

WiteLn(' ', Quarters: 2, ' quarters');
WiteLn(' ', Dinmes: 2, ' dinmes');
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WiteLn(' ', Nickels: 2, ' nickels');
WiteLn(' ', Pennies: 2, ' pennies');
END. { Change }

As a good programming practice, it is very useful to include assertions of various
kinds in procedures. To make them more visible, it is common to write assertions
as comments with two asterisks. Examples of such useful assertions in
procedures are preconditions, postconditions and loop invariants.

Preconditions are assertions that describe the values of variables before
the procedure executes. For example, in the Di vi de procedure the
Denom nat or should not be zero, and also the Nuner at or should

exist, as:
(** PRE-COND: Nunerator exists, **)
(** Denom nator is not zero **)

Postconditions are assertions that describe the values of variables after
a procedure ends. For example, in Di vi de, after execution, the
Remai nder will be non-negative and less than Denomi nat or :

(** PQOST- COND: *x)
(** 0 <= Renmmi nder < Denom nator **)

Loop Invariants are assertions that describe the behavior of a loop.
The loop in Di vi de has the invariant:

(** | NVAR:
**)
(** Nurmerator = Denom nator*Quotient + Renai nder **)

Sometimes a postcondition is put near the end of the procedure. But a better
practice is to put it at the beginning of the procedure with the precondition, as
part of the procedure documentation. Also, when the assertions are obvious
they are often not shown.

Power Procedure

As another procedure example consider the useful exponentiation operation
that is not part of Pascal. This operation raises a number to some power. If the
power is a positive | NTEGER then procedure PPower in Figure 7.8 multiplies
the number by itself the required number of times.

Figure 7.8 The PPower procedure

PROCEDURE PPower ( Base: REAL; { input }
Exponent: | NTEGER;, { input }
VAR Result: REAL); { output }
(* Conmpute Base raised to the power Exponent
*
)
(** PRE-COND: Exponent >= 0 **)
(** POST-COND: Result = Base to the power
Exponent **)
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VAR Count: | NTEGER;

BEG N

Result := 1.0;

FOR Count := 1 TO Exponent DO
Result := Result * Base;

END (* PPower *);

7.4 Passing Parameters

In, Out, In and Out, and Neither

Procedures are representations of independent algorithms and, as such, they
present a great many different aspects that cannot be conveyed by the study of
only a few examples. In this section, we will show many examples of small
procedures, to illustrate the great diversity of details.

In Pascal, data are passed from the actual parameters of a call statement to the
formal parameters of the called procedure, either by value or by reference.
Input parameters are passed by value, while output and input-output
parameters are passed by reference. It is very important that this distinction
be absolutely clear in your mind for two reasons:

= Expressions may only be passed to input parameters, while the actual
parameters corresponding to output and input-output parameters must
be variables.

= Variables passed to input parameters cannot have their values
changed by the procedure, whereas variables passed to output and
input-output parameters can, and generally do, have their values
changed by the procedure.

To make this distinction clear, appropriate comments can be put in the
procedure headers. The comments{ i nput },{ output } and{ through
} can be put at the right of the corresponding parameters, as we have done in
our previous examples and will do in this section. You are likely to find that
some of the procedures shown in the following programs can be used in your
programming. You can copy their definitions directly into your program, or you
can use them as models on which to base procedures tailored to your particular
needs. They could also be put into a Library and be available to all program.

BigChange

The first example, program Bi gChange in Figure 7.9, is an enlarged version of
the program Change shown earlier in Figure 7.7.

Figure 7.9 Program BigChange

PROGRAM Bi gChange;
(* Change naker with procedures *)
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PROCEDURE Spel | out (Nunber: | NTEGER); { input }
(* Wite digits in English *)

BEG N

CASE Nunber OF
0: Wite('zero'); 1. Wite('one');
2: Wite('two'); 3: Wite('three');
4: Wite('four'); 5. Wite('five');
6: Wite('six'); 7: Wite('seven');
8: Wite('eight'); 9: Wite('nine')
ELSE
Wite(Nunber: 3);

END;

END; { Spellout }

PROCEDURE Ent er Pos( VAR Posi ti veNunber :
| NTEGER) ; { out put }

(* Ask for and return a positive integer *)
VAR | nput Val ue: | NTECER;

BEG N

Wite(' Enter a positive nunber ');

Read( | nput Val ue) ;

WHI LE | nputValue < 0 DO BEGA N
Wite('Error in value; enter it again ');
Read( | nput Val ue) ;

END;

Posi ti veNunber : = I nput Val ue;

END;, { EnterPos }

PROCEDURE Di vi de( Nunmerator: |INTEGER, { input }
Denom nator: |INTECGER; { input }
VAR Quotient: |NTEGER, { output }
VAR Renmai nder: | NTEGER);{ output }

(* Divide Nunmerator by Denoninator and return

Quoti ent
and Remai nder *)
VAR Count: |INTEGER; { Local variable }
BEG N
Remai nder : = Nunerator;
Count = 0;
VWHI LE Renai nder >= Denom nat or DO BEG N
I nc(Count);
Dec( Renmi nder, Denomni nator);
END;

Quotient := Count;
END, { Divide }
VAR Tender ed, Cost, Renmi nder,
Quarters, Dines, N ckels, Pennies: |NTEGER
BEG N
{ I'nput the transaction data }
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WitelLn(' Enter the cost in cents:');

Ent er Pos( Cost ) ;

WitelLn(' Enter the amount tendered in cents:');
Ent er Pos( Tender ed) ;
{ Carry out the computation of change }
Remai nder := Tendered - Cost;

Di vi de( Rermai nder, 25, Quarters, Renainder);
Di vi de( Rermrai nder, 10, Dines, Renminder);
Di vi de( Rermai nder, 5, Nickels, Pennies);
{ Qutput the results }

WitelLn(' The change is:');

Wite(' the nunber of quarters is ');
Spel | Qut (Quarters);

WiteLn;

Wite(' the nunmber of dines is ');

Spel | Qut (Di mes) ;

WiteLn;

Wite(' the nunmber of nickels is ');

Spel | Qut (Ni ckel s);

WiteLn;

Wite(' the nunmber of pennies is ');

Spel | Qut (Penni es) ;

WiteLn;
END. { Bi gChange }

The BigChange program makes use of a number of different procedures:

Spel | out (Nunber ) —Nunber is an input parameter.

This procedure outputs small integer values, passed in Nunber , in
words instead of digits. Since Nurber is an input parameter, it is
passed by value. Only the numbers zero through nine are output as
words; outside that range, numerical characters are used.

Ent er pos(Posi ti veNunber)—Posi ti veNunber isan output
parameter.

This procedure reads in an| NTEGER called | nput Val ue, tests whether
it is positive, and if not keeps prompting and reading in numbers. When
the input value is positive then it is assigned to whatever variable
Posi ti veNunber corresponds to in the calling program. The procedure
can be used to enter positive values for variables such as Age, Height,
IdNumber, etc. The VAR preceding the variable Posi ti veNunber
indicates passing by reference, as does the comment{ out put } atits
right. A second VAR precedes the declaration of the local variable

| nput Val ue.

Di vi de(Nunerator, Denoninator, Quotient, Renainder)—
Nuner at or and Denomi nat or are input parameters; Quot i ent and
Remai nder are output parameters.

This procedure receives two values (Nuner at or and Denomni nat or)
and passes out two values (Quot i ent and Renmi nder). It has been
discussed in detail and needs no further explanation.
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Following the declarations of these three procedures are the declarations of
the variables that are used in the program’s body. They are listed close to the
BEQ N because that is where they are used. Things that go together should be
together. There are seven variables all of type | NTEGER.

Running this program for some typical data yields the following output:

Enter the cost:
Enter a positive nunber 13
Enter the anmount tendered:
Enter a positive nunber 100
The change is:
t he nunber of quarters is three
t he nunber of dines is one
t he nunber of nickels is zero
t he nunber of pennies is two

BigPay

Figure 7.10 Program BigPay

PROGRAM Bi gPay;
(* Conpute the net pay and the deductions for a
nunber
of enpl oyees, whose data is kept in input file
Enpl oyee. Data. The results are given in a table
and the total net pay is displayed *)
VAR Tot al : REAL;
Enpl oyeeNum Enpl oyeeCount : | NTEGER,
I nput Fi l e: TEXT;

PROCEDURE Gr ossPay( VAR Pay: REAL);
(* Conpute the gross pay corresponding to the
dat a
read froman open InputFile *)
CONST Break = 40;

VAR Hours, Rate: REAL;
BEG N
ReadLn( I nputFil e, Hours);
ReadLn(I nputFile, Rate);
Wite(Hours:7:2, Rate:6:2);
| F Hours < Break THEN
Pay := Hours * Rate
ELSE
Pay := Break * Rate + 1.5 * (Hours - Break);
END;, { G ossPay }

PROCEDURE Get M scDeducti ons( VAR M scDeducti ons:
REAL) ;
(* Conpute miscellaneous pay deductions *)
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CONST Const M scDeductions = 10. 75;
BEG N

M scDeducti ons : = Const M scDeducti ons;
END;, { GetM scDeductions }

PROCEDURE Deducti ons(Gross: REAL; VAR Total:
REAL) ;

(* Conpute the total pay deductions froma gross
pay *)

CONST Rate = 0. 27;

VAR Tax, M sc: REAL;

BEG N

Tax := Rate * G 0ss;

Get M scDeduct i ons(M sc);
Total := Tax + M sc;
Wite(Tax: 7: 2, Msc: 6: 2);
END; { Deductions }

PROCEDURE Net Pay( VAR Amount: REAL);
(* ")
VAR Gross, Deduct, Actual Pay: REAL;

BEG N
GrossPay( G oss);
Wite(Goss: 7: 2);
Deducti ons(Gross, Deduct);
Actual Pay := Gross - Deduct;
WitelLn(Actual Pay: 7: 2);
Anount : = Anopunt + Actual Pay;
END; { NetPay }

BEG N
Assign(l nputFile, 'Enployee.Data');
Reset (I nputFil e);
ReadLn( I nput Fi | e, Enpl oyeeCount);

Total := 0;

WitelLn('Enp Hours Rate Goss Tax M sc
Actual ');

WitelLn(' Num Pay Pay');

FOR Enpl oyeeNum : = 1 TO Enpl oyeeCount DO BEGQ N
Wit e( Enmpl oyeeNum 3);
Net Pay( Tot al ) ;

END;

Wite(' The total net pay is "),
WitelLn(Total:7:2);
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C ose(lnputFile);
END. { BigPay }

Our second example is a Pascal version of the BigPay algorithm we have seen
in Chapter 7 of the Principles book. This version is shown in Figure 7.10, and
has been written so that it obtains its data from a file whose layout is:

Nunber of enpl oyees
One data record showi ng hours worked and rate of pay
for each enpl oyee.

The actual contents of the file used with this example are the following.

10

45.5 11. 25
40.0 6.50
37.5 10. 25
43.0 11.50
40.0 4.50
42.4 14.50
40.0 6.75
40.0 8.50
52.0 4.50
28.5 4.50

These data correspond to ten employees with hours and rates of pay as shown.
The body of the program, between the last BEG N- END pair, first sets up the

I nput Fi | e for reading, and reads the number of employees to be processed and
sets that in Enpl oyeeCount . It then initializes the variable to accumulate
the total pay to zero, and outputs the header for the pay ledger that will be
produced. It then executes a loop once for each employee. In the body of the
loop, it prints the employee number, calls the procedure Net Pay to calculate
the employee's net pay and add it to the total. The program includes the
following procedures:

Gr ossPay ( Pay)

This procedure has a single output parameter, Pay, in which the
calculated gross pay is set. Hour s worked and Rat e of pay for the
employee are read from the | nput Fi | e and the Pay computed. Note
that since | nput Fi | e is a global name—it is not passed as a
parameter—it must be declared before the procedure is defined.

Get M scDeducti ons(M scDeducti ons)

This procedure has a single output parameter, M scDeduct i ons. In
fact, this procedure is a stub—a temporary version of the procedure used
during the development of the program. The details of the computation
of the miscellaneous deductions have not been elaborated; it just returns
a constant value of 10.75 for each employee, which is specified as a
constant.

Deducti ons(Gross, Total)
This procedure has one input parameter, Gr 0ss, and one output
parameter, Tot al . Note that the parameter Tot al is quite separate
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from the variable Tot al declared at the top of the program. There are
two local variables, Tax andM sc.

Net Pay ( Amount)
This procedure has a single input-output parameter Anount to which
the Act ual Pay is added.

The result of running Bi gPay with the sample data in the input file is given in
Figure 7.11. You may note that the net pay total is not exact (it is one cent too
much); this is proof of the disadvantage of using REAL variables.

Figure 7.11 Results produced by BigPay

Enp Hours Rate G oss Tax M sc Actual
Num Pay Pay

1 45.50 11.25 458.25 123.73 10.75 323.77

2 40.00 6.50 260.00 70.20 10.75 179.05

3 37.50 10.25 384.37 103.78 10.75 269. 84

4 43.00 11.50 464.50 125.42 10.75 328.33

5 40.00 4.50 180.00 48.60 10.75 120.65

6 42.40 14.50 583.60 157.57 10.75 415. 28

7 40.00 6.75 270.00 72.90 10.75 186.35

8 40.00 8.50 340.00 91.80 10.75 237.45

9 52.00 4.50 198.00 53.46 10.75 133.79

10 28.50 4.50 128.25 34.63 10.75 82.87

The total net pay is 2277. 39

A Miscellany of procedures

Figure 7.12 Program MiscProcsl

PROGRAM M scProcsl;
(* Illustrates nmany procedures *)

PROCEDURE | nstructi ons;

(* Prints brief instructions *)
BEG N

WitelLn(' Enter percentages ');
WitelLn(' as whole nunbers. ');
WitelLn(' End on a negative ');
END { Instructions };

PROCEDURE Wit eStar 15;

(* Prints a line of 15 stars *)

VAR Count: | NTEGER;

BEG N

FOR Count := 1 TO 15 DO
Wite('*');

WiteLn;

END { WiteStarl5 };
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PROCEDURE Decr ( VAR Val ue: | NTEGER); (*
i nput - out put *)

BEG N

Val ue := Value - 1;

END, { Decr }

PROCEDURE W iteStar (Number: |INTEGER); (* input
*
)
(* Prints a line of Nunmber stars*)
BEG N
WHI LE Nunmber > 0 DO BEG N
Wite('*");
Decr ( Nunber) ;
END;
WitelLn;
END { WiteStar };

PROCEDURE Wit eChar (Synmbol : CHAR, Nunber:
| NTEGER) ;
(* Prints line of N Chars *)
VAR Count: |INTEGER; (* local *)
BEG N
FOR Count := 1 TO Nunmber DO
Wite(Synbol);
WiteLn;
END { WiteChar };

BEG@ N { Main Program}
WiteStar(24);

I nstructions;
WiteChar('-', 24);
END. { MscProcsl }

Our next example is program M scPr ocs1, shown in Figure 7.12, that embodies
a mixed collection of procedures that serves to further illustrate some more
forms of procedures.

Instructions()

Thi s first procedure, simply displays some instructions to the user of
the program. It involves no passing of parameters and has no local
variables.

WiteStar15()

This procedure outputs a line of 15 asterisks and terminates the current
output line. It also has no parameters, but has a local variable Count
used to count the asterisks.

Wi teStar (Nunber)

This is a more general version of Wi t eSt ar 15 that has one input
parameter Nunber , which specifies the number of asterisks to be
output. It does not need to use a local variable since the value of the
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input parameter Nunber serves as a counter. Since input parameters are
passed by copying their value, when the value of Nunber is changed in
the procedure, it does not change the value of the corresponding actual
parameter in the main program.

Decr (Val ue)

This procedure has a single input-output parameter Val ue, which it
decrements by 1, i.e. it is similar to standard procedure Dec. It serves to
illustrate the use of an input-output parameter, one whose value is
passed in, modified and then passed out to the same variable in the
calling program.

Wit eChar (Synbol, Nunber)
outputs a line consisting of the Synbol character repeated Nunber
times. Itis a further generalization of Wi teStar.

The body of M scPr ocs1 illustrates the calling of the above procedures in
trivial ways. Notice especially that each call is a statement. The output
obtained from running the program is:

ER Rk Sk S SRRk O Ok b

Ent er percent ages
as whol e nunbers.
End on a negative

A Second Miscellany of procedures

Figure 7.13 Program MiscProcs?2

PROGRAM M scProcs2;
(* Illustrates nmany procedures *)
VAR A, B, C CHAR

R, S T. REAL;

I, J, K |NTEGER;

PROCEDURE SnapTr ace;
(* Show snapshot of 3 val ues *)

BEG N

WiteLn('First ="', O;
WitelLn('Second ="', |: 4);
WiteLn(' Third ="', R 7: 2);

END { SnapTrace };

PROCEDURE Tenper at ureFtoC( Fahrenheit: REAL; { input }
VAR Cel sius: REAL); { output }

(* Converts the tenperature from Fahrenheit to Cel sius *)

BEG N

Celsius := (5.0 / 9.0) * (Fahrenheit - 32.0);

END { TenperatureFtoC };

PROCEDURE AreaCircl e(Radi us: REAL; VAR Area: REAL);
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(* Conputes area of circle *)
BEG N

Area := Pi * Radius * Radi us;
END { AreaCircle };

PROCEDURE Maxi 2( X, Y: INTEGER; { input }
VAR Max: | NTEGER); { output }
(* Finds Maxi num of two integers *)

BEG N
IF X > Y THEN
Max = X
ELSE
Max =Y,

END { Maxi 2 };

PROCEDURE Maxi 3( A, B, C INTEGER;, { input }
VAR Largest: |INTEGER); { output }

BEG N

Maxi 2( A, B, Largest);

Maxi 2(Largest, C, Largest);

END { Maxi 3 };

BEG@ N { Main Program}

TenperatureFt 0oC(212.0, R);

WitelLn('212F is ', R 7: 2, 'C);

Wite('Max of 3, 6, 5 =");

Maxi 3(3, 6, 5, |);

WitelLn(l: 2);

FORJ := 1 TO5 DO BEG N

Wite('Area of Circle of radius ', J: 1, ' is');
AreaCircle(J, S);

WitelLn(S: 6: 2);

END;
C:="#,
ShapTr ace;

END. { M scProcs2 }

A second miscellany of procedures, program MiscProcs2 shown in Figure 7.13,
contains some procedures that are generally useful, either as such or as the basis

from which particular procedures can be crafted.

SnapTrace()

Like Instructions seen above, this procedure also has no parameters and
no local variables. It outputs the values of three global variables C, |

and R. Note that these variables must be declared before this
procedure is defined. Calls of this procedure could be inserted at
various points in a program to test or debug it.

TemperatureFtoC(Fahrenheit, Celsius)
is a simple temperature conversion procedure that has one input,
Fahrenheit, and one output, Celsius, and no local variables.
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AreaCircle(Radius, Area)
is another simple algebraic formula packaged as a procedure. Notice
that Pi does not need to be declared since it is a standard function.

Maxi2(X, Y, Max)

has two inputs X and Y and an output Max. It applies only to integers.
Maxi3(A, B, C, Largest)

has three inputs A, B, C and one output Largest. It calls the previous
Maxi2 procedure twice.

Again, the body of this program illustrates the calling of these procedures in
simple ways. The output obtained from running M scPr ocs2 is given in Figure
7.14.

Figure 7.14 Results of program MiscProcs2 execution

212F is 100.00C
Max of 3, 6, 5= 6

Area of Circle of radius 1 is 3.14
Area of Circle of radius 2 is 12.57
Area of Circle of radius 3 is 28.27
Area of Circle of radius 4 is 50.27
Area of Circle of radius 5 is 78.54
First = #

Second = 6

Third = 100.00

7.5 Procedures with Char, Boolean and Other Types

Figure 7.15 Program MoreProcs

PROGRAM Mor ePr ocs;
(* Illustrates use of CHAR and BOOLEAN in
procedures *)

PROCEDURE Char ToDigit(Ch: CHAR, VAR Digit:

| NTEGER) ;

(* Converts nuneric character to | NTEGER *)
(** Pre-cond: ORD(Ch) must be in the range 48 to
57 **)

BEG N

Digit := ORD(Ch) - ORD('0");
END { CharToDigit };

PROCEDURE ReadDi git (VAR Digit: |NTEGER);
(* Reads character digits *)

VAR Ch: CHAR

BEG N

Read( Ch) ;

WH LE (Ch <'0") OR(Ch >"'9") DO BEA N
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Wite('?");

Read( Ch) ;

END;

CharToDigit(Ch, Digit);
END { ReadDigit };

PROCEDURE ReadBool (VAR Trut h: BOCOLEAN) ;

(* Reads char T or F as truth value *)

VAR Ch: CHAR;

BEG N

Read( Ch) ;

Ch : = UpCase(Ch);

WH LE (Ch <> '"T') AND (Ch <> 'F') DO BEG N
Wite('Try again ');

Read( Ch) ;
Ch := UpCase(Ch);
END;

IF Ch ='T THEN
Truth := TRUE
ELSE
Truth : = FALSE;
END { ReadBool };

PROCEDURE Wit eBool (Trut h: BOOLEAN);
(* Wites truth value *)
BEG N
I F Truth THEN
Wite(' TRUE ')
ELSE
Wite(' FALSE');
END { WiteBool };

VAR A B, C D E F, G H I, Sum |NIEGR
Bool Val ue: BOOLEAN,
Return: CHAR

BEG N
WitelLn('Enter ISBN ');
ReadDi git (A); ReadDi gi t (B);
ReadDi git (O ; ReadDi git(D);
ReadDi git (E); ReadDi git (F);
ReadDigit (G ; ReadDi git (H);
ReadDigit(1);

Sum:= A+ 2*B + 3*C + 4*D + 5*E + 6*F +
7*G + 8*H + 9*| ;

Wite(' Check is ');

IF (Sum MOD 11) = 10 THEN

WitelLn(' X))

ELSE

WitelLn(Sum MOD 11: 1);

Read( Ret urn);
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Wite('Enter T or F ');
ReadBool ( Bool Val ue);
Wite(' The Bool ean value entered was ');
Wi t eBool (Bool Val ue);
WiteLn;
END. { MoreProcs }

Procedures that involve CHAR and BOOLEAN types are similar to those
involving | NTEGER types. However, these non-numeric types offer some
differences, as illustrated in program Mor ePr ocs of Figure 7.15.

CharToDigit, is a small procedure to convert the ten characters '0' to '9’
into the corresponding ten INTEGER values. The procedure simply
subtracts the ORD of ‘0", which is 48, from the ORD of the input
character. The pre-condition written into the procedure states that the
ORD of the input character must be within the range 48 to 57 ('0' to '9").

Problems may arise when an input character to this procedure is not in
the proper range, ' 0' to' 9' . In fact, the procedure makes no test and
converts any character into an | NTEGER—it must be remembered that a
pre-condition is only a comment, it takes no part in the execution of the
procedure. Char ToDi gi t should be modified to test whether the
character read is within the proper range, and only then convert the
input. It could also be modified to display an error, but that still leaves
the problem of what value to assign to the output parameter. Another
possibility is to return a BOOLEAN value, called Done, which is usually
TRUE but which can be set to FALSE in the case of any error condition.
Then after each procedure call this Done condition should be tested to
see if the program can continue on. This stresses the significance of
indicating pre-conditions for procedures. It is important to make sure
that the pre-conditions are respected, for the alternatives are messy.

ReadDi gi t isaprocedure that reads a character which is to
represent a digit. If the character is a digit it is converted to the
corresponding | NTEGER. If the input is not a digit then a question mark
is output, another character is read in, and this process repeated until
the input is a digit. Notice that ReadDi gi t calls the first

Char ToDi gi t procedure.

ReadBool , is similar in structure to ReadDi gi t above. It can be used
to input Boolean values. It accepts only the two Character values T and
F (either upper or lower case), and assigns to its output parameter,

Tr ut h, one of the corresponding logical values TRUE or FALSE.

Wit eBool , is aprocedure that writes out the string' TRUE ' or
' FALSE' depending on the value of its input BOOLEAN parameter,
Trut h. We have already seen it in Chapter 6 (Fig. 6.17).

The Mor ePr ocs main program uses ReadDi gi t (and indirectly Char ToDi gi t)
to compute the check digit of the International Standard Book Number. It also
calls ReadBool andW i t eBool to illustrate the use of these procedures. The
output obtained from a typical run is:
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Ent er | SBN
354091248
Check is 7

Enter T or F t
The Bool ean val ue entered was TRUE

Generalized Item Types

Figure 7.16 Program GeneralProcs

PROGRAM Gener al Pr oc;
(* Shows nore general itemtype *)

TYPE | tenType = CHAR,

PROCEDURE Maj 3( First, Second, Third: Itenilype;
VAR Majority: ItentType);
(* Majority of three values *)
BEG N
IF First = Second THEN
Majority := First
ELSE
Majority := Third;
END { Mj3 };

VAR A, B, C M Itemlype;

BEG N

Wite('Enter 3 values ');
Read(A, B, O;

Maj 3(A, B, C M;

WitelLn(' The najority is ', M;
END { Ceneral Proc }.

CGener al Pr oc, in Figure 7.16, demonstrates one way of generalizing a procedure
so that it can be readily adapted to a variety of needs. Throughout this
program, the data being manipulated is declared as being of type | t enilype.
Notice that | t emlype appears within the majority procedure Maj 3 and also in
the declaration part. In the instance of Gener al Pr oc shown, | t emType is
defined as being the CHAR type.

TYPE | tenType = CHAR,

By changing this one line, other types could be used including BOOLEAN, user-
defined, and subrange types. For example, adapting to the two | NTEGER values
0 and 1 can be done simply by modifying this declaration to:

TYPE | tenType = 0..1;

It is important to realize that the Maj 3 procedure applies only when there are
only two different values; 0 and 1, or TRUEand FALSEor' M and' F' , etc. If
three different values are used the resulting majority would be meaningless.
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For example if the three input values are 2, 5, 1 then the output would be 1, and
if the input values were the same but in another order, 2, 1, 5, the output would
be 5. Majority has meaning only for binary values.

7.6 Procedures with User-Defined types

As we have seen in the preceding example, procedures are not restricted to
Pascal's standard built-in types. They can be used equally well with user-
defined types, enumeration types and subrange types. In fact, since such types
have no ready-made input nor output, procedures are the most convenient means
for creating input and output actions for these types.

The program WeekPay, in Figure 7.17, does a simple payroll calculation for a
week and illustrates the use of user-defined data types in procedures.

Figure 7.17 Program WeekPay

PROGRAM WeekPay;

(* Conpute the weekly pay *)

TYPE WeekDayTyp = (Sun, Mon, Tue, Wed, Thu, Fri, Sat);
Mont hType = 1..12;

VAR Day: WeekDayTyp;
Mont h:  Mont hType;
PayRat e, Hours, SunmHours, D:. | NTECER,

PROCEDURE ReadMont h( VAR Mont h: Mont hType) ;
(* Read and validate nonth val ue *)
VAR Tenp: | NTEGER
BEG N
Wite(' Enter Month as number (1 to 12): ');
Read( Tenp) ;
VWH LE (Temp < 1) OR (Tenmp > 12) DO BEA N
Wite('Try again ');
Read( Tenp) ;
END { WHI LE };
Month : = Tenp;
END { ReadMonth };

PROCEDURE ReadDay( VAR Day: WekDayTyp);

(* Read and validate Day val ue *)
VAR DayStr: STRI NG

BEG N

Wite(' Enter the week day and spell it all out: ');
ReadLn(DayStr);

| F DayStr = ' Sunday' THEN Day : = Sun

ELSE | F DayStr ' Monday' THEN Day := Mon
ELSE | F DayStr ' Tuesday' THEN Day := Tue
ELSE | F DayStr 'Wednesday' THEN Day := Wed
ELSE | F DayStr ' Thursday' THEN Day := Thu
ELSE | F DayStr "Friday' THEN Day := Fri
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ELSE | F DayStr = 'Saturday’' THEN Day := Sat
ELSE WitelLn('Error in day ');
END { ReadDay };

PROCEDURE Wit eDay(Day: WeekDayTyp);

(* Qutput nane of Day *)

BEG N

CASE Day OF

Sun: Wite(' Sunday '); Mn: Wite(' Monday ');
Tue: Wite(' Tuesday '); Wed: Wite(' Wednesday ');
Thu: Wite(' Thursday '); Fri: Wite('Friday ');
Sat: Wite(' Saturday ')

ELSE

Wite('Error');

END { CASE };

END { WiteDay };

PROCEDURE Next Day( VAR Day: WeekDayTyp);
(* Find next day *)
BEG N
| F Day <> Sat THEN
| nc( Day)
ELSE
Day := Sun;
END { NextDay };

BEG N

ReadMont h( Mont h) ;

Wite('Enter the pay rate: ');
ReadLn( PayRat e) ;

WitelLn('Input the first day ');
ReadDay( Day) ;

WiteLn;

SunmHours : = O;

FORD:=1 TO 7 DO BEG N
Wite('Enter hours for ');
WiteDay(Day); Wite(': ");
Read( Hour s) ;
SumHours : = SunHours + Hours;
Next Day( Day) ;

END { FOR };

WitelLn(' The total pay is ', PayRate * SunHours:5);

END { WeekPay }.

In this program, WeekdayTyp is an enumerated type defined for the seven days
of the week:

TYPE WeekDayTyp = (Sun, Mn, Tue, Wed, Thu, Fri, Sat);
All the days are represented by three characters, simply for consistency. A
second type, Mont hType, is defined as a subrange:



258

Chapter 7

Better Blocks: Procedures and Libraries

TYPE Mont hType = 1..12;

It could equally well have been defined as an enumerated type with months
Jan, Feb, etc.

The program comprises the following procedures.

ReadMont h, a procedure that asks for a value, and when the value
received is in the appropriate range (1 to 12), that value is assigned to
the output parameter Mont h.

ReadDay, a procedure that requests a string depicting a day of the
week. Depending on the string input, it assigns to parameter Day the
appropriate value from the type WeekDay Typ.

WriteDay, a procedure which displays the day of the week
corresponding to the input value.

NextDay makes the week cyclic, so that the next day of ' Sat"' is
"Sun' .

The main program computes the “simple” pay (without overtime) of one
individual for a week beginning at any day of the week and continuing for seven
days. Figure 7.18 shows a typical execution of the program.

Figure 7.18 Execution of the WeekPay program

Ent er
Ent er
I nput
Ent er

Ent er
Ent er
Ent er
Ent er
Ent er
Ent er
Ent er

The total

Mont h as nunber
the pay rate: 10
the first day

t he week day and spell

(1to 12): 3

it all out: Thursday

for 15
for
for
for
for

hour s
hour s
hour s
hour s
hour s
hour s
hour s

Thur sday :
Friday : 12
Saturday : 3
Sunday : O
Monday : 10
for Tuesday : 12
for Wednesday : 5
pay is 570

7.7 More on Passing Parameters

As there are always several ways of solving a problem, there are also several
ways of implementing a subprogram as a Pascal procedure. For example, let us
consider subprogram Sort3, discussed in Chapter 7 of the Principles book. Figure
7.19 shows two dataflow diagrams for Sort3 that differ only in labeling.
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Figure 7.19 Dataflow diagrams for two versions of Sort3

| J K X Y Z
P Q u \Y
OldSort2 NewSort2
L S U \Y
D E A |B
P Q U \%
OldSort2 NewSort2
L S U \
F IE
P Q u \Y
OldSort2 NewSort2
S J vV
L M S X Y Z
L O [ L [ [
OldSort3 NewSort3

On the left of the figure is OldSort3, which separates the input parameters I, J,
K, from the output parameters, L, M, S (for Large, Medium, and Small).
Similarly in that diagram, OldSort2 has two input parameters P and Q, which
are separate from its two output parameters L and S (for Larger and Smaller).

Instead of OldSort3's six parameters, NewSort3 has just three input-output
parameters, X, Y and Z. Upon completion of NewSort3’s actions, X contains the
largest of the three values and Z has the smallest. Similarly, NewSort2 has
two input-output parameters, U and V and after execution, U has the larger of
the two values and V the smaller.

A comparison of the old and new methods shows that the old forms have more
variables, but the caller’s original input values remain unchanged. The new
methods use fewer variables but probably change the caller’s original values.
Sometimes the destruction of the old values is not important, so the new method
would be preferred. At some other times the original values are important and
must be protected, so the old method would then be preferred. New is not
always better than old!
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Figure 7.20 Comparison of two Pascal versions of Sort3

PROGRAM O dSort Prog;
(* Sorts three integer val ues *)

PROCEDURE O dSort 2
( First, Second:
VAR Lar ge,

| NTEGER;
Smal | | NTEGER) ;
VAR Tenp:
BEG N
Large : =
Smal | : = Second;
IF Large < Smal |
{ Swap }
Temp =
Large : =

| NTECGER,;
First;
THEN BEG N
Lar ge;
Smal | ;
Small := Tenp ;
END { Swap }
END;, { O dSort2 }

PROCEDURE O dSort 3

( First, Second, Third:
| NTECGER,;
VAR Maxi, Mdi, Mni
| NTEGER) ;
VAR Tenpl, Tenp2, Tenp3:
| NTECGER,;
BEG N
O dSort2(First, Second, Tenpl,
Tenmp2) ;
O dSort2(Tenp2, Third, Tenp3,
M ni);
O dSort 2(Tenpl, Tenp3, Maxi,
Mdi);

END; { O dSort3 }

VAR A, B, C X, Y, Z |INTEGER;
BEG N

Wite('Enter three integers ');
Read(A, B, O;

O dSort3(A B, C X Y, 2);
Wite(' The sorted values are ');
Wite(X 4, Y:4, Z:4);

END. { O dSortProg }

PROGRAM NewsSort Pr og;
(* Sorts three integer val ues *)

PROCEDURE NewSor t 2

(VAR ToBelLarge: | NTEGER;
VAR ToBeSnml | : | NTEGER) ;
VAR Tenp: | NTEGER;
BEG N
| F ToBeLarge < ToBeSmal| THEN
BEG N
{ Swap }
Tenp L=
ToBelLar ge;
ToBeLarge := ToBeSmal | ;
ToBeSmal | : = Tenp;
END { Swap }
END; { NewSort2 }
PROCEDURE NewSort 3
(VAR ToBeMaxi : | NTEGER;
VAR ToBeM di : | NTEGER;
VAR ToBeM ni: | NTEGER);
VAR Tenpl, Tenp2, Tenp3:
| NTECGER,;
BEG N
NewSort 2( ToBeMaxi, ToBeM di);
NewSort 2(ToBeM di, ToBeM ni);
NewSort 2( ToBeMaxi, ToBeM di);

END; { NewSort3 }

VAR A, B, C. | NTECER,
BEG N
Wite('Enter
Read(A, B, O;
NewSort 3(A, B, O);
Wite(' The sorted val ues are
Wite(A 4, B:4, C4);
END. { NewSortProg }

three integers ');

1

"),

Figure 7.20 shows the Pascal versions of O dSor t 3 and NewSor t 3 placed next
to each other for comparison. The two algorithms are very similar. Notice
that A dSort 3 involves many more parameters and local variables. In fact,
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NewSor t 3 has no local variables. A dSort Pr og also uses more variables than
NewSor t Pr og.

7.8 Nested Procedures

In Chapter 7 of the Principles book, you have seen through structure charts or
contour diagrams that there were many ways of arranging or nesting procedures
in a program. As an example, consider a modification to NewSor t Pr og of
Figure 7.20, where the swapping of two values, that is done in NewSor t 2, is
extracted and made into a separate procedure. This new procedure, Swap, has
two input-output parameters.

PROCEDURE Swap
(VAR this: | NTEGER,
VAR that: |NTEGER);
VAR tenp: | NTEGER;

BEG N
tenmp := this;
this := that;
that := tenp;

END, { Swap }
Figure 7.21 is a structure chart corresponding to this new version of the

NewSor t Pr og.
Figure 7.21 Structure chart for NewSortProg
NewSor t Pr og
Swap NewSor t 2 NewSort 3

If we look at the program NewSor t Pr og in Figure 7.20, we can see that it
actually calls only NewSor t 3, and does not call Swap or NewSor t 2, as the
structure chart suggests. Is our structure chart wrong? In fact, it is not. The way
things are, the program could call all three procedures, which are available
and on the same level. If we want to show the actual functional relationships
between program components that a structure chart is supposed to show, we must
draw another chart. Figure 7.22 represents the actual functional dependence of
the NewSor t Pr og program. It shows that the program calls NewSor t 3 which
in turn calls NewSor t 2 which calls Swap.
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Figure 7.22 Functional structure chart for NewSortProg

NewSor t Pr og

NewSort 3

NewSor t 2

Swap

Figure 7.23 shows, side by side, two different versions of NewSor t Pr og, based
on these structure charts. On the left is Sequence, corresponding to the
structure chart of Figure 7.21, where all the procedures are arranged in sequence.
First comes Swap, which is used in the following procedure NewSor t 2, which is
itself used in NewSort3, which is called in the main program.
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Figure 7.23 A comparison of sequential and nested procedures

PROGRAM Sequence;
(* Sorts three integer val ues *)

PROCEDURE Swap

(VAR this: | NTEGER;
VAR that: | NTEGER);
VAR tenp: | NTEGER;
BEG N

tenp := this;
this := that;
that := tenp;
END; { Swap }

PROCEDURE NewSort 2
(VAR ToBelar ge:
VAR ToBeSnmal | :

| NTEGER;
| NTEGER) ;

BEG N
| F ToBeLarge < ToBeSmal| THEN
Swap( ToBeLarge, ToBeSmall);
END; { NewSort2 }

PROCEDURE NewSort 3
(VAR ToBeMaxi : | NTEGER;
VAR ToBeM di : | NTEGER;
VAR ToBeM ni: | NTEGER);

BEG N
NewSor t 2( ToBeMaxi ,
NewSort 2( ToBeM di ,
NewSor t 2( ToBeMaxi ,
END; { NewSort3 }

ToBeM di ) ;
ToBeM ni ) ;
ToBeM di ) ;

VAR A, B, C. | NTECER,
BEG N
Wite('Enter three integers ');
Read(A, B, O;
NewSort 3(A, B, O);
Wite(' The sorted val ues are
")
Wite(A 4, B:4, C4);
END. { Sequence }

PROGRAM Nest ;
(* Sorts three integer val ues *)
PROCEDURE NewSort 3
(VAR ToBeMaxi : | NTEGER;
VAR ToBeM di: | NTEGER;
VAR ToBeM ni: | NTEGER);

PROCEDURE NewSort 2
(VAR ToBelar ge:
VAR ToBeSnal | :

| NTEGER;
| NTEGER) ;

PROCEDURE Swap

(VAR this: | NTECGER;

VAR that: | NTEGER);
VAR tenp: | NTEGER;
BEG N

temp := this;

this := that;

that := tenp;
END; { Swap }

BEG N
| F ToBeLarge < ToBeSnal |
THEN
Swap( ToBelLar ge,
ToBeSnal | ) ;
END; { NewSort2 }

BEG N
NewSort 2( ToBeMaxi, ToBeM di);
NewSort 2( ToBeM di, ToBeM ni);
NewSort 2( ToBeMaxi, ToBeM di);

END; { NewSort3 }

VAR A, B, C. | NTEGER,
BEG N

Wite('Enter three integers ');
Read(A, B, O);

NewSort 3(A, B, O);

Wite(' The sorted values are
")

Wite(A 4, B: 4, C4);
END. { Nest }

The right half of Figure 7.23 shows another version of the same program, Nest ,
corresponding to the structure chart of Figure 7.22, and where the procedures are
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nested one inside the other. NewSor t 3 calls NewSor t 2 nested within it,
which, in turn, calls Swap, which is nested within it.

The behavior of these two programs is identical. However, the difference lies
in accessibility. The procedures of Sequence are all accessible by the main
program, whereas the procedures of Nest are accessible and may be called only
by the procedures within which they are nested. These nested procedures are
hidden, like local variables can be hidden. More of this hiding is considered
later and in the Principles book.

7.9 Functions in Pascal

Although functions and procedures are very much alike, they differ from each
other in several important ways. The major difference is that functions always
return a single value. In contrast, the results of executing a procedure are either
contained in one or more output parameters, or consist of some other effect such
as displaying something on the screen, or writing some data to a file. This
leads to another difference which is that function calls are used as parts of
expressions, whereas procedure calls are complete statements. Consequently, it
is usually better to name functions by nouns like Sum Si ze, Maxi nmum etc. On
the other hand, procedures are best described by verbs, e.g., Accunul at e,

Fi ndSi ze, Sor t , etc.

Figure 7.24 Syntax diagrams for Pascal functions

FunctionDeclaration

—| FunctionHeading O—— ProcedureBody ——O——

FunctionHeading

——( FUNCTION )_.| Ident I_Tl FormalParameters |7—O————®—o

Functions in Pascal are defined by the syntax diagrams shown in Figure 7.24. As
can be seen from these, they differ from Pr ocedur eDecl ar ati ons only in the
heading. Figure 7.25 shows a template for the declaration of a function,
together with an example defining the trigonometric sine of an angle given in
degrees. This function Si nD, is useful because most versions of Pascal expect the
argument to be in radians.
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Figure 7.25 Template and example of function declaration

FUNCTI ON Funct Nane
(list-of-paraneters)
Ret ur n-type;
Decl ar ati ons;
BEA N
body with
Funct Nane := result;
END; { Funct Nanme }

FUNCTI ON Si nD
(Degrees: REAL)

REAL;
VAR Radi ans: REAL;
BEG N
Radi ans : = Degrees / 57.3;
SinD := SIN(Radi ans);

END;, { SinD }

Besides the obvious use of FUNCTI ON instead of PROCEDURE, note that the list
of parameters is now followed by a colon and the data type of the function
result. The returned value can have any of the types studied so far, including
enumeration and sub-range types. The value of a function in Pascal may only be
a single value, a scalar; that is to say, it may not be an array or a record. As a
function is supposed to return a single result, it is strongly recommended that all
the function parameters be input parameters.

Figure 7.26 Procedure vs. Function forms of finding maximum

value

PROGRAM MaxPr ocedur €;

PROGRAM MaxFuncti on;

VARA B C D E F G
| NTEGER,

[var A B, ¢ D G INTEGER |

PROCEDURE Maxi m ze( X, Y:
| NTEGER
VAR M_INTECER);

BEG N

IF X >Y THEN

M:= X |
ELSE

M:=Y; |

END, { Maxim ze }

BEG N
WitelLn(' Enter four val ues');
ReadLn(A, B, C D;

Maxi m ze(A, B, B);
Maxi mze(C, D F);
Maxi m ze(E, F, G;

WitelLn(' The naxi mumis ', G3);

END. { MaxProcedure }

FUNCTI ON Maxi mun( X, Y: | NTEGER)

| NTECER,
BEGA N
IF X > Y THEN
| Maxi mum : = X |
ELSE
| Maxi num: = Y; |

END, { Maxi num}

BEG N
WitelLn(' Enter four val ues');
ReadLn(A, B, C D);

G : = Maxi mun( Maxi mun{ A, B),
Maxi mun(C, D));

WitelLn(' The naxi mumis ', G3);
END. { MaxFunction }
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Figure 7.26 shows a comparison of two programs that find the maximum of four
values, using a subprogram that can find the maximum of two values. On the
left of the figure, the operation is implemented as a procedure, Maxi m ze,
while, on the right, it is implemented as a function, Maxi nrum  Notice the
great similarities, but also the differences between the two forms. The boxed
areas in the figure highlight the significant differences. Procedure Maxi ni ze
has a third parameter for the result, whereas function Maxi numhas only two
parameters.

Use, or invocation, of the subprogram is also very different between procedure
form and function form, as can be seen in the main parts of these two programs.

Program MaxPr ocedur e requires two temporary variables E and F and three
separate statements:

Maxi m ze(A, B, E);
Maxi m ze(C, D, F);
Maxi m ze(E, F, Q;

Program MaxFunct i on requires no temporary variables, but the result is a
rather long statement:

G : = Maxi mum( Maxi mum( A, B), Maxi mum(C, D));
In this case, the function form seems to be the most convenient, but in general,

procedures are more powerful. Procedures can always be used, whereas functions
only apply when one single value is to be returned.

Many Functions

Program ManyFunct i ons, in Figure 7.27, shows a number of examples of
functions. These illustrate the structure of function declarations, and also
demonstrate the use of these functions. Most of these functions are quite general,
and you can use them directly by copying them into your programs. They could
also be made into a Library, say MiscFuncs, and used in any program. We will
show how this is done later in this chapter.

Figure 7.27 Program Many Functions

PROGRAM ManyFuncti ons;
TYPEDIGAT =0.. 9; { Sub range }
Itemlype = CHAR;

VAR Year : | NTECGER;

FUNCTI ON Fahrenheit (C. REAL): REAL;
BEG N

Fahrenheit := (9.0 / 5.0) * C + 32.0;
END; { Fahrenheit }

FUNCTI ON TanD( Degrees: REAL): REAL;
CONST Radi ansPerDegree = 2.0 * Pi / 360.0;
VAR Radi ans: REAL;
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BEG N
Radi ans : = Radi ansPer Degree * Degrees;
TanD := SIN(Radi ans) / COS(Radi ans);

END, { TanD }

FUNCTI ON Maxi 2(First, Second: |NTEGER): | NTEGER,
BEG N
IF First < Second THEN
Maxi 2 : = Second
ELSE
Maxi 2 := First;
END;, { Maxi2 }

FUNCTI ON Maj 3(First, Second, Third: Itenilype):
I tenType;
BEG N
IF First = Second THEN
Maj 3 := First
ELSE
Maj 3 := Third;
END; { Maj 3 }

FUNCTI ON | sLeap(Year: | NTEGER): BOOLEAN,
BEG N
IF Year MOD 4 = 0 THEN
IsLeap : = TRUE
ELSE
| sLeap : = FALSE;
END, { IsLeap }

FUNCTI ON CharDec(Ch: CHAR): DIQT;
BEG N

CharDec := ORD(CH) - ORD('0');
END; { CharDec }

FUNCTI ON Si ze(lt: INTEGER): | NTEGER,
VAR Count: | NTEGER;

BEG N

Count := 0;

VWHLE It > 0 DO BEG N
It :=1t DV 10;

I nc(Count);

END { WHI LE };
Si ze : = Count;
END, { Size }

FUNCTI ON Power P(X: REAL; N:. INTEGER): REAL;
VAR |: | NTECER,

P: REAL;
BEG N
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0;

:= 1 TO N DO BEG N
P* X

N:=N- 1;

END { FOR };

Power P : = P;

END;, { PowerP }

P
F

_’?%]i

BEG N

WitelLn('-40 degrees Cis ',
Fahr enhei t (-40.0): 10: 2);

WitelLn(' Tangent of 45 degrees is ',
TanD(45.0): 10: 2);

WitelLn(' The max of 3, 6, 5is ', Maxi2(3,
Maxi 2(6, 5)):3);

WiteLn(' The majority of Y NYis ', Myj3('Y',
"NLOTY));S

Wite('Enter the year ');

Read( Year) ;

| F I sLeap(Year) THEN

WitelLn(Year: 4, ' is a |leap year')

ELSE

WitelLn(Year: 4, ' is not a leap year');
WitelLn(' The year is ', year:Size(Year));
WiteLn('1 plus 1 is ', CharDec('1') +
CharDec('1'):1);

WitelLn('2 to the power 20 is ', PowerP(2.0,
20):10: 0);
END. { ManyFunctions }

The simple functions shown in ManyFunct i ons involve various data types,
including CHAR, BOOLEAN, and enumeration types. You might have noticed that
the majority of the function calls shown in the body of the program involve
constant arguments. This is done for brevity, because actual parameters of
functions can also be variables or expressions. Another thing worth of notice is
that the functions do not test the values passed in. For example, the tangent
function, TanD, does not test before dividing by the cosine of the angle. Thus, if
the angle is 0° or 180°, there will be a division by zero error. Although the users
of such functions should ensure that bad parameters are not passed, the
functions should always check their pre-conditions.

Figure 7.28 shows the output corresponding to the execution of the given main
program.

Figure 7.28 Execution results for ManyFunctions

-40 degrees Cis -40. 00
Tangent of 45 degrees is 1. 00
The max of 3, 6, 5is 6

The majority of YNYis Y
Enter the year 1992
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1992 is a | eap year

The year is 1992

1 plus 1is 2

2 to the power 20 is 1048576

Fahr enhei t and TanDare functions that return a REAL value. Notice that
TanD uses a constant declaration involving an expression.
Function Maxi 2 operates on integers only. The nain
program shows the nesting of applications of Maxi2 in
an expression to conmpute the maxi num of three
i ntegers.

Function Maj 3 returns the majority of any two values that are declared as
I t enTType. In this case | t enTType has been declared as CHAR

BOOLEANfunction | sLeap makes a simplistic determination of whether or not a
given year is a leap year. The algorithm does not provide the correct result for
the year 1900 or 2100 (and similar non leap centuries).

Function Char Dec converts a given character digit into its corresponding
numeric digit. It does not check that the given value is in the proper range to be
a digit.

Fi nal Iy, function Si ze determines the number of digits in an integer. Such a
function can be very useful withinW it e or Wi t eLn statements to determine
the output width of numbers. This is how it is used in the body of the program,
to output the year.

7.10 SubPrograms: Variations on a theme

You know that there is always more than one way of solving a problem; you
have seen it repeatedly in the Principles book. Similarly, a subprogram may be
packaged, or made available to the user, in several different manners. We will
illustrate this by the UnCapitalize subprogram that converts an upper case
letter (between Aand Z) into its corresponding lower case form, and does not
change any lower case letters. The method used for this is simple when it is
realized that the ORD of an upper case letter differs from the corresponding
lower case letter by 32 (look back to the ASCII table seen in Chapter 6).

The main part of the UnCapitalize action is as follows:

(* Convert Char Ch to | owercase LowerCh *)
IF (A <= Ch) AND (Ch <= "'Z'") THEN BEG N

Code : = ORD(Ch);

NewCode : = Code + 32;

Lower Ch : = CHR( NewCode) ;
END;

(* LowerCh is the corresponding | ower case char *)

This can also be written in various equivalent shorter forms without using the
temporary integer variables Code and NewCode, for example:

IF (A <= Ch) OR(Ch <= 'Z') THEN
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Lower Ch := CHR(ORD(Ch) + 32);

We can package this simple action in four different manners, by using either
procedures or functions, and by using different kinds of parameters. Program
UnCapping of Figure 7.29 shows the four versions, together with code that
demonstrates their use.

Figure 7.29 Program UnCapping

PROGRAM UnCappi ng;
CONST UPPERLower DI FF = 32;

PROCEDURE UnCapOf (Ch: CHAR;, VAR Lower Ch: CHAR);
VAR Code, NewCode: | NTEGER;

BEG N

IF (A" <= Ch) AND (Ch <= "'Z') THEN BEG N
Code : = ORD(Ch);
NewCode : = Code + UpperLowerDiff;
Lower Ch : = CHR( NewCode) ;
END

ELSE

Lower Ch : = Ch;
END;, { UnCapOF }

PROCEDURE UnCap( VAR Ch: CHAR);

BEG N

IF (A <= Ch) AND (Ch <= "2Z') THEN
Ch := CHR(ORD(Ch) + UpperLowerDiff);

END;, { UnCap }

FUNCTI ON UnCapped(Ch: CHAR): CHAR;
BEG N
IF (A <= Ch) AND (Ch <= "2Z') THEN
UnCapped : = CHR(ORD(Ch) + UpperLowerDiff)
ELSE
UnCapped : = Ch;
END; { UnCapped }

FUNCTI ON | sUnCapped( Ch: CHAR): BOOLEAN;
BEG N
IF (A <= Ch) AND (Ch <= "2Z') THEN
| sUnCapped : = FALSE
ELSE
| sUnCapped : = TRUE;
END; { IsUnCapped }

VAR Ch, NewCh, Extra: CHAR

BEG N { Main }

{ Testing UnCapO>f }

Wite(' Enter a character followed by Return: ');
Read( Ch) ;
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Read(Extra); { eat Return }
UnCapOf (Ch, NewCh);
WitelLn(' The | ower case is ', NewCh);

{ Testing UnCap }

Wite('Enter a character followed by Return: ');
Read( Ch) ;

Read(Extra); { eat Return }

UnCap( Ch) ;

WitelLn(' The | ower case is ', Ch);

{ Testing UnCapped }

Wite('Enter a character followed by Return: ');
Read( Ch) ;

Read(Extra); { eat Return }

WitelLn(' The | ower case is ', UnCapped(Ch));

{ Testing |IsUnCapped }

Wite('Enter a character followed by Return: ');
Read( Ch) ;

Read(Extra); { eat Return }

| F I sUnCapped(Ch) THEN

WiteLn('It is |ower case ')

ELSE

WitelLn('It is capitalized');
END. { UnCapping }

UnCapOf (Ch, Lower Ch) isa procedure where Ch is an input

parameter, and LowerCh is an output parameter. Its name was chosen
for easy reading as the statement “Uncap value of Ch is LowerCh”.

UnCap( Ch) is another procedure where Ch is an input-output
parameter. Its name is a simple verb, “Uncap it”.

UnCapped(Ch) isafunction that returns the uncapped value of the
character Ch. Itis used as a part of an expression as in the example:

| F UnCapped(Ch) = 'y' THEN ...

| sUnCapped(Ch) is yet another way of viewing this Uncapping
process, but it differs from the others. It returns a BOOLEAN value (TRUE
or FALSE) depending on whether the argument Ch is capped or not.

Which one of these four versions should be chosen? It all depends on how you

intend to use this subprogram. All these forms are correct, but none is more

useful, convenient or natural for all purposes. The proper one to select depends
on how it will be used. If this action is part of another action then it should be
a function. On the other hand, if the action should stand alone then it should

be a procedure.
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7.11 Recursion in Pascal

The process of recursion, introduced in Chapter 7 of the Principles book,

involves a subprogram that calls itself. In Pascal, both procedures and functions

can be recursive without having to declare it in any special manner. Thus, it is
very easy to implement a recursive solution to a problem.

In the introduction to recursion, a comparison was made between the pseudocode
for an iterative and a recursive algorithm for calculating the square of a number

Num by summing the first Num odd numbers. Figure 7.30 repeats this
comparison and also shows the Pascal implementation of these two algorithms
both as procedures and functions. Study the four implementations carefully,
comparing both horizontally and vertically.

Figure 7.30
OddSquare algorithm

Iterative vs. recursive implementations of the

IterativeSquare(Num, Square):

RecursiveSquare(Num, Square):

Set Square to O If Num =1
For Count = 1 to Num by 1 Set Square to 1
Set Square to Square + Else
2 x Count-1 RecursiveSquare(Num-1,
Square)
Set Square to Square +
2x Num-1
PROCEDURE PROCEDURE
It er Squar eProc(Num | NTEGER; | Recur Squar eProc(Num
VAR Squar e: | NTEGER;
| NTEGER) ; VAR Squar e:
VAR Count: | NTEGER, | NTEGER) ;
BEG N BEG N
Square : = 0; IF Num = 1 THEN
FOR Count := 1 TO Num DO Square =1
Square := 2 * Count - 1 + ELSE BEGQ N
Squar e; Recur Squar eProc(Num - 1,
END;, { IterSquareProc } Square) ;

Square := 2 * Num- 1 +
Squar e;
END;

END; { Recur SquareProc }
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FUNCTI ON | t er Squar eFunc( Num | FUNCTI ON
| NTECGER) Recur Squar eFunc( Num
| NTECGER; | NTEGER)
VAR Square, Count: | NTEGER : I NTEGER,
BEG N VAR Square: | NTECER
Square := 0; BEG N
FOR Count := 1 TO Num DO IF Num = 1 THEN
Square := 2 * Count - 1 + Recur SquareFunc : =1
Squar e; ELSE
| t er Squar eFunc : = Squar e; Recur Squar eFunc := 2 *
END;, { IterSquareFunc } Num - 1 +
Recur Squar eFunc( Num
- 1)
END; { Recur Squar eFunc }

These examples of recursion have all consisted of procedures or functions that
called themselves directly; this is known as direct recursion. However, not all
recursion is direct, as illustrated in the program Zi gZagSquar e, shown in
Figure 7.31, which consists of two procedures Zi g and Zag that call each
other—this is known as indirect recursion:

Figure 7.31 Indirect recursion

PROGRAM Zi gZagSquar e;
(* Square by recursive procedure uses two, nutually
recursive procedures. *)

PROCEDURE Zag(Num | NTEGER; VAR Square: | NTEGER);
FORWARD;

PROCEDURE Zi g(Num | NTEGER; VAR Square: | NTEGER);
BEG N

WiteLn('In Zig: Num=", Num 2); { Trace }
Zag(Num - 1, Square);

Square := Num + Square;

END, { Zig }

PROCEDURE Zag(Num | NTEGER; VAR Square: | NTEGER);
BEG N

WiteLn('In Zag: Num= ", Num 2); { Trace }
IF Num = 0 THEN
Square := 0
ELSE
Zig(Num - 1, Square);
END; { Zzag }

VAR Trial Num TopOddNum Sq: | NTEGER;

BEG N
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Wite('Enter a value ');

Read( Tri al Num ;

TopOddNum : = 2 * Trial Num - 1;
Zi g( TopQddNum Sq) ;

WitelLn(' The square is ', Sq:2);
END. { Zi gZagSquare }

Since recursion in general, and indirect recursion in particular, are often
difficult to understand, a Wi t eLn statement that prints out a debugging trace
has been added to each of the mutually recursive procedures. The output
obtained from a typical run is:

Enter a value 4

In Zig: Num= 7
In Zag: Num= 6
In Zig: Num= 5
In Zag: Num= 4
In Zig: Num= 3
In Zag: Num= 2
In Zig: Num= 1
In Zag: Num= 0
The square is 16

In this example, the algorithm computes the square of 4 by summing the first
four odd numbers, 1, 3, 5and 7. The main body of the program, after having
obtained the number, 4, computes the value of the fourth odd number, 2" 4-1. It
then calls Zi g. Zig does not call itself directly, but does call Zag, which then
calls Zig; so indirectly Zig calls itself. In the above trace, no computation is
done before the base case (Num = 0) has been found since the computation
(Square := Num + Squar e; ) isonly done in Zi g after returning from the
recursive calls.

This mutual referencing of the two procedures poses a slight problem in their
declaration. The syntax rules of Pascal require that a procedure be defined
before it can be referenced. Since Zi g and Zag reference each other, it is
impossible to meet this requirement directly. To handle this, the header of
Zag is specified first with the directive FORWARD indicating that its full
definition will appear later. This allows a procedure like Zag to be referenced
within Zi g before it is fully declared.

The program @ obal Local , given in Figure 7.32, is a program that emphasizes
the difference between local and global declarations.

Figure 7.32 Global-Local example

PROGRAM @@ obal Local ;
(* Shows d obal vs. Local Variables *)
VAR Ch: CHAR, (* d obal declaration *)

PROCEDURE d oLo;

(* Uses local declaration of Ch *)
VAR Ch: CHAR, (* Local declaration *)
BEG N
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Read( Ch) ;

IF Ch <>"'.' THEN BEGA N
G oLo;
Wite(Ch);

END;

END, { doLo }

PROCEDURE d 0 o;
(* Uses global declaration of Ch *)
BEG N
Read( Ch) ;
IF Ch <>"'.' THEN BEGA N
G od o;
Wite(Ch);
END;
END, { dodo }

BEG N

WitelLn(' Enter a sentence ending with a period');
G oLo;

WiteLn;

WitelLn(' Enter a sentence ending with a period');
G od o;

WiteLn;

END. { d obal Local }

When the variable Ch is declared locally, as shown in G olLo, a given input
string is reversed. Thus, the sequence "EVIL DID | LIVE.” is output as “EVIL |
DID LIVE” (with no period) by G oLo. But when the globally declared Ch is
used asin @ od o, then the same input sequence yields an output of 15 periods!

You are challenged to trace this program to understand this behavior. Asa
hint, note that each invocation of a procedure (recursive or not) has its own
private space for parameters and local variables. So, the 16 recursive calls to
A oLo generate 16 different Ch variables, each loaded with a different
character from the input string. However, there is only one global variable ...

7.12 Libraries in Pascal

Units

Procedures and functions that are related in the actions they perform, or the
type of data that they manipulate, are frequently gathered together to form a
library. In Pascal, libraries can be created using units. These units are
collections of procedures, functions and other resources (constants, types, etc.)
that are made available for use by other programs. The units can be compiled
separately, and then referenced by the program that wants to use them through
the USES clause. This keeps the details of the units hidden, while sharing. It
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results in programs that are smaller and better structured, because of their use of
units.

Figure 7.33 Syntax diagrams for Units
Unit

—( UNIT } || Ident || O J

(—‘| InterfacePart |——| ImplementationPart |——O—o

InterfacePart

—=( INTERFACE )—~—=| UsesClause I—}

-

s N

——=| ConstantSection |——

| TypeSection |——

N——| VariableSection f——

N——e| ProcedureHeading———

——=| FunctionHeading |——

—0

ImplementationPart

(IMPLEMENTATION )Tl UsesCIause|T| ImplementationBlock I——O——

ImplementationBlock

- .
= —o0
GED BRCoS

| Statement

The syntax of a unit is defined by the syntax diagrams in Figure 7.33. Units
have two main parts: a public part, the Interface Part, that is available to
users, and a private part, the Implementation Part, which can be hidden from
users. The public part describeswhat is available to users; the private part
hides how this is implemented.

The Interface Part is the public part, which indicates what is available to any
users; it specifies what can be used by other programs or units. This part can



Section 7.12  Libraries in Pascal 277

contain declarations of named constants, of variables, of types, and only the
headers of procedures and functions. These do not need to be in any definite
order. This part can also contain a USES clause that refers to other units that it
uses, but this clause should be at the beginning of the Interface Part.

The Implementation Part is the private part of a unit. It contains the entire
declarations of the procedures and functions that were defined by headers only
in the Interface Part. The Implementation Part could also contain declarations
and definitions for resources that are available only within the unit. The order
of listing these is not important. It could also contain a USES clause that refers
to other units, and that should be at the beginning of the Implementation Part.
Variables declared in this part are called private orowned variables, and are
available to all the subprograms within the unit but not outside of it. The
values in these variables are retained after the procedures and functions have
been executed.

In the Implementation Part, there is also an optional section that starts with
BEGQ Nand contains a set of statements that can initialize variables, open files,
etc. This section is always executed before any of the programs which use this
unit.

A template for a unit is shown in Figure 7.34.

Figure 7.34 Unit template

UNI T Nane-of-Unit;
| NTERFACE (***** Public *****)
USES Useli st ;
CONSTs
TYPEs
VARSs
PROCEDURE Header s
FUNCTI ON Header s
| MPLEMENTATI ON (***Pri vat e***)
CONSTs
TYPEs
VARSs
PROCEDURES
FUNCTI ONs
BEGA N (*** Initialization ***)
St at enent s;
END. (* Nane-of-Unit *)

Figure 7.35 shows two versions of the program Shor t Sor t , which we discussed
in Chapter 5 (Fig. 5.29).

Figure 7.35 ShortSort program and Unit

PROGRAM Short Sort ; UNI'T Short SortLib;
(* Sorts three integer val ues *)
| NTERFACE
PROCEDURE Sort 2(First, Second: PROCEDURE Sort 2(First, Second:
| NTECER; | NTECER;
VAR Large, Small : VAR Large, Snall
| NTECER) ; I NTECER) ;
VAR Tenp: | NTEGER; PROCEDURE Sort 3(First, Second,
BEGA N Third: | NTEGER,
Large := First; VAR Maxi, Mdi, M ni
Smal | : = Second; : | NTEGER) ;
| F Large < Snmall THEN BEGQ N
Tenp = Large; (* Swap *) | MPLEMENTATI ON
Large := Small; PROCEDURE Sort 2(First, Second:
Sermall - = Tenn - I NTECED:
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On the left of the figure is a complete program, Shor t Sor t , that asks for,
inputs, sorts and displays three integer values. That program is a single
monolithic entity. On the right of Figure 7.35, the Shor t Sort procedures have
been built into a library, Shor t Sor t Li b, that is used by a small program,
Short Sort Pr og. Both programs Short Sort and Short Sort Prog have the
same behavior, and produce the same results from the same inputs. However,
they have a different structure, and Shor t Sort Pr og is much simpler than
Short Sort. The Short Sort Li b unitis an example of a very minimal and
simple unit (you might note we haven’t included all the procedures that were
planned in Chapter 5).

UtilityLib: a custom-made utilities Library

Normally, libraries are collections of declarations that are related in some
way. We’'ll introduce here a library example, Uti lityLi b in Figure 7.36,
that shows some of the main characteristics of libraries. The major reasons for
using libraries involve in particular convenience, consistency, speed,
readability, and reliability.

Figure 7.36 The UtilityLib library

UNIT WilityLib
IN-I—ERFACE (******* pUbllC **********)

CONST GRAMBI nPOUND = 454;  (* | NTEGER *)

TWOPI =2.0* Pi; (* REAL *)
BELL = #7; (* CHAR *)
USER = 'John Motil';(* STRING *)

TYPE DigitTyp = 0..9;
Itemlype = CHAR;

FUNCTI ON I nt (R REAL): | NTECGER

(* Chops R to nearest whole *)
FUNCTI ON Fl oat (I : | NTECER): REAL;

(* Converts Integer to Real *)
PROCCEDURE | ncr (VAR R REAL; S: REAL);
(* I'ncrements Real R by amount S *)
PROCEDURE W Ln;

(* Wites a new line *)

| MPLEMENTATI ON (****** prijvate ******)
FUNCTI ON Int (R REAL): | NTECGER
(* Chops R to nearest whole *)
BEG N
Int := TRUNC(R);
END;

FUNCTI ON Fl oat (I : | NTECER): REAL;
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(* Converts Integer to Real *)
BEG N

Float :=1;
END;

PROCEDURE I ncr (VAR R REAL; S: REAL);
(* I'ncrements Real R by amount S *)
BEG N

R:= R+ S

END;

PROCEDURE W Ln;
(*Renane of WitelLn *)
BEG N

WitelLn

END;

END. { UtilityLib }

Convenience is a principal reason for using libraries. For example,

UtilityLi b contains a set of useful constants such as GRAMSI nPOUND,

TWOPI or BELL (the character that causes the terminal to make a

sound—remember that a character can be represented by its ASCII code
preceded by a#). Itis easier to use these than to memorize the numeric

constants.

Generality is another reason for using libraries. Some of the constants

in a library may have val ues that change only

occasional ly, suchasUSERinUtilityLi b. These constantscan
serve to “parameterize” programs; when changes are necessary they are

made in this one place and imported elsewhere; this is better than
trying to find many places to make the change.

Structure is a reason for using libraries that is closely related to the
previous one. Types such as the subrange Di gi t Typ, for example, can
be defined once in a single library and used whenever necessary. Also,

types, such as | t enTType, can be defined as required to be CHAR,

| NTEGER, Di gi t Typ, etc. and then used in a more general procedure
such asMax2 as shown in the program Uti | i t yProg. This is better

than having many versions of Maxes, (Max| nt , MaxChar , MaxReal
etc.) one for each different type. This is another form of
parameterization.

Language extension is a very important reason for creating libraries.
For example, an increment procedure | ncr can be created to apply to

REAL values. A Decr procedure can be similarly created.
Consistency is yet another reason for using libraries. For example

Pascal has a function TRUNC to convert from REALs to | NTEGERSs, but
there is no function to convert the other way. A function FI oat could be

created as shown, to convert | NTEGER values to REAL values.
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The function TRUNC is available in other languages under the name
I nt. Anl nt function could be created in Pascal simply by re-naming
TRUNC as shown.

Brevity, is a further reason for using a library. For example, if you do
not wish to use Wi t eLn you could abbreviate it to W Ln. Similarly,

W i t e could be abbreviated to W, or Pri nt or anything else. This is
done simply by renaming Write as shown.

Readability could also be enhanced by using Libraries. Naming a
constant GRAMSI nPOUND indicates its purpose; renaming the conversion
function TRUNC to Real Tol nt may also be more easily remembered, if
not more readable.

Program Ut i | i t yPr og, shown in Figure 7.37, is a program which simply tests
the above library, Uti i tyLi b.
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Figure 7.37 Program UtilityProg

PROGRAM Uti | ityProg;
(* Tests parts of UtilityLib *)

USES UtilityLib;

PROCEDURE Max2( A, B: ltenilype;
VAR C. |tentType);

BEG N

IF A>B THEN

C:=A

ELSE

C:=B;
END, { Max2 }

VAR Chl, Ch2, Ch: CHAR
X: REAL;
BEG N
Wite(' Done by ', USER);
W Ln;
Wite(BELL);
Wite('Enter 2 characters ');
Read( Chl, Ch2);
Max2(Chl, Ch2, Ch);

WitelLn(' The maxi mumvalue is ', Ch);
X := Pi;

Incr (X, TWOPI);

WitelLn(' Three Pi ="', X 8:4);

Wite(' Two Pi chops to ');
WitelLn(Int(TWOPI): 2);
Wite('Int of Pi is ');
Wite(Float(Int(Pi)):4:2);
END. { UtilityProg }

In that program, note that procedure Max?2 is based on | t enilype from
UtilityLib. Also note the use of various constants, procedures and functions
from that library.

Other Libraries: DatelLib, BitLib, CharLib

Our next library example is a library that is concerned with dates, Dat eLi b. A
UNI T defining Dat eLi b is shown in Figure 7.38. To simplify the example, only
three functions have been declared: | sLeap, Daysl nMbont h and Dayf Year .
These are sufficient, however, to allow a programmer to use this library to
create various programs. For example, let us create a program to find the
number of days to Christmas, from any given date in the year.
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Figure 7.38 The DatelLib library

UNI' T DatelLi b;

| NTERFACE
FUNCTI ON | sLeap(Year: | NTEGER): BOOLEAN,
FUNCTI ON Daysl nMont h( Year, Month: | NTEGER)
. I NTEGER;
FUNCTI ON DayOf Year ( Year: | NTEGER;
Mont h: | NTEGER; Day: | NTEGER)
| NTEGER;

| MPLEMENTATI ON

FUNCTI ON | sLeap( Year: | NTEGER): BOOLEAN
BEG N
| F Year MOD 400 = 0 THEN
I sLeap : = TRUE
ELSE | F Year MOD 100 = O THEN
I sLeap : = FALSE
ELSE | F Year MOD 4 = 0 THEN
IsLeap : = TRUE
ELSE (* not divisible *)
I sLeap : = FALSE
END, { IsLeap }

FUNCTI ON Daysl nhMont h( Year, Month: | NTEGER)

| NTEGER;
VAR Days: | NTEGER;
BEG N
CASE Month OF
9, 4, 6, 11:
Days := 30;
1, 3, 5, 7, 8, 10, 12:
Days := 31;
2:
| F I sLeap(Year) THEN
Days := 29
ELSE
Days := 28;
END;

Daysl nMont h : = Days;
END;, { DayslnMonth }

FUNCTI ON DayOf Year ( Year: | NTEGER;
Mont h: | NTEGER, Day: | NTEGER)
| NTEGER;
VAR Julian, Mon: | NTEGER;
BEG N
Julian := 0;
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FOR Mon := 1 TO Month DO
Julian := Julian + Daysl nMonth(Year, Mon);
I nc(Julian, Day);
DayOf Year := Julian;
END;, { DayCOf Year }
END. { Datelib }

At the level of the functions supplied by Dat eLi b, the program DaysToXnas is
very easy to write. It consists simply of reading a date, converting it to the
DayOf Year , which gives the ordinal number of any date in the year, and
subtracting that from the DayOf Year of Christmas (which is a little less than
365 or 366). It is assumed that both dates are in the same year and that the
present date is before Christmas. The DayOf Year function calls the procedure
Daysl| nMont h, which in turn calls | sLeap. In a more complete version of

Dat eLi b, there would be more procedures and functions, such as:

ReadDat e( Year, Month, Day); { date input }
WiteDate(Year, Mnth, Day); { date output }

GoodDat e( Year, Month, Day):BOOLEAN,{ date validation }
UpDat e( Year, Month, Day); { next day’'s date }
WeekDat e( Year, Month, Day); { day of week }

Cal endar (Year, Month); { output nonth cal endar }

Our reduced set of functions is sufficient to write Days ToXnas, shown in Figure
7.39.

Figure 7.39 Program DaysToChristmas

PROGRAM DaysToXnas;
(* Finds Days to Christnas with DatelLib *)

USES Dat eLi b;

VAR Year, Month, Day: | NTEGER;

DayOf Year Now, DayCOf Year Xnmas, El apsed: | NTEGER;
BEG N

WitelLn(' Enter Year, Month, Day ');

Read( Year, Month, Day);

DayOf Year Now := DayCOf Year (Year, Month, Day);
Dayf Year Xnas : = DayOf Year (Year, 12, 25);
Wite('Days to Christnas = "');

El apsed : = DayOf Year Xmas - DayOf Year Now,
WitelLn(El apsed: 3);
END. { DaysToXnas }

Three examples of executions of this program follow.

Enter Year, Month, Day
1996 12 24
Days to Christmas = 1

Enter Year, Month, Day
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1996 1 1
Days to Christmas = 359

Enter Year, Month, Day
1996 4 1
Days to Christnmas = 269

The library Bi t Li b, in Figure 7.40, defines binary digits of a type Bi t Type,
and three operations, And, O and Not , that manipulate these binary digits.

Figure 7.40 The BitLib library

UNI'T BitlLib;
(* ALibrary of Bits *)

| NTERFACE
TYPE BIT = 0.. 1,

PROCEDURE ReadBit (VAR B: BIT);

PROCEDURE WiteBit(B: BIT);

PROCEDURE And2(X, Y: BIT, VAR Z: BIT);
PROCEDURE Or2(X, Y: BIT, VAR Z: BIT);
PROCEDURE Not1(X: BIT; VAR Z: BIT);
PROCEDURE And3(A, B, C. BIT; VAR D BIT);
PROCEDURE Or3(A, B, C. BIT; VAR D BIT);

| MPLEMENTATI ON
PROCEDURE ReadBit (VAR B: BIT);
BEG N
Wite('Gve a bit '); Read(B);
VHI LE (B<>0) AND (B<>1) DO BEQA N
Wite('Enter 0 or 1 '");
Read( B) ;
END;
END, { ReadBit }

PROCEDURE WiteBit(B: BIT);
BEG N

Wite(B: 2);

END, { WiteBit }

PROCEDURE And2( X, Y: BIT, VAR Z: BIT);
BEG N

Z = X*Y,

END, { And2 }

PROCEDURE Or2(X, Y: BIT; VAR Z: BIT);
BEG N

Z:i= X+ Y- X*Y,

END, { 02}
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PROCEDURE Not1(X: BIT;, VAR Z: BIT);
BEG N

Z.=1- X

END, { Notl }

PROCEDURE And3(A, B, C. BIT;, VAR D: BIT);
BEG N

D:=A* B* C

END, { And3 }

PROCEDURE Or3(A, B, C. BIT; VAR D BIT);
BEG N
O2(A B, D;
o 2(C D D);
END, { O3}
END. { BitLib }

Program Bi t Pr og, in Figure 7.41, uses the procedures of thisBi t Li b library,
and shows how all four combinations of values can be generated to verify
DeMorgan's theorem, in a manner similar to what you saw in Chapter 6,
extended to three variables.
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Figure 7.41 Program BitProg and its output

PROGRAM Bi t Prog( | nput, Qutput); A B C ~(A Bl Q ~A&B&C
(* Tests BitLib with DeMrgan's 000 1
t heorem *)

USES BitLib;

VARA B C D E F,L G H I: BT,
BEA N 011
Witeln(' ABC~(A| B| O ~A&-~B &
~C); 100
FORA:=0TO1 DO
FORB:=0 TO1 DO 101
FORC:=0 TO1 DOBEGAN
WiteBit(A); 110
WiteBit(B);
WiteBit(O; 111
a3(A B C D;
Not 1(D, B);
Not 1(A F);
Not1(B, O;
Not1(C H);
And3(F, G H I);
Wite(" ")
WiteBit(E;
Wite(" ");
WiteBit(l);
Wi telLn;
END;
END. { BitProg }

[eNeNeNelNelNelNeolNolNolNolNolNolNo ol

The program produces a small table for all the values of A, B and C, showing
the corresponding values of the two expressionsNOT(A OR B OR C) and NOT
A AND NOT B AND NOT C.

Another example library given in Figure 7.42, Char Li b, provides a useful set of
constants, functions and procedures for manipulating characters.

Figure 7.42 The CharLib library

UNI T Char Li b;
(* Alibrary involving Characters *)

| NTERFACE

CONST (* Names for characters *)
BELL = #7; BACKSPACE = #8;
HYPHEN = #45; UNDERSCORE = #95;
DOLLAR = #36; AMPERSAND = #64;
POUND = #35; PERCENT = #37;
SPACE = #32; ASTERI SK = #42;
COWA = #44; SEM COLON = #59;
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PERI OD
RETURN

#46; LI NEFEED
#13;, ESCAPE

#10;
#27;

FUNCTI ON Char Tol nt (Ch: CHAR): | NTEGER,

(* Convert a nuneric character to decimal digit *)
FUNCTI ON I nt ToChar(Digit: |INTEGER): CHAR

(* Convert a decimal digit to a character *)
FUNCTI ON | sDi gi t (Ch: CHAR): BOOLEAN;

(* Indicate if character is a digit*)

| MPLEMENTATI ON
CONST UPPERLower DI FF = 32;

FUNCTI ON Char Tol nt (Ch: CHAR): | NTEGER;
(* Convert a Character to Decimal Digit *)
BEG N

IF ("0 <= Ch) AND (Ch <= '9") THEN

CharTolnt := ORD(Ch) - ORD('0Q")

ELSE

CharTolnt := -1,
END; { CharTolnt }

FUNCTI ON I nt ToChar(Digit: |INTEGER): CHAR
(* Convert a Decimal Digit to a Character *)
BEG N

IF (0 <= Digit) AND (Digit <= 9) THEN

Int ToChar := CHR(ORD('0') + Digit)

ELSE

I nt ToChar : = SPACE;
END; { IntToChar }

FUNCTI ON | sDigi t (Ch: CHAR): BOOLEAN;
(* Test if Chis aDgit *)
BEG N
IF ("0" <= Ch) AND (Ch <= '9") THEN
IsDigit := TRUE
ELSE
IsDigit := FALSE;
END, { IsDigit }
END. { Charlib }

Notice that, because the constant UPPERLower DI FF is defined in the
| MPLEMENTATI ON part of the UNI T, it is private to the library and is not
available to its users. Some other functions and procedures should be added to
the library, like:
FUNCTI ON | sVowel (Ch: CHAR): BOOLEAN,
FUNCTI ON | sLetter (Ch: CHAR): BOOLEAN,
FUNCTI ON | sCapi tal (Ch: CHAR) : BOOLEAN,
FUNCTI ON Uncapped(Ch: CHAR): CHAR { check | ower case }
PROCEDURE EnterDigit (VAR D: INTEGER); { input digit }
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The Interaction of Many Libraries

A large program will probably make use of many libraries, and these could

interact. A good organization of libraries makes programs easy to build and to
maintain, whereas a unstructured organization is likely to cause problems. To
illustrate this, we will consider here a “large” system comprising three

libraries and two separately compiled programs. Each library will be rather

small, and the procedures will be familiar, but the whole system will help us

make many significant points.

Li b2, in Figure 7.43, is a library that consists of two procedures, Max2
and Sort 2 acting on items of | t enTType. The | t enType is declared to
be a CHAR, but it could be readily changed to another type such as

| NTEGER or REAL. However, once such a change is made then Li b2
must be recompiled. Also, all modules that use Li b2 must be
recompiled. The order of compilation is important.

Figure 7.43 Library Lib2

UNIT Lib2;

| NTERFACE
TYPE | tenType = CHAR,

PROCEDURE Sort2( A, B : ItenType; VARL, S: Iteniype);
PROCEDURE Max2( A, B : Itenfype; VAR C Iteniype);

| MPLEMENTATI ON

PROCEDURE Sort2( A, B : ItenType; VARL, S: Iteniype);

L:= A

S .= B;

IF L <S THEN BEG N
L := B;

S .= A

END;

END, { Sort2 }

PROCEDURE Max2(A, B : ltemlype; VAR C. Itenilype);
VAR D: Iteniype ;
BEG N
Sort2(A, B, C, D);
END;, { Max2 }
END. { Lib2}

Li b3, in Figure 7.44, is another library that contains a single procedure to sort
three items of | t enTType. Notice that it uses the | t enifype and Sort 2 both
from Li b2.
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Figure 7.44 Library Lib3

UNI'T Li bS;

| NTERFACE
USES Li b2;

PROCEDURE Sort3( X, Y, Z : Iteniype;
VAR L, M S: Itenilype);

| MPLEMENTATI ON
PROCEDURE Sort3( X, Y, Z : Iteniype;
VAR L, M S: Itenilype);
VAR E, F, G Itenlype;
BEG N
Sort2(X, Y, E, F);
Sort2(F, Z, G S);
Sort2(E, G L, M;
END, { Sort3 }
END. { Lib3}

Li b4, in Figure 7.45, is yet another library that comprises two
procedures: Max4, which computes the maximum of four values and
Sor t 4, which sorts four values. Li b4 uses|t enType and Max2 from
Li b2, and Sort 3 fromLi b3.

Figure 7.45 Library Lib4

UNI T Li b4,

| NTERFACE
USES Li b2, Lib3;

PROCEDURE Max4( A, B, C, D. Itenmlype; VAR E : ltenilype);
PROCEDURE Sort4( A, B, C, D Itentype; VARW X Y, Z
It enilype);

| MPLEMENTATI ON

PROCEDURE Max4( A, B, C, D. Itenmlype; VAR E : ltenilype);
BEG N

Max2(A, B, E);

Max2(E, C, E);

Max2(E, D, E);

END, { Max4 }

PROCEDURE Sort4( A, B, C, D Itentype; VARW X Y, Z
It enilype);

VAR P, Q R S, T: Itenflype;

BEG N

Sort3(A B, C P, Q R;
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VA

Sort3(Q R D, S,
Sort3(P, S, T, W
END; { Sort4 }
END. { Lib4 }

T
X

Pr og5, whose skeleton is shown in Figure 7.46, is a program that sorts
any 5 values of | t enType. Ituses|teniType fromLi b2 andSort 3
fromLi b3. The details of creating a Sor t 5 using Sor t 3s are not
shown, and left as an exercise.

Figure 7.46 Program Prog5

PROGRAM Pr 0g5;
(* Uses Sort3s for a Sort5 *)

USES Li b2, Lib3;
VAR A, B, C, D E F, G H Itenflype;

BEG N
WiteLn(' Enter 5 values ');

{ }
END. { Prog5 }

Pr og7, whose skeleton is shown in Figure 7.47, is a program which
computes the maximum of 7 values of | t enily pe using 2 Max4s. It uses
| t enTType from Li b2 and Max4 from Li b4. The details are also not
shown here. You do it.

Figure 7.47 Program Prog7

PROGRAM Pr og7;
(* Uses 2 Max4s for a Max7 *)

USES Li b2, Lib4;
VAR A B, C D E F, G H Itenlype;

BEG N
WitelLn(' Enter 7 values ');

{ }
END. { Prog7 }

The interaction amongst these 5 parts (three Libraries and two programs) can be
best seen from Figure 7.48, where an arrow from a library to another program or
unit indicates that the library is being used. For instance, we can see in the

figure that Prog7 usesLi b2 and Li b4, and also that Li b4 usesLi b2 andLi b3.
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Figure 7.48 The interaction between libraries

ItemType /

Sort3

IltemType

Sort2 _— Sort3
\
IltemType i
Max2 \___.\ Max4
ltemType \< Prog7 )

The structure of these interactions determines the order in which the uni t s
and programs should be compiled. When a change is made to some unit, it must
be recompiled as well as every other unit or program that uses it. For example,
if we change the declaration of | t enilype inLi b2, then all the units and
programs must be recompiled, starting with Li b2 i n the order indicated
by the arrows. After Li b2 is recompiled, Li b3 must be recompiled. Then
either Li b4 or Pr og5 could be recompiled, but Pr og7 must necessarily be
recompiled after Li b4 has been recompiled.

—

As another example, if Li b4 were modified, for example to add a M n4
procedure, then only Pr og7 would need recompilation (once Li b4 had been
recompiled). Similarly, if Li b3 were modified to add a Maj ori t y3 procedure,
then recompilation would be necessary for Li b3, Li b4, Prog5 and Pr og7.

The Pascal programming system attaches a time stamp to any unit at the
moment of compilation. During the compilation process, whenever use is made
of a unit, a check is made on the time stamps to see if that unit must be
recompiled. This would be the case if some other unit that it uses had been
recompiled since the unit itself was compiled. If so, an incompatibility exists
and is indicated. In this way, the Pascal programming system helps you to
maintain consistency. It makes sure that you create your programs based on only
the latest versions of units that you use! This error prevention is very
important especially when creating very large systems!

7.13 Function and Procedure Types

A FUNCTI ON type (or a PROCEDURE type) is a template for a function (or a
procedure). Such a type is used as any other Pascal type, in particular to
declare variables or parameters. For example, the SI Nfunction and the SQR
function both have the form of a function with one REAL input parameter and a
REAL result. The corresponding template or FUNCTI ON type could be declared
as:

TYPE Real Func = FUNCTI ON( X: REAL): REAL;

Similarly, the Maxi mumfunction we have seen earlier in this chapter, is a
binary operator that has the form of a function, with two | NTEGER input
parameters and a single | NTEGER result. A similar M ni mumfunction would
have the same form. Their FUNCTI ONtype could be declared as:
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TYPE Bi nOpType = FUNCTION(X, Y: |NTEGER): | NTEGER

Suppose that Maxi nrumand M ni numhave been defined as functions with the
headers:

FUNCTI ON Maxi mun( 1, J: INTEGER): | NTEGER;
FUNCTION M nimun( 1, J: INTEGER): | NTEGER;

Suppose also that a binary operator Bop is declared as:
VAR Bop: Bi nOpType;

then we can treat Bop just like any other variable and assign values to it; for
example:

Bop : = Maxi mum
Following this assignment, the execution of a statement like
M3 := Bop(Bop(R, S), T);
is the equivalent of executing
M3 : = Maxi mum( Maxi mum(R, S), T);
However, if the assignment to Bop had been
Bop := M ni num
executing the same statement
M3 := Bop(Bop(R, S), T);
would have been the equivalent of executing
M3 := MninmumMnimum(R, S), T);

This enables the function Bop to be selected as either of the two operators
(Maxi mumor M ni mun). The selection decision could be done during the
execution of a program and could be dependent on some input value. This is
shown in the given example FunType in Figure 7.49.

Figure 7.49 Program FunType

PROGRAM FunType;
(* Shows the use of FUNCTI ON Types *)

TYPE BopType = FUNCTION( X, Y: INTEGER): | NTECGER

FUNCTI ON Maxi mun{ A, B: INTEGER): | NTEGER
BEG N
IF A > B THEN
Maxi mum : = A
ELSE
Maxi mum : = B;
END; { Maxi num }

FUNCTI ON M ni mun{ A, B: INTEGER): | NTEGER
BEG N

IF A < B THEN

M ni mum : = A
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ELSE
M ni num : = B;
END;, { M ni nmum}

VAR P, Q R [INTEGER
Bop: BopType;
Reply: CHAR

BEG N
WitelLn(' Enter 3 val ues');
ReadLn(P, Q R);
Wite('Enter Mfor Max or mfor mn ');
Read( Repl y) ;

IF Reply = 'M THEN

Bop := Maxi mum

ELSE

Bop := M ni num

R := Bop(Bop(P, Q, R;

| F Bop = Maxi num THEN

WitelLn(' The maxi numof the 3 values is ', R 4)
ELSE
WitelLn(' The minimumof the 3 values is ', R 4);

END. { FunType }

A PROCEDURE type is similar to a FUNCTI ONtype; it is a template for a
procedure value. A procedure with two input | NTEGER par anet er s and two
output | NTEGER parameters, like Sort 2, Swap2, orDi vi de, could have a type
called Proc2x2Type and would have the form:

TYPE Proc2x2Type = PROCEDURE( A, B: | NTEGER
VAR X, Y: | NTEGER);

Although the power of FUNCTI ON and PROCEDURE types may not be evident
yet, the mechanism should be clear. The most powerful use of such types lies in
passing functions and procedures as parameters to other functions or procedures.
This will be illustrated in the Sol ver program shown in Figure 7.50.

Sol ver, is a general equation solver that was described in Chapter 6 of the
Principles book. Given any two equations of a single variable X, such as F1( X)
and F2( X), Sol ver finds values of X that satisfy both equations. Solve, is the
main procedure which does the solving by using random numbers generated by
standard function Random

Figure 7.50 The Solver program

PROGRAM Sol ver;
(* Solves al gebraic equations *)
(* by Randomtrial and error *)

TYPE FunType = FUNCTI ON( X: REAL): REAL;

FUNCTI ON F1(X: REAL): REAL;
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BEG N
F1 := X* X - 1.0;
END, { F1 }

FUNCTI ON F2(X: REAL): REAL;
BEG N

F2 .= -2.0* X+ 3.0;

END, { F2 }

PROCEDURE Sol ve(Left : FunType; Right: FunType; Low :
REAL; High : REAL);
CONST Many = 100; { Nunber of points }
VAR |: | NTEGER,
X, Guess, BestVval, MnErr, Err: REAL;

BEA N { Sol ve procedure }
M nErr := 30000. 0;

FOR |1 := 1 TO Many DO BEG N

Guess := Low + Random* (H gh - Low);
X : = Quess;

Err := ABS(Left(X) - Right(X));

IF MnErr > Err THEN BEG N

M nErr = Err;
Best Val := QGuess;
END;
END;

Wite(' Avalue for Xis ');
Wite(BestVal:7:4);

Wite(' with an error of ');
Wite(MnErr:7:4);

END;, { Sol ve }

VAR Hi, Lo: REAL;
I : I NTECER;
BEG N { Min }
WitelLn(' Enter 2 boundary val ues ');
WitelLn('input the smaller first ');

Read(Lo, Hi);

FORIl :=1to 5 DO BEGAN
Solve(Fl, F2, Lo, H);
WiteLn;

END;

END. { Sol ver }

FunType is declared to be a FUNCTI ONtype with one REAL input parameter
and a REAL result. Procedure Sol ve is declared with four input parameters:
two functions of type FunType, andt wo boundary values of type REAL. In the
main body of Sol ver, the user is prompted for the two boundary values, Lo and
Hi . Sol ve is then called by the statement
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Solve(Fl, F2, Lo, H);

which passes the two functions F1 and F2 toLeft andRi ght , and the boundary
values to Low and Hi gh. Sol ve then tries Many points to determine the
value of X for which the difference of the two functions is minimum. In doing
this, it calls standard function Randomthat generates a sequence of pseudo
random numbers for use as trial values for the points. Sol ve is run 5 times over
the given range of values and produce the results shown at the top of Figure
7.51. The results can then be used to reduce the range and run the program again
to decrease the error, as shown at the bottom of the figure.

Figure 7.51 Typical execution of Solver

Enter 2 boundary val ues
i nput the smaller first
-10 10

A value for Xis -3.0502 with an error of 0.7968
A value for Xis 1.2297 with an error of 0.0285
A value for Xis -3.2298 with an error of 0.0280
A value for Xis -3.2383 with an error of 0.0100
A value for Xis 1.2183 with an error of 0.0792
Enter 2 boundary val ues

i nput the smaller first

-3.5 -3

A value for Xis -3.2350 with an error of 0.0047
A value for Xis -3.2387 with an error of 0.0119
A value for Xis -3.2360 with an error of 0.0003
A value for Xis -3.2351 with an error of 0.0043
A value for Xis -3.2354 with an error of 0.0031

Since procedure Sol ve is general enough, we could encapsulate it into a library,
say Sol veLi b. The two functions F1 and F2 would still need to be external to
this library and passed to Sol ve.

Note that we could have avoided to declare a function type in Sol ver, as the
Solve procedure heading could have been written as:

PROCEDURE Sol ve( FUNCTI ON Left (X: REAL): REAL;
FUNCTI ON Ri ght (X: REAL): REAL;
Low : REAL; Hi gh : REAL);
This is possible only in the case where functions or procedures are passed as
arguments to other functions or procedures. In particular, function types are
necessary to write programs like FunType.
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7.14 Top-Down Development

Pay Again

In the Principles book a seven-step problem solving method was introduced,
that encouraged the top-down design and development of a computer solution.
In the coding and testing step of this method, a top-down approach should be
used as well. Such an approach involves first coding the main body of the
program as a skeleton with procedures and functions represented by stubs. A
stub is a reduced procedure whose declaration comprises only its heading and an
almost empty BEG N- END pair. At first the stub might have no parameters, no
local variables, and its actions might only be the simple output of a message.
The stubs simply display the fact that control has reached them and they do
nothing more. The trace that is produced by the execution of a program with
stubs is a verification of the control flow of the program. The program

Mai nPay1 is our familiar Mai n Pay algorithm from Chapter 7 of the
Principles book (Fig. 7.28) in an early stage of development with all procedures
replaced by stubs.

Figure 7.52 Skeleton of program MainPay

PROGRAM Mai nPay1;

VAR Tot al Count: | NTEGER,
Tot al Anbunt : REAL;
| dNunber: | NTEGER,

PROCEDURE Net Pay() ;
PROCEDURE Gr ossPay();
BEG N
WitelLn(' STUB: GrossPay ');
END, { G ossPay }

PROCEDURE Deduct () ;
BEG N

WitelLn(' STUB: Deduct ');
END; { Deduct }

BEG N

WitelLn(' STUB: NetPay ');
GrossPay();

Deduct () ;
END; { NetPay }

BEG N
Tot al Amount : = 0. 00;
Wite(' Enter number of enpl oyees ');
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Read( Tot al Count) ;
FOR I dNunber := 1 TO Total Count DO BEG N
Net Pay () ;
WiteLn;
END;
WitelLn(' The total paid out is ',
Tot al Anount: 7: 2) ;
END. { Mai nPayl }

Figure 7.53 shows the trace produced by a typical run of Mai nPay1.

Figure 7.53 Output of MainPayl

Ent er nunber of enpl oyees 4
STUB: Net Pay

STUB: G ossPay

STUB: Deduct

STUB: Net Pay
STUB: & ossPay
STUB: Deduct

STUB: Net Pay
STUB: G ossPay
STUB: Deduct

STUB: Net Pay
STUB: & ossPay
STUB: Deduct

The total paid out is 0.00

The program’s control flow is verified by examination of the trace produced by
the program version with stub procedures. Once this is done, the stubs can be
refined by filling in the details: first the parameter lists are added. The
output remains the same, but the various procedure interfaces are checked.
Then the stubs are filled one by one, and after each addition the program is
tested. The program Mai nPay2 shows the final result of this
process.

Figure 7.54 Program MainPay?2

PROGRAM Mai nPay?2;
(* The Payroll program *)

PROCEDURE Net Pay( VAR Accunul at ed: REAL);
VAR Gross, Net, Deductions: REAL;

PROCEDURE Gr ossPay(VAR Gross: REAL);
CONST Br eak = 40;
Oli nreRate = 1.5;
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VAR Hours, Rate: REAL;
BEG N

Wite('Enter hours worked ');
Read( Hour s) ;

Wite('Enter rate of pay ');
Read( Rat e) ;

| F Hours < Break THEN

Gross := Hours * Rate

ELSE

G oss := Break * Rate +

OlireRate * Rate * (Hours - Break);

END, { G ossPay }

PROCEDURE Deduct ( Gross: REAL; VAR Deductions: REAL);
CONST TaxRate = 0. 20;
VAR Taxes, M sc: REAL;

BEG N

Taxes := Gross * TaxRate;

Wite('Enter m sc deductions ');

Read(M sc);

Deductions := Taxes + M sc;

END; { Deduct }

BEGA N { Net Pay }

GrossPay( G oss);

Deduct (G oss, Deductions);

Net := Gross - Deductions;

WitelLn(' Pay the anount of ', Net:7:2);
Accumul ated : = Accunul ated + G oss;

END; { NetPay }

VAR Tot al Count: | NTEGER;
Tot al Anount: REAL;
| dNunber: | NTECGER;
BEG N
Tot al Anount : = 0. 00;
Wite(' Enter number of enployees ');
Read( Tot al Count) ;
FOR I dNunmber := 1 TO Total Count DO BEG N
Net Pay( Tot al Anount ) ;
WitelLn;
END;
Wite(' The total paid out is ');
Wite(Total Amount: 7: 2);
END. { Mai nPay2 }

Figure 7.55 shows the output produced by a typical run of MainPay?2.
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Figure 7.55 Execution of MainPay2

Ent er nunmber of enpl oyees 4
Enter hours worked 38

Enter rate of pay 12.5
Enter mi sc deductions 10.25
Pay the amount of 369.75

Enter hours worked 42
Enter rate of pay 10.25
Enter m sc deductions 17.4
Pay the amount of 335.20

Enter hours worked 10
Enter rate of pay 10.25
Enter mi sc deductions 8.63
Pay the amount of 73.37

Enter hours worked 51

Enter rate of pay 25

Enter m sc deductions 99. 21
Pay the amount of 1030.79

The total paid out is 2430.75

7.15 Chapter 7 Review

This chapter considered how the Subprogram Form is realized in Pascal as
either a PROCEDURE or aFUNCTI ON. It also discussed how these may be
grouped together with declarations of constants and types to form libraries.
The syntax and use of these forms were illustrated with diverse examples. The
main consideration of the chapter essentially involved packaging both actions
and data into bigger and better building blocks.

Procedures and functions were first considered in their most general form. Many
examples were presented to demonstrate various concepts. The three kinds of
parameters, input, output and input-output, and the nesting of procedures were
treated in detail. Recursion was also treated briefly.

The Pascal UNI T form with public | NTERFACE and private | MPLEMENTATI ON
parts was studied. Units were used as libraries of constants, types, procedures
and functions. Many examples of libraries were introduced: Short Sort Li b,
Dat eLi b, Bi t Li b and CharLib.

The chapter also considered the way in which libraries can interact, when
several of them are being used in the construction of a large program. The
importance of the order of compilation of libraries was also stressed.

The concept of FUNCTI ON and PROCEDURE types was considered, especially the
power of generalization through their use in parameters.
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Top-down design and development was revisited, and its approach was
applied to coding and testing. The use of stubs for procedures and functions was
also briefly illustrated.

7.16 Chapter 7 Problems

1. ReadDate

Create a procedure, ReadDat e( Year, Month, Day), thatreadsin
and validates a date value.

2. WriteDate

Create a procedure, Wit eDat e( Year, Month, Date) that outputs a
date in a standard form.

3. IsVowel

Create a function, | sVowel ( Ch), that returns True if character Ch is
an upper or lower case vowel, and False otherwise.

4. Decimal

Create a function, Deci mal (Bi nary): | NTECER, that converts any
given positive binary number (expressed as a | NTEGER) into its
corresponding decimal form (base 10).

5. Quadrant

Create a procedure, Quadr ant ( X, Y, Quad), that takes the REAL
coordinates X and Y of any point and indicates which quadrant, 1, 2, 3 or
4, the point falls into. If the point falls on any axis the returned value
is 0.

6. Resistor

Electrical resistors have a resistance that is specified by three bands of
colors on the body of the resistor. The numeric digit corresponding to
each color is given below. If the numeric digits for the three colors are
X, Y, and Z (in that order) then the value R of the resistor (in ohms) is
given by

R=(10 X +Y) 104

For example, if the bands are Red, Yellow and Orange, the
corresponding numeric digits are 2, 4 and 3, so the resistance is:
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10.

R=(10"2+4)" 103 =24" 103 = 24,000 ohms.

Create a procedure Resi st or ( Code) that requests a color (input as a
three character sequence, RED, BLU etc.) and returns the corresponding
Val ue as an| NTEGER decimal digit. This procedure could be used to
determine the resistance.

Resistor
Color Code
Black 0
Brown
Red
Orange
Yellow
Green
Blue
Violet
Gray
White

© 00O N oo o A W DN P

Next Month

Create a procedure Next Mont h( Mont h) to convert any given Mont h
into its following month. Do this for both subrange and enumerated
definitions of Mont hType.

Round Off

Create both a function Rounded( Real Num) and a procedure

Roundof f ( Real Num) that round off any REAL to its closest integer
value. If the fraction part is 0.5, then the value is rounded to an even
number. For example, 12.5 is rounded down to 12 and 13.5 is rounded up
to 14. Why?

Cubes

Create a function Cubed( R) , and two procedures Cube( R) and
CubeOr (R, S) for finding the cube of any REAL value R.

Binary Conversion

Create a procedure Bi n( Dec) that accepts an | NTEGERDec, and
outputs the binary equivalent as a sequence of 0 and 1 character digits.
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11.

12.

13.

14.

Romanum

Create a procedure Roman( Nun) to accept any positive | NTEGERNum
(less than 300), and output the corresponding Roman number. Assume
that four consecutive occurrences of a symbol are proper.

Cashin

Suppose that the input to a program (such as CHANGE) must have
exactly the form

$D. DD
where each Dis one of the ten decimal digits.
For example, valid sequences are

$5. 00, $1. 75 and $0. 25
and invalid sequences are

$ . 25,$0. 255, $3, and $12. 34.

Create a procedure Cashi n( Cent s) that inputs a sequence of
characters (assumed to be in the valid form), and converts it to the
corresponding | NTEGER number of Cent s.

Tell Time

Create a procedure Ti me(M | Ti me) to accept the Military time

M | Ti me as an | NTEGER, and output the time in the appropriate one of
the four formats (H O'clock, Half past H, M minutes after H, and M
minutes before H) where H and M are the Hours and Minutes.

Break

Create a procedure Break(N, LSD, MSD, R) that takes a given
| NTEGERN and “breaks off” its least significant digit LSD, its most
significant digit MSD, and returns also the remaining integer R (or a
negative 1 if nothing remains).

7.17 Chapter 7 Programming Problems

Random Projects;

The following projects require random numbers which may be created in many
ways: using the function Randomas we did in the program Sol ve in this
chapter.

1.

Simulate
Simulate the dice game called Dice:!
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First, two dice are thrown.
If their sumis 7 or 11, you win,
and if the sum is 2, 3 or 12, you lose,
otherwise remember the sum, the “point count”,
and keep throwing until either:
the point count comes up and you win or
a7 comes up and you lose.

For example: consider the sequences

7 you win

6,7 you lose

4,2,11,3,4 you win

93,4,12,2,8,3,7 you lose
Evaluate

Modify the above program to play any number of games, say 100, and
find the probability of winning (the ratio of wins to number of times

played).

Observe

The game of dice poker involves the throwing of five dice, their values
forming a “hand”, and the evaluation of the hands in the following
order:

a. Five of a kind, means all five dice have the same value,
b. Four of a kind, means four dice have the same value,

c. Full house, means that three dice have one value in common and
the other two have another value in common, in other words: three
of a kind and a pair.

d. AStraight, means the five values are in consecutive order,
e. Three of a kind, means that three dice have one value in common,

f.  Two pairs, means two dice have one value in common and two other
dice have another value in common,

g. One pair, means that only two dice have the same value,
h. No pairs, means none of the above.

Create a program to evaluate the hands in Dice Poker, as described
above. Then generate many such hands randomly and evaluate them,
ultimately printing out the number of each type of hand.

Analyze
There are many algorithms for computing grades. Grades are allocated
according to the following schedule:

Grades:
A score of 90 to 100 gets a grade of ‘A’
A score of 80 to 89 gets a grade of 'B'
A score of 60 to 79 gets a grade of 'C'

A score of 50 to 59 gets a grade of 'D'
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| Ascore of less than 50 gets a grade 'F' |

The following four algorithms? for solving this problem are examples of
the several possibilities.

Method I:
Input Percent
If Percent 3 90
Output ‘A’
Else
If Percent 3 80
Output ‘B’
Else
If Percent 3 60
Output ‘C’
Else
If Percent 3 50
Output ‘D’
Else
Output ‘F’

This method first tests the largest percentage range and keeps
testing the ranges in decreasing order, until the proper range is
found and the corresponding grade is output.

Method 2:
Input Percent
If Percent < 50
Output ‘F’
Else
If Percent < 60
Output ‘D’
Else
If Percent < 80
Output ‘C’
Else
If Percent < 90
Output ‘B’
Else
Output ‘A’

This one similar to Method 1 but starts from the smallest
percentage range.

Method 3:
Input Percent
Set TestValue to Percent — 50
If TestValue < 0O
Output ‘F’
Else
Set TestValue to TestValue — 10
If TestValue < 0O
Output ‘D’



Section 7.17  Chapter 7 Programming Problems 305

Else
Set TestValue to TestValue - 20
If TestValue <O
Output ‘C’
Else
Set TestValue to TestValue — 30
If TestValue <0
Output ‘B’
Else
Output ‘A’

This method makes the same test (TestValue < 0) at each stage.
This is useful for machine level programming since machines can
compare values to zero very easily.

Method 4:

Input Percent
Set Grade to ‘A’
If Percent < 90

Set Grade to ‘B’
If Percent < 80

Set Grade to ‘C’
If Percent < 60

Set Grade to ‘D’
If Percent < 50

Set Grade to ‘F’
Output Grade

involves a series of choices, unlike all the above methods which
involve nested choices. This method is often simpler to program in
older languages which have a limited IF structure. Notice that
this method requires the assignment of characters; none of the other
methods uses assignment of characters.

Each grade traces a path through the algorithm and involves a number
of comparisons. A given grade distribution encounters a fixed average
number of comparisons. Compare this average for the various
algorithms if the grade distribution is assumed to be: 15% A's, 20% B's,
40% C's, 15% D's and 10% F's.

DatelLib

A miniature version of Dat eLi b, a library that manipulates dates (year,
month, day) was given in this chapter. Its interface part showed that it had
three actions:
| NTERFACE
FUNCTI ON | sLeap(Year: | NTEGER): BOOLEAN,
FUNCTI ON Daysl nMbnt h( Year, Month: | NTEGER)
;| NTEGER;
FUNCTI ON DayOf Year ( Year, Month, Day: | NTEGER)
| NTEGER;
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Build your own copy of this UNI T and test it with the program DaysToXnas.
Then extend this UNI T with some of the following actions. Create also a
program that tests those that you implement.

1.
2.
3.

10.

11.

El apsed calculates the number of days between any two given dates.
Age determines the integer age of a person, given the birth date.

Fi r st Dat e determines the weekday of January 1 of any year, knowing
that January 1 of 1901 was a Tuesday.

WeekDay finds the weekday that a given date, including the year,
falls on. It makes use of Fi r st Dat e.

WeekDayBor n finds the weekday a person was born, given the birth
date.

ThanksDat e finds the date of Thanksgiving in the USA, for any year,
knowing that it occurs on the fourth Thursday of November.

M dWay determines the date (or dates) half way between two given
dates of the same year.

UnLucky determines, for a given year, the months on which Friday
falls on the 13th day.

Cal endar creates a calendar for any month of any year.

Bi oRhyt hmplots out a sine curve supposedly indicating the rise and
fall of a certain ability, such as physical strength, endurance. The sine
wave has a given period of repetition (say 23 days) starting with 0 at
birth. Create such a plot starting at any given day, and continuing for
one whole cycle.

Bi gBi o plots a number of biorhythms, each having a different period,
on one graph. For example, the intellectual cycle has a period of 33
days, and the sensitivity cycle has a period of 28 days.

Create Libraries

There are a number of smaller libraries that could be useful. Create some of
these and use them.

1.

ConstLib
If there are a number of physical constants that you often use, e.g., Pi, €,
the mass of an electron, and many others, put them into a Library.

ConverLib

Conversion of quantities from one measurement system to another could
be conveniently done with a Library. The names of the actions should
be easy to remember, e.g. PoundsToKi | ogr ans, FeetTolnches, etc.
Would you do this with functions or procedures?

InOutLib
The standard procedures of Pascal do not satisfy all input/output needs.
Create your own input/output Library with procedures such as:
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WitelntLen(l), whichcomputesthe width of | and prints that
width.

ReadBool ( B) which reads BOOLEAN values TRUE and FALSE.
ReadDay( D) which inputs the day of the week.
Wit eDol | ar s( D) which prints dollar amounts such as $1, 234. 56.

4.  MiscLib
If you are familiar with other languages you may wish to incorporate
some of these features into Pascal. You may also wish to use other
names for some of the functions of Pascal (such as RealTolnt for entier).

5. ArithLib
Create a library of arithmetic “black boxes”, Di vl nt, Subl nt ,
Mul I nt, Squar e, etc.

6. CharLib
Complete the CharLib library that was given in this chapter.

7.  BitFunctionLib
Redo Bi t Li b using functions instead of procedures for the logical gate
operations. For example: DeMorgan's result would have the form:

Not (And(A, B)) = O (Not(A), Not(B))

8. FileLib
Create a Library involving Files with actions of:

OpenSour ceFi | e, which prompts, checks and opens
Encrypt Fi | e, which encodes a file for privacy
Decrypt Fi | e, which reconverts an encrypted file to its original state

FinancelLib

Create a library of the following five financial functions. They may be used to
solve either savings problems or loan problems. For savings problems the
payment Payt is positive; for loan problems it is a negative value. This
Library could be used with a program where any four values are given and the
fifth value is to be determined.

Fval ue(Rate, Durn, Payt, Pval)
is the future value at a compounded interest Rat e, of Dur n payment
periods, of constant amount Payt , and present value Pval .

Pval ue(Rate, Durn, Payt, Fval)
is the present value needed to reach a given future value Fval with a
given interest Rat e in Dur n periods of amount Payt .

Dur ati on(Rate, Payt, Pval, Fval)

is the number of payments necessary to reach a given future value Fval
given the present value Pval with periodic amount of Payt at a
compounded Rat e per period.
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Payment (Rate, Durn, Pval, Fval)
is the periodic payment amount needed to reach the future value Fval
from the present value Pval inDur n payments at a given interest Rat e.

I nt Rat e(Durn, Payt, Pval, Fval)

is the interest rate per period that is required to reach the future value
Fval from the present value Pval inDur n payments of amount Pay.
Another parameter | ni t could be used as an initial guess for the rate.

Change Again: Done Properly with Procedures

ChangeMaker is to be done properly using subprograms (functions or procedures)
with proper passing of parameters and maximum hiding of procedures. Some
procedure names follow; you are to specify the parameters and their passing

methods. Show the structure of this program by data flow diagrams and
contour diagrams.

I nstruct
asks if you wish instructions or help, and if so, it provides a brief
statement.

I nCost
a friendly procedure, prompts for the Cost and checks for proper input.

InTend
like I nCost , is a procedure to input the amount tendered; it uses
| nReal .

| nReal
enters a value in decimal form (dollars and cents) and converts it to

| NTEGER number of cents.

Ent er | nput
contains the previous procedures (and possibly a Proper Value check).

Changer
makes the change, and uses a Di vi de procedure.

Spel | Out
Spells the count corresponding to its input value.

Pl ur al
appends the character S to any written plural denomination

Si ze isafunction, useful for formatting the output, which determines
the number of digits of a Cardinal.

MeanLib

Create the | MPLEMENTATI ON part of a library corresponding to the following
| NTERFACE part. This UNI T consists of a number of procedures that compute
various mean values of a sequence of real values. The first and last items of the

sequence are terminators and are not to be included in the mean values.
UNI T MeanLi b;
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(* Provides various nean val ues *)
| NTERFACE

PROCEDURE Arit hMean( VAR Count: | NTECER;

VAR AMean: REAL);
(* Conputes arithmetic nean by summi ng val ues *)
(* and dividing by the number of val ues *)

PROCEDURE GeoMean( VAR Count: | NTEGER

VAR Gvkan : REAL);
(* Conputes the geonetric nean by nultiplying *)
(* the N values and then taking the Nth root *)

PROCEDURE Har mvean( VAR Count: | NTEGER

VAR Hwean : REAL);
(* Conputes the harnonic nmean by summng the *)
(* reciprocals of all the values and then *)
(* taking the reciprocal of the result *)

END.
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7.18 Chapter 7 Programming Projects

DMT: DeMilitarizeTime Lab with Procedures

The goal of this project is to create various procedures that can be used to
manipulate Military time. A program M nDi f f uses these procedures to find
the minimum time difference between any three given times in one day.

DATA

Time can be expressed in Military form (or 24-hour form) as an | NTEGER
such as 730 or 1604. Time can also be represented in a Normal form as
7:30 am or 4:04 pm. Improper Military times are 2604 and 1670.

ACTIONS
Create all of the following procedures using exactly the parameter
names given, with parameters passed properly.

Di vi de(Num Den, Quot, Rem
divides Numby Den to yield Quot and Rem
Use DI Vand MOD to implement Divide, just to be different this time.

ReadM | Ti me(M I Ti ne)

prompts for a single military time M | Ti ne and checks that it is in the
proper form. If it is not in the proper form it outputs an error message
and requests another time to be entered; this continues until the time
entered is in the proper form.

At first just check for the proper range of time (0...2400); later return to
refine this. Use the above procedure Di vi de.

ReadM | Ti me3(First, Second, Third)
calls the ReadM | Ti ne three times to enter the three values.

WiteNormal Ti me(MITine)
writes out a given military time in the normal mode. For example, 0730
is written as “7:30 am” and 1604 is written as “4:04 pm”.

Convert (MITine, Mnutes)

converts a given military time to the corresponding minutes since
midnight. For example, the time 1240 is 760 minutes past midnight.
Used Di vi de again.

TimeDi ff(T1, T2, Diff)

Computes the minutes elapsed between the two given times T1 and T2
of one day. For example, the difference between 0250 and 2030 is 1060
minutes.

M nimze3(A B C M
computes the minimum value Mof three values A, B, C.
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The program M nDi f f

This program uses these procedures to find the minimum time difference of
three times. For example, when the input values are 1200, 1300 and 1800, the
minimum time between them is 60 minutes. Use the following program (grown
in stages).

WiteLn(' I nput three values ');

ReadM | Ti me3(X, Y, 2);

TimeD ff(X, Y, P);

TimeD ff(X, Z Q;

TimeD ff(Y, Z, R);

Wite(' The mnimumtime difference between ');

Wi teNormal Ti ne(X);

WiteNormal Ti ne(Y);

WiteNormal Ti ne(2);

Wite(' is');

Mnimze3(P, Q R 9S);

WitelLn(S: 3);

Time Permitting:

Indicate which two times have this minimum difference (the above 60 minute
difference is between the first two values, 1200 and 1300).

Finally: Put these proceduresina UNI TM | Ti meLi b and USE them for the
M nDi ff program.

SLL: Small Library Project

In this project we will be creating Libraries in Pascal and we will be using these
Libraries in some programs.

1.  Create a small Library, called Char Li b, to work with the CHAR type.
This Library should contain some:

Constants such as
Hyphen, Space, Bell, Buzz, Escape,
Procedures, with verb names such as
Capitalize(CH), EnterDigit(D)
Functions, with noun names such as
Maxi mumC3(A, B, C, Uncap(C, CharToCard(Q),
Boolean Functions, with adjective names such as
Capitalized(C) or equivalently IsCap(C
Earlier in this chapter, we described the beginnings of this library
together with a small example.

2. Create a small program, called Char Test , which uses and tests the
new CharLib that you have just constructed. This program need not be
useful in any other way.
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3. RunChar Test and show some runs of this test program.

Time Permitting:

4.  Create your own small Library of things of interest to you, and a
program to use it. For example, you may wish to “encapsulate” the
previous project involving 24-hour Time conversion.

5. ReUse: Show and Tell
Share your Library with some other students in the class. Have them
test yours and you test theirs.

1 Thisis figure 3.3 from Principles.
2 These algorithms come from Principles Chapter 5 around page 26
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In this chapter we consider the three structured data types: arrays, records,

and sets, and how they are used in Pascal. The main concepts introduced in

Chapter 8 of the Principles book and “Abstract Data Type” (or ADT), will be
further developed. ADTs will also be used to create three libraries:
IntArrayLib, ComplexLib, and a Matrix Library
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8.1 Preview

8.2 Arrays

The main concepts developed in Chapter 8 of the Principles book will be
discussed here in the context of Pascal and used to create programs. Arrays will
be considered in detail, and their method of use will be illustrated through a
variety of examples.

The concept of an “Abstract Data Type” will be developed further and applied
through the use of libraries. Libraries created in this chapter include a Integer
Array Library, a Complex Number Library, and a Matrix Library.

The main capabilities developed in this chapter involve the use of data
structures, arrays, records and sets, to create larger data items from smaller
ones. Arrays and records came into programming languages from different areas
of application; arrays from scientific applications and records from commercial
applications. Here we shall see that the two techniques can be combined with
powerful results. Sets are still not as widely used as the other structures.

Finally, by this time, you should be able to read programs with some ease, so
less of the text is devoted to describing the programs given. If you encounter
problems, go back to the algorithm development in Chapter 8 of the Principles
book.

in Pascal

An array is an ordered collection of values, all of the same data type. The
simplest kind of array is an ordered sequence of | NTEGERS, such as the number of
hours worked on each of the seven days of a week. More complex arrays, of two
and more dimensions, will be considered later in this chapter.

The declaration of an array type in Pascal has the general form:

TYPE array-nanme = ARRAY index-type OF itemtype;
such as

TYPE WeekArray = ARRAY [1..7] OF REAL;

where i t emt t ype represents the type of the elements stored in the array, and
can be any valid Pascal data type, either built-in or programmer defined. The
second type,i ndex-t ype, represents the type used to index the individual
elements in the array, and is usually an enumeration or subrange type, but may
be a Boolean or Character type. The i ndex-t ype cannot be REAL.

Once an array type has been declared, it may be used in the declaration of
variables in the usual way, as for example:

VAR Hours, OverTinme, Total Hours: WeekArray;

Such an array TYPE declaration describes a general template for a typical
array of that type, showing the number of values and their type. On the other
hand the VAR declaration specifies a particular instance of that type. It would
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be valid but less general, and therefore not preferred, to combine the two
declarations in one as in:

VAR Hours: ARRAY [1..7] OF REAL;

This should be avoided, as it might create type incompatibilities later on, and
prevent you to use the array as a procedure or function argument.

In fact it would be even better to be more general and declare yet another type

TYPE WekRange = 1..7;

and use that as the i ndex-t ype in the declaration of the array type
WeekArray:

TYPE WeekArray = ARRAY [ WekRange] OF REAL;

for this new type WeekRange could also be used to declare an index variable
used in the program to access values in the array. Consistent changes to the
program can then be made in a single place by changing the declaration of
WeekRange. A further generalization can be obtained by declaring the upper
and lower values of the i ndex-t ype as named constants.

The following examples of array declarations show something of the diversity
available in Pascal for the definition of arrays.

CONST

MOST = 100;
TYPE

Range = 0..MOST,;

IntArray = ARRAY [ Range] OF | NTECER
VAR

Age, Grade: IntArray;

CONST
LOW = 100;
H GH = 200;
TYPE

| dRange = LOW . H GH;

Real Li st = ARRAY [l dRange] OF REAL;
VAR

Price, Quantity: Real List;

TYPE
WeekDay = (Sun, Mon, Tue, Wed, Thur, Fri, Sat);
WeekType = ARRAY [ WekDay] of REAL;

VAR
Hours, OverTinme: WekType;

TYPE
Count Down = ARRAY [-10..10] OF REAL;
NameString = ARRAY [0..20 ] OF CHAR

Bi t Sequence ARRAY [ 0. . 15] OF 0..1;
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The individual elements of an array are accessed by using the array name
followed by an index value enclosed in square brackets, such as

Gr ade[ 95]
Price[Part]
Hour s[ Day]
Nane[ | dNumber ]

The index value inside the brackets may be a constant, a variable, or an
expression, which is evaluated at the time of access. This index value
represents the position of the element in the array. Each of the above
references to an individual element in an array is treated as a variable that can
be assigned, compared, input, output, and used in expressions. It is sometimes
called a subscripted variable.

The short program in Figure 8.1 illustrates the use of an array to store a sequence
of | NTEGERS representing temperatures. The list of input values is sandwiched
between sentinel values as we have done in the past. However, to keep things
simple, the program does not prompt the user: you can easily add these to
improve the program.

Figure 8.1 Program FindMaximumTemperature

PROGRAM Fi ndMaxi munTenper at ur e;
(* Find the maxi mum of a sequence of tenperatures *)

CONST MaxSeqSi ze = 10;
TYPE Sequence = ARRAY [1..MaxSeqSi ze] OF | NTEGER,

VAR Vector: Seguence,
Maxi mum Senti nel, Val ue, Count,
Posi tion, |ndex: |NTEGER;

BEG N
Read( Sent i nel ) ;
Count := 0;
Read( Val ue) ;
VWHI LE Val ue <> Sentinel DO BEG N

I nc(Count);
Vect or[ Count] := Val ue;
Read( Val ue) ;
END;
Maxi mum : = Vector[1];
Position := 1,
FOR I ndex := 2 TO Count DO BEG N
Val ue : = Vector[Index];

| F Maxi mum < Val ue THEN BEG N
Maxi mum : = Val ue;
Position : = |ndex;
END;
END;
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Wite(' Maxi nrum tenperature was ', Maxi mum 3);

WitelLn(' in position ', Position:2);
END. { Fi ndMaxi numTenperature }

Notice that, even though the actual number of values that will be read in is
determined by the sentinel that marks the end of the data, this number may not
exceed the value of MaxSeqSi ze, in this case 10. If an attempt is made to input
more than 10 numbers, the Pascal programming system will stop the program
with an “index/range error” message indicating that an attempt has been made
to read or write a value outside the bounds of the array. In other words, the
size of an array is fixed when the program is compiled and cannot be changed
dynamically. In order to change the size, the program must be modified and
recompiled; this emphasizes the advantages of using named constants for
bounds as it reduces the number of places where changes have to be made to a
program.

ChangeMaker and Variance

In Chapter 8 of the Principles book, we developed yet another version of the
Change Maker algorithm, one that used an array to loop through
denominations in the order 25, 10, 5, and 1. For each denomination, the
algorithm decreases the change due and outputs the denomination value, until
the change due is down to zero.

Figure 8.2 Program ChangeWithArrays

PROGRAM ChangeW t hArr ays;
(* Maki ng change using arrays *)

CONST Nunf Denom nati ons = 5;

TYPE Range
I nt Seq

1. . NumOf Denoni nat i ons;
ARRAY[ Range] OF | NTEGER;

VAR Cost, Tendered, Renmai nder, Denom nati on,
| ndex: | NTEGER;

Den: | nt Seq;
BEG N

{ Set up Denom nations array }
Den[1] := 1; { Pennies }
Den[2] := 5; { N ckels }
Den[3] := 10; { D nes }
Den[4] := 25; { Quarters }
Den[5] := 50; { Half-dollars }

{ Get input values and conpute the change }
WitelLn(' Enter the cost in cents ');

Read( Cost ) ;

WitelLn(' Enter the amount tendered in cents ');
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Read( Tender ed) ;
Remai nder : = Tendered - Cost;
WitelLn;

WitelLn(' Your change is ');

{ Conpute the change }
FOR I ndex : = NunOf Denomi nati ons DOANTO 1 DO
BEG N
Denom nation : = Den[l|ndex];
VWH LE Renmi nder >= Denomination DO BEG N
Wit elLn(Denom nation: 4);
Dec( Renmi nder, Denoni nati on);
END;
END;
END. { ChangeWthArrays }

The program ChangeW t hArr ays, in Figure 8.2, is based on this algorithm.
Notice the choice of names in the program. Also notice that the values in the
array were in decreasing order in the original algorithm, and are in increasing
order in the program. This enables the program to grow more easily to higher
denominations such as 100, 200, 500, etc.

In Chapter 8 of the Principles book, two methods of calculating variance were
shown. The second method computed the sum of all the values, as well as the
sum of their squares, before applying a simple formula.

Figure 8.3 shows a Pascal program that is based on this algorithm.

Figure 8.3 Program Variance

PROGRAM Vari ance;
(* Conpute the nean and variance of a sequence of val ues *)

CONST MaxLi st Size = 10;
TYPE | nt Seq = ARRAY[ 1. . MaxLi st Si ze] OF | NTEGER;

VAR Vector: |ntSeq;
Sum SunBSquares, Sentinel,
Val ue, Count, Index: |NTEGER,
Mean, Variance: REAL;

BEG N

Read( Senti nel ) ;

Count := 0;

Read( Val ue) ;

VWH LE Val ue <> Sentinel DO BEG N
I nc(Count);
Vect or[ Count] := Val ue;
Read( Val ue) ;

END;
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Sum : = 0;
SunSquares : = 0;
FOR Index := 1 TO Count DO BEG N
Sum : = Sum + Vector[ | ndex];
SunfSquar es : = SunfBSquares +
Vector[ | ndex] *
Vect or [ | ndex] ;
END;
Mean := Sum/ Count;
Variance := SunBquares / Count - Mean * Mean;
Wite('Mean = ', Mean:5:2);
WitelLn(' Variance ="', Variance:5:2);
END. { Variance }

Notice the way that references to elements of Vect or, such as
Vect or [ | ndex], form part of expressions in just the same way as variables do.

Parallel Arrays: Part Inventory

The term parallel arrays refers to a number of arrays that are of the same size
but may contain different types of value. For example, the inventory of chair
parts, that was mentioned in the Principles book, could be represented by the
following four parallel arrays, as each attribute (Price, Quantity, etc.) is of a
different type. The first element of each array corresponds to the same part, a
Leg, the second element of each of the parallel arrays corresponds to a Seat, etc.
as shown in Figure 8.4.

Figure 8.4 Parallel arrays

| Price[l] Quantf[l] ReOrder([l] StatusI]
leg 1 1.12 200 FALSE A
Seat 2 2.50 100 TRUE C
Rung 3 0.75 400 FALSE B
Back 4 3.00 300 FALSE A

The program Par t Ar r ay, shown in Figure 8.5, illustrates how the parts
inventory of a chair could be represented using parallel arrays. Each of the
arrays has a range that extends over the list of parts forming the chairs; this
listing of parts is declared as an enumerated type, which is then used as the
range in the declaration of the arrays. Four types of array are declared, one for
each type of item (I nt Arr ay for | NTEGERs, Real Ar r ay for REALSs, etc.) As
usual, these types are templates.

Figure 8.5 Program PartArray

PROGRAM Part Arr ay;
(* An inventory of parts with parallel arrays *)

TYPE PartsType = (Leg, Seat, Rung, Back);
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IntArray = ARRAY [PartsType] OF | NTEGER,
Real Array = ARRAY [PartsType] OF REAL;
Bool Array = ARRAY [PartsType] OF BOOLEAN ;
Char Array = ARRAY [PartsType] OF CHAR
VAR Price: Real Array;
Quantity: IntArray;
Reor der: Bool Array;
Status: CharArray;
Wirth: REAL;
Par t Part sType;
BEG N
WitelLn(' Enter price and quantity ');
WitelLn('for leg, seat, rung, back');

Read(Price[Leg ]);
Read(Price[ Seat]);
Read(Price[ Rung]);

Read(Quantity[Leg ]);
Read(Quantity[Seat]);
Read(Quantity[ Rung]);

Read(Price[ Back]); Read(Quantity[Back]);

Wrth := 0;
FOR Part := Leg TO Back DO
Wrth := Wrth +

Price[Part] * Quantity[Part];
Wite(' The total worth is ');
Wite(Worth: 8:2);
END. { PartArray }

The Price,Quantity, Reorder and Status arrays are all declared of
different types. Actually, Reor der and St at us are not used in the program
for simplicity reasons, and can thus be ignored.

First, the Pri ce and Quant i t y of the four parts are input, and then the total
Wor t h of the parts is computed. This is done by multiplying the Pri ce of each
item by its Quant i t y, and summing these products. For example, if there are
200 legs with a price of $1.12 each then the worth of legs is 20" 1.12 = $22.40.
For 100 seats at a price of $2.50 the worth is $250.00. If we use the values shown
in the diagram of Figure 8.4, we get a total Wor t h of $1,674.

The output from a typical run of the Par t Ar r ay program is:

Enter price and quantity
for leg, seat, rung, back
1.12 200

2.5 100

0.75 400

3.0 300

The total 1674. 00

This program could be extended to use the other arrays, Reor der and
St at us. There are many ways to use these arrays, for example, to decide
whether to reorder Legs:

IF (Quantity[Leg] < Critical) AND
(NOT ReOrder[Leg]) THEN

worth is
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{ Oder Legs }

The same Chair inventory problem will be solved another way with records
later in this chapter.

A Tiny Data Base: Retrieving Strings from Arrays

Recall the tiny data base you have used in Chapter 2, as we’ll look here into
the way one of its operations can be implemented. Data of type STRI NGare
particularly useful for the storage of text information so it should not be
surprising that arrays of STRI NGs would be a common way for storing lists of
information. For example, the following is a list of people and their phone
numbers.

Cetera, Ed, (818) 885-3398

DelLi on, Dan (405) 349-6400

Dover, Ben (213) 987-6543

Druff, Dan (818) 213-4567

Funt, Ella (818) 349-2134 X5678
Gone, Polly (818) 548-5948 AM
Gone, Polly (818) 439-4393 PM

Ho, Gung (818) 543-7652

Stein, Frank N. (213) 456-7890

Wod, Holly (818) 349-6417 by 9am

If this list were stored in an array, it could be searched to find the entry
containing the pattern Funt and it would retrieve:

Funt, Ella (818) 349-2134 X5678

Similarly, it can be searched for all occurrences of the pattern (213) to find all
those having the area code (213) . This search would yield the two entries:

Dover, Ben (213) 987-6543
Stein, Frank N. (213) 456-7890

Notice that searching for the pattern 213 would have yielded two more
strings:

Druff, Dan (818) 213- 4567
Funt, Ella (818) 349-2134 X5678

The program Ret r i eve shown in Figure 8.6, was created to make such searches.
The strings that form the information list, | nf 0, in this case, the phone list,
are read from a file that is referred to in the program as Dat aFi | e but whose
actual name is entered by the user before making the search. The listI nfo is
declared to be of type | nf oLi st , which was defined to be a string array of
some fixed maximum size, MaxSi ze.

Figure 8.6 Program Retrieve

PROGRAM Ret ri eve;
(* Retrieve a pattern froman array of strings *)

CONST MaxSi ze = 25;
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TYPE Li st Range = 1..MaxSi ze;
I nfoLi st = ARRAY [ListRange] OF STRI NG

VAR Pattern, FileName: STRI NG
Dat aFi | e: TEXT;
I nfo: |nfolist;
I ndex, Size: ListRange;
BEG N
{ Get File of strings & Put in array }
Wite('Enter the file name ');
ReadLn( Fi | eNan®e) ;
Assign(DataFile, FileNane);
Reset (Dat aFi | e) ;
| ndex : = 1;
ReadLn(DataFil e, Info[lndex]);
WHI LE I nfo[lndex] <> 'END DO BEG N
I nc(1l ndex);
ReadLn(DataFil e, Info[lndex]);
END;
Size := Index - 1;

{ Find occurrences of a pattern }
Wite('Enter Search pattern: ');
Read( Pattern);
FOR Index := 1 TO Size DO
| F Pos(Pattern, Info[lndex]) <> 0 THEN
WitelLn(Info[lndex]);
WitelLn(' That''s all ', #7);
Cl ose(DataFil e);
END. { Retrieve }

During the early development of the program, once the strings have been put
into the array, they can be output to verify that the input worked properly.
The program then continues by requesting a Pat t er n to search for in 1 nfo. The
search process consists of applying the standard function Pos to each item of
the I nf o array to see whether that Pat t er n is in that item and, if so, the item
is output.

When the search is completed, there is a final line of output:

WiteLn(' That''s all', #7);
to tell the user that the search is over. There are two points to notice about this
statement. First, the doubled quote markin' That''s all"' showshow a

single quote mark can be included in a character string; when output it appears
asThat's all. The#7 specifies that a character with ASCII value 7 is to be
output; this character, called “BELL” causes the terminal to make a sound—in
the early days of teletypes, it was an actual bell that sounded, nowadays it’s
some kind of electronic sound. It is useful to the user, who is perhaps waiting for
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a long file to be searched, to be possibly woken up and told that the search is
over. The O ose statement is required to close the input file.

There are other possible applications for this simple data retrieval program,
such as getting times from a Schedule file, tasks from a TO-DO file, or items
from an Inventory file, etc.

This program could also be modified in many different manners. It could be
made to search for fields (separated by commas) within each record, to output
only the phone number field, or only the address field. It could be changed to
print names and addresses, but not the phone numbers, of certain zip codes in the
form of labels for a mailing list. It could be used to count the numbers of items
having various properties, an address in California for example, and then
analyze these statistics.

Arrays as Parameters

In principle, the use of an array as a parameter to a procedure should not be
different from the use of other variables. There are two main methods of
passing parameters: pass by value, used for passing input parameters and pass
by reference, used for output and input-output parameters, and these methods
are both used for arrays. However, the choice of which one to use is sometimes
influenced by efficiency considerations in the case of arrays.

When a parameter is passed by value, the value of the actual parameter is
copied into the formal parameter, which is a local variable. Thus, passing an
array parameter by value results in making a copy of the entire array, which
takes both time (to make the copy) and space (to store the copy). If the array is
large, or the computer memory space is small, then the array should be passed
by reference, even if it is a passed-in parameter. In this case, the programmer
must make certain that the called procedure does not modify the array, because
it is not protected as it would have been if passed by value.

The program Ext r ena, shown in Figure 8.7, contains two general procedures,

| nSeq and Ext r enes, both of which may be useful in other programs. The
main body of the program calls | nSeq to read a list of ages into an array and to
count the number of ages. The other procedure, Ext r enes is then invoked to
find the oldest and youngest. Finally, the values of Count , d dest and
Youngest are output. The array Age, in which the ages are stored, is of type
Sequence, which is defined as having at most 100 | NTEGERs.

Figure 8.7 Program Extrema

PROGRAM Ext r enm;
(* Find the extreme values in an array *)

CONST Most = 100;
TYPE Sequence = ARRAY [1..Mst] OF | NTECER;

VAR Age: Sequence;
A dest, Youngest, Count: | NTEGER
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PROCEDURE | nSeq( VAR I nfo: Sequence; (* output *)
VAR Size: INTEGER); (* output *)

VAR | ndex, value, term |NTEGER
BEG N

Wite('Enter terninal value ');

Read(ternj;

WitelLn(' Now enter the values ');

Read(val ue);

I ndex : = 0;
VWH LE val ue <> term DO BEG N
| ndex = I ndex + 1;
I nfo[ I ndex] := val ue;
Read(val ue);
END;
Si ze : = | ndex;
END;, { InSeq }
PROCEDURE Extrenes(Data: Sequence; (* input *)
Nunber: | NTECGER; (* input *)

VAR Max, Mn: |INTEGER); (* output *)
VAR | ndex: | NTEGER

BEG N
Max := Data[1l];
Mn := Data[1];

FOR Index := 2 TO Nunber DO BEG N
| F Max < Data[lndex] THEN
Max := Data[lndex];
IF Mn > Data[l ndex] THEN
M n := Data[lndex];
END;
END, { Extrenes }

BEGA N { Extrena }
I nSeq( Age, Count);
Ext renes(Age, Count, O dest, Youngest);
WitelLn(' The Number of people is ', Count:3);
WitelLn(' The O dest is ', Odest:2);
WitelLn(' The Youngest is ', Youngest:2);

END. { Extrema }

The procedure | nSeq reads a sequence of values sandwiched by a terminating
value as we have done in the programs Fi ndMaxi nuniTenper at ur e and

Vari ance earlier in this chapter. | nSeq has two parameters: | nf o, which is
the array that is to be assigned the values read in, and Si ze, which is used to
return the number of values read. Both of these are output parameters and
therefore must be passed by reference. For this reason, VAR precedes each of the
names | nf o and Si ze in the formal parameter list. Were they both of the
same type, a single VAR would have sufficed.
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The procedure Ext r enes accepts a sequence, Dat a and an | NTEGERNunber ,
and returns the extreme values Max and M n. In this case, Nunber is an input
parameter and is passed by value, and Max and M n are output parameters and
must be passed by reference. The array Dat a could be passed by value, which
would protect its values, or it could be passed by reference to save execution time
and memory space. Here we chose protection, but a VAR could have preceded
Dat a in the formal parameter list.

The identifiers used in the main body of the program differ considerably from
those in the procedures. The procedures are general, and apply to any values, so
the variables have general names, such as Dat a, Max and M n. The main
program deals with a specific problem and has names associated with that
problem such as Age, A dest , and Youngest . The proper choice of names can
make programs very readable.

IntArrayLib: Integer Array Library

As our various examples have shown, arrays have wide application in
computing, so it would be useful to “encapsulate” some basic declarations and
actions into a library. Use of this library spares the programmer from having
to recreate the various common operations on arrays, including input-output and
sorting, from scratch each time they are needed. This library illustrates all of
the aspects of libraries, including the initialization of variables.

Figure 8.8 Library IntArrayLib

UNI T IntArraylLib;
(* Library of Arrays of Integers *)

| NTERFACE
CONST MaxSi ze = 100;
TYPE Range = 0.. MaxSi ze;
Int Array = ARRAY [ Range] OF | NTEGER,

VAR Term | NTEGER, { input and array
term nating val ue }

PROCEDURE Readl nt Array(VAR I nfo: IntArray);

(* Read input values into Info *)

PROCEDURE WitelntArray(lnfo: IntArray; Wdth: | NTEGER);
(* Display values frominfo in Wdth field *)

FUNCTION SizeArray(Info: IntArray): |NTEGER,

(* Return size of Info *)

PROCEDURE SortlntArray(VAR A: IntArray);

(* Sort Info array *)

| MPLEMENTATI ON

PROCEDURE Readl nt Array(VAR I nfo: IntArray);
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VAR | nd: Range;
Val ue: | NTEGER;

BEG N
WitelLn(' Enter values ending with ternminal value ');
Ind := 0;

Read( Val ue) ;
VWHI LE Val ue <> Term DO BEG N

I nc(lnd);
Info[lnd] := Val ue;
Read( Val ue) ;

END;

Info[lnd+1l] := Term

END, { ReadlntArray }

PROCEDURE WitelntArray(lnfo: IntArray; Wdth: | NTEGER);
VAR | nd: Range;
BEG N
FOR Ind := 1 TO Si zeArray(Info) DO
WitelLn(Info[lnd]:Wdth);
END, { WitelntArray }

PROCEDURE Si zeArray(List: IntArray): | NTEGER
VAR | nd: Range;

BEG N
Ind := 0;
WHI LE List[Ind+1] <> Term DO
I nc(lnd);
Si zeArray : = |nd;

END, { SizeArray }

PROCEDURE SortlntArray(VAR A: IntArray);
VAR I nd, J, N Range;

Tenp: | NTEGER,
BEG N

N := SizeArray(A);

FOR Ind := 1 TON1 DO

FORJ :=1 TON1 DO
IF AJJ] < AlJ+1] THEN BEG N

Temp : = A J];

A[J] = A[J+1];

A[J+1] := Tenp;
END;

END, { SortlntArray }

BEG N

Wite('Enter Terninal value ');
Read( Tern);

END. { IntArrayLib }
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The library I nt ArrayLi b, shown in Figure 8.8, is a library that defines a
constant, a data type, a variable, a number of procedures and a function. These
are all described in the publicly available | NTERFACE part. In particular, the
library defines the data type | nt Arr ay as an array of | NTEGERs having a
MaxSi ze, which is currently specified as constant 100 but could be modified
easily. There is also a variable called Ter m which represents the
terminating value that marks the end of the values during input, and also in
the arrays. Also included are the procedures Readl nt Array, Witel nt Array
and Sort I nt Array, and the functionSi zeAr r ay. Other procedures such as
Sear chl nt Ar r ay could be added later. Notice that the size of arrays is not
passed to these procedures because the terminator, which is recorded in the
arrays, determines that size. Function Si zeAr r ay returns the actual size of an
array, which is less than or equal to MaxSi ze.

The program | nt Ar r ayPr og, shown in Figure 8.9, represents a very simple use
of this Library. A typical run of the program is given at the right of the figure
with the user’s responses in bold.

Figure 8.9 Program IntArrayProg and output

PROGRAM | nt Arr ayPr og; Qut put fromtypical run
USES | nt Arrayli b; Enter Terminal value O
Enter values End with term
VAR A: I ntArray,; 123 456 789 987 654 321 O
BEG N 987
Readl nt Array(A); 789
SortintArray(A); 654
WitelntArray(A, 4); 456
END. { IntArrayProg } 321
123

The implementation of the various procedures for reading and writing an array
has been demonstrated previously as pieces of programs, and we’ll cover sorting
in the next chapter (a little anticipation will do you good). Here, these pieces
are collected and packaged in the implementation part of this library UNI T.
Notice that, at its very bottom this UNI T has a body, or block, that requests the
terminating value and stores it into the publicly available variable Ter m

This initialization is performed as the very first action in the use of this
Library, even before the actions of the programs that use it.

This library could be modified and certainly extended, for instance to search for
a given value, or to find the maximum value of an array, etc. A similar library
could be created for REAL values, or for CHAR values.
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8.3 Two Dimensional Arrays in Pascal

Arrays of Arrays—Two Dimensional Arrays

Thus far, we have only considered arrays of one dimension, i.e. with one index.
Arrays of more dimensions, especially two dimensions, are also very common in
computing.

A two-dimensional array can be viewed as a rectangular grid with two indices,
one specifying a row and the other a column.

Figure 8.10 A calendar

1993 May
Sun Mon Tue Wed Thu Fri Sat
1
2 3 4 5 6 7 8
9 10 11 12 13 14 15

16 17 18 19 20 21 22
23 24 25 26 27 28 29
30 31

For example, a calendar like the one in Figure 8.10 can be seen as a two-

dimensional table having rows, known as weeks, and columns known as days.
However, a calendar can also be viewed as an array of arrays; a month is an
array of weeks, and a week is an array of days. In Pascal this declaration is

written as:
TYPE DayType = | NTECER;
DayNanes = (Sun, Mn, Tue, Wed, Thu, Fri, Sat);
WeekType = ARRAY [ DayNanes] OF DayType;
Mont hType = ARRAY [1..6] OF WekType;

Note that type Mont hType could also have been declared as:

TYPE Mont hType = ARRAY [1..6] OF
ARRAY [ DayNanes] OF DayType;

which shows that it is an array whose elements are themselves arrays. It
could even have been declared using a shortcut as:

Type Mont hType = ARRAY [1..6, DayNanes] OF DayType;

Variables, such as the number of hours worked in any day of the month may be
declared as in the following:

VAR Hours, Pay: MnthType;
Dayl ndex: DayNanes;
Weekl ndex: 1..6;

Sum | NTEGER;
Aver age: REAL,
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There are two different ways to access the element values of variables of type
Mont hType:

Hours[2, Mon] := 8;
or equivalently
Hours[ 2] [ Mon] : = 8;

as Hour s[ 2] represents an array that can be indexed.

The choice of which way to declare a two dimensional array will depend upon
how the array is viewed in the context of the application. In our example here,
it is natural to think of a month as being a sequence of weeks and therefore it is
better to make the declaration in two stages, first the WeekType and then the
Mont hType as a sequence of elements of Week Type. In contrast, if the rows and
columns of the array were of equal importance, for example, as in a chess board,
then a declaration of the form:

TYPE
ChessMen
Enpty) ;
Boar dType = ARRAY [1..8, 1..8] OF ChessMen;
would be the more natural. This can be extended to more dimensions as will be
shown on the following pages.

(Ki ng, Queen, Bishop, Knight, Rook, Pawn,

The program Tabl ePr og, in Figure 8.11, shows a program involving a table,
which is an array of arrays. This program reads in values that are entered on a
grid similar to the calendar of Figure 8.10, and outputs the hours corresponding
to a given week.

Figure 8.11 Program TableProg

PROGRAM Tabl ePr og;
{ Build a table of hours worked for a cal endar nmonth }

TYPE DayType | NTEGER,

DaysCOf Week = (Sun, Mon, Tue, Wed, Thu, Fri, Sat);
WeekType = ARRAY[ DaysOf Week] OF DayType;
Mont hType = ARRAY[1..6] of WekType;

VAR Hours: Mont hType;
Day: DaysOf Wek;
Week: 1..6;
Sum | NTEGER;
Aver age: REAL;
BEG N
{ I'nput of data for a nonth }
WiteLn(' Enter hours, week by week ');
WiteLn('If day doesn''t exist, enter -1');

WitelLn(' Sun Mon Tue Wed Thu Fri Sat');
FOR Wek := 1 TO 6 DO BEA N
Wite( 'Week ' , Wek:2 , ' ' );

FOR Day := Sun To Sat DO
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Read( Hour s[ Week] [ Day] ); { NOTE access }
END;
WiteLn;

{ Find data for any given week }
Wite('Enter the week ');
Read( Wek) ;
WitelLn(' The hours worked are: ');
FOR Day := Sun TO Sat DO
| F Hour s[ Week, Day] < 0 THEN
Wite(" - ")
ELSE
Wite(Hours[ Wek, Day]:3);{ NOTE access }
END. { Tabl eProg }

The first part of the program enters the hours worked week by week. As can be
seen from the calendar sample shown earlier, six weeks have to be allowed and
not all days exist in the first and last week. The input part of Tabl ePr og
takes that into account by having the user enter value - 1 for those days. The
second part of the program first requests the week number and then provides the
number of hours worked in each day of that week.

Notice that the two dimensions of the array Hour s have a different type:
rangel.. 6 and enunerati on DaysOf Week. Also, the first part accesses a
day by Hour s[ Week] [ Day] whereas the second part accesses it by

Hour s[ Week, Day] ; both access methods are equivalent.

The output of a typical run for the month shown in the calendar of Figure 8.10 is
the following.

Enter hours, week by week
I f day doesn't exist, enter -1
Sun Mon Tue Wed Thu Fri  Sat

Week 1 -1 -1 -1 -1 -1 -1 4
Week 2 0 8 8 8 9 8 0
Week 3 0 8 0 0 9 8 4
Wek 4 4 8 8 8 8 10 0
Wek 5 0 8 8 8 8 8 0
Wek 6 0 8 -1 -1 -1 -1 -1

Enter the week 1
The hours worked are:
- - - - - 4
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8.4 N-Dimensional Arrays

More Dimensions

The definition of arrays in Pascal lends itself conveniently to extension of three
or more dimensions. Three-dimensional arrays are defined and used in a manner
similar to the one and two-dimensional arrays seen previously. They can be
viewed as extensions of two dimensional arrays, which are, in turn, extensions
of one dimensional arrays. They are conveniently viewed as a new entity
declared as the type

TYPE nane = ARRAY[rangei, rangep, rangez] OF itemtype;
with items selected by
array-name[ i ndexy, indexp, indexg]

For example, a three-dimensional array of the Hour s worked during a
particular Mont h, Week and Day can be described by the declaration:

TYPE Cal endar = ARRAY[1..12, 1..6, 0..6] OF REAL;
and the hours worked on the first Saturday of March selected by

Hours[3, 1, 6];

The program PayAr r ay 3D, shown in Figure 8.12, presents another declaration
of such a Calendar data structure. This program shows how the hours worked
can be stored in a calendar, which has three dimensions, first a month, then a
week and then a day. As we have seen, there could be six weeks in a month, but
here we have just assumed four. Notice that this program contains a stub
procedure Ent er Mont h, which always returns the value Feb. This is another
example of a stub procedure used in the top-down development of a program.
Later in the development process, this stub will be replaced by an actual
procedure that obtains the month from the user. In the meantime, this stub
allows the rest of the program to be tested.

Figure 8.12 Program PayArray3D
PROGRAM PayAr r ay 3D,

TYPE Mont hRange = (Jan, Feb, Mar, Apr, My, Jun,
Jul, Aug, Sep, Cct, Nov, Dec);

WekRange = 1 .. 6;
DayRange = (Sun, Mn, Tue, Wed, Thur, Fri, Sat);
Cal endar = ARRAY[ Mont hRange, WekRange,

DayRange] OF REAL;

VAR Hours: Cal endar;
G oss, Rate: REAL;
Mont h:  Mont hRange;
Week : | NTEGER,
Day : DayRange;
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PROCEDURE ReadMont h( VAR Mont h: Mont hRange); (* Qut put
(* This is a stub procedure *)
BEG N
Mont h : = Feb;
END;, { ReadMonth }

PROCEDURE Ent er Wor kWWeek(  Mont h: Mont hRange; (* | nput
Week: WeekRange; (* Input
VAR Hours: Cal endar); (* Qutput
VAR Day: DayRange;
BEG N
WitelLn(' Enter hours for 7 days ');
FOR Day := Sun TO Sat DO
Read( Hour s[ Mont h, Wek, Day]);
END; { EnterWrkWek }

PROCEDURE Pay ( Mont h: Mont hRange; (* Input *)
Week : WeekRange; (* lnput *)
Hours: Cal endar; (* Input *)

Rate : REAL; (* Input *)
VAR Gross: REAL); (* Qutput *)
VAR Day: DayRange;
Sum REAL;
BEG N
Sum : = 0.0;
FOR Day := Sun TO Sat DO

Sum : = Sum + Hours[ Mont h, Week, Day];
IF Sum < 40.0 THEN
Gross := Rate * Sum
ELSE
Goss := Rate * 40.0 +
1.5 * Rate * (Sum- 40.0);
END;, { Pay }

BEG N

ReadMont h( Mont h) ;

Wite('Enter the pay rate ');

Read( Rat e) ;

Wite('Enter the hours for the ');

WitelLn(' four weeks of the nonth ');

FOR Week := 1 TO 4 DO BEA N
Ent er Wor kWeek( Mont h, Week, Hours);
Pay(Mont h, Week, Hours, Rate, G o0ss);
WitelLn(' The gross pay is ', Go0ss:7:2);

END;

END. { PayArray3D }

*)

*)
*)
*)
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The procedure Ent er Wr k\W\eek obtains from the user the hours worked in a
week of a given month. Notice that the Mont h and Week are passed in, and the
Hours are passed out.

The gross pay for a given week of a given month at a given rate is computed by
the procedure Pay. Notice here that the three-dimensional array Hour s is
passed by value; it could have been passed by reference for efficiency purposes
in order not to make a copy, and thus save time and memory space.

It should be obvious that the program should be improved, so as to be able to
deal with months having more than four weeks (not all months have 28 days!)

8.5 Records in Pascal

Records are groupings of components that may be of different types. Simple
RECORDS are declared as types in the form shown at the left of Figure 8.13. An
example of a declaration of a part in an inventory stock application is shown at
the right of the figure.

Figure 8.13 Record pattern and example

TYPE TYPE
name = RECORD Part Type = RECORD
field: type; Price: REAL;
field: type; Quantity: | NTECER;
- Reorder: BOOLEAN,
END, Status: CHAR;
END;

Following such a type declaration, variables representing values of this type,
e.g. chair parts, can be declared as:

VAR Leg, Seat, Rung, Back: PartType;
To access the fields of a given record we use a dot notation like, for example:

Leg. Price := 3. 14,
Read( Seat . Quantity);

As another example of a RECORD, consider Dat eType below, a very useful
record describing a date as having three components: Year , Mont h and Day.

Dat eType = RECORD
Year: 1900..2100;
Mont h: 1..12;
Day : 1..31
END;
An alternative to Dat eType, without subranges but with | NTEGERSs, could be
specified as:

I nt Dat eType = RECORD
Year: | NTEGER;
Mont h: | NTEGER;
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Day: | NTEGER,
END;

The Pascal W TH statement has been designed only for use with records. It
makes it possible to avoid the repetition of a record name, and has the form:

W TH Recor dName DO BEG N
St at enent Li st
END;

where the statements in St at enent Li st , separated by semicolons, involve
the field names of the given record. These field names can then be used by
themselves (without the dot notation) and appear to be only simple variables.
The W TH statement attaches the record name to the fields that need it. For
example, the following two groups of statements are equivalent.

W TH MoonDat e DO BEG N

Year = 1969;
MoonDat e. Year = 1969; Month := 7;
MoonDat e. Month : = 7; Day = 20;

MoonDat e. Day : = 20; END,
We’ll see an example of this statement in a later example.

The program Par t Recor d, in Figure 8.14, is a program that computes the total
Wor t h of the four components in an inventory of chairs. In a previous example,
the Wor t h was computed using parallel arrays; here, it is done with records.

Figure 8.14 Program PartRecord

PROGRAM Part Recor d;

(* Compute inventory worth *)

TYPE Part Type = RECORD
Price: REAL;
Quantity: | NTEGER;
Reorder: BOOLEAN;
St at us: CHAR;

END;
VAR Leg, Seat, Rung, Back: Part Type;
Wort h: REAL;
BEG N

{ Enter the Val ues }
WitelLn(' Enter price and quantity ');
WiteLn('for |leg, seat, rung, back');

Read(Leg. Price); Read(Leg. Quantity);

Read( Seat . Price); Read( Seat . Quantity);
Read( Rung. Price); Read( Rung. Quantity);
Read( Back. Price); Read(Back. Quantity);

{ Conpute the Worth
Wrth := Leg. Price
Seat. Price
Rung. Pri ce
Back. Pri ce

Leg. Quantity +
Seat. Quantity +
Rung. Quantity +
Back. Quantity;

* % X k=
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{ Qutput the Total Worth }
WitelLn(' The total worth is ', Wrth: 8:2);
END. { PartRecord }

First the Part Type is defined as a record, and four variables, Leg, Seat , Rung,
Back, of that type are declared. Then the values for the Pri ce andQuantity
fields of each of the parts are input. The total Wor t h is computed, and the
final value is output. A typical run of this program is:

Enter price and quantity
for leg, seat, rung, back
1.12 200

2.50 100

0.75 400

3. 00 300

The total worth is 1674.00

The program shown in Figure 8.15, Dat eRecor dPr og, makes use of a version of
the Dat eType record that is a slightly modified version of what we’ve seen
above. The program contains two procedures, ReadDat e and W i t eDat e that
illustrate how records such as Dat eType can be used as parameters. The main
block of the program calls these procedures to read in a Bi rt hDat e and
determine one’s approximate age by subtracting that year from the present
year, given as a constant, Year Now, which must be updated each year.

Figure 8.15 Program DateRecordProg

PROGRAM Dat eRecor dPr og;

CONST Year Now = 1993;

RECORD
Year : | NTEGER;
Mont h: | NTEGER;
Day : | NTECER,
END;

TYPE Dat eType

PROCEDURE ReadDat e( VAR Dat e: Dat eType);
BEG N
Wite('Enter a date in the order YYYY MM DD ');
Read( Dat e. Year) ;
Read( Dat e. Mont h) ;
Read( Dat e. Day) ;
END;, { ReadDate }

PROCEDURE Wit eDate(Date: DateType);
BEG N

WiteLn;

WitelLn(Date. Year:4, Date.Mnth:3, Date.Day: 3);
END, { WiteDate }
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VAR BirthDat e: DateType;
Age: | NTECER,

BEG N
WitelLn('What is Your Birthdate?');
ReadDat e(Bi rt hDat e) ;
WiteDate(BirthbDate);
Age : = YearNow - BirthDate. Year;
WitelLn(' Your age is around ', Age:2);
END. { DateRecordProg }

Notice especially that only one single data item, Bi r t hDat e, is passed to the
procedures, that is to say, the three parts, Year, Month, Day, do not have to be
passed separately. These two procedures could be included in a date library.

When creating a data item that is a RECORD, it is convenient to use a special
procedure that we could call a Record Const ruct or, to initialize all the
fields in the RECORD. For example, MoonDat e could be initialized using a Date
Constructor:

Dat eConst ruct (MoonDat e, 1969, 7, 20);
Similarly a Chair part, such as Leg, can be initialized by:

Construct Chai r(Leg, 10, 20, FALSE, 'A);
Constructors of this kind can be implemented as procedures like ConstructChair
in Figure 8.16.

Figure 8.16 Record constructor example

PROCEDURE Construct Chair (VAR Part: Part Type;

P: REAL;
Q | NTEGER;
R BOOLEAN,;
S: CHAR);
BEG N

Part. Price = P

Part. Quantity := Q

Part. ReOrder = R

Part. St at us = S

END, { ConstructChair }

This procedure can then be used as an alternative to input the values.

Construct Chair( Leg, 1.12, 200, FALSE, 'A" );
Construct Chair( Seat, 2.50, 100, TRUE, 'C );
Construct Chair( Rung, 0.75, 400, FALSE, 'B' );
Const ruct Chai r( Back, 3.00, 300, FALSE, 'A )
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ComplexLib: A Library for Complex Numbers

A major objective of including data structures such as arrays and records in a
programming language like Pascal is to allow the simple manipulation of more
complex data items. These complex data items can usually be treated in the
same way as the basic ones, such as integers or characters. This is usually done
by defining abstract data types, that will be implemented through libraries,
just as was done previously for simpler types. Such libraries comprise the type
definition as well as the operations that apply to items of that type. This is
illustrated by the Conpl exLi b library that defines the complex number
abstract data type. Such complex numbers are very useful in electrical
engineering, especially for analyzing alternating current circuits.

A complex number Z is usually denoted as X + i Y, where i is the imaginary

square root of -1 (i2 =-1). In such a complex number X is called the Real part
and Y is called the Imaginary part. A complex number data type can thus be
implemented as a record composed of two parts.

TYPE COVWPLEX = RECORD
Real Part: REAL;
| mgPart: REAL,
END;

Operations on complex humbers are numerous and will include arithmetic
operations as well as input-output operations. The input of a complex number C
is done with ReadConpl ex( C), and its output is done with a call to

Wit eConmpl ex(C). The arithmetic operations include addition, subtraction,
multiplication and division. Other operations include finding the conjugate of
a complex number, compute its magnitude and the related angle, etc. The
ComplexLib library of Figure 8.17 implements some of these and should be
completed.

Figure 8.17 The Complex abstract data type

UNIT ComplexLib;
(* The Abstract Data Type Conpl ex Nunber *)

| NTERFACE
TYPE Compl ex = RECORD
Real Part: REAL;
| mgPart: REAL;
END;
PROCEDURE ReadConpl ex(VAR C:. Conpl ex);
PROCEDURE Wit eCompl ex(C: Conpl ex);
PROCEDURE AddConpl ex(A, B: Compl ex; VAR C:. Conpl ex);
PROCEDURE Mul t Conmpl ex( A, B: Conpl ex; VAR C. Conpl ex);

| MPLEMENTATI ON
PROCEDURE ReadConpl ex(VAR C:. Conpl ex);
BEG N
Wite(' Enter Real Part ');
Read (C. Real Part);
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Wite('Enter Imag Part ');
Read (C. I magPart);
END;

PROCEDURE Wit eCompl ex(C. Conpl ex);
BEG N
Wite(C Real Part: 6: 2);
Wite(' , ');
Wite(C ImagPart: 6: 2);
END;

PROCEDURE AddConpl ex(A, B: Conpl ex; VAR C. Conpl ex);
BEG N

C.Real Part := A Real Part + B.Real Part;
C.IlmagPart := A ImagPart + B.lnmagPart;
END;

PROCEDURE Mul t Conpl ex( A, B: Conpl ex; VAR C. Conpl ex);
BEG N

C. Real Part := A Real Part * B. Real Part -
A. lmagPart * B.lmagPart;

C.lmagPart := A lnmagPart * B. Real Part +
A Real Part * B.|lmgPart;

END;

END. { Conpl exLib }

The procedure AddConpl ex( A, B, C) adds the two complex numbers Aand B
to yield a third complex number C, by adding the corresponding real and
imaginary parts. The multiplication of two complex numbers is more ...er...
complex. If complex humber A is represented as AR + iAl (which is short for
A.Real +i” A.lImag) and B is BR + iBI then the product is:

A*B = (AR + i Al)*(BR + iBI)

AR*(BR + iBl) + i Al*(BR + iBl)

AR*BR + i AR*Bl + i AI*BR + i 2AI*Bl  (i2 = -1)
AR*BR + i (AR*BI + AI*BR) - Al *BI

(AR*BR - Al*Bl) + i (AR*BI + Al *BR)

The procedure Mul t Conpl ex( A, B, C) implements this multiplication
operation.

The program Conpl exPr og, in Figure 8.18, shows the use of this small
Conpl exLi b library. It reads two complex numbers X, Y, computes their sum
and product, and outputs the two results.

Figure 8.18 Program ComplexProg

PROGRAM Conpl exPr og;
USES Conpl exLi b;

VAR X, Y, Z: Conpl ex;
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BEG N
WitelLn(' Enter a conpl ex nunber ');
ReadConpl ex( X) ;
Wit eConpl ex(X);
WiteLn;

WitelLn(' Enter a conpl ex nunber ');
ReadConpl ex(Y);

WiteConpl ex(Y);

WiteLn;

Wite(' The sumof these is ');
AddCompl ex( X, Y, 2);

Wit eConpl ex(2);

WiteLn;

Wite(' The product of these is ');
Mul t Conpl ex( X, Y, 2);

WiteConpl ex(2);

WiteLn;

END. { Conpl exProg }

A typical output of Conpl exPr og is:

Enter a conpl ex nunber

Enter Real Part 3.0

Enter Imag Part 4.0

3.00 , 4. 00

Enter a conpl ex nunber

Enter Real Part 5.0

Enter Imag Part 6.0

5.00 , 6. 00

The sum of these is 8.00, 10.00

The product of these is -9.00, 38.00

As we’ve indicated, Conpl exLi b should be extended further to include the
subtraction and division of complex numbers, to determine the conjugate of a
complex number, its magnitude and angle. It could even draw complex numbers.

Records of Records: Nested Records

In some applications, it is very useful to nest one RECORD within another. This
is quite possible as a record field can be of any type, in particular another
record. As an example, let’s look at a “tiny” tree that consists of two smaller
sub-trees as shown in Figure 8.19.
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Figure 8.19 Tree and sub-trees

—

0.4

0.08

That tiny tree describes a situation involving two stages of decisions, with the
possibility of success or failure, “pass” or “fail”, at each decision. This leads to
four possible outcomes, each corresponding to a path from the root of the tree at
the left to a leaf at the right. The top path corresponds to both trials
succeeding, the bottom path corresponds to both trials failing, and the middle
paths correspond to one or the other trial succeeding. Suppose that the
probability of success on the first trial is 0.8, and on the second trial is 0.6
(lower because of exhaustion perhaps). The right part of the figure is another
way of representing the tree, using records as we explain in more detail below.

When trials are independent then the probability of each path is determined
by the product of the individual probabilities along the path. For example,
the probability of both trials being successful is 0.8~ 0.6 = 0.48. When the
probability of success is P then the probability of failure is (1 — P), so the
probability of both trials failing is:

(1-0.8 "~ (1L-0.6) =0.2" 0.4 =0.08

The program Nest edRecor ds, shown in Figure 8.20, is an implementation of
this tiny tree structure. It consists of a record Tri al , having itself two records,
Pass and Fai | , nested within it. The top record, Pass, has a probability
field, and also a Pass record and a Fai | record within it. Similarly, the
bottom record Fai | has a probability field and another Pass and Fai | within
it. Many field names are repeated (Pass, Fai | and Pr ob) but the nesting puts
them at different levels, which removes all ambiguity.

Figure 8.20 Program NestedRecords

PROGRAM Nest edRecor ds;
(* Illustrate tree represented by nested records *)
TYPE Trial = RECORD

Pass: RECORD

Prob: REAL;
Pass: RECORD
Prob: REAL;
END;
Fai | : RECORD
Prob: REAL;
END;
END;

Fai | : RECORD
Prob: REAL;
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Pass: RECORD

Pr ob:
END;
Fai | : RECORD
Pr ob:
END;
END;
END;
VAR Tree: Trial;
Pl1, P2: REAL;
BEG N
Wite('Enter probability of first
Read( P1) ;

Tree. Pass. Prob : = P1;
Tree.Fail.Prob := 1.0 - P1;

REAL;

REAL;

pass ');

Wite('Enter probability of second pass ');

Read( P2) ;
WitelLn;

(* Conpute all the path probabilit

Tree. Pass. Pass. Prob := P1 * P2;

Tree.Pass.Fail.Prob := P1 * (1.0 -
Tree.Fail.Pass.Prob := (1.0 - P1)
Tree.Fail.Fail.Prob := (1.0-P1) *

(* Draw the tree *)

WitelLn(Tree. Pass. Pass. Prob: 30: 2);

WitelLn(Tree. Pass. Prob: 20: 2);

WitelLn(Tree. Pass. Fail . Prob: 30: 2);

WitelLn(1.00:10:2);

WitelLn(Tree. Fail.Pass. Prob: 30: 2);

WitelLn(Tree. Fail.Prob: 20: 2);

WitelLn(Tree. Fail.Fail.Prob: 30:2);
END. { NestedRecords }

i es*)

P2);
* P2;
(1.0-P2);

The body of this program references the various paths using the dot notation.
For example, the lowest path involving two failures, has a probability (given

on the last line of the program) denoted by:
Tree. Fail . Fail.Prob

The program computes the four probabilities of each path. Then it outputs the

tree in a semi-graphical representation. To do that, the output values are
spaced both vertically and horizontally in the form of a tree, in a manner

similar to Figure 8.19. The first value, 0.48, is placed first far to the right, as
are all the leaf values. The tree root is at the left. This is a typical output.

Enter prob of first pass 0.8
Enter prob of second pass 0.6

0.48
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0. 80
0.32
1.00
0.12
0. 20
0.08

Larger trees, that have more than three levels could be represented in a similar
way. However, when the number of levels increases very much, there are other
more convenient ways to represent trees. These involve pointers which are
discussed later in this chapter.

Arrays of Records in Pascal

When we first introduced arrays in this chapter, we treated them as groupings
of simple types, | NTEGERS, REALS, etc. We then expanded this consideration to
arrays of arrays, i.e. multi-dimensional arrays. Now, we expand the scope of
arrays to include arrays of records, which are particularly useful data
structures.

For example, consider an array Enpl oyees[ 1. . 20] where each of the 20
Enpl oyees is described by two values: the number of Hour s worked and the
Rat e of pay. The Hour s and Rat e could be grouped into a Wor ker record as
follows:

TYPE Worker = RECORD
Hour s: REAL;
Rate : REAL
END;
Wor kForce = ARRAY [1..20] OF Wbrker;
VAR Enpl oyees: WorkForce;

The time worked by the third employee is then accessed by
Enpl oyees[ 3] . Hour s

The program PayRecor ds, given in Figure 8.21, shows a further refinement of
the type Wor ker that includes | dNum the employee number, Bi r t h of type
DATE, another record that gives the Wor ker ’s date of birth and is a component
of the Wor ker record, and Di vi si on, another complementary field.

Figure 8.21 Program PayRecords

PROGRAM PayRecor ds;
(* Conputes payroll information *)
(* using arrays of records *)

CONST Number O Enpl oyees = 5;
TYPE DATE = RECORD
Year: | NTEGER,
Mont h: 1..12;
Day: 1..31;
END;
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Wor ker = RECORD
| dNum | NTEGER;

Hours: REAL;

Rate: REAL;

Bi rth: DATE;

Di vi si on: CHAR
END;

Range = 1.. Nunber O Enpl oyees;

Wor kFor ce = ARRAY[ Range] OF WorKker;
VAR | : Range;

Enpl oyees: Wor kForce;

MaxHours: REAL;

BEG N
{ Enter worker information }
Wite('Enter ID, hours, rate ');
WitelLn('and the year of birth ');
FOR I := 1 TO Nunber O Enpl oyees DO
W TH Enpl oyees[|] DO BEA N
Wite('Next ');
Read( | dnum ;
Read( Hour s) ;
Read( Rat e) ;
Read(Birth. Year);
END;, { WTH }

{ Find maxi mum hours }
MaxHours : = 0.0;
FOR | := 1 TO Nunber O Enpl oyees DO
W TH Enpl oyees[I] DO
| F MaxHours < Hours THEN
MaxHours : = Hours;

WitelLn(' Maxi mum hours ="', MaxHours: 3:1);
{ PRQIJECT: }
{ Finish this by adding: }
{ Find the m ni nrum wage }
{ Find the maxi nrum age }
{ Accumul ate all hours }
{ Count persons over 30 }
{ Conput e the net pay }
{ Make into procedures }

END. { PayRecords }

This program also shows how information about the employees could be
entered. Notice that all the information is not supplied; for instance, only the
year of birth is input. Notice also the convenience of using the W TH statement.
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Also included in the program is a part that computes the maximum hours
worked by an employee. The program could be extended, as listed in the
comment, to compute a number of things like maximum age, minimum wage, etc.

It is also possible to nest records directly in the declaration rather than making
the nested record a separate type. Thus, instead of declaring the type DATE,
the Wor ker record could be declared as:

Wor ker = RECORD

| dNum | NTEGER;

Hours: REAL;

Rate: REAL;

Bi rt h: RECORD
Year : | NTEGER;
Month: 1..12;
Day: 1..31;

END;
St age: CHAR;
END;

This form of declaration is not as general as the previous form because it does
not create a separate template of the DATE record which can be used elsewhere.

If the list of Enpl oyees were to include both hourly and salaried employees,
there would be slightly different requirements for the two different kinds of
employees: for an hourly worker, the Hour s worked and Rat e of pay both
have to be recorded while, for salaried workers, only the Sal ary is needed.
Thus, it would be convenient if the actual layout of the record could be different
for the two kinds of employees, and at the same time all the records were still
grouped into a single array. This can be achieved in Pascal by using variant
records. These records include a special field, the tag field, which specifies
which layout is used for a particular record. In the declaration of a variant
record, the discrimination between the various records is defined through a
CASE form as illustrated by the following type declaration:

Wor ker = RECORD
[ dNum | NTECER;
Birth: Date;
St age: CHAR;
CASE Hourly: BOOLEAN COF
TRUE:
(Hours: REAL;
Rate: REAL;)
FALSE:
(Sal ary: REAL;)
END;

The tag field is Hour | y which determines whether to use the two fields Hour s
and Rat e, or the single field Sal ary.

The exact syntax of the declaration of variant records is rather complicated so
the following should be noted:

1.  Avrrecord declaration can have only one variant part and it must follow
the fixed part of the record.
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2. All the field definitions comprising a particular variant are enclosed in
parentheses.

3. All field names must be distinct—even if they occur in different
variants.

4.  The structure of the CASE form in the definition of variant records
differs from the CASE statement in that there is no ELSE or OTHERW SE
clause and there is no END—since the variant part is at the end of the
RECORD definition, the record END serves the purpose.

5. Every value of the type of the tag field—Hour | y in our example—
should be explicitly listed even if such a value would never be used; for
such values an empty pair of parentheses must be shown.

6. A variant may itself be a record that contains a variant part.

Records of Arrays

In a previous section, we have discussed how RECORDs can be nested within a
RECORD. It should probably come as no surprise that ARRAYs can be nested
within a RECORD. For example, a grocery store could be described for some
purposes by the name of the manager, stored as an array of characters, and an
array of Amount s of money, daily sales perhaps, for each day of the week.

The diagram of Figure 8.22 shows the structure of St or eType as a RECORD of
ARRAYSs; notice that one of the arrays, Manager is shown horizontally and the
other, Amount, is shown vertically. The type at the left of the figure is the
template of a store; three of these stores, Mai n, West and East, are shown at
the right.

Figure 8.22 Record of arrays

StoreType Main
oD
Manager|B|r|o|W|n| | |
Sales Day Amount West
Sun 123 oo
Mon 45 6 7
Tue 89 01
Wed 23 45
Thu 67 89 East
Fri 12 3 4 g
Sat 56 7 8

There could be many instances of such representations of stores; there are three,
named Mai n, West , East , shown in the figure. These stores could be defined by
the declaration:

VAR Mai n, West, East: StoreType;
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The program Recor dsOf Ar r ays, shown in Figure 8.23, illustrates how the
record St or eType is declared in Pascal. It is simply a RECORD that has two
arrays: a Manager array of characters, and an Anount array of integers.

Figure 8.23 Program RecordsOfArrays

PROGRAM Recor dsCOf Arr ays;

CONST NameSi ze = 20;
TYPE WeekDayType = (Sun, Mn, Tue, Wed, Thu, Fri, Sat);
St oreType = RECORD
Manager: ARRAY[O..NaneSi ze] OF CHAR
Amount : ARRAY[ WeekDayType] OF | NTEGER;
END;

PROCEDURE Ent er Amount (VAR Store: StoreType);
VAR Day: WekDayType;
BEG N

WitelLn(' Enter anounts for 7 days.');

WitelLn('Begin with Sunday.');

WTH Store DO

FOR Day := Sun TO Sat DO
Read( Anount [ Day] ) ;

END; { EnterAnmount }

PROCEDURE SumAnount (Store: StoreType; VAR Amount:

| NTEGER) ;
VAR D: WeekDayType;
BEG N
Amount : = O;

FOR D : = Sun TO Sat DO
I nc(Anpunt, Store.Amount[D]);
END; { SumAnmount }

VAR Main, West, East: StoreType;
Tot al : | NTEGER,
BEG N
Ent er Anmount (East) ;
SumAnount ( East, Total);
Wite(' The total anmount is ', Total:4);
END. { RecordsCf Arrays }

The procedure Ent er Ampunt is used to enter the Anount for a specified St or e
for each of the seven days of the week.

The procedure SumAnount sums the amounts for the specified Store and returns
this through the second parameter. Notice the increment statement; it uses
Anount in two ways, once as a variable and then elsewhere, with the dot
notation, to refer to the array field within the record. There is no ambiguity as
the names inside a record are totally independent of the rest of the program.
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The body of the program calls Ent er Ambunt to enter the amounts for the East
Store and SumAnount to obtain a Tot al , which is then output, as shown in the
following test run of the program.

Enter anpunts for 7 days.
Begin with Sunday.
1234567

The total anmount is 28

Matrix Library

Computations in science and engineering frequently use matrices, rectangular
arrays of numbers on which a number of operations are defined. Because they
are so common it is convenient to create a matrix library, that defines the
abstract data type Matrix. The library Mat ri xLi b, shown in Figure 8.24,
consists of the type definition for Mat r i x and five operations: Cr eat eMat ri x,
ReadMatri x, WiteMatrix, AddMatri x andMul t Matri x.

Figure 8.24 The MatrixLib library

UNI'T MatrixLib;
(* Abstract Data Type Matrix *)

| NTERFACE
CONST MaxRow = 10;
MaxCol = 10;
TYPE RowRange = 1..MaxRow;
Col Range = 1.. MaxCol ;
Gi dType = ARRAY [ RowRange, Col Range] OF REAL;

Matrix = RECORD
Gid: GidType;
H Row. RowRange;
Hi Col : Col Range;
END;

PROCEDURE CreateMatri x(VAR Mat: Matri x;
Rows: RowRange;
Col s: Col Range) ;
PROCEDURE ReadMatri x(VAR Mat: Matrix );
PROCEDURE WiteMatri x(VAR Mat: Matrix );
PROCEDURE AddMat ri x( Mat 1, Mat2: Matrix;
VAR Mat 3: Matrix);
PROCEDURE Mul t Mat ri x( Mat 1, Mat2: Matrix;
VAR Mat 3: Matrix);

| MPLEMENTATI ON

PROCEDURE CreateMatri x( VAR Mat: Matri x;
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Rows: RowRange;
Col s: Col Range) ;

BEG N
Mat . H Row : = Rows;
Mat . Hi Col := Col s;

END, { CreateMatrix }

PROCEDURE ReadMatri x(VAR Mat: Matrix );
VAR R RowRange;
C. Col Range;
BEG N
WitelLn(' Enter by rows ');
FOR R := 1 TO Mat. H Row DO BEG N
FOR C:=1 TO Mat. H Col DO BEG N
Wite('Enter a value ');
Read(Mat . Gid[R, (]);
END;
WiteLn;
END;
END;, { ReadMatrix }

PROCEDURE WiteMatri x(VAR Mat: Matrix );
VAR R RowRange;
C. Col Range;
BEG N
FOR R := 1 TO Mat. H Row DO BEG N
FOR C:=1 TO Mat. Hi Col DO
Wite(Mat . Gid[R, C: 9: 2);
WiteLn;
END;
END, { WiteMatrix }

PROCEDURE AddMat ri x( Mat 1, Mat2: Matrix;
VAR Mat 3: Matri x);

VAR R RowRange;

C. Col Range;
BEG N

FORR := 1 TO Mat 1. H Row DO

FORC:=1 TO Mat1. H Col DO
Mat3. Gid[R, C :=
Mat 1. Gid[R C + Mat2.Gid[R (];

END;, { AddMatrix }

PROCEDURE Mul t Mat ri x( Mat 1, Mat2: Matrix;
VAR Mat 3: Matri x);
VAR |, K: Col Range;
J: RowRange;
Sum REAL;
BEG N
FOR 1 :=1 TO Mat 1. H Row DO
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FORJ := 1 TO Mat2. H Col DO BEG N
Sum : = 0.0;
FOR K := 1 TO Mat 2. H Row DO BEG N

Sum : = Sum +
Mat 1. Grid[l, Kl * Mat2. Gid[K, J];

END;
Mat3.Grid[I, J] := Sum

END;

END, { MultMatrix }

END. { MatrixLib }

The type definitions for Mat ri x:

TYPE RowRange = 1..MaxRow;
Col Range = 1.. MaxCol ;
Gi dType = ARRAY[ RowRange, Col Range] OF REAL;

Matrix = RECORD
Gid: GidType;
H Row. RowRange;
Hi Col : Col Range;
END;

show that a Mat ri x is represented by a RECORD t hat cont ai ns an array of
REALSs having a maximum number of rows and columns defined by the two
constants Max Rowand MaxCol both of which are set at the value 10, but that
can easily be changed. When a particular Mat ri x is created, the

Cr eat eMat ri x procedure specifies the actual number of rows and columns by
assigning values to the fields H Rowand Hi Col . A better version of

Creat eMat ri x could also interactively ask for the sizes of matrices, and could
specify the actual number of rows and columns from the response. It should also
check whether the values given exceed the maximum values MaxRowand
MaxCol um.

The input of matrices is carried out by the procedure ReadMat ri x, one row at
atime. The input could also have been done a column at a time. ReadMatrix
provides a prompt reminding the user to enter a row at a time.

The algorithm for two-dimensional array addition was described in Chapter 8
of the Principles book. It is very simple as it adds the corresponding elements of
the two matrices to produce the elements of the new matrix.

The procedure AddMat ri x( X, Y, Z) inMatri xLi b implements this
algorithm, adding matrix X to matrix Y to produce resulting matrix Z. Figure
6.24 illustrates this process.

Figure 8.25 Matrix addition

1 2 5 6 8 n
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A needed improvement to AddMat ri x is a check that the two matrices XandY
are the same size.

The multiplication of two matrices is performed by the algorithm described in
Chapter 8 of the Principles book. The first matrix is taken row by row while
the second matrix is taken column by column. A sum is computed from the
products of the elements of the first matrix row by the second matrix column.
This sum is stored in the resulting matrix.

The procedure Mul t Matri x(X, Y, Z) giveninMatri xLi b implements this
algorithm in Pascal. It computes the product of matrices X and Y to produce the
result matrix Z, which will have the same number of rows as X and the same
number of columns as Y. The number of columns of X must equal the number of
rows of Y, and a better version of Mul t Mat r i x should check this. An example
of this matrix multiplication is given in Figure 8.26.

Figure 8.26 Matrix multiplication

6 7

0 1 2 8 11
8 9 =

3 4 5 50 62
0 1

Other operations, including transposing and inverting matrices, should also be
implemented in order to have a complete Abstract Data Type, but are not shown
here.

The program Mat r i xPr og shown in Figure 8.27, illustrates the use of
Mat ri xLi b. The output obtained from a typical run, corresponding to the
examples of Figures 8.24 and 8.25, is shown at the right of the figure.

Figure 8.27 Program MatrixProg

PROGRAM Mat ri xPr og; Enter by rows
USES Matri xLi b; Enter a value 1
Enter a value 2

VAR A, B, C, D, E Matrix;

BEG N Enter a value 3
Enter a value 4

CreateMatri x(A, 2, 2);

Matrix A
CreateMatrix(B, 2, 2);
1.00
CreateMatri x(C, 2, 2); 2.00
ReadMat ri x(A); 3.00
4.00

WiteLn(' Matrix A');
Enter by rows
WiteMatrix(A); Enter a value 5
Enter a value 6
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WiteLn;
Enter a value 7
ReadMatri x(B) ; Enter a value 8
WitelLn(' Matrix B'); Matrix B
WiteMatrix(B); 5. 00
6. 00
WiteLn;
7.00
Addmatri x(A, B, O; 8. 00
WiteLn(' Matrix C); Matrix C
WiteMatrix(C; 6. 00
8. 00
WiteLn;
10. 00
CreateMatrix(D, 2, 3); 12. 00
CreateMatri x(E, 3, 2); Enter by rows
Enter a value O
ReadMatri x(D); Enter a value 1

Enter a value 2
WiteLn(' Matrix D);

Enter a value 3
WiteMatrix(D); Enter a val ue 4

Enter a value 5

WitelLn;
Matrix D

ReadMatri x(E) ;

0. 00
WitelLn('Matrix E); 1. 00

2.00
WiteMatrix(E);

3.00
WitelLn; 4,00

5. 00

MultMatri x(D, E, O;
Enter by rows
WiteLn(' Matrix C); Enter a val ue
Enter a value 7

(o]

WiteMatrix(O;

(o]

Enter a val ue
WitelLn; Enter a value 9
END. { MatrixProg }

o

Enter a val ue
Enter a value 1

Matrix E



352

Chapter 8 Pascal Data Structures

(]

.00

[e¢]

.00

o

.00

Matrix C

8. 00
11. 00

50. 00
62. 00

8.6 Sets in Pascal

A set is a collection of distinct items, all of the same type, with no duplication
or significance in ordering. Pascal provides sets, along with arrays and records,
as another way of structuring data. In Pascal, the members of a SET are chosen
from some base-type which must be a subrange or an enumerated type. The
maximum number of elements in a set is 256.

The declaration of sets takes the form:

TYPE set - nane SET OF base-type;

For example
TYPE CharSet = SET OF CHAR, { a set of characters }
DigitSet = SET OF 0..9; { a set of digits }
or in stages as
TYPE
WeekDayType = (Sun, Mon, Tue, Wed, Thur, Fri, Sat);
WeekDaySet = SET OF WeekDayType;
Upper Char ="A.."Z;
UpChar Set = SET OF Upper Char;

A SET constant is simply specified by enclosing constant values in square
bracketsasin[1, 3, 5, 7]. Assignment of such a set constant to a SET
variable of the appropriate type follows the normal format of an assignment
statement. For example, Wor kDays, declared to be of type WeekDay Set could
be assigned a value by:

Wor kDays := [ Mon, Tue, Wed, Thur, Fri];

Membership in a set is tested by the | N operator, which returns a BOOLEAN
value. The combination e | N Sis TRUE when element e is a member of set S.
For example, if the set of vowel characters is assigned:
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Vowel Set :=['A, 'E, 'I', 'O, "U];
then a test for occurrence of a vowel could use this as named set as:

IF Ch I N Vowel Set THEN
I nc( Vowel Count);

There are three operations on sets:

Intersection:S1 * S2
contains elements that are both in S1 and in S2.

Union:S1 + S2
contains elements that are either in S1 orin S2.

Difference:S1 - S2
contains elements that are in S1 but notin S2.

The following relational operators apply to sets:

Equality: S1 = S2
true if set S1 equals set S2

Inequality: S1 <> S2
true if set S1 is not equal to set S2

Subset: S1 <= S2
true if set S1 is a subset of set S2

Superset: S1 >= S2
true if set Sl is a superset of set S2

Note that the relational operators < and > do not apply to sets.

The operations of inclusion and exclusion of an element are performed using the
above operations:

Inclusion:S1 : = S1 + [e]
Exclusion:S1 := S1 - [e€]

The program Set sOF Peopl e, shown in Figure 8.28, concerns a set of people,
designated by two-letter names. It counts the number of elements in various sets,
illustrating many of the above operations.

Figure 8.28 Program SetsOfPeople

PROGRAM Set sOf Peopl e;

TYPE PersonType = (AB, BO, RA, JO MO DE, ED, FA, KA M);
PersonSet = SET OF PersonType;
VAR Tall, Od, Male, Ferale, Married,
Ri ch, BlueEyed : PersonSet;
CONST Universe = [AB, BO RA, JO MO, DE, ED, FA, KA M];
First AB;
Last MA;

FUNCTI ON Si ze(group: PersonSet): | NTEGER
(* Counts the nunber of elements in group *)
VAR item PersonType;
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count: | NTECER;
BEG N
count := 0;
FOR item:= First TO Last DO
IF itemIN group THEN
I nc(count);
Si ze : = count;
END, { Size }
BEG N
Mal e = [ AB, JO ED, MJ ;
Tal | = [ AB, BO JO MO, MA, RAJ; (* over 6 feet *)
ad = [AB, JO KA, ED, FA, MA, RA]; (* over age 21 *)
Ri ch = [ BO, KA, RA, JO AB, M] ; (* millionaire *)
Married : = [ AB, KA, ED, MA] ;
Femal e := Universe - Mle;
Wite(' The total nunber of people is ');

WitelLn(Si ze(Universe):2);

Wite(' The nunber of tall nales is ');
WitelLn(Size(Tall * Male):2);
Wite(' The nunber of tall females is ');
WitelLn(Size(Tall * Fenale):2);
Wite(' The nunber of tall or richis ');
WitelLn(Size(Tall + Rich):2);

Rich := Rich + [RA];

Wite(' The nunber

of rich people is ');

WitelLn(Size(Rich):2);
IF Married <= O d THEN
Wite("All the married people are old');
END. { SetsOf People }

The program is straightforward and easy to follow. Note how function Si ze
operates. It checks all possible persons and increments the count for those who
are in the set. Also note the use of an enumerated type loop control variable,

i tem The output from this program is the following.

The total nunber of people is 10
The nunber of tall nmales is 3
The nunber of tall females is 3
The nunber of tall or richis 7
The nunber of rich people is 6
Al the married people are old

More Sets (Optional)

In Chapter 8 of the Principles book, a simplified school timetable construction

problem involving sets was discussed in considerable detail, and the pseudocode
algorithms were developed. The following program shows the implementation
of those algorithms in Pascal. It incorporates many of the techniques that were
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discussed in the previous sections. As we mentioned before, it is a difficult
problem, but a good deal can be learned by studying it carefully and
understanding how it works.

During school registration, each student makes a selection of courses. The
problem is to construct a timetable where certain courses are scheduled
concurrently but subject to the constraint that every student’s desired selection of
courses can be taken without requiring a student to be in more than one class at a
time. Program TimeTable, in Figure 8.29, accomplishes just that.

Figure 8.29 Program TimeTable

PROGRAM Ti neTabl e;

(* Construct a time table so that students can take all the
courses they chose without having to be in two courses
at the sane tine *)

CONST Nunmber O Students = b5;
Number Of Cour ses = 6;
MaxSchedul eSi ze = 10;

TYPE CourseType
St udent Type
Schedul eType

1. . Number O Cour ses;
1. . Number Of St udent s;
1. . MaxSchedul eSi ze;

Cour seSet SET OF CourseType;
St udent Arr ay ARRAY [ St udent Type] OF CourseSet;
Cour seArray ARRAY [ Cour seType] OF CourseSet;

Sessi onArray RECORD
Nunber Of Sessi ons: 0..MaxSchedul eSi ze;
SessionLi st: ARRAY [ Schedul eType] OF CourseSet;
END;
PROCEDURE Li st Cour seSet (G venSet: CourseSet);
(* Qutput a given set of courses *)
VAR Cour sel ndex: CourseType;
Menber Qut put : BOOLEAN,
BEG N
Wite('[");
Menber Qut put : = FALSE;
FOR Coursel ndex := 1 TO Nunber O Cour ses DO
| F Coursel ndex IN G venSet THEN BEGA N
| F Menber Qut put THEN
Wite(', ');
Wite(Coursel ndex: 1);
Menber Qut put : = TRUE;
END;
Wite(']");
END; { ListCourseSet }

PROCEDURE Bui | dConflicts(Registration: StudentArray;
VAR ConflictList: CourseArray);
(* Build conflict sets showing for each course what
courses cannot be run concurrently with the course *)
VAR Student | D: Student Type;
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CourseNum  Cour seType;
BEG N
FOR CourseNum : = 1 TO Nunber O Cour ses DO
ConflictlList[CourseNum :=1[];
FOR StudentID := 1 TO Nunber O St udents DO
FOR CourseNum : = 1 TO Nunber O Cour ses DO
| F CourseNum I N Regi stration[Student| D]
THEN ConflictList[ CourseNum :=
ConflictList[CourseNum +
Regi stration[ Student| D] ;
END;, { BuildConflicts }

PROCEDURE Next Possi bl eSessi on( Renmi ni ng: Cour seSet ;
ConflictList: CourseArray;
VAR Session: CourseSet);
(* Find the next possible session that contains as
many cl asses as possible that do not conflict *)
VAR CourseNum Test Course: CourseType;
Trial Set: CourseSet;
BEG N
CourseNum : = 1;
WHI LE NOT( Cour seNum | N Renmi ni ng) DO

I nc( Cour seNum ;
Session = [CourseNun;
Trial Set := Renmaining - ConflictList[CourseNun;

FOR Test Course := 1 TO Nunmber O Cour ses DO
| F Test Course IN Trial Set THEN
I F (ConflictList[TestCourse] * Session) =[]
THEN Session := Session + [Test Course];
END; { Next Possi bl eSession }
PROCEDURE Bui | dSchedul e( ConflictList: CourseArray;
VAR Schedul e: Sessi onArray);
(* Build the tine table fromthe conflicts sets *)
VAR Remai ni ng: Cour seSet ;
Sessi on: Cour seSet ;
BEG N
W TH Schedul e DO BEGA N
Nurmber Of Sessi ons : = 0;
Renmai ni ng ;= [1.. Nunber O Cour ses] ;
VWH LE Renaining <> [] DO BEG N
Next Possi bl eSessi on( Renmi ni ng,
ConflictlList, Session);

Remai ni ng : = Renai ni ng - Sessi on;

I nc( Nunber OF Sessi ons) ;

Sessi onLi st [ Nunber O Sessi ons] : = Session;
END;

END;
END; { Buil dSchedul e }

VAR St udents: St udent Arr ay;
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CourseNum  Cour seType;
Conflicts: CourseArray;
Ti met abl e:  Sessi onArray;
Sessi onNum 1. . MaxSchedul eSi ze;
BEG N
{ Set Registration data }

Students[1] :=[1, 2];
Students[2] :=[2, 3];
Students[3] :=[2, 3, 4];
Students[4] :=[1, 5, 6];
Students[5] :=[3, 6];

{ Build and output Conflict list }
Bui | dConflicts(Students, Conflicts);
FOR CourseNum : = 1 TO Nunber O Cour ses DO BEGA N

Wite('Conflicts[', CourseNum 1, '] =");
Li st Cour seSet (Confl i ct s[ CourseNunj);
WiteLn;

END;

WiteLn;

{ Build and output Tinmetable }
Bui | dSchedul e(Conflicts, TineTable);
W TH Ti meTabl e DO
FOR Sessi onNum : = 1 TO Nunber O Sessi ons DO BEGA N

Wite('Session[', SessionNum 2, '] =");
Li st Cour seSet ( Sessi onLi st Sessi onNum ) ;
WiteLn;

END;

END. { TinmeTable }

The data obtained from registration can be represented as an array of sets of
courses, St udent s. Here, we’ve simplified the problem by restricting the
number of students to 5, and the number of possible courses to 6. The first part of
the body of the program sets up the “registration data”, which corresponds to
the choices of Figure 8.30.

Figure 8.30 Registration data for the TimeTable program

Student Set of chosen courses
1 {1, 2}
2 {2, 3}
3 {2, 3, 4}
4 {1,5, 6}
5 {3, 6}
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The next step is to build a conflict list, which shows for each course the set of
courses that cannot be run concurrently with that course, because there is at least
one student that wants to take both. The conflict list is built by the procedure
Bui | dConfli cts, in which the element ConflictList[i] isthe setof
courses with which coursei conflicts. Courses conflict with coursei because
one or more students have also selected those courses, and Conf l i ctLi st[i] is
thus the set of courses that cannot be scheduled concurrently with course i .
Thus, for example, courses 1, 2, 5 and 6 all conflict and cannot be run
concurrently—because Student 1 has chosen courses 1 and 2, and Student 4 has
chosen courses 1, 5 and 6. The procedure first sets all conflict sets to empty.
Then for each student it examines all the courses, and add those chosen by the
student to the conflict list.

The conflict list is then output so that it can be checked. The time table consists
of a number of “sessions”, sets of courses that can be given simultaneously
because no two students want to attend both. Since the number of sessions is
unknown at first, the time table is implemented as an array of sets of courses
that constitute the sessions, whose size is specified by constant

MaxSchedul eSi ze, together with a count of the number of sessions required,
and grouped in a RECORD. The time table is built by procedure Bui | dSchedul e
which starts by putting all the courses in Rerrai ni ng, and repeatedly getting a
session by calling Next Possi bl eSessi on and decreasing Remai ni ng until it
is empty.

Next Possi bl eSessi on finds the next session containing as many classes that
do not conflict as possible. For the first course in Remai ni ng we create a

Tri al Set by removing its conflict set from Remai ni ng. Then, other courses
from Remai ni ng that do not conflict with any of the courses already in

Tri al Set areaddedto Tri al Set, until no more courses can be added.

After the timetable has been constructed, it is output. The output obtained from
running this program is the following.

Conflicts[1l] =[1, 2, 5, 6]
Conflicts[2] =1, 2, 3, 4]
Conflicts[3] =12, 3, 4, 6]
Conflicts[4] =[2, 3, 4]
Conflicts[5] =[1, 5, 6]
Conflicts[6] =1, 3, 5, 6]
Session[ 1] =11, 3]
Session[ 2] =12, 5]
Session[ 3] = 1[4, 6]

8.7 Dynamic Variables and Pointers in Pascal

The concepts of pointers and dynamic variables were introduced in Chapter 8 of
the Principles book. The idea of a dynamic variable is that it is created during
execution, and it is referenced through a pointer variable, which stores the
location of the dynamic variable.
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A list whose length is not known before execution can be built by creating each of
the elements of the list during execution, and linking them together through
pointers. The algorithm developed in Chapter 8 of the Principles book for the
creation of a list repeatedly allocates a dynamic variable, connects it to the

last one in the list, inputs information and stores it in that variable.

In Pascal, a pointer type is defined by the pointer symbol * followed by the
type of the dynamic variables that can be referenced by pointer variables of
this type. Suppose we want to construct a linked list of the sort created by the
algorithm mentioned above, where each element would consist of a single

| NTEGER variable, which contains the element’s value, and a pointer to the
next element in the list. The last pointer in the chain would have the special
value NI L, which points to nothing, and can be tested for. The following type
declarations will give us the types that we need to create such a list.

TYPE Li st Pointer = ~Li stEl enent;
Li st El enent = RECORD
Val ue: | NTEGER,
Next: ListPointer;
END;

We also define pointer variables through which we can reference elements of
the list with the following declarations.

VAR Listl, Current: ListPointer;

Before it makes any sense to use either of these variables, we must give them a
value by creating a Li st El enent. This is done through a call to the standard
Pascal procedure New. The procedure has one parameter, which must be a
pointer to dynamic variables of the type we want to create. Thus a new

Li st El enent can be created by

New( Li st 1) ;

which has the effect of allocating sufficient storage for a Li st El enent, and
setting the value of Li st 1 to point to it. Once this is done, we can use Li st 1 to
reference the fields of the newly created dynamic variable. Li st 1 is a pointer
to the dynamic variable that was just created, while Li st 1" is the dynamic
variable, i.e. the element pointed to by Listl. Since Li st 1" is a record, the
references to its two fields are written:

Li st 1~. Val ue

and
Li st 1~. Next

Thus, the Val ue field in that dynamic variable can be assigned the value 3 by
Li st 1~. Val ue : = 3;

The only operations that are permitted on pointer values are assignment, and
the comparisons based on the two relational operators = and <>,

The first part of the program Cr eat eLi st , shown in Figure 8.31, is an
implementation of the pseudocode algorithm found in Chapter 8 of the
Principles book.



360 Chapter 8 Pascal Data Structures

Figure 8.31 Program Createlist

PROGRAM Cr eat eLi st ;
(* Create a dynamic list *)
CONST Nunber OF El enents = 5;

TYPE Li st Poi nter
Li st El enent

ALi st El enent ;
RECORD
Val ue: | NTECGER,
Next: ListPointer;
END;
VAR Listl, Current: ListPointer;
| ndex: | NTECER;

BEG N

New( Li st 1);

Current := Listl;

Wite('Enter an integer ');

Read( Current”. Val ue) ;

FOR Index := 2 TO Nunber O El emrents DO BEG N
New( Curr ent . Next ) ;
Wite('Enter an integer ');
Read( Current ~. Next . Val ue) ;

Current .= Current”. Next;
Current”™. Next := NL;
END;

Wite('List of elenents: ");

Current := Listl;

VWHI LE Current <> NIL DO BEG N
Wite(Current”. Val ue: 3);
Current := Current”. Next;

END;

WitelLn;

END. { CreatelList }

After creating the first element by the call New( Li st 1), other elements are
added and connected to the previous element by the call

New( Cur r ent . Next ), and the list is created as shown in Figure 8.40 of the
Principles book. The second part of the Cr eat eLi st program outputs the
values stored in the list, as seen in this output from a typical run:

Enter an integer 12
Enter an integer 23
Enter an integer 34
Enter an integer 45
Enter an integer 56
Li st of elenents: 12 23 34 45 56
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8.8 Chapter 8 Review

The data structures discussed in this chapter are the three structures: arrays,
records, and sets. These structures are used to define new types that are
illustrated by many Pascal examples.

Arrays, especially those of one dimension, are covered in detail. Arrays of two
or more dimensions are treated in less detail, but with sufficient examples to
show how they can be used.

Records, nested records, arrays of records and records containing arrays are also
covered with many examples. Variant records are also considered briefly.

Sets and operations on sets are illustrated in two example programs, involving
counting the elements in various sub-sets, and the not so simple construction of
simple school time tables.

The chapter also introduced a number of libraries including a general library for
integer arrays, IntArrayLib, and implementations of abstract data types like
ComplexLib and MatrixLib.

The use of dynamic variables and the way in which they are referenced
through pointer variables is described and illustrated with the example of the
creation of a dynamic list. Later, in following courses on data structures, more
details on such objects and others will be considered.

8.9 Chapter 8 Problems

1. Normalize

Create part of a program to convert a list of event occurrence counts,
NunEvent s, into a list of probabilities, by summing the values and
then dividing each count by this sum.

For example, when two dice are thrown, the results range from 2 to 12
dots. The frequencies of each of these results can be observed and
tabulated to compare the particular dice throws to ideal dice (whose

probabilities should be: Y4, Zas, ... Y% .. Fas, Vo).

2. Horizontal Histogram

Create part of a program to enter any number of values (say
percentages) and to plot these out horizontally as bars that have a
length proportional to the values input. The size of the bars may need
to “grow” by some Fact or . For example, the above frequencies of dice
throws could be used as follows.

Enter the nunber of bars 11
Enter the growth factor 3
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Enter val ues of the bars
12345654321

* % %

* kkkk*k

*kkhkkkkhkkkk*k
kkhkkkkhkkkkkkx*k
kkhkkkkhkhkxkkkhkkkkkx*k
kkhkhkkkhkhkkkkhkhkkkkhkkkkx
kkhkkkkhkhkxkkkhkkkkkx*k
kkhkkkkhkkkkkkx*k
*kkhkkkkhkkkk*k

* kkkk*k

* % %

3. Intersection

Given two | NTEGER arrays A, and B, create a third array C, having the
values that are common to both of the arrays A and B.

4. KBIG

Create a program to find the Kth largest value of an array A, of N
different values.

Hint: the fifth largest value has 4 items larger than itself.
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8.10 Chapter 8 Programming Projects

Gas Project

The fuel consumption of a vehicle is to be analyzed. Each time fuel is obtained,
the tank is filled and a record is made of the date, present mileage, gallons
used, total cost and brand name as shown:

Date Miles Gallons Cost Brand
93/711/7 50123 10.2 $10.00 X
93/11/8 50432 15.3 $15.00 TURBO
93/11/11 50732 13.0 $14.50 TEXAN
93/11/11 51001 12.5 $16.24 GULP
etc.

This data is to be analyzed in the following ways.

1.
2.

© © N o g &

10.
11.
12.

13.

14.

Compute the overall miles per gallon (MPG).
Compute the MPG at each refill.

Determine the cumulative MPG at each fill up by dividing the mileage
to fill up, by the accumulated gallons.

Compute the running average over the 3 previous refills.

Compute the maximum MPG and the minimum MPG.

Determine which brand produces the maximum MPG between fill ups.
Compute the MPG for each brand.

Determine which brand produces the minimum cost per mile.
Determine which brand has the minimum cost per gallon.

Compute the average fuel cost per day traveled.

Determine the days of minimum mileage.

For each brand, compute the total number of gallons used, and the
overall average MPG, cost per gallon.

Convert some of the above to other units (kilometers per liter, marks
per kilometer, liters per 100 kilometers).

Produce plots of some of the above results.

Library Projects

1.

IntArrayLib2
Create another | nt Arr ayLi b where a terminating value is stored in
the first position of the array and also in the last position.
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Complete ComplexLib

Complete the Complex Library by providing procedures for Di vi si on,
Subt racti on, Conj ugat i on, and functions to provide the Magni t ude
and Angl e of the complex numbers.

New Dat eLi b
Re implement the Dat eLi b of Chapter 7 using a Date-type that is a
record.

AccountLib

Create a library of Accounts (in a bank, organization, etc.) where each
account is a record consisting of an IdNumber, a Balance, and various
transactions of Withdrawal and Deposit.

BSL: Big Stat Lab

In this lab we will reuse library | nt Arr ayLi b, which operates on a list of

| NTEGER values as shown in this chapter. You will create some of the
following additional procedures involving arrays, and use them and reuse them
to do some of the statistical operations.

1.

Maxl nt Seq(S, M P) isa procedure that computes the maximum
value Mof a sequence S of Integers and also returns the position P of this
maximum value.

Sel ect Sort ('S) is a procedure that sorts the values of Sinto
decreasing order. Use Max| nt Seq to create Sel ect Sort .

M dI nt Seq( S) is a function that returns the middle value of a sequence
L; if the sequence has an even number of items then the middle returned
is the average of the two middle values.

Count I nt Seq(S, V, O isaprocedure that counts the number of
occurrences C of the value Vin the sequence S. For example, it could
count the number of values of zero rainfall, or the number of days that
had the maximum rainfall.

Meanl nt Seq( S) is a function procedure that returns the average value
of any sequence S.

Vari ance(S) is a function that returns the amount of deviation from
the mean value of a sequence . The algorithm for this is shown earlier
in this chapter; make use of Meanl nt Seq.

Write a program that uses all these procedures. It first prompts a user to enter a
sequence and then presents a menu that requests an action in the form:

Enter an action:

to determ ne the Average val ue of a sequence
to Count the occurrences in a sequence

to find the Largest value of a sequence

to find the Mddl e val ue of a sequence

to Sort the sequence into decreasing order
to conmpute the Variance

to Exit this nmenu

mSwIrmox
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Enter a character
Time Permitting:

Put these procedures (including a Menu) into a Library, called StatLib
and use this Library and IntArrayLib in a program called StatProg.
Also the data involved should be stored in files.
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Chapter 9 Algorithms to Run With

The primary purpose of this chapter is to provide more extensive examples of

the data structures introduced in the preceding chapter. Algorithms to sort and
search data structures will be discussed, along with the various ways of
implementing stacks, queues, and trees. Also, this chapter will further develop

the concept of an “Abstract Data Type” (or ADT) and create the StackL.ib,

Queuelib, and SetLib libraries.
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Chapter 9

Algorithms to Run With

9.1 Preview

The primary purpose of this chapter is to provide more extensive examples of
the use of the data structures introduced in the preceding chapter. Essentially,
no new features of Pascal are introduced, and most of the algorithms shown here
are discussed in detail in Chapter 9 of the Principles book. For this reason,
many of the examples are presented with only minimal commentary. The
Pascal implementations of the algorithms have been written to make them as
readable as possible and hence much of the text of this chapter appears in the
form of Pascal programs.

The first two tasks studied: sorting—rearranging the data into a specific
sequence, e.g. alphabetic order—and searching—information retrieval—are
concerned with arrays. However, before any of the sorting or searching
algorithms are presented, we need some tools to help us. The first section is
devoted to the development of an environment that contains procedures that
create data to work with and to test that they are correctly sorted.

As is common with many tasks, there are several ways to perform sorting and
searching. For example, although there are only four basic ways to sort an
array, there are dozens of variations of each of these ways. Only a few of the
variations will be considered here, however, their individual advantages and
disadvantages are discussed.

As another example of the use of data structures, various ways of implementing
stacks, queues and trees are also introduced. Some of these techniques are based
on arrays, possibly of records, as the underlying data structure, while others are
based on dynamic variables and pointers. Many of the examples are based on
arrays, which are not only used to hold the data for the sorting algorithms but
are also used to create other structures, such as stacks. The structures in turn

will be “encapsulated” in a library and used as basic building blocks to make
even more complex systems.

The concept of an “Abstract Data Type” (or ADT) will be developed further and
used to create libraries. Libraries created in this chapter include a Stack
Library, a Queue Library and a Set Library.

Probably the most important capability demonstrated in this chapter is the
idea of creating larger data items from smaller ones. For example, once we
have developed an integer array library, we are able to develop a library of
routines for the manipulation of stacks based on the routines available in the
array library. These libraries demonstrate the utility of creating an Abstract
Data Type through the library mechanism introduced in the previous chapters.
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9.2 Sorting Algorithms

A Context for Sorting

Before we can experiment with the many different algorithms for sorting, we
need some data to work with. If each time we run the program, we have to
enter all the test data through the keyboard, algorithm development will be
very slow and tedious and the sizes of the sets of test data will be small. If we
are to be able to get any idea of relative efficiency of algorithms, we need large
sets of data. The trouble with large sets of test data is that we can no longer
check by eye that they have been correctly processed. Therefore, we also need
procedures that will check that the data have been correctly sorted. The
library in Figure 9.1, Sor t EnvLi b, is not only useful for our present discussion of
sorting algorithms but it also provides a model of the kinds of libraries that are
needed whenever a programming project of any size is undertaken.

Figure 9.1 The SortEnvLib library

UNI T Sort EnvLi b;
(* Sorting environnent tools *)
| NTERFACE

CONST MaxData = 100;

TYPE Dat aArrayType
SequenceOr der

= ARRAY [1..MaxData] OF | NTECER

= (Up, Down);

FUNCTI ON  Randlnt(): | NTECGER;

(* Generate randominteger < 1013 *)

PROCEDURE Set Seed( NewSeed: | NTEGER) ;

(* Set seed of random nunber generator *)

PROCEDURE RandonDat a( VAR Dat aLi st: Dat aArrayType);

(* Fill DataList with randomintegers *)

PROCEDURE Li st Dat a( Dat aLi st: DataArrayType);

(* List data from DatalList 10 val ues per |ine *)

FUNCTI ON | sMonot oni c(Dat a: Dat aArrayType;
Direction: SequenceCrder)

BOOLEAN;
(* Check if data in DatalList is ordered *)

| MPLEMENTATI ON
CONST Initial Seed = 777;
VAR Seed: | NTEGER;

PROCEDURE Set Seed( NewSeed: | NTEGER) ;
BEG N
Seed : = NewSeed,;
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END;, { Set Seed }

FUNCTI ON Randl nt (): | NTEGER;
CONST Modu = 1013;
Coef = 28;
BEG N
Seed (Seed * Coef) MOD Modu;
Randl nt : = Seed;
END; { Randlnt }

PROCEDURE RandonDat a( VAR Dat aLi st: Dat aArrayType);
VAR | ndex: | NTEGER
BEG N
FOR Index := 1 TO MaxData DO
Dat aLi st[ I ndex] := Randlnt;
END; { RandonData }

PROCEDURE Li st Dat a( Dat aLi st: DataArrayType);
CONST El enmrent sPer Row = 10;
VAR | ndex, El emCount: | NTEGER;

BEG N
El enCount : = O;
FOR Index := 1 TO MaxData DO BEG N

Wite(DataList[Index]: 5);
I nc( El emCount) ;
| F El enCount >= El ement sPer Row THEN BEG N

WitelLn;
El enCount := O;
END;
END;
| F El enCount <> 0 THEN
WitelLn;

END;, { ListData }

FUNCTI ON | sMonot oni c(Dat a: Dat aArrayType;
Direction: SequenceOr der)
BOOLEAN;
VAR | ndex: | NTEGER
| NOrder: BOCLEAN;
BEG N
I nOrder : = TRUE;
| ndex : = 2;
WHI LE (I ndex <= MaxData) AND I nOrder DO
IF Direction = Up THEN
| F Data[lndex - 1] > Data[lndex] THEN
I nOrder : = FALSE
ELSE
I nc( 1 ndex)
ELSE
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| F Data[l ndex - 1] < Data[lndex] THEN
InOrder : = FALSE
ELSE
I nc(1l ndex);
| sMonotoni ¢ : = | nOrder;
END; { IshMonotonic }

BEG N
Seed := Initial Seed;
END. { SortEnvLib }

The Pascal UNIT SortEnvLib, shown in Figure 9.1, defines an array type,
DataArrayType, that is used to store INTEGER data to be used for testing
sorting algorithms. The size of the array is set by the value of constant
MaxData, which is currently set to 100, but could easily be changed. The
library also provides five functions and procedures that are useful in creating
test data and checking the results of the sorting algorithms.

Randl nt

An | NTEGER function that returns a sequence of apparently random
numbers; it is defined here to give an example of random number
generation. Remember, Pascal offers the standard function Random

Set Seed( NewSeed)
This procedure sets a new starting point for the random number sequence
produced by Randl nt .

RandomDat a( Dat aLi st)
Fills the given Dat aLi st with a set of random numbers produced by

Randl nt .

Li st Dat a(Dat aLi st)
Lists the values contained in Dat aLi st , ten values per line.

| sMonot oni c(DataList, Direction)

A BOOLEAN function that checks that the data in the Dat alLi st is
monotonic, either all increasing or decreasing, the direction specified
by the parameter Di r ect i on to be either Up or Down. This function is
used to check that the data have been sorted correctly—much more
reliably than visually scanning the output produced by Li st Dat a.

Figure 9.2 Program TestSortEnv

PROGRAM Test Sort Env;
USES Sort EnvLi b;
VAR Dat a: DataArrayType;
Count : | NTEGER;
BEG N
RandonDat a( Dat a) ;
WiteLn(' Wth default seed');
Li st Dat a( Dat a) ;
WitelLn;
Set Seed(527) ;
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RandonDat a( Dat a) ;
WitelLn('Wth new seed');
Li st Dat a( Dat a) ;
FOR Count := 1 TO MaxData DO
Dat a[ Count] := Count;
WitelLn
| F IsMbnotoni c(Data, Up) THEN
WitelLn('lsMnotonic passed test 1')
ELSE
WitelLn('lsMnotonic failed test 1');
Dat a[ 27] := 67;
| F IsMbnotoni c(Data, Up) THEN
WitelLn('lsMnotonic failed test 2')
ELSE
WitelLn('lsMnotonic passed test 2');
END. { TestSortEnv }

Program Test Sor t Env, in Figure 9.2, tests the operation of the procedures and
functions of Sor t EnvLi b. The output obtained from running it is the following.

Wth default seed

483 355 823 758 964 654 78 158 372 286
917 351 711 661 274 581 60 667 442 220
82 270 469 976 990 369 202 591 340 403
141 909 127 517 294 128 545 65 807 310
576 933 799 86 382 566 653 50 387 706
521 406 225 222 138 825 814 506 999 621
167 624 251 950 262 245 782 623 223 166
596 480 271 497 747 656 134 713 717 829
926 603 676 694 185 115 181 3 84 326
11 308 520 378 454 556 373 314 688 17

Wth new seed

574 877 244 754 852 557 401 85 354 795
987 285 889 580 32 896 776 455 584 144
993 453 528 602 648 923 519 350 683 890
608 816 562 541 966 710 633 503 915 295
156 316 744 572 821 702 409 309 548 149
120 321 884 440 164 540 938 939 967 738
404 169 680 806 282 805 254 21 588 256
77 130 601 620 139 853 585 172 764 119
293 100 774 399 29 812 450 444 276 637
615 1012 985 229 334 235 502 887 524 490

| sMonot oni ¢ passed test 1
| sMonot oni ¢ passed test 2
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Count Sort

The simplest sort algorithm is Count Sort, which finds the rank of all N
values in an array; if all values are different the largest value has a rank of 1,
the smallest has a rank of N. If some of the data values are the same, they
will have the same rank and there will be some ranks missing. The algorithm
is simple: for each value it counts the number of values that are greater than or
equal to it, and stores that in the corresponding rank array. Figure 9.3 shows
the implementation of this sorting algorithm as procedure Count Sort in
testing program Test Count Sort .

Figure 9.3 Program TestCountSort

PROGRAM Test Count Sort ;
USES Sort EnvLi b;

CONST El enent sPer Row = 10;

VAR Dat a, Rank: DataArrayType;
I ndex, |ndRank, ElenCount: |NTEGER;

PROCEDURE Count Sort( Data: DataArrayType;
VAR Rank: Dat aArrayType);
VAR Count, Pass, Index, CurrentVal ue: |NTECGER;
BEG N
FOR Pass := 1 TO MaxData DO BEG N
Current Val ue : = Dat a[ Pass];
Count 1= 0;
FOR Index := 1 TO MaxData DO
| F Data[ | ndex] >= CurrentVal ue THEN
I nc(Count);
Rank[ Pass] := Count;
END;
END; { Count Sort }

BEG N

RandonDat a( Dat a) ;

WitelLn(' Original data');

Li st Dat a( Dat a) ;

WitelLn;

Count Sort (Dat a, Rank);

WitelLn(' Ranking data');

Li st Dat a( Rank) ;

WitelLn;

WitelLn(' Sorted data');

El enCount : = O;

FOR Index := 1 TO MaxData DO BEG N
I ndRank := 1;
VWHI LE I ndex <> Rank[|ndRank] DO
{ find el enent whose rank is Index }

I nc( I ndRank) ;
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Wite(Data[l ndRank]:5);
I nc( El emCount) ;
| F El enCount >= El ement sPer Row THEN BEG N

WitelLn;
El enCount := O;
END;
END;
| F El enCount <> 0 THEN
WitelLn;

END. { Test Count Sort }

The body of the program makes use of the procedures of Sor t EnvLi b to produce
test data and list the rankings. However, for that kind of sort, a list of the
rankings is not very useful to check that the values are in order. For that
reason, we have had to develop and add a small algorithm to display the
array values in the order given by the rankings. We look for the index value in
the Rank array and, when found, output the corresponding Dat a array value.
With this addition, the output from running this program is as shown in Figure
9.4.

Figure 9.4  Output from program TestCountSort

Oiginal data

483 355 823 758 964 654 78 158 372 286
917 351 711 661 274 581 60 667 442 220
82 270 469 976 990 369 202 591 340 403
141 909 127 517 294 128 545 65 807 310
576 933 799 86 382 566 653 50 387 706
521 406 225 222 138 825 814 506 999 621
167 624 251 950 262 245 782 623 223 166
596 480 271 497 747 656 134 713 717 829
926 603 676 694 185 115 181 3 84 326

11 308 520 378 454 556 373 314 688 17

Ranki ng data

47 60 12 17 4 29 94 84 58 68

8 61 21 27 69 37 96 26 51 78
93 71 49 3 2 59 79 36 62 53
85 9 89 44 67 88 41 95 14 65
38 6 15 91 55 39 30 97 54 22
42 52 75 77 86 11 13 45 1 33
82 31 73 5 72 74 16 32 76 83
35 48 70 46 18 28 87 20 19 10

7 34 25 23 80 9 81 100 92 63
99 66 43 56 50 40 57 64 24 98

Sorted data
999 990 976 964 950 933 926 917 909 829
825 823 814 807 799 782 758 747 717 713
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711 706 694 688 676 667 661 656 654 653
624 623 621 603 596 591 581 576 566 556
545 521 520 517 506 497 483 480 469 454
442 406 403 387 382 378 373 372 369 355
351 340 326 314 310 308 294 286 274 271
270 262 251 245 225 223 222 220 202 185
181 167 166 158 141 138 134 128 127 115
86 84 82 78 65 60 50 17 11 3

Bubble Sort

Bubble Sort is probably the simplest of the actual sort routines where the data
are rearranged. Its simplest version should become so well known to you, that
you can write the program for doing it without having to refer to any notes. Its
Pascal implementation is shown in Figure 9.5: all adjacent values are compared
and swapped if not in the right order.

Figure 9.5 Procedure BubbleSort

PROCEDURE Bubbl eSort (VAR Dat a: Dat aArrayType);
VAR Pass, |ndex, Tenp: | NTEGER,
BEG N
FOR Pass := 1 TO (MaxData - 1) DO
FOR Index := 1 TO (MaxData - 1) DO
| F Data[l ndex] < Data[lndex + 1] THEN BEG N

Tenp : = Datallndex];
Dat a[ | ndex] := Data[lndex + 1];
Dat a[ | ndex + 1] := Tenp;

END;

END; { Bubbl eSort }

In this form, the algorithm is quite adequate for sorting small amounts of data,
up to about 100 items, without enough loss of efficiency to merit the effort of
either finding, or writing one of the more complicated algorithms. One of the
exercises given at the end of this chapter investigates this point.

A slightly more complicated version of this simple Bubbl eSort algorithm is
contained in the program Test Bubbl eSort , which is in Figure 9.6.

Figure 9.6 Program TestBubbleSort

PROGRAM Test Bubbl eSort ;
USES Sort EnvLi b;

VAR Dat a: DataArrayType;

PROCEDURE Bubbl eSort (VAR Dat a: Dat aArrayType);
VAR Posn, Tenmp: | NTEGER

Done: BOOLEAN,
BEG N
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Done := FALSE;
VWH LE NOT Done DO BEG N
Done : = TRUE;
FOR Posn := 1 TO MaxData - 1 DO
| F Dat a[ Posn] < Data[ Posn + 1] THEN BEG N

Tenp . = Data[ Posn];
Dat a[ Posn] = Dat a[ Posn+1];
Dat a[ Posn + 1] := Tenp;
Done : = FALSE;

END;

END;
END; { Bubbl eSort }

BEG N
RandonDat a( Dat a) ;
WiteLn(' Oiginal data');
Li st Dat a( Dat a) ;
WiteLn;
Bubbl eSort (Dat a) ;
WitelLn(' Sorted data');
Li st Dat a( Dat a) ;
WiteLn;
| F I sMbnot oni c(Data, Down) THEN
WitelLn(' Data are correctly sorted')
ELSE
WitelLn(' Data are NOT correctly sorted');
END. { TestBubbl eSort }

In this version of the algorithm, the idea is to detect when a complete pass is
made through the data without finding anything out of order. When this
occurs, Done has the value TRUE and the algorithm terminates early.

Select Sort

The group of select sort algorithms have the general principle that, at each
pass, an extreme value of the data still to be sorted is selected and moved to its
proper place in the target array. In this version of the algorithm, the
assumption is made that all the data values are greater than zero. At each
pass, the maximum value in the data array is selected, copied to the target
area and replaced by zero in the data array so that it will no longer be
considered.

A Pascal procedure that performs this algorithm is given in Figure 9.7. Itis
based on the same assumption, because it replaces the chosen value by a zero.

Figure 9.7 Procedure SelectSort

PROCEDURE Sel ect Sort ( Dat a: Dat aArrayType;
VAR Resul t: DataArrayType);
VAR Pass, |ndex, Maxi mum Position: |NTEGER
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BEG N
FOR Pass := 1 TO MaxData DO BEGA N
Maxi mum : = O;
FOR I ndex := 1 TO MaxData DO
| F Maxi mum < Dat a[ | ndex] THEN BEG N

Maxi mum : = Data[l ndex];
Position := | ndex;
END;
Resul t [ Pass] := Maxi mnum
Dat a[ Position] := O;

END;
END;, { SelectSort }

Note that this procedure has two parameters, the original array as input
parameter, and the sorted array as output parameter.

9.3 Improving sorts (Optional)

The Di st ant Bubbl eSort algorithm that was introduced in Chapter 9 of the
Principles book is a major improvement on Bubbl eSor t . Instead of comparing
adjacent values, values that are situated at a given distance apart are
compared. The idea is that when two distant values are swapped, this
possibly saves doing the same thing by several individual swaps. The
algorithm for doing this is not very different from the Bubbl eSort algorithm.

If this Di st ant Bubbl eSort algorithm is applied repeatedly with ever
decreasing values for the distance apart, the whole data array will eventually
be sorted. This method of using Di st ant Bubbl eSort in this way was first
proposed by David Shell and is generally known as “Shell Sort”. A Pascal
implementation of this algorithm is contained in the procedure Shel | Sor t
shown in Figure 9.8.

Figure 9.8 Procedure ShellSort

PROCEDURE Shel | Sort (VAR Dat a: DataArrayType);
VAR Di st ance: | NTEGER,

PROCEDURE Di st ant Bubbl eSort ( Di stance: | NTEGER,
VAR Dat a: DataArrayType);
VAR | ndex, Pass, Start, Tenp: | NTEGER,
Fi ni shed: BOOLEAN,;
BEG N
Fi ni shed : = FALSE;
Pass =1
WHI LE (Pass < MaxData) AND NOT Fi ni shed DO BEG N
Fi ni shed : = TRUE;
FOR Start := 1 TO Di stance DO BEG N
Index := Start;
WHI LE I ndex <= MaxData - Di stance DO BEGA N
| F Data[l ndex] < Data[lndex + Distance] THEN
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BEG N
Fi ni shed : = FALSE;
Tenp .= Datallndex];
Dat a[ | ndex] := Data[lndex + Distance];
Dat a[ | ndex + Di stance] := Tenp;
END;

I nc(l ndex, Distance);
END; { WHILE }
END;, { FOR '}
I nc(Pass);
END; { WHILE }
END; { Di stantBubbl eSort }

BEA N { Shell Sort }
Di stance := MaxData DIV 2;
VWH LE Di stance >= 1 DO BEG N
Di st ant Bubbl eSort (Di stance, Data);
Di stance := Distance DIV 2;
END;
END; { Shell Sort }

In this procedure, the initial value for Di st ance is half the number of data
items in the list, and this is halved at every iteration. A thorough analysis of
the improvement obtained by this technique is well beyond the scope of this
book. Look at the Di st ant Bubbl eSort procedure and compare it with the
Bubbl eSort procedure of Figure 9.6. There are differences, and the amount of
detail is larger in Di st ant Bubbl eSor t, but on the whole the algorithms are
also very similar.

Recursive Sort: Merge Sort

As an example of a recursive procedure, Mer ge Sort was introduced in
Chapter 9 of the Principles book. Here, sorting is achieved by splitting the
array into two halves, sorting each half, and then merging the two sorted
halves. Of course, each of the two halves is sorted using the same process, and
this is repeated until each half has only a single element (base case).

The merging of the two subarrays is done simply with an index “sliding down”
each subarray. For each value of the index the two indexed values are
compared, and their maximum is copied into the array Resul t . The index of
the copied value is incremented and the process is continued until one of the two
subarrays has been entirely copied. The remaining elements in the other
subarray are then copied in the resulting array.

The detailed working of this algorithm is a little difficult to understand at
first and is fully explained in Chapter 9 of the Principles book.

Figure 9.9 Procedure MergeSort

PROCEDURE MergeSort( First, Last: |NTEGER,
VAR Tabl e: Dat aArrayType);
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PROCEDURE Mer ge( First, Last: |NTECER;
VAR Tabl e: Dat aArrayType);
VAR | ndex, M ddle, Bottom Top: |NTECER;
Resul t: DataArrayType;

BEG N
| ndex = First;
Mddle := (First + Last) DV 2;
Top = First;

Bottom:= Mddle + 1;
WH LE (Top <= M ddle) AND (Bottom <= Last) DO BEG N
| F Tabl e[ Top] > Tabl e[ Bottoni THEN BEG N

Resul t [ I ndex] := Tabl e[ Top];
I nc(Top);
END
ELSE BEA N
Resul t[ I ndex] := Tabl e[ Botton;
Inc(Bottom;
END;
I nc(1l ndex);

END;

VWHI LE Top <= M ddle DO BEG N
Resul t [ I ndex] := Tabl e[ Top];

I nc(Top);
I nc(1l ndex);

END;

VWHI LE Bottom <= Last DO BEG N
Resul t[ I ndex] := Tabl e[ Botton;
Inc(Bottom;

I nc(1l ndex);

END;

| ndex : = 1;

FOR Index := First TO Last DO
Dat a[ | ndex] := Result[Ilndex];

END;, { Merge }

VAR M ddl e: | NTEGER
BEA N { MergeSort }
IF First <> Last THEN BEG N
Mddle := (First + Last) DV 2;
MergeSort (First, Mddle, Table);
MergeSort (M ddle + 1, Last, Table);
Merge(First, Last, Table);
END;
END;, { MergeSort }

The Pascal implementation of this algorithm is shown in Figure 9.9 which
shows procedure Mer geSor t , which contains Mer ge as an internal procedure.
The fact that it is a recursive procedure requires no special indication in the
Pascal program.
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Another Merge Sort: the Von Neumann Sort

Let’s now look at another sorting algorithm based upon the idea of merging but,
this time, without recursion. This will allow us to introduce a couple of new
features of Pascal. This algorithm was originally developed on some ideas by
John von Neumann, the inventor of the stored program concept, and so we will
name it Von Neunann Sort .

The Von Neurmann Sort makes use of an auxiliary storage array of the same
size as the original data array. During each major iteration, the data are
copied from one data area, the “source”, to the other, the “target”, the
direction of copy reversing between iterations. Thus, during the first iteration,
the data are copied from the original data area, the “source”, to the auxiliary
area, which is the “target”. During the second iteration, the roles of the two
areas are reversed and the auxiliary area is the source, and the original data
area is the target.

We can imagine each data array to be laid out as a row of cells from left to
right with element 1 at the left and element n at the right. In the source area,
the data are treated as two ascending sequences one starting at the left and
going to the right and the other starting at the right and going to the left. The
diagram of Figure 9.10 represents the state at the beginning of an example sort
of ten digits.

Figure 9.10 Start of a Von Neumann sort

Source Target

I?I4I9I8I1I2I5I7I3I;JI I'I HEEEEEEN

The two arrows in the source area mark the beginnings of the data sequences to
be merged, and the arrow in the target area marks the cell into which the first
element will be copied. Merging continues until the two next available data
elements in the source are both less than the last copied element in the target.
The four diagrams of Figure 9.11 show successive steps in the merging process up
to the end of the first sequence.
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Figure 9.11 The Von Neumann sort

Source Target
[ef4fofefafofs[7[a] | fof [ [ [ [ ][]
I I !
[ef4fofefafofs]7] [ | fofsf [ [[ [ [ ]T]
I t !

[ [4fofefafofs]7] [ | fofsfef [ [ [ [ []]
t t !
I I?I9I8I1I2I;‘>I [ [ | [ofsfef7] [ [ ]| I'I

The building of the first sequence stops because the next two available items in
the source area, 4 and 5, are both less than the last item of the sequence that
has been built in the target area, 7. Although the data is really copied, for
clarity, the diagrams show it as being moved. At this point, the next available
elements are treated as the beginnings of new sequences and merging continues,
forming a sequence that is built at the opposite end of the target area. In the
last diagram of Figure 9.11, the arrow in the target area has been moved to
show where the next sequence will be put.

This merging continues until the end of the next sequence is reached, as shown in
the three diagrams of Figure 9.12. As with the first sequence, when no more
merging is possible, a new sequence is started at the other end of the target area
as shown by the arrow.

Figure 9.12 Von Neumann sort

Source Target
L[ Tolsfsf2]s] [ [ | [ofsfefz{ | [ [ [ [4]
t t I
L1 Tolsfafo] [ [ [ ] [ofsfefzf | [ [ [s]4]
t t !
L] I%;Ill;l [ [ 1] IoI3I6I7IfI | [ofs]4]

Sequences are formed in the target area in this way until all the data have
been copied, at which point the source and target designations are
interchanged. This is shown in the three diagrams of Figure 9.13.
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Figure 9.13 End of Von Neumann sort

Source Target

LL [ [sfef [ LT ofsfef7fa] [ [o[s]4]
tt !

HEN ltltl [T T[] I0I3I6I7I2I8I'I9I5I4I

In the example, four sequences, (0, 3,9, 7), (4,5, 9), (2, 8), and (1) were
constructed in the target area. The process continues by merging these four
sequences to form two sequences in the newly designated target area. The
situation at the end of the second iteration is as shown in Figure 9.14 with two
sequences (0, 3,4, 5,6,7,9),and (1, 2, 8).

Figure 9.14 Result of first merge

Target Source

I'I HEEEEEEN I?I3I6I7I2I8I1I9I5I;I

These remaining two sequences are merged in the third iteration to produce the
last sequence of Figure 9.15.

Figure 9.15 End of Von Neumann sort

Source Target

I?I3I4I5I6I7I9I8I2I'1I I'I HEEEEEEN

Since there is only one sequence, the sort is complete. However, since the sorted
data are in the auxiliary data array, they must be copied back into the original
data array.

The sorting process will thus repeatedly copy sequences of data from the source
area to the target area until only one sequence was formed in the target, and
therefore the data is sorted. Finally, the data are copied back into the
original data area if necessary. Thus, we can sketch the algorithm in
pseudocode as:

Von Neumann Sort
Repeat
Merge Sequences
Until only one sequence copied
If sorted data is in auxiliary store
Copy data into original data array
End Von Neumann Sort

In the merging of data to form sequences, each iteration constructs a single
sequence in the target area, and looping continues until the end of the source
data is reached.
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Merge Sequences
Repeat
Merge One Sequence
Until data all copied from source to target
Count sequences
End Merge Sequences

In the process to generate one sequence, each iteration copies a data element and
the loop terminates when the source data elements cannot be part of the current
sequence.

Merge One Sequence
While data being copied forms a sequence
Copy element from source to target
End Merge One Sequence

When we implement this in Pascal, we’ll naturally make three separate
procedures: VonNeumannSor t , Mer geSequences, and Mer geOneSequence,
as shown in the complete program of Figure 9.16.

Figure 9.16 Program Von Neumann Sort

PROGRAM Test VonNeunannSort ;
(* Test von Neunann sort *)
USES Sort EnvlLi b;

TYPE Dat aArrayPoi nt er
I ncDecProc

ADat aArrayType;
PROCEDURE( VAR X: | NTEGER);

VAR Dat a: Dat aArrayType;

PRCCEDURE | ncr (VAR X: | NTEGER);
(* I'ncrement X *)
BEG N
X:= X+ 1
END, { Incr }

PROCEDURE Decr (VAR X: | NTEGER);
(* Decrement X *)
BEG N
X:=X-1;
END, { Decr }

PROCEDURE Mer geOneSequence( Sour ce:
Dat aAr r ayPoi nt er;
Target:
Dat aAr r ayPoi nt er;
VAR Left Source: | NTECGER;
VAR Ri ght Sour ce: | NTEGER;
VAR Tar get | ndex: | NTEGER;
I ncDec: IncDecProc);
(* Merge one ordered increasing sequence in Target from



384 Chapter 9  Algorithms to Run With

Source left and right *)
VAR PrevVal ue: | NTEGER
Done: BOOLEAN,
BEG N
Done : = FALSE;
| F Sour ce”[ Left Source] <= Source”[ Ri ght Source] THEN
BEG N
Tar get [ Tar get | ndex] := Source”[Left Source];
| NC( Left Source);
END
ELSE BEA N
Tar get *[ Tar get | ndex]
DEC( Ri ght Sour ce) ;
END;
PrevVal ue : = Target [ Target | ndex] ;
I ncDec( Tar get | ndex) ;
WHI LE (Left Source <= Ri ght Source) AND NOT Done DO BEA N
| F (Source”[ LeftSource] < PrevVal ue) AND
( Sour ce™[ Ri ght Source] < PrevVval ue) THEN
Done := TRUE { end of current sequence }
ELSE BEA N
| F (Source”[ Left Source] >= PrevVal ue) AND
( Sour ce™[ Ri ght Source] >= PrevVal ue) THEN
| F Sour ce”™[ Left Source] <= Source”[ Ri ght Source]
THEN BEG N

Sour ce™[ Ri ght Source] ;

Tar get [ Target | ndex] := Source”[Left Source];
I NC( Left Source);
END
ELSE BEA N
Tar get *[ Tar get | ndex]
DEC( Ri ght Sour ce) ;
END
ELSE | F Source”[ Left Source] >= PrevVal ue THEN BEGA N
Tar get [ Target | ndex] := Source”[Left Source];
I NC( Left Source);
END
ELSE BEA N
Tar get [ Tar get | ndex] := Source”[ Ri ght Source];
DEC( Ri ght Sour ce) ;
END;
PrevVal ue : = Target [ Target | ndex] ;
I ncDec( Tar get | ndex) ;
END;, { IF}
END; { WHILE }
END; { MergeOneSequence }

Sour ce™[ Ri ght Sour ce] ;

PROCEDURE Mer geSequences( Source: DataArrayPointer;
Target: DataArrayPointer;
VAR Count: | NTEGER);

(* Repeatedly create ordered sequences from Source
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into Target alternatively left and right *)
VAR Left Source, RightSource: |NTECER;
Left Target, Ri ghtTarget: |NTEGER

BEG N
Count 1= 0;
Lef t Sour ce = 1;
Ri ght Sour ce : = MaxDat a;
Lef t Tar get = 1;
Ri ght Target := MaxDat a;

WHI LE Left Source < Ri ght Source DO BEGA N
IF (Count MOD 2) = 0 THEN{ left in Target }
Mer geOneSequence( Source, Target, Left Source,
Ri ght Sour ce, LeftTarget, Incr)
ELSE { right in Target }
Mer geOneSequence( Source, Target, Left Source,
Ri ght Sour ce, Ri ght Target, Decr);
I nc(Count);
END;
END;, { MergeSequences }

PROCEDURE VonNeumannSort ( VAR Dat a: Dat aArrayType);
(* Sort Data in increasing order by nerging sequences.
At each pass Source and Target exchange roles *)

VAR Wor ki ngSt ore: Dat aArrayType;
Source, Target, Tenp: DataArrayPointer;
SequenceCount, |ndex: | NTEGER,
BEG N
Source : = Addr(Data);
Target := Addr (WorkingStore);
Mer geSequences( Sour ce, Target, SequenceCount);
VWH LE SequenceCount > 1 DO BEG N
Tenp : = Source;
Source := Target; { exchange Source and Target }
Target := Tenp;
Mer geSequences( Sour ce, Target, SequenceCount);
END;
| F Target <> Addr(Data) THEN
Source™ := Target”; { result nust be in Data }
END; { VonNeunannSort }

BEG N { Test VonNeunannSort }
RandonDat a( Dat a) ;
WiteLn(' Oiginal data');
Li st Dat a( Dat a) ;
WiteLn;
VonNeunmannSort ( Dat a) ;
WitelLn(' Sorted data');
Li st Dat a( Dat a) ;
WiteLn;
| F IsMbnotoni c(Data, Up) THEN
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WitelLn('Data is correctly sorted')
ELSE
WitelLn('Data is NOT correctly sorted');
END. { Test VonNeumannSort }

In order to make it easy to interchange source and target designations, pointers
are used, even though the two data areas are not dynamic variables created
with the procedure New. We define a data type:

TYPE Dat aArrayPoi nter = "~Dat aArrayType;
and then declare two pointers:

VAR Source, Target: DataArrayPointer;

We now need to make these two pointers reference the source data array and
the auxiliary data array. There is a standard Pascal function Addr, which
takes an ordinary variable as a parameter and returns its memory location
(address), which can then be assigned to a pointer.

Addr (Dat a) ;
Addr (Wor ki ngSt ore) ;

Once this has been done, Sour ce and Tar get can be used to address the two
storage areas. At the end of each major iteration, the direction of transfer can
be reversed by simply interchanging the values of Sour ce and Tar get . Note
the way in which an element of an array is referenced:

Sour ce :
Tar get

Sour ce[ Lef t | ndex]

because Sour ce is a pointer, but Sour ce” is an array. Another point to note in
this sort procedure is that the index in the target is either incremented or
decremented after each value is copied depending whether we are working at
the left or right end of the target area. This is achieved by passing either
procedures | ncr or Decr to the procedure type parameter | ncDec, another
example of the usefulness of the procedure type.

The complete procedures are given in program Test VonNeurmannSort .
Procedure VonNeunmannSor t follows the pseudocode given above. Procedure
Mer geSequences also follows the pseudocode, albeit with much more detail.
Procedure Mer geOneSequence is the only really complicated procedure in the
program. Although it corresponds to the pseudocode, the logic to decide what
to copy and when to finish is difficult to follow. To understand it, just make sure
you identify the various cases. The first | F just chooses the first value of the
sequence. Inthe WHI LE, the first | F tests for the end of the sequence, and if it is
not, determines what value to copy in the target.

The result from a run of this program is shown in Figure 9.17.

Figure 9.17 Output of program TestVonNeumannSort

Oiginal data
483 355 823 758 964 654 78 158 372 286
917 351 711 661 274 581 60 667 442 220
82 270 469 976 990 369 202 591 340 403
141 909 127 517 294 128 545 65 807 310
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387

576
521
167
596
926

11

Sort ed

3
127
202
274
355
454
556
653
713
829

933
406
624
480
603
308

data
11
128
220
286
369
469
566
654
717
909

799
225
251
271
676
520

17
134
222
294
372
480
576
656
747
917

86
222
950
497
694
378

60
138
223
294
373
483
581
661
758
926

382
138
262
747
185
454

65
141
225
308
378
497
591
667
782
933

Data is correctly sorted

566
825
245
656
115
556

78
158
245
310
382
506
596
676
799
950

653
814
782
134
181
373

82
166
251
314
387
517
603
688
807
964

50
506
623
713

3
314

84
167
262
326
403
520
621
694
814
976

387
999
223
717

84
688

86
181
270
340
406
521
623
706
823
990

706
621
166
829
326

17

115
185
271
351
442
545
624
711
825
999

9.4 Searching

Binary Search

In Chapter 8, we showed a tiny data-base program, Retri eve, that searched
an array to find a key or pattern. It did this search in a linear way, beginning

at the first item of the array, and ending at the last item. If, however, data in
the array had already been sorted, then the binary search method could have

been used, as described in Chapter 9 of the Principles volume. This binary

search, or bisection method, first tests the value at the midpoint of the array to
determine in which half of the array to carry on the search. It continues this
way until the key is found, and its position is returned in the parameter M d, or
until it is known that the key cannot be matched in the array and 0 is returned

inM d.

The program Test Bi nar ySear ch in Figure 9.18, contains a procedure
Bi nSear ch, which performs a binary search on an array of sorted data. In

order to obtain some test data, the procedure RandonDat a from Sor t EnvLi b is
first used to produce the data and then the procedure Bubbl eSor t , seen earlier
in this chapter, is used to sort the data.

Figure 9.18 Program TestBinarySearch

PROGRAM Test Bi nar ySear ch;
bi nary search procedure *)

(* Test
USES Sort EnvlLi b;

TYPE Range

0. . MaxDat a;
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PROCEDURE Bubbl eSort (VAR Dat a: DataArrayType);
(* Sort array Data in decreasing order *)
VAR Posn, Tenp: | NTECER,
Done: BOOLEAN,
BEG N
Done : = FALSE;
VWH LE NOT Done DO BEQ N
Done : = TRUE;
FOR Posn := 1 TO MaxData - 1 DO
| F Dat a[ Posn] < Data[ Posn + 1] THEN BEG N

Tenp . = Data[ Posn];
Dat a[ Posn] = Dat a[ Posn+1];
Dat a[ Posn + 1] := Tenp;
Done : = FALSE;

END;

END;
END; { Bubbl eSort }

PROCEDURE Bi nSear ch( A: Dat aArrayType; Low, High: | NTEGER,
Key: | NTEGER; VAR M d: | NTECGER);
(* Search decreasingly ordered array A for Key *)
BEG N
Md := (Low + High) DV 2;
VWH LE Low < Hi gh DO BEG N
IF AMd] < Key THEN { first half }
Hgh := Md - 1
ELSE
IF AAMd] > Key THEN { second half }
Low := Md + 1

ELSE BEA N { found }
Low := Md;
H gh := Md;
END;
Md := (Low + High) DV 2;
END;
IF AAMd] <> Key THEN { itemnot found }
Md := 0;

END; { BinSearch }

VAR Dat a: Dat aArrayType;
Sear chKey, | ndex: | NTECER;

BEG N

RandonDat a( Dat a) ;

Bubbl eSort (Dat a) ;

WitelLn(' Sorted data');

Li st Dat a( Dat a) ;

WiteLn;

Wite('Enter the search key: ');
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Read( Sear chKey) ;
Bi nSearch(Data, 1, MaxData, SearchKey, |ndex);
If I'ndex = 0 THEN
Wite('lt does not occur ')
ELSE
Wite('It is at position ', Index:3);
END. { TestBi narySearch }

The binary search algorithm is considerably faster than the linear search; it
takes an average time of Log,N compared to ¥. So when the size N is 1,000, a
binary search takes a time of 10 compared to 500 for a linear search. When N is
a million, a binary search takes a time of 20 compared to a linear search with a
time of 500,000. However, a binary search requires a sorted array to begin with.
So, if the array must be sorted each time a search is made, then a binary search
may not be the best.

In Chapter 9 of the Principles book, algorithm Fi nd Fi rst Mat ch, which
finds the first occurrence of a character string pattern in another character
string, was introduced and discussed. The algorithm is simple as it compares
repeatedly the characters of the string to the characters of the pattern.
However, it only compares the characters of the pattern to the characters of
the string until it finds a mismatch. Once a mismatch is found, the pattern is
moved forward in the string for another try. In order for the algorithm to stop
when finding the first match, we use a Boolean flag to indicate this condition
as soon as it happens.

This algorithm has the same effect as the standard Pascal function Pos. A
Pascal implementation of this algorithm is contained in program
Test Fi r st Mat ch in Figure 9.19.

Figure 9.19 Program TestFirstMatch

PROGRAM Test Fi r st Mat ch;

FUNCTI ON Fi ndFi r st Mat ch( Source, Pattern: STRI NG :
| NTEGER;
VAR Found, Equal: BOOLEAN,
S I ndex, P_Index: | NTEGER
BEG N
Found : = FALSE;
S Index := 1;
VWH LE (S_Index <= (Length(Source) - Length(Pattern)))
AND NOT Found DO BEQ N
Equal := TRUE;
P I ndex := 1;
VWH LE (P_I ndex <= Length(Pattern)) AND Equal DO
BEG N
| F Pattern[P_I ndex] <>
Source[ S Index + P_Index - 1] THEN
Equal := FALSE;
I nc(P_I ndex);
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END;
Found : = Equal;
I nc(S_I ndex);
END;
| F Found THEN

FindFirstMatch := S Index - 1
ELSE
Fi ndFi rst Match : = O;

END;, { FindFirstMatch }

VAR Text, Key: STRI NG
Position: | NTEGER
BEG N
WitelLn(' Enter string to be searched');
ReadLn( Text);
WitelLn(' Enter string to search for');
ReadLn( Key) ;
Position := FindFirstMatch(Text, Key);
IF Position = 0 THEN
WitelLn(' Pattern not in text')

ELSE BEA N
WitelLn(' Pattern starts at position ', Position: 3);
WitelLn(' Contai ned pattern = |"',
Copy(Text, Position, Length(Key)), '|');
END;

WitelLn(' Enter second string to search for');
ReadLn( Key) ;
Position := FindFirstMatch(Text, Key);
IF Position = 0 THEN
WitelLn(' Pattern not in text')

ELSE BEA N
WitelLn(' Pattern starts at position ', Position: 3);
WitelLn(' Contai ned pattern = |"',
Copy(Text, Position, Length(Key)), '|');
END;

END. { TestFirstMatch }

Program Test Fi r st Mat ch asks for a string, and then for a couple of patterns to
search for in that string. When a pattern is found, it is output from the string
using standard function Copy. Note that when outputting the value of a
substring for checking during program development, it is a good idea to bound it
with some marker, for example | , so that the presence of a blank can be easily
seen.

In procedure FindFirstMatch note that we use two Boolean variables, Equal to
signal a mismatch when checking for the pattern, and Found to signal the end
of the process. We use another standard function, Lengt h, to compute the
limits of the loops. Note that a Pascal STRI NGis really an array of characters
and therefore that its individual characters can be accessed using normal
subscripting techniques as in:
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| F Pattern[P_I ndex] <>
Source[S Index + P_Index - 1] THEN

The output from a typical run of program Test Fi r st Mat ch is the following.

Enter string to be searched

Now is the tinme for all good people to cone to the aid
of the party—t's party tine!

Enter string to search for

good

Pattern starts at position 25

Cont ai ned pattern = | good

Enter second string to search for

aiid

Pattern not in text

9.5 Implementing Stacks and Queues

StackLib: Stack as an Abstract Data Type

Stacks are used so often in computing that a Stack Abstract Data Type is
usually defined and implemented as a Pascal UNI T. This Abstract Data Type,
defined in Chapter 8 of the Principles book, is implemented here as UNI T

St ackLi b, shown in Figure 9.20. ThisUNI T essentially extends the Pascal
language by providing the St ackType and actions Cr eat e, Push, Pop, Enpt y
and Ful |

Figure 9.20 The StackLib unit
UNI T StackLi b;

| NTERFACE
CONST Hei ght = 30; { maxi num si ze }
TYPE RANGE = 1..Height;
Itemlype = CHAR
St ackType = RECORD
Top : RANGE;
Item ARRAY[ RANGE] OF Itenilype;
END;

PROCEDURE Cr eat e( VAR St ack: StackType );
(* Sets up stack, initially *)

PROCEDURE Push( VAR Stack: StackType;
X: ItenType );
(* Puts object X onto Stack *)

PROCEDURE Pop( VAR St ack: StackType;
VAR Y: |tenilype );
(* Takes object Y off Stack *)
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FUNCTI ON Enpty( St ack: StackType): BOOLEAN;
(* Shows if Stack is enpty *)

FUNCTI ON Ful | (Stack: StackType ): BOOLEAN;
(* Shows if Stack is full *)

| MPLEMENTATI ON

PROCEDURE Cr eat e( VAR St ack: StackType);
BEG N
Stack. Top : = Height;
END, { Create }
PROCEDURE Enpt y( St ack: StackType): BOOLEAN,
BEG N
| F Stack. Top = Hei ght THEN
Enpty : = TRUE
ELSE
Enpty : = FALSE;
END, { Enpty }
PROCEDURE Ful | (Stack: StackType): BOOLEAN;
BEG N
| F Stack. Top = 1 THEN

Full := TRUE
ELSE
Ful | FALSE;

END, { Full }

PROCEDURE Push( VAR Stack: StackType;
X ltenType);
BEG N
| F Full (Stack) THEN
Witeln(' FULL ")
ELSE BEG N
DEC( St ack. Top) ;
Stack. Iten] Stack. Top] := X
END;
END; { Push }

PROCEDURE Pop( VAR St ack: StackType;
VAR Y: |tentType);
BEG N
| F Enpty(Stack) THEN
WiteLn(' EMPTY ')
ELSE BEA N
Y := Stack.Itenf Stack. Top];
I nc(Stack. Top);
END;
END; { Pop }
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END. { StackLib }

The | NTERFACE part of St ackLi b describes the stack concisely. A stack

consists of two parts: an index indicating the top element position, and an array

of elements. Notice that the | t enilype is declared to be a character by:
Itemlype = CHAR;

If, at some later time, the items in a stack are to be | NTEGERs, REALS or other
types, this stack definition could still be used with a minor modification of this
one declaration. Of course after such a modification this UNI T and all other
units using St ackLi b would need to be re-compiled.

The | MPLEMENTATI ON part of StackLib contains the procedures describing the
actions on Stacks. These procedures are all self explanatory. Figure 9.21
presents program StackProg, that uses the Stack Abstract Data Type.

Figure 9 21 Program StackProg

PROGRAM St ackPr og;

USES St ackLi b;

VAR | nStack, QutStack: StackType;
Ch: CHAR

BEG N
Create(lnStack);
Creat e( Qut St ack) ;

(* I'nput characters onto stack *)
Wite('Enter letters end with $ ');
Read( Ch) ;
VWH LE Ch <> '$' DO BEG N

Push(1 nStack, Ch);

Read( Ch) ;
END;

(* Pour characters into another stack *)
WHI LE NOT Enpty(IlnStack) DO BEG N
Pop(I nStack, Ch);
Push( Qut St ack, Ch);
Wite(Ch);
END;
END. { StackProg }

Program St ackPr og reads characters and stores them in | nSt ack. Then the
characters are transferred from | nSt ack to Qut St ack, and also output. The
characters are output in reverse order of their input.

Other operations on stacks are possible. One rather useful action is Pour , a
procedure to move the contents from one Stack into another, which is shown in
Figure 9.22.
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Figure 9.22 Operation Pour

PROCEDURE Pour ( S1. StackType;
VAR S2: StackType);
VAR E: [tenType;

BEG N
WHI LE NOT Enpty(Sl1) DO BEA N
Pop(Sl, E);
{ Actions could go here }
Push(S2, E);
END;

END;, { Pour }

Notice that the contents of the second stack are in reverse order from what they
were in the first stack. A second operation of Pour is required if the order is to
be maintained. Notice also that the contents of the first stack are destroyed in
this pouring process: pouring is not copying.

Dynamic Stacks

One of the problems with implementing a stack with an array is that the
maximum size of the stack has to be fixed when the program is compiled. We
can escape from this problem by using dynamic variables and pointers to
implement our stack abstract data type. In this case, a stack will be
represented as shown in Figure 9.23.

Figure 9.23 A dynamic stack

Stack

Item 4 —t—| Item 3 ——=| Item 2 ——| Item 1

The pointer variable St ack will always point to the top element of the stack.
All our operations will be redefined, as they were in Chapter 9 of the
Principles book. The Pascal unit Dynami ¢St ackLi b implements the redefined
operations, and is shown in Figure 9.24.

Figure 9.24 Dynamic implementation of stacks

UNI T Dynanmi cSt ackLi b;

| NTERFACE
TYPE | teniType = CHAR
StackType = ~StackEl enent;
St ackEl emrent = RECORD
Val ue: |teniype;
Prev: StackType;
END;
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PROCEDURE Cr eat e( VAR St ack: StackType );
(* Sets up stack, initially *)

PROCEDURE Push( VAR Stack: StackType;
X: ltenType );
(* Puts object X onto Stack *)

PROCEDURE Pop( VAR St ack: StackType;
VAR Y: Iteniype );
(* Takes object Y off Stack *)

FUNCTI ON Enpty( St ack: StackType): BOOLEAN;
(* Shows if Stack is enpty *)

| MPLEMENTATI ON
PROCEDURE Cr eat e( VAR St ack: StackType);
BEG N
Stack := N L;
END, { Create }

PROCEDURE Enpt y( St ack: StackType): BOOLEAN,
BEG N
|F Stack = NIL THEN
Enpty : = TRUE
ELSE
Enpty : = FALSE;
END, { Enpty }

PROCEDURE Push( VAR Stack: StackType;

X: ltenType);
VAR Next: StackType;
BEG N
New( Next ) ;
Next ~. Prev = St ack;
Next ~. Val ue : = X;
St ack .= Next;

END;, { Push }

PROCEDURE Pop( VAR St ack: StackType;
VAR Y: |tentType);
VAR PrevTop: StackType;
BEG N
| F Enpty(Stack) THEN
WiteLn(' EMPTY ')
ELSE BEA N
Y : = Stack”. Val ue;
PrevTop : = Stack”. Prev;
Di spose( St ack);
Stack := PrevTop;
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END;
END; { Pop }

END. { Dynami cStackLib }

The changes to Cr eat e and Enpt y are obvious. Note that operation Ful | has
been eliminated, as the static limit on the size of the stack has disappeared.
Procedure Push is now extremely simple, adding an element in front of the
others. Operation Pop is as simple.

Queuelib

An abstract data type library for Queues can be constructed from arrays in much
the same way as the library for Stacks was constructed in the previous section.
However, it could also be constructed in another manner.

Since Queues are very similar to Stacks, it may be worth “inheriting” from
stacks some of the basic implementation for queues. This is done by using stacks
as the foundation on which to build an implementation of Queues. The main
difference between stacks and queues is in the way in which items are
“inserted” and “deleted”. If a queue is represented as a stack with the most
recently inserted item on the top, then the item to be removed by the Exi t Q
operation is at the bottom of the stack. In order to remove this item, the stack
must be “poured” into a temporary stack. The item to be removed is now at the
top of the stack and is popped. Finally, the temporary stack is poured back into
the original stack, to restore its original order. The procedure Exi t Qin library
QueueLib, shown in Figure 9.25, works in this way.

Figure 9.25 The abstract data type Queue

UNI T QueuelLi b;
| NTERFACE
USES St ackLi b;
TYPE QueueType = StackType;

PROCEDURE Cr eat eQ VAR Queue: QueueType);

(* Create a queue initially *)

PROCEDURE Enter Q VAR Q@ QueueType; X: Iteniype);

(* Add elenent X to queue Q *)

PROCEDURE Exit Q VAR Q QueueType; VAR Y: Iteniype);

(* Elimnate first element in queue Q and save in Y *)
FUNCTI ON Enpt yQ( Queue: QueueType): BOOLEAN,

(* Indicate if queue is enpty *)

FUNCTI ON Ful | Q Queue: QueueType): BOOLEAN;

(* Indicate if queue is full *)

| MPLEMENTATI ON



Section 9.5 Implementing Stacks and Queues 397

PROCEDURE Cr eat eQ VAR Queue: QueueType);
BEG N

Creat e( Queue) ;
END, { CreateQ }

PROCEDURE Enter Q VAR Q@ QueueType; X: Iteniype);
BEG N

Push(Q X);
END, { EnterQ }

FUNCTI ON Enpt yQ( Queue: QueueType): BOOLEAN,
BEG N

EnptyQ : = Enpty(Queue);
END; { EnptyQ}

FUNCTI ON Ful | Q Queue: QueueType): BOOLEAN;
BEG N

Full Q : = Full (Queue);
END, { FullQ}

PROCEDURE Exit Q VAR Q QueueType; VAR Y: Iteniype);
VAR Tenp: QueueType;
l: I tenType;
BEG N
Creat e(Tenp);
VWH LE NOT Enpty(Q DO BEQA N
Pop(Q 1);
Push(Tenp, 1);
END;
Pop(Tenp, Y);
VWH LE NOT Enpty(Tenp) DO BEG N
Pop(Tenp, 1);
Push(Q 1);
END;
END; { ExitQ}

END. { QueuelLib }

All of the other actions are virtually unchanged from their Stack counterpart:
Cr eat eQis really stack Cr eat e, and Ent er Qis actually Push. In the same
manner, the two functions Enpt yQand Ful | Qare implemented by their stack
counterparts, Enpt y and Ful | . Only procedure Exi t Qis built differently, but
uses Cr eat e, Push and Pop from St ackLi b.

The use of QueuelLi b is illustrated by program QueuePr og in Figure 9.26.

Figure 9.26 Program 9.26

PROGRAM QueuePr og;

USES Queueli b;
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VAR | nQueue, Qut Queue: QueueType;
Ch: CHAR
BEA N
CreateQ | nQueue);
Creat eQ Qut Queue) ;

(* I'nput characters onto queue *)

Wite('Enter letters ');

Wite(' end with $ ');

WiteLn;

Read( Ch) ;

VWH LE CH <> '$'" DO BEG N
Enter Q | nQueue, Ch);
Read( Ch) ;

END;

(* Pour characters into another queue *)
VWH LE NOT EnptyQ(| nQueue) DO BEA N
Exi t Q| nQueue, Ch);
Ent er Q Qut Queue, Ch);
Wite(Ch);
END;
END. { QueueProg }

Queues can also be implemented with dynamic variables and pointers in much
the same way as was done for Stacks in the previous section. Procedure Exi t Q
will be different as before, but this time instead of pouring the stack to get at
the item to be removed from the queue, the chain of pointers could be followed.
This new algorithm is shown in Figure 9.27.

Figure 9.27 Dynamic implementation of ExitQ

PROCEDURE Exit Q VAR Q QueueType; VAR Y: Iteniype);
VAR Current, Nextd der: QueueType;
BEG N
IF EmptyQ(Q THEN
WitelLn(' EMPTY ')
ELSE BEA N
IF Q'.Prev = NIL THEN BEG N
Y := Q. val ue;
Di spose(Q;
Q:= NL;
END
ELSE BEA N
Current := Q
VWH LE Current”™. Prev®. Prev <> NIL DO
Current := Current”. Prev,
Y := Current”. Prev”. Val ue;
Di spose(Current”™. Prev);
Current”™. Prev : = N L;
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END;
END;
END, { ExitQ}

Here, if the queue is not empty, a test is made to see whether there is only one
item in the queue, @*. Prev = NI L, if this is the case, the value is taken from
that item, the item is disposed of, and the queue is set to NI L to show that it is
empty. If there is more than one item, the chain of pointers is followed back
until Cur r ent points to the last but one element. Notice the double pointer
reference of:

VWH LE Current”™. Prev®. Prev <> NIL DO

When the last but one element is found, then the value in the last element is
reached and the last element is disposed of through Cur r ent ~. Pr ev by the
following statements.

Y := Current”. Prev”®. Val ue;
Di spose(Current”™. Prev);
Current™. Prev .= N L;

To help you understand this, you should follow the Exi t Qalgorithm through
to remove an item from the queue, using the diagram of Figure 9.28.

Figure 9.28 A dynamic queue

Queue

Last item to join queue

tem4 | ——=| Item3 | —3—e| Item2 | —p—=| ltem 1

d

Next item to leave queue

Big Cardinals

The standard | NTEGER type available in Pascal has values that are limited to
the range —32768 to 32767. Cardinal numbers are integers that are greater than
or equal to zero. If we attempted to represent a cardinal by an | NTEGER, its
value would be limited to the range 0 to 32767. However, we can define much
larger cardinals together with operations on them: this will be the BigCard
abstract data type, defined by the BigCardLib unit of Figure 9.29.

Big cardinal numbers, consisting of 100 or more decimal digits can be represented
in different ways. One way is to use arrays, and build the various BigCard
operations based on the arrays. Another way is to use already existing
libraries. We have followed this second approach, and have used stacks to
implement BigCards.
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Figure 9.29 The BigCardLib unit

UNI T Bi gCardLi b;

| NTERFACE
USES IntStackLib; { Integer stacks }

TYPE Bi gCard = StackType;
PROCEDURE Cr eat eBi gCar d( VAR BC. Bi gCard);
PROCEDURE ReadBi gCar d( VAR BC. Bi gCard);
PROCEDURE Wit eBi gCard(BC. BigCard);
PROCEDURE AddBi gCard( BCl, BC2: BigCard,;

VAR BC3: BigCard);

| MPLEMENTATI ON
PROCEDURE Cr eat eBi gCar d( VAR BC. Bi gCard);
BEG N

Create(BO);

END, { CreateBigCard }

PROCEDURE ReadBi gCar d( VAR BC. Bi gCard);
CONST EndLi ne = #13;
VAR Ch: CHAR;
Val : | NTEGER;
BEG N
Read( Ch) ;
WHI LE (Ch <> EndLine) AND (NOT Ful | (BC)) DO BEG N
{ Convert only the Char digits }
IF ("0 <= Ch) AND (Ch <= '9') THEN BEG N
Val := ORD(Ch) - ORD('0');
Push(BC, Val);
END;
Read( Ch) ;
END;
END;, { ReadBi gCard }

PROCEDURE Wit eBi gCard(BC. BigCard);
VAR C:. | NTEGER;
T: BigCard;
BEG N
Create(T);
Pour (BC, T);
WHI LE NOT Enpty(T) DO BEG N
Pop(T, Q);
Wite(C 1);
END;
END, { WiteBigCard }

PROCEDURE AddBi gCard( BCl, BC2: BigCard,;
VAR BC3: BigCard);
VAR Carry, T:. BigCard;
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A B, C S Sum |NTECER;
BEG N
Create(Carry);
Create(T);
Push(Carry, 0);
VWH LE (NOT Enpty(BCl)) OR (NOT Enpty(BC2)) DO BEA N
| F Enpty(BCl1) THEN

A:=0
ELSE
Pop(BC1, A);
| F Enpty(BC2) THEN
B:=0
ELSE
Pop(BC2, B);

Pop(Carry, O);

Sum:= A+ B + C

IF Sum < 10 THEN BEG N
Sum

0;

S
C:
END
ELSE BEA N
S := Sum - 10;
Cc:=1;
END;
Push(T, S);
Push(Carry, O;
END;
Pop(Carry, O;
IF C=1 THEN
Push(T, ©;
C ear (BC3);
Pour (T, BC3);
END; { AddBi gCard }

END. { BigCardLib }

The unit Bi gCar dLi b, shown in Figure 9.29, indicates it uses | nt St ackLi b,
which was derived from St ackLi b by modifying the definition of | t eniType
to be | NTEGER, and by adding operationsCl ear (to empty a stack) and Pour .
InBi gCar dLi b, the type Bi gCar d is defined to be type St ackType.
Similarly, Cr eat eBi gCar d is a renaming of the Cr eat e procedure in

St ackLi b.

Reading very large cardinals can be inconvenient, so it would be useful to be able
to separate every three digits with a comma or a blank as in the following 60
digit prime number:

108, 488, 104, 853, 637, 470, 612, 961, 399, 842, 972, 948, 409, 834, 611,
525, 790, 577, 216, 753

Procedure ReadBi gCar d accepts such sequences of characters as input, beginning
with the most significant digits. The characters representing non digits
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(commas or blanks) are ignored, leaving only the numeric digits in stack BC
with the least significant value at the top, ready to be added.

Wit eBi gCard is a procedure that first reverses the order of the digits of a
given Bi gCar d BC by pouring it into a temporary stack T. This puts the most
significant digit of the number at the top of the stack; it then outputs this stack
digit by digit, putting them back on the original stack as it does so.

AddBi gCar d is an implementation of the diagram shown in Chapter 8 of the
Principles book (Fig. 8.44). It uses four stacks BC1, BC2, BC3 andCarry. Itis
assumed that the Bi gCar ds have been read into BC1 and BC2 by

ReadBi gCar d, which leaves the least significant digits at the top of each
stack. Carry is a small stack that is initialized to a value of zero.

The way in which this adder works is to pop the values A and B from the top of
the two input stacks, and to add these together with the value Cfrom the

Car ry stack. If the Sumof these three is less than 10, then this Sumis sent to
the output stack BC3 otherwise a carry value of 1 is pushed onto the Car ry
stack and (Sum - 10) is pushed onto the output stack BC3. This process of
popping from the input stacks, and creating an output stack continues until both
input stacks are empty.

If the Bi gCar d operands to the adder are of different lengths, then one stack
will become empty before the other. If the empty stack is still popped an error
message would be output. For this reason a test is made before each pop, and a
value of zero is used in the addition if the stack is empty. This corresponds to
representing a number by appending any number of zeros before that number.

An alternative way to handle this problem of different length Bi gCar ds would
be to modify the IntSt ackLi b procedure Pop to produce the value 0 when the
stack is empty. This change would make the AddBi gCar d algorithm slightly
shorter, but the modification of a general stack ADT for solving a particular
problem is not good programming practice.

Figure 9.30 shows an example program using BigCardL.ib.

Figure 9.30 Program BigCardProg

PROGRAM Bi gCar dPr og;
USES Bi gCar dLi b;
VAR X, Y, Z:. BigCard,

BEG N
Creat eBi gCard(X);
CreateBi gCard(Y);
Creat eBi gCard(2);
Wite('Enter a big value: ");
ReadBi gCar d( X) ;
Wite('Enter a big value: ");
ReadBi gCar d(Y);
AddBi gCard( X, Y, 2);
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WiteBigCard(2);
END. { BigCardProg }

Other operations on BigCards must be added to BigCardLib. These include the
remaining arithmetic operations, as well as various moves and comparisons.
Such new operations are like CopyBi gCar d( A, B) to copy the value of Aonto
B, and Equal (A, B), a BOOLEAN function that compares any two Bi gCar ds
and returns a value of TRUE, when the Bi gCar ds are of the same size and have
identical digits. A procedure Assign(S, L, V) can be written to assign the
content of string S having length L to the Bi gCar d variable V. It provides a
way of creating constant Bi gCar ds. These and the other arithmetic operations
should be added to Bi gCar dLi b.

SetLib: Stack of Strings

As a final example of a useful library that involves data structures, we present
Set Li b. It ties together many concepts of this chapter and the previous one,
showing how easy it is to “grow” libraries by making use of other libraries as
building blocks.

Previously, sets have been restricted to a fixed number of small enumerated
elements. This could be sufficient for some needs, but it is very restrictive for
others. In this example, we will consider a more general type of sets—sets of
strings. The string set elements could be numbers, words, quotes, or any
combinations of these.

String set elements could, for example, involve people with detailed but
“unstructured” descriptions such as:

"Abl e, John (818)885-3399 #1234 Zi p=91330 Male, etc. "
"Charlie, Female Very Tall (123)456-7890 Vol |l eyball"
"Bob Baker #5678 Mal e Bl onde (818)349-4296 Born: 670312"

Sets of strings of various lengths could be stored externally in files. Internally
they could be implemented in a number of ways: arrays of strings, stacks of
strings, arrays of records, etc. The order of occurrence of elements in a set is not
significant and the order of items in a stack is also not significant, so an
implementation of sets based on stacks seems all right and will be done here.
You are encouraged to try other implementations.

Figure 9.31 Unit SetLib

UNI' T SetLib;
(* Sets of character strings *)
| NTERFACE

USES Str St ackLi b;

TYPE El t Type
Set Type

ItenType; { Itens are Strings }
St ackType;
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PROCEDURE Cr eat eSet (VAR S: Set Type);

PROCEDURE ReadSet (VAR S: Set Type);

PROCEDURE WiteSet(S: SetType);

PROCEDURE I ntersect (X, Y : SetType; VAR Z: SetType);
FUNCTION | sEnmpty(S: Set Type): BOOLEAN;

| MPLEMENTATI ON

PROCEDURE Cr eat eSet (VAR S: Set Type);
BEG N

Create(S);
END, { CreateSet }

PROCEDURE ReadSet (VAR S: Set Type);
VAR A EltType;

1 | NTEGER,
Ch: CHAR
BEG N
Create(S);
Wite(' How nany ? ');
Read(1);
Read( Ch) ;
VHLE |l > 0 DO BEG N
Read( A) ;
Push(s, A);
Dec(1);
END;

END;, { ReadSet }

PROCEDURE WiteSet(S: SetType);
VAR A: EltType;
BEG N
WHI LE NOT Enpty(S) DO BEG N
Pop(S, A);
WitelLn(A);
END
END, { WiteSet }

PROCEDURE I ntersect (X, Y : SetType; VAR Z: SetType);
VAR |, J: EltType;
T. Set Type;
BEG N
Create(T);
VWH LE NOT Enpty(X) DO BEA N
Pop(X, 1);
VWH LE NOT Enpty(Y) DO BEA N
Pop(Y, J); Push(T, J);
IF 1 =J THEN
Push(z, 1);
END;
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WHI LE NOT Enpty(T) DO BEG N
Pop(T, J);
Push(Y, J);
END;
END;
END, { Intersect }

FUNCTION | sEnmpty(S: Set Type): BOOLEAN;
BEG N

| sEnpty : = Enpty(S);
END;, { IsEnpty }

END. { SetLib }

The unit Set Li b, shown in Figure 9.31, uses St r St ackLi b which is derived
from St ackLi b in the same way that | nt St ackLi b was derived from

St ackLi b. The type of |t enType was changed from CHARto STRI NG In

Set Li b, I t enilype is renamed El t Type (for Element Type), and St ackType is
renamed Set Type.

Only the operations Cr eat eSet , ReadSet , Wit eSetl| nt ersect and

| sEnpt y are described here. Other operations, including Uni on, Di f f er ence,
I ncl ude, Excl ude, Set Si ze, Equal Set, |1 sEl t OF, 1 sSet O, | sEnpt y, must
be added later.

Figure 9.32 Program SetProg

PROGRAM Set Pr og;

USES Set Li b;
VAR R S, T: SetType;
BEG N

CreateSet (R);
CreateSet(S);
CreateSet(T);
ReadSet (R);
ReadSet (S) ;
Intersect(R, S, T);
Wite(' Cormmon ones: ');
WiteLn;
WiteSet(T);

END. { SetProg }

The simple program Set Pr og, shown in Figure 9.32, creates three string sets,
reads in two string sets, finds their intersection and outputs the resulting
intersection. Notice that there is no reference to strings or stacks that underlie
these Sets; such details are hidden. This shows the power of using libraries!
We have “adopted” rather than “inherited” the important aspects of other
libraries into our own libraries. The output from a typical run of Set Pr og is as
follows:

How nany el enents in the set? 3
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9.6 Trees

first

second

third

How many el enments in the set? 2
third

fourth

El enents conmon to both sets:
third

Files of strings like the above three examples could be used to create sets
having various characteristics such as:

A = Set of all those in area code 818
B = Set of all Males
C = Set of all Males in area code 818

Another important procedure would be Bui | dSet, that builds a Set of strings
that contain a given substring. For example,

Bui | dSet (Fil el, A, "(818)") adds all strings from Fi | el having
the given area code

Bui | dSet (Fil el, B, "Male") adds all strings from Filel having
the pattern Mal e

From these two sets, the third set Ccan be determined as the intersection of the
other two by the call

Intersect(A B, O;

In Chapter 9 of the Principles book, we discussed briefly the representation of
trees. As we already mentioned in that chapter, the most convenient way to
represent a tree is through the use of pointers. We can represent a node in a
binary tree by a record that contains the value associated with the node and
two pointers, Left and Ri ght, which point to the left and right sub-trees of
the node.

One of the applications of such a binary tree is as a method of sorting. First the
items to be sorted are read in and the binary search tree constructed, and then
the tree is “traversed” to get the values out in increasing order. The following
is a step by step description of how a binary search tree might be built to store
the following sequence of digits:

64981257 3.

The digit 6 is read; since it is the @
first, it becomes the root node, at this
stage the only node of the tree.
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The digit 4 is read, since it is less
than 6, it is made into a node
attached to the left branch of the root
node

The digit 9 is read, since it is greater
than 6, it is made into a node
attached to the right branch of the
root node.

S
o o

The digit 8 is read, since it is greater
than 6, the right branch is followed;
it is less than 9, the value of the next
node reached, and is made into a node
and attached as the left branch of
this node.

(=)

(=

The digit 1 is read, since it is less
than 6, the left branch is followed,
since it is less than 4, it is put into a
node attached to the left branch of
this node.

The digit 2 is read, since it is less
than 6, the left branch is followed,
since it is less than 4, the left branch
is followed, since it is greater than 1,
it is made into a node attached as the
right branch of this node.

The digit 5 is read, since it is less
than 6, the left branch is followed,
since it is greater than 4, it is made
into a node and attached as the right
branch of this node.
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The digit 7 is read; since it is greater
than 6, the right branch is followed;
since it is less than 9, the left branch
is followed; since it is less than 8, it is
made into a node attached as the left
branch of this node.

The digit 3 is read; since it is less
than 6, the left branch is followed;
since it is less than 4, the left branch
is followed; since it is greater than 1,
the right branch is followed; since it
is greater than 2, it is made into a
node attached as the right branch of
this node.

Now, having put the numbers into a binary search tree as we just described, we
must bring them out in ascending order. The output algorithm that we will use
is recursive and similar to the Traversal algorithm we introduced in Chapter 9
of the Principles book.

Traverse(Tree)
If Tree not empty
Traverse left sub-tree
Output Node
Traverse right sub-tree
End Traverse

The tree that we have just constructed is output following this algorithm as
shown by the following trace.

Traverse left sub-tree
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Traverse left sub-tree

(4

Traverse left sub-tree
Nothing to traverse
Output node
Output 1
Traverse right sub-tree

Traverse left sub-tree
Nothing to traverse
Output node
Output 2
Traverse right sub-tree

Traverse left sub-tree
Nothing to traverse
Output node
Output 3
Traverse right sub-tree

Nothing to traverse

Output node
Output 4
Traverse right sub-tree

Traverse left sub-tree
Nothing to traverse
Output node
Output 5
Traverse right sub-tree

Nothing to traverse
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The rest of the tree is output continuing to follow the same recursive algorithm.

Program Tr eeSor t , in Figure 9.33, shows a Pascal implementation of the
process just described.

Figure 9.33 Program TreeSort

PROGRAM Tr eeSort ;

TYPE Tr eePoi nt er
Tr eeEl ement

ATr eeEl enent ;

RECORD
Val ue: | NTEGER,;
Left: TreePointer;
Ri ght: TreePointer;

END;

PROCEDURE Tr eeTraver se( Current Node: TreePointer);
BEG N
I F Current Node <> NIL THEN BEG N
TreeTraver se( Current Node”. Left);
Wi telLn(Current Node”. Val ue: 4);
TreeTraver se( Current Node™. Ri ght);
END;
END; { TreeTraverse }

PROCEDURE Bui | dTr ee( VAR TreeRoot: TreePointer);
VAR Current, Node, Next: TreePointer;
NewVal ue, Termi nal Val ue: | NTEGER;
BEG N
TreeRoot := NIL;
Wite('Enter terminal value ');
Read( Ter mi nal Val ue) ;
WiteLn(' Enter values termi nated by terminal value');
Read( Newval ue) ;
VWH LE Newval ue <> Term nal Val ue DO BEG N

New( Node) ;

Node”. Val ue : = NewVval ue;

Node”. Lef t = NL;

Node”. Ri ght := NL;

IF TreeRoot = NIL THEN
TreeRoot : = Node

ELSE BEG N

Next := TreeRoot;
VWH LE Next <> NIL DO BEG N
Current := Next;
I F Node”. Val ue < Current”. Val ue THEN
Next := Current”. Left
ELSE
Next

Current”. Ri ght;
END;
I F Node”. Val ue < Current”. Val ue THEN
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Current”. Left := Node
ELSE
Current”. Ri ght := Node;
END;
Read( Newval ue) ;
END;

END; { BuildTree }
VAR Root: TreePointer;

BEG N
Bui | dTree(Root ) ;
WitelLn(' Sorted list is:');
TreeTraver se(Root);

END. { TreeSort }

Procedure Tr eeTr aver se is exactly as described by the pseudocode above.
Procedure Bui | dTr ee is more complex. The outer loop is repeated as long as
there are values to input. For each value read a new node is created. This node
is then inserted at the right place in the tree. To find the right place, the tree
is traversed by following left and right branches depending on the value to be
inserted.

9.7 Chapter 9 Review

This chapter offered many illustrations of the use of the data structures
described in the previous chapter. These data structures were illustrated with
Pascal programs that implemented the algorithms described in Chapter 9 of
the Principles book.

In particular, many different sorting algorithms were shown, one of which was
recursive. Some searching algorithms, both for linear lists and for patterns
within a string were also illustrated.

Libraries of various kinds were created, including | nt ArrayLi b, Conpl exLi b,
St ackLi b, QueueLi b, Mat ri xLi b and Set Li b. Different techniques for
representing stacks and queues were illustrated, including arrays and dynamic
variables, and structures linked by pointers.

Later, in following computer science courses on data structures, you will consider
and learn more details of such structures. For instance, stacks and queues will be
implemented in other ways. Trees and graphs, and other more “nonlinear”
structures will be introduced, implemented and analyzed.
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9.8 Chapter 9 Problems

1. StringLib

Implementa StringLi b unitthat is based on StackLi b and
whose | NTERFACE part is the following.

UNI T Stringli b;

| NTERFACE
USES St ackLi b;

CONST
MaxLen = 80; (* Longest length *)
EndStr = #0; (* End of String *)
EndLin = #13; (* Carriage return *)
TYPE

Strng = StackType;

PROCEDURE ReadStrng(VAR Str: Strng);
(* Read characters until a Return *)
(* Destroy any previous contents! *)

PROCEDURE WiteStrng(Str: Strng);
(* Display contents of a string *)

FUNCTI ON LenStrng(Str: Strng): | NTECGER;
(* Return the count of characters *)

PROCEDURE Assi gnSt r ng( Source: Strng;
VAR Destin: Strng);
(* Assign Source string to Destin *)

PROCEDURE Joi nStrng( Strl, Str2: Strng;
VAR Str3: Strng);
(* Joins 2 strings into a | ong one *)

PROCEDURE Sear chSt r ng( Str, Pat: Strng;
VAR Posn, Count: | NTEGER);
(* Search Str for a Pattern Pat *)
(* return a count of occurrences *)
(* return a position of |ast one *)
(* return O for no occurrences *)

FUNCTI ON Equal Strng(Strl, Str2: Strng): BOOLEAN,
(* Conpare two strings *)
(* Return TRUE if exactly equal *)
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(* in both size and al so content *)

END. { StringLib }
Create other procedures such as:
ConmpareStr (A, B, ©

where the result Cis:
0 if the two strings Aand B are identical

If the strings are not identical, then if the difference in ASCII value for
the first differing characters is positive—the first string comes after
the second string in ASCII ordering—the value of Cissetto 1,
otherwise it is set to - 1.

FromPat (Str, Pat, C

where the string Cis the substring of St r starting at the first occurrence
of Pat and continuing to the end of St r . If Pat does notoccurinStr, Cis
the null string.

AfterPat(Str, Pat, C

where the string Cis the substring of St r starting after the first
occurrence of Pat and continuing to the end of St r . If Pat does not occur
in St r, Cis the null string.

Bef orePat (Str, Pat, C)

where the string Cis the substring of St r starting at the beginning of
St r and continuing up to the first occurrence of Pat . If Pat does not occur
in St r, Cis the null string.

UptoPat (Str, Pat, C

where the string Cis the substring of St r starting at the beginning of
St r and continuing up to the end of the first occurrence of Pat . If Pat
does not occur in St r, Cis the null string.

Complete SetLi b

Complete the Set library shown in this chapter by providing
procedures for Uni on, Di f f er ence, | ncl ude, Excl ude, | sel t OF,
| sSet O, Equal El t, Equal Set, | sEnpt y and Set Si ze.

BinTreelLib

Create a binary tree library whose data are binary trees where each
node has a value and a left and right branch, and whose actions are
ReadTree, Wit eTree, Creat eNode, Set NodeVal ue,

At t achLef t Node, Att achRi ght Node, Det achLef t Node,

Det achRi ght Node, MoveTolLef t Node and MoveToRi ght Node.
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4.

StackUtilLib

Create the | MPLEMENTATI ON Part of the following Stack Utility
Library. Create also a program to test this Library.

UNI T StackUtil Lib;
(* Useful Uilities for Stacks *)

| NTERFACE
USES St ackLi b;

PROCEDURE Cl ear (VAR S: St ackType);
(* Renpve all items froma stack *)

PROCEDURE Reverse(VAR S: StackType);
(* Flip the entire contents of the stack *)

PROCEDURE Pour ( Source: StackType;
VAR Destin: StackType);
(* Dunp the Source Stack into the Destination
Stack *)

PROCEDURE Cop( Source: StackType; T:. Itenilype);
(* Show the itemat the top of a given stack *)

FUNCTI ON | sEqual (S, T:. StackType): BOOLEAN,
(* Return value TRUE when S and T are identical *)

END. { StackUtilLib }
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9.9 Chapter 9 Programming Projects

Queue Abstract Data Type

The following | NTERFACE part describes a Library of Queues. Create the
| MPLEMENTATI ON part. Then use this Library to illustrate some potential use
of queues.

UNI' T Queueli b;
(* A Queue inplenented as an Array *)

| NTERFACE
CONST Length = 50;

TYPE RANGE = 0..Length;
I tenifype = CHAR;

QUEUETYPE = RECORD
item ARRAY [ RANGE] OF |tenmlype;
Rear: RANGE; { Point of entry }
Front: RANGE; { Point of exit }
Size: RANGE, { bject count

END;

PROCEDURE Creat eQ VAR Q QUEUETYPE);
(* Set up a Queue initially *)

PROCEDURE Enter Q VAR Q QUEUETYPE; X: ItenType);
(* Put object X onto Rear *)

PROCEDURE Exit (VAR Q QUEUETYPE; VAR Y:Itenilype);
(* Renobve object Y fromthe front *)

FUNCTI ON Empt yQ( @ QUEUETYPE) : BOOLEAN;
(* I'ndicate no objects in Queue Q *)

FUNCTI ON Ful | Q@ QUEUETYPE): BOOLEAN
(* I'ndicate that Queue is filled *)

PROCEDURE Next ( VAR Poi nt: RANGE);
(* Bunp pointer to circular array *)

END. { QueuelLib }
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PES: Performance Evaluation of Sorts

The goal of this project is to study the time performance of programs using

Per f or mLi b with its two procedures St art Ti ne and Tel | Ti me. These two
procedures "sandwich" the part of a program that is to be evaluated.
StartTime begins the timing and TellTime indicates the time in “ticks” (1/60 of
a second) elapsed since this beginning.

UNI T Perf ornLi b;

| NTERFACE
PROCEDURE Start Ti me() ;

FUNCTI ON Tel | Ti me: LONG NT;

| MPLEMENTATI ON
USES Events;

VAR Ti meOF Starting: LONG NT;

PROCEDURE St art Ti me();
BEG N

TimeOFStarting : = TickCount();
END, { StartTime }

FUNCTI ON Tel | Ti ne(): LONGQ NT;
VAR Fi ni shTi me: LONG NT;
BEG N
Fi ni shTime : = TickCount();
Tell Tine := FinishTime - TineOStarting;
END, { Tell Tine }

END. { Perforniib }

Your project is to experiment with sort programs, to gain insights into the time
behavior of such algorithms. The following SwapSort is good as a starting
point. Use random numbers to create the arrays.

(* SwapSort *)
FOR1 := 1 TON1 DO
FORJ :=1 TON1 DO (* ORDER *)
IF A[J] > A[J+1] THEN (* SWAP *)

Temp : = A J];

A[J] := A[J+1];

A[J+1] := Tenp;
END (* IF *);

END (* FOR J *);
END *( FOR | *);

Experiment with this sort in the following ways:

a. Determine the time when the array size is varied, from 25 to 50, 100,
200, 400, 800, 1600. Sketch a plot of this. Note
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a. To avoid data pattern dependencies, you should run the sort against
many different sets of data.

b. since, for short lists, the time taken is too short to measure
accurately, you should do many runs and count the cumulative time and
then allow for the overhead.

The following loop is suggested:

StartTine();
FOR Count := 1 TO 100 DO
BEG N
RandonDat a( A) ;
DurmmyBubbl eSort (A);

END;
Overhead : = Tel I Time();
StartTine();
FOR Count := 1 TO 100 DO
BEG N

RandonDat a( A) ;
Bubbl eSort (A);
END;
SortTime := (TickCount() - Overhead) DIV 100;

DunmmyBubbl eSor t is a procedure with the same heading as
Bubbl eSor t but with an empty body.

Change the inner loop from N- 1 passes to N- | passes. Notice the effect
of this change.

Modify the program to stop when no swaps were made in a pass by,
counting the number of swaps in a pass. Note the effect and justify it.

Time Permitting

d.

Make SWAP as a procedure and see if that method of calling the
procedure causes much slowdown.

Modify the program to stop when no swaps were made in a pass by using
a logical variable to determine if a swap was made.

Modify the program to swap values that are some distance apart
(instead of being adjacent). This should produce an incredible effect!

Create one of the other 3 sorts (especially InsertSort, which is not done
in the book) and compare times.

Try any other modifications, variations, etc. like creating your own sort
(even a SlowsSort!).
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VS: Visual Sorts

The purpose of this project is to obtain some appreciation for the way in which
the various sort algorithms work by showing on the screen the data as it is
sorted.

UNI' T SortViewLi b;

| NTERFACE
USES
Sort EnvLi b, Screenl O, G aphics, QuickDraw,

PROCEDURE MakeW ndow;
PROCEDURE MakeSquar e( X, Y. | NTEGER,
VAR Square: Rect);
PROCEDURE Dr awDot ( X, Y: | NTEGER);
PROCEDURE Er aseDot (X, Y: | NTEGER);
PROCEDURE MoveDot ( FronX, Fron,
ToX, ToY: | NTEGER);
PROCEDURE ShowDat a( Dat aLi st: DataArrayType);
PROCEDURE Cl oseW ndow;
PROCEDURE Beep;
PROCEDURE Fr eeze;
PROCEDURE MakeSort Vi ewbDat a( VAR Dat alLi st :
Dat aArrayType);

| MPLEMENTATI ON

CONST

M n = 10;

Max = 350;

Left = 10;

Bottom = 10;

Ri ght = 310;

Top = 310;

Scale = (Right - Left) DIV MaxDat a;
Border = 2;

PROCEDURE MakeW ndow,

BEG N
OpenG aphi cWndow( M n, M n, Max, Max,
"Sort View);
Scd ear;

MoveTo(Left - Border, Bottom - Border);

Li neTo(Left - Border, Top + Border);

Li neTo(Ri ght + Border, Top + Border);

Li neTo(Ri ght + Border, Bottom - Border);

Li neTo(Left - Border, Bottom - Border);
END; { MakeW ndow }
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PROCEDURE MakeSquar e( X, Y: I NTEGER
VAR Square: Rect);
CONST Dot Si ze = 2;
BEG N
Square.top .= Scale * Y -
Dot Si ze + Bottom
Square. bottom:= Scale * Y +
Dot Si ze + Bottom
Square.left := Scale * X - DotSize + Left;
Square.right := Scale * X + DotSize + Left;
END; { MakeSquare }

PROCEDURE Dr awDot ( X, Y: | NTEGER);
VAR Sg: Rect;
BEG N
MakeSquare(X, Y, Sq);
Pai nt Oval (Sq) ;
END; { DrawDot }

PROCEDURE Er aseDot (X, Y: | NTEGER);
VAR Sg: Rect;
BEG N
MakeSquare(X, Y, Sq);
EraseOval (Sq) ;
END;, { EraseDot }

PROCEDURE MoveDot ( FronX, Fron,
ToX, ToY: | NTEGER);
BEG N
Er aseDot (FromX, Fron);
Dr awDot ( ToX, ToY);
END; { MoveDot }

PROCEDURE ShowDat a( Dat aLi st: DataArrayType);
VAR | ndex: | NTEGER
BEG N
FOR Index := 1 TO MaxData DO
DrawDot (1 ndex, Datalist[I|ndex]);
END; { ShowData }

PROCEDURE Cl oseW ndow;
BEG N

C oseG aphi cW ndow() ;
END;, { C oseW ndow }

PROCEDURE Beep;

BEG N
ScBeep(1);

END;, { Beep }
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PROCEDURE Fr eeze;
BEG N

ScFreeze;
END;, { Freeze }

PROCEDURE MakeSort Vi ewbDat a( VAR Dat alLi st :
Dat aArrayType);
VAR | ndex, Source, Dest, Tenp: |NTEGER

BEG N

FOR Index := 1 TO MaxData DO
Dat aLi st[ I ndex] := | ndex;

FOR Index := 1 TO 2 * MaxData DO BEG N
Source := (Randint() Md MaxData) + 1;
Dest := (Randlnt() Md MaxData) + 1;
Tenp . = Dat aLi st[ Source];
Dat aLi st[ Source] := Datalist[Dest];
Dat aLi st [ Dest] .= Tenp;

END;

END; { MakeSort Vi ewDat a }

END. { SortViewLib }

The library Sor t Vi ewLi b shown above contains the following procedures that
can be used to show the movement of data during a sort:

MakeW ndow:
Constructs a graphic window in which the diagram will be drawn

Dr awDot (X, Y: | NTEGER)
Draws a dot at the position X, Y in the graphic window.

EraseDot (X, Y: | NTEGER
Erases the dot at the position X, Y in the graphic window.

MoveDot (FronmX, Frony¥, ToX, ToY: |NTEGER)
Erases the dot at the position Fr onX, Fr onv, and draws a dot at
position ToX, ToY

ShowDat a(Dat aLi st: DataArrayType)

Plots one dot for each data value in Dat aLi st ; each value is plotted
with index of the value in the list as the x-coordinate and the actual
value of the item as the y-coordinate. Thus, if the value of the | th
data item is J, it will be represented by adotat |, J.

Cl oseW ndow
Closes and deletes the graphic window.

Beep
Sounds a tone on the terminal.

Freeze
Freezes the screen until it is released by depressing any key.

MakeSort Vi ewDat a( VAR Dat aLi st: Dat aArrayType)
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The data consists of the integer values 1. . MaxDat a arranged in
random order in Dat aLi st .

Enter and compile the library. Next enter and compile the following program.

PROGRAM Sor t Vi ewBubbl e;
USES Sort EnvLi b, Sort Vi ewlLi b;

VAR Dat a: DataArrayType;
Count, | ndex: | NTEGER

PROCEDURE Bubbl eSort (VAR Dat a: Dat aArrayType);
VAR Posn, Tenp: | NTEGER;
Done: BOCOLEAN,
BEG N
Done : = FALSE;
VWHI LE NOT Done DO BEG N
Done : = TRUE;
FOR Posn := 1 TO MaxData - 1 DO
| F Data[ Posn] < Data[ Posn + 1] THEN BEG N
MoveDot ( Posn, Data[ Posn], Posn+l1,
Dat a[ Posn] ) ;
MoveDot ( Posn+1, Data[ Posn+1], Posn,
Dat a[ Posn+1]) ;

Tenp = Dat a[ Posn] ;
Dat a[ Posn] : = Dat a[ Posn+1] ;
Dat a[ Posn + 1] := Tenp;
Done .= FALSE;

END;

END;
END; { Bubbl eSort }

BEG N
MakeW ndow;
MakeSort Vi ewbDat a( Dat a) ;
ShowDat a( Dat a) ;
Beep;
Freeze;
Bubbl eSort ( Dat a) ;
Beep;
Freeze;
Gl oseW ndow,
END. { Sort Vi ewBubble }

When the diagram starts, the data is a random set of dots on the screen. After
it has been sorted, all the dots lie on a diagonal line from bottom left to top
right. The way in which the dots move to reach their final position provides a
visualization of how the sort algorithm works. Study the way in which the
calls to the procedures in Sort Vi ewLi b have been put in Sor t Vi ewBubbl e
and construct similar programs to show the data movements for the other
sorting algorithms described in this chapter.
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Chapter 10 The Seven Step Method

This chapter implementations solutions as computer programs, and then

demonstrates how to verify the correctness of solutions through testing. To

reach this solution, the seven step problem-solving method- introduced in the
Principles book— will be reviewed and discussed. Although we’ll concentrate on
the implementation in Pascal of an already designed program, we cannot ignore

the design.
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10.1 Method: Part li

In Chapter 10 of the Principles book, you have seen a second and more thorough
presentation of the method for solving a problem with a computer, which was
introduced in Chapter 2 of the same book.

The preceding chapters have introduced you to a number of practical tools based
on the Pascal programming language. These will be helpful when you come to
the Coding and Testing step of the method. This step is only the fifth step of
the method, and that means that you must do the first four steps before starting
programming. We’ll review very briefly the seven step method here, as it was
already well covered in the Principles book.

When solving large problems with a computer, it is absolutely necessary to
design the solutions with great care, since rushing into the coding of a program
(step 5) before the solution has been carefully defined is a very common and big
mistake. The aim of this chapter is to review the implementation of solutions
as computer programs, and the verification of the correctness of the solutions
through testing.

The Seven Step Method

In Chapter 2 of the Principles book, we introduced a seven-step problem-solving
method, in order to help you make sure your solutions are well designed before
you start programming them.

The seven steps of the method are
1.  Problem Definition
2 Solution Design
3. Solution Refinement
4.  Testing Strategy Development
5 Program Coding and Testing
6 Documentation Completion
7.  Program Maintenance

The first four steps are usually grouped together as part of the Design stage,
while the last three steps belong to the Implementation stage. Although this
chapter is concerned mainly with Step 5, the Program Coding and Testing, we
will briefly review the other steps here so that Step 5 is seen in its proper
context. These steps will be illustrated by following through the complete
solution of a simple example.
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10.2 Design Stage: Acme Payroll System

1. Problem Definition

This step produces a precise description of the problem to solve. The three
major parts in the definition of the specifications is to determine

= what the input of the process is going to be,
= what output it is to produce
= and what the relationship between the two is.

Problem Definition Application

To illustrate all the steps, we’ll consider the problem of developing a new
computer system for the payroll of the Acmme Company, as we have done in the
Principles book.

The Acme Company payroll system must compute the pay of a list of hourly
paid employees based on a line of input data per employee. The input data is
kept in a file and each line of data corresponds to one employee and consists of
three integers (the number of hours worked in Xooths of an hour, the hourly
rate in cents, the number of dependents), followed by a character string (the
employee name). These data will have the following format:

3050 1025 8 Gabrotil M chael
The end of the data will be indicated by the end of the file.

The computation of the gross pay is done by multiplying the hours worked by
the hourly rate. Hours above 40 are to be paid one and a half times the normal
hourly rate. For each dependent, the employee gets an exemption of $20 for tax
withholding computation. Federal and state withholdings are computed by
applying rates of 18% and 3%, respectively, to the taxable amount. Social
security withholdings are computed by applying a 5% rate to the gross pay.
Net pay is computed by subtracting the various withholdings from the gross
pay. Results must be displayed on one line per employee: name, gross pay,
federal withholdings, state withholdings, social security withholdings, and
net pay, using the format

Gabrotil M chael 312.63 27.47 4.58 7.63 272.95

At the end of processing, a summary line with the totals of the various
withholdings and pay categories should be displayed, using a similar format,
so that the results are aligned with the preceding individual columns.

Input data must be validated before they are used. The following validity
ranges should be used.

The number of hours worked cannot be negative or greater than 55.
The hourly rate cannot be less than $3.50 or more than $16.50.
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The number of dependents cannot be negative or greater than 12,

2. Solution Design

In this step, we decompose the problem we have to solve into its major
components. We analyze the problem statement and divide it into a number of
subproblems. Each subproblem is itself then divided into smaller subproblems,
and this decomposition is continued until we have subproblems whose solutions
are simple and are easily converted into a computer program.

The result of the solution design step consists of the basic structural design for
the computer solution to the problem.

Solution Design Application

Based on the specifications for the Acme Payroll System developed in the
previous step, we define all the tasks that have to be done in order to produce
the payroll. This first level of decomposition is simple. The system will have
to:

< read in and validate the employees’ pay data,
= process the data and display the results for each employee
= display a summary of the payroll operation.

This leads us to the structure chart of Figure 10.1.

Figure 10.1 Structure chart for payroll system

Calculate
Payroll
N
Data Process an Display
Validation Employee Summary
[ . ]
Compute Accumulate
Withholdings ‘I and Display
refinement added

This structure chart corresponds to the following very high level pseudocode:

Calculate Payroll
Initialize
For each employee
Read and validate data
Process employee
Display summary
End Calculate Payroll
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In the structure chart Initialize does not appear, as it is so simple it is part of
the main program Calculate Payroll. Process employee is further broken down
into three sub-tasks:

Process employee
Compute Gross Pay
Compute Withholdings
Accumulate totals and display
results for employee
End Process employee

Here again, Compute Gross Pay does not appear on the structure chart because it
is so simple it does not justify a separate box.

3. Solution Refinement

Using the structure chart developed in the previous step as a starting point, we
refine this solution by adding more detail. Each box in the structure chart must
be converted into a detailed pseudocode algorithm. The specification of our
data interfaces between functions is made more detailed by giving precise
descriptions of the data, and also by using parameter lists for our algorithms.

Solution Refinement Application

At this stage we define data types for the variables used for input, major
processing, and output. We define a record variable, Employee Data, with
fields Name, of type String, and Hours, Rate and Dependents of type Integer.
We also specify simple Integer variables Gross Pay, State Tax, Federal Tax,
Soc Sec Tax, Net Pay, Gross Total, Soc Sec Total, Federal Total, State Total,
and Net Total. We also define a Boolean variable Valid Data to indicate the
result of the data validation.

Using pseudocode, we develop the algorithms for each functional part of the
solution.

Calculate Payroll
Display title and column headings
Set all totals to zero
While there are data to read
Input Employee Data
Data Validation(Employee Data, Valid Data)
If Valid Data
Process Employee(Employee Data, Totals)
Display Summary(Totals)
End Calculate Payroll

In order to simplify the pseudocode, we use collective names to represent groups
of variables. We develop pseudocode algorithms for the following structure
chart components:

Data Validation(Employee Data, Valid Data)
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Process Employee(Employee Data, Totals)

Compute Withholdings(Gross Pay, Employee Data,
Withholdings)

Accumulate and Display(Employee Data, Pay Data,
Totals)

The complete pseudocode for these components was developed in Chapter 10 of
the Principles book, and we won't copy it here, as the program code in step 5
below is more accurate.

4. Testing Strategy Development

Although we cannot test a program before it is written, it is important to devise
a plan for testing before actually coding the program. If we do this, developing
a testing strategy and the test cases that go with it will help us find errors in
the design.

Although the approach chosen for testing may be top-down, bottom-up, or a
combination of both, we'll concentrate on top-down testing. This means starting
the development of the program at the top of the structure chart and working
down component by component. This also means that we'll have to use program
stubs for the lower level components during the initial steps of development.
This way, the testing will be done in stages as the program development
progresses.

In stubs it is usual that a message indicating that the procedure has been called
is displayed. The stubs are later replaced by a complete procedure that
actually does the desired processing.

The result of this step is a description of the testing strategy, input data for all
test cases along with the corresponding expected output, and pseudocode for
stubs when necessary.

Testing Strategy Development Application
For our payroll program, we identify the various cases including abnormal
values (cases 1-3 below), and normal values (cases 4-8):
1.  Hours worked negative or greater than 55.
Rate less than $3.50 or greater than $16.50.
Number of dependents negative or greater than 12.
No overtime.
With overtime.
No dependents.
With dependents.
Zero hours.

G N o a b~ w D
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From these cases, we make up our test data.

Hour s Rate Dep. Nane
-10 400 2 hour s- negati ve
5510 400 2 hour s-too-1| ar ge
1050 349 2 rate-too-1|ow
1050 1651 2 rat e-t oo- hi gh
1050 400 -1 dependent s- negati ve
1050 400 13 dependent s-t oo- 1| arge
6000 100 3 hours-and-rate
6000 400 14 hour s- and- dependent s
1050 100 14 r at e- and- dependent s
6000 100 14 hour s-r at e- dependent s
4000 400 0 no-overti me- no- dep
4000 400 2 no-overtime-wth-dep
5500 400 0 max- overti ne- no-dep
5500 600 12 maxi mum hour s- and- dep
4000 1650 12 maxi mum r at e- and- dep
0 500 2 zer o- hour - and- dep
The expected results for these test data must be computed manually and given
here.
Invalid hours for hours-negative
Invalid hours for hours-too-I|arge
Invalid rate for rate-too-I|ow
Invalid rate for rate-too-high
Invalid dependents for dependents-negative
Invalid dependents for dependents-too-I|arge
Invalid hours for hours-and-rate
Invalid rate for hours-and-rate
Invalid hours for hours-and-dependents
Invalid dependents for hours-and-dependents
Invalid rate for rate-and-dependents
Invalid dependents for rate-and-dependents
Invalid hours for hours-rate-dependents
Invalid rate for hours-rate-dependents
Invalid dependents for hours-rate-dependents
Name Gross Fed State  Soc Net
no- overti me- no-dep 160.00 28.80 4.80 8.00 118.40
no-overtinme-w t h-dep 160.00 21.60 3.60 8.00 126.80
max- overti ne- no- dep 250.00 45.00 7.50 12.50 185.00
maxi num hour s- and- dep 375.00 24.30 4.05 18.75 327.90
mexi mum r at e- and- dep 660.00 75.60 12.60 33.00 538.80
zer o- hour - and- dep 0.00 0.00 0.00 0.00 0. 00
Total s 1605. 00 195.30 32.55 80.25 1296.90




Section 10.3  Implementation Stage: Acme Payroll System 431

10.3 Implementation Stage: Acme Payroll System

5. Program Coding and Testing

The actual computer program is coded from our pseudocode algorithms. Then,
using our testing strategy, we test the program. For large programs, using the
top-down approach, the coding will be done progressively, the various
components being coded with the necessary stubs, so that they can be tested
systematically. The programming and coding step is finished when all the
coding has been done and when all the test data have been correctly processed.

The results of this step are the program, able to run with a set of test data,
along with information on the testing that has been done.

The written program should follow some common guidelines for good
programming style.

Develop programs using a top-down approach so that they are well
structured, with procedures of reasonable size (not longer than a page or
two) and no large blocks of code.

Use the basic control structures (sequence, selection, repetition) to write
your code. The flow of control should be as straightforward as possible:
blocks of code should be entered only at the top and be exited only at
the bottom.

Strive for simplicity and clarity: there should be no “clever” coding
that makes the program hard to understand.

Use parameters to transfer information to and from procedures or
functions and do not use global data whenever possible.

Avoid side effects in functions, such as returning VAR parameters or
changing the value of global variables.

Declare variables as local as possible.

Use status VAR parameters to signal error conditions during execution of
a procedure or a function.

Use symbolic constants to improve readability and portability.

Each program should have an extensive preface, including a brief
statement of the problem, appropriate references to external documents,
name of the original programmer or team, date of the original
implementation, and a change log. The change log should have an
entry for each significant alteration of the program, including the date
of the change, the name of the person who made the change, and a brief
description of the change.

Each procedure or function should be documented in a similar manner.
Choose meaningful identifiers to improve program readability.
Use uppercase and lowercase letters to improve program readability.
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= Use blank lines to separate components, and use indentation to indicate
the flow of control that will be followed at runtime.

= Meaningful comments that explain the program should be included.
Difficult sections of code should contain explanatory comments. The
pseudocode developed earlier may sometimes be used as comments.

Case Study: The Acme Payroll System

The program of our case study provides an example that adheres to these
guidelines. We will develop it using a top-down approach. Our first version
will comprise the main program with stubs for the three main functions of
Figure 10.1.

PROGRAM Payr ol | ;

(*
(*
(*
(*
(*
(*
(*
(*
(*
(*
(*
(*

Thi s program conmputes the weekly pay of hourly paid *)
enpl oyees. It reads lines of data conprising for each *)
enpl oyee: hours worked, hourly rate, number of depen- *)
dents and nane of enployee. The validated data is then*)
used to conpute gross pay, federal w thholdings (18% *)
of taxable incone), state w thhol dings (3% of taxable *)
i ncome), social security withholdings (5% of gross pay)*)
and net pay, which are printed for each enpl oyee. At *)

the end of processing, the programprints the accu- *)
nmul ated totals of each category *)
*)

Philip Marcnotil Decenber 1993 *)

CONST Bl anks ' '

Title
Header

Conput ati on of weekly pay';
' Gross Fed State Soc Net ' ;

TYPE Tot al sType = RECORD

Feder al Total : LONG NT;

St ateTot al : LONG NT;
SSTot al : LONG NT;
G ossTot al : LONG NT;
Net Tot al : LONG NT;
END;
EnpRecor dType = RECORD
Nare: STRI NG,
Dependent s: LONG NT;
Hour s: LONG NT;
Rat e: LONG NT;
END;

PROCEDURE Dat aVal i dati on( Enpl oyeeDat a: EnpRecor dType;
VAR Val i dDat a: BOOLEAN) ;

(* Validation of hours, rate and dependents data *)

BEG N



Section 10.3  Implementation Stage: Acme Payroll System 433

Val i dData : = TRUE;
WitelLn(' DataVvalidation');
END;, { DataValidation }

PROCEDURE Pr ocessEnpl oyee( Enpl oyeeData: EmpRecordType;
VAR Total Li st: Total sType);
(* Processing of data for one enpl oyee *)
BEG N
WitelLn(' ProcessEnpl oyee');
END; { ProcessEnpl oyee }

PROCEDURE Di spl aySunmmary( Total Li st: Total sType);
(* Print a sunmary of the payroll conputation *)
BEG N

WitelLn(' D splaySummary');
END;, { DisplaySummary }

VAR Enpl oyee: EmpRecordType;
Val i d: BOCLEAN;
Dat aFi | e: TEXT;
Total s: Total sType;

BEG N
Assign(DataFile, 'Payroll.data');
Reset (Dat aFi | e) ;
WitelLn(Bl anks, Title);
WitelLn(Bl anks, Header);

W TH Total s DO BEG N
Federal Total := O;
St at eTot al
SSTot al
GrossTot al
Net Tot al .= 0;
END;

o n
eee

WHI LE NOT Eof (DataFile) DO BEG N
W TH Enpl oyee DO
ReadLn(Dat aFi |l e, Hours, Rate, Dependents, Nane);
Dat aVal i dat i on( Enpl oyee, Valid);
I F Valid THEN
ProcessEnpl oyee( Enpl oyee, Total s);
END;
Di spl aySumary( Tot al s) ;
Cl ose(DataFil e);
END. { Payroll }

This version can be compiled and run with our test data. It produces the
following output.

Conput ati on of weekly pay
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G oss Fed State Soc Net
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Dat aVal i dati on
Pr ocessEnpl oyee
Di spl aySumary

This shows that all the input data were read (16 lines of data) and that the
procedures were called in the right order. Our next version will develop code
for the three stubs: Dat aVal i dati on, ProcessEnpl oyee and

Di spl aySummary, and in so doing introduce three new stubs:

Conput eW t hhol di ngs, Accumnul at eAndDi spl ay andPri nt Dol | ars. The
last of these, Pri nt Dol | ar s, did not appear in the pseudocode version of the
program but was found necessary for the printing of monetary values during the
elaboration of the previous stubs.

PROGRAM Payr ol | ;

(* This program conputes the weekly pay of hourly paid *)
(* enployees. It reads lines of data conprising for each *)
(* enpl oyee: hours worked, hourly rate, nunmber of depen- *)
(* dents and nane of enployee. The validated data is then*)
(* used to conpute gross pay, federal withholdings (18% *)
(* of taxable incone), state w thholdings (3% of taxable *)
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i ncone),

and net pay,

the end of processing,

soci al
which are printed for each enpl oyee.
the programprints the accu-

security w thhol dings (5% of grosspay)*)

nmul ated totals of each category

*)
*)
*)
*)

(* Philip Marcnotil Decenber 1993 *)
CONST Bl anks ="' "
Title =" Conput ati on of weekly pay';
Header = ' G oss Fed State Soc Net '
TYPE Tot al sType RECORD
Feder al Total : LONG NT;
StateTot al : LONG NT;
SSTot al : LONG NT;
G ossTotal : LONG NT;
Net Tot al : LONG NT;
END;
EnpRecor dType = RECORD
Nane: STRI NG,
Dependent s: LONG NT;
Hours: LONG NT;
Rat e: LONG NT;
END;
PayRecor dType = RECORD
Nane: STRI NG,
Feder al Tax: LONG NT;
St at eTax: LONG NT;
SSTax: LONG NT;
G ossPay: LONG NT;
Net Pay: LONG NT;
END;
PROCEDURE Pri nt Dol | ar s( Amount, W dth: LONG NT);
(* Print dollar Amobunt with period and cents in *)
(* given Wdth *)
BEG N
Wite('PrintDollars ');
END, { PrintDollars }
PROCEDURE Dat aVal i dat i on( Enpl oyeeDat a: EnpRecor dType;

VAR Val i dDat a: BOCLEAN) ;

(* Validation of hours, rate and dependents data *)

CONST M nHours = 0;
MaxHours = 5500; (* 55 hours *)
M nRate = 350; (* $2.50 *)
MaxRate = 1650; (* $12.50 *)
M nDep = 0;
MaxDep = 12;

BEG N
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W TH Enpl oyeeData DO BEA N
Val i dDat a : = TRUE;

| F (Hours < M nHours) OR (Hours > MaxHours) THEN BEGQ N

Val i dDat a : = FALSE;
Witeln('lnvalid hours for ", Nane);
END;
IF (Rate < M nRate) OR (Rate > MaxRate) THEN BEG N
Val i dDat a : = FALSE;
Witeln('lInvalid rate for ", Nane);
END;
| F (Dependents < M nDep) OR
(Dependents > MaxDep) THEN BEG N
Val i dDat a : = FALSE;
Witeln('lnvalid dependents for ', Nane);
END;
END;

END;, { DataValidation }

PROCEDURE Pr ocessEnpl oyee( Enpl oyeeDat a: EnpRecor dType;

VAR Total Li st: Total sType);

(* Processing of data for one enpl oyee *)
CONST Nor mal Hours = 4000; { 40 hours }

Overtine 5; { 0.5 nornal rate }

VAR Pay: PayRecordType;

PROCEDURE Conput eW t hhol di ngs( Dependent s: LONG NT;
VAR Conmput edPay: PayRecordType);
(* Conputation of federal, state and *)
(* social security w thhol di ngs *)
BEG N
Witel n(' Conput eW t hhol di ngs');
W TH Conput edPay DO BEG N
Feder al Tax :
St at eTax
SSTax
END;
END;, { ComputeWthhol di ngs }

01
0;
0

PROCEDURE Accurmul at eAndDi spl ay( Conput edPay:
PayRecor dType;
VAR Total s: Total sType);
(* Accunul ation of totals of data and *)
(* printing of enployee data *)
BEG N
Witel n(' Accunul at eAndDi spl ay' ) ;
END; { Accunul at eAndDi spl ay }

BEA N { ProcessEnpl oyee }

Pay. Nane : = Enpl oyeeDat a. Nane;
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W TH Enpl oyeeData, Pay DO BEGQ N
G ossPay := Hours * Rate DIV 100;
{ Hours given in 0.01 of hour }
| F Hours > Nor mal Hours THEN
GrossPay := GrossPay + Overtine * Rate

* (Hours - Nornal Hours) DIV 1000;

{ Overtinme/10 and hours/ 100 }
Conput eW t hhol di ngs(Dependents, Pay);

Net Pay := GrossPay - Federal Tax - StateTax - SSTax;

Accunul at eAndDi spl ay(Pay, Total List);
END;
END; { ProcessEnpl oyee }

PROCEDURE Di spl aySunmmary( Total Li st: Total sType);
(* Print a sunmary of the payroll conputation *)

BEG N
W TH Tot al Li st DO BEG N
WiteLn;
Wite(' Totals ');
PrintDol | ars(GrossTotal, 9);
PrintDol | ar s(Federal Total, 9);
PrintDol | ars(StateTotal, 9);
PrintDol | ars(SSTotal, 9);
PrintDol | ars(Net Total, 9);
WitelLn
END;
END;, { DisplaySummary }

VAR Enpl oyee: EmpRecordType;
Val i d: BOCLEAN;
Dat aFi | e: TEXT;
Tot al s: Tot al sType;

BEG N
Assign(DataFile, 'Payroll.data');
Reset (Dat aFi | e) ;
WitelLn(Bl anks, Title);
WitelLn(Bl anks, Header);

W TH Total s DO BEG N
Feder al Tot al
St at eTot al
SSTot al
GrossTot al
Net Tot al

END;

L O | I | B 1|
coooo

WHI LE NOT Eof (DataFile) DO BEG N
W TH Enpl oyee DO
ReadLn(Dat aFi |l e, Hours, Rate, Dependents,

Nane) ;
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Dat aVal i dat i on( Enpl oyee, Valid);
I F Valid THEN
ProcessEnpl oyee( Enpl oyee, Total s);
END;
Di spl aySumary( Tot al s);
Cl ose(DataFil e);
END. { Payroll }

Note that procedures Conput eW t hhol di ngs and Accumnul at eAndDi spl ay
have been declared local to procedure Pr ocessEnpl oyee. This is to keep
things as local as possible, and also to keep as close as possible to the structure
shown in the structure chart. With our input data, this version of the program
produced the following output.

Conput ati on of weekly pay
Gross Fed State Soc Net

Invalid hours for
Invalid hours for
Invalid rate for
Invalid rate for
Invalid dependents for
Invalid dependents for
Invalid hours for
Invalid rate for
Invalid hours for
Invalid dependents for
Invalid rate for
Invalid dependents for
Invalid hours for
Invalid rate for
Invalid dependents for
Conput eW t hhol di ngs
Accumul at eAndDi spl ay
Conput eW t hhol di ngs
Accumul at eAndDi spl ay
Conput eW t hhol di ngs
Accumul at eAndDi spl ay
Conput eW t hhol di ngs
Accumul at eAndDi spl ay
Conput eW t hhol di ngs
Accumul at eAndDi spl ay
Conput eW t hhol di ngs
Accumul at eAndDi spl ay

hour s- negati ve

hour s-too- | arge
rate-too-1| ow

rat e-t oo- hi gh
dependent s- negat i ve
dependent s-t oo-1 ar ge
hour s-and-rate

hour s-and-rate

hour s- and- dependent s
hour s- and- dependent s
rat e- and- dependent s
rat e- and- dependent s
hour s-r at e- dependent s
hour s-r at e- dependent s
hour s-r at e- dependent s

Totals PrintDollars PrintDollars PrintDollars PrintDoll ars

PrintDol | ars

This output shows that our validation process works correctly, and that, for
normal cases, the procedures are called in the correct order.

Our last version is complete and produces the expected results after some slight
adjustments to the spacing in the Header string constant so that the column
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names print properly over the columns (addition of constant NameLen). Such
adjustments are to be expected after one can see exactly what is being printed
out.

PROGRAM Payr ol | ;

(* This program conputes the weekly pay of hourly paid *)
(* enployees. It reads |ines of data conprising for each *)
(* enpl oyee: hours worked, hourly rate, nunber of depen- *)
(* dents and nane of enployee. The validated data is then*)
(* used to conpute gross pay, federal withholdings (18% *)
(* of taxable incone), state w thholdings (3% of taxable *)
(* incone), social security w thholdings (5% of grosspay)*)
(* and net pay, which are printed for each enpl oyee. At *)

(* the end of processing, the programprints the accu- *)
(* nulated totals of each category *)
(* *)
(* Philip Marcnotil Decenber 1993 *)
CONST Bl anks = "

Title =" Conput ati on of weekly pay';

Header = ' G oss Fed State Soc Net ' ;

NaneLen = 23;

TYPE Total sType = RECORD
Feder al Total : LONG NT,;
St at eTot al : LONG NT;
SSTot al : LONG NT;
GrossTotal : LONG NT;
Net Tot al : LONG NT;
END;
EnpRecor dType = RECORD
Narme: STRI NG,
Dependent s: LONG NT;
Hour s: LONG NT;
Rat e: LONG NT;
END;
PayRecor dType = RECORD
Narme: STRI NG,
Feder al Tax: LONG NT;
St at eTax: LONG NT;
SSTax: LONG NT;
G ossPay: LONG NT;
Net Pay: LONG NT;
END;

PROCEDURE Pri nt Dol | ar s( Amount, W dth: LONG NT);
(* Print dollar Amobunt with period and cents in *)
(* given Wdth *)
VAR Cents: LONG NT;

BEG N
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Wite(Amount DV 100: Wdth-3, '.");
Cents := Amount MOD 100;
IF Cents < 10 THEN
Wite('0', Cents: 1)
ELSE
Wite(Cents: 2);
END, { PrintDollars }

PROCEDURE Dat aVal i dat i on( Enpl oyeeDat a: EnpRecor dType;
VAR Val i dDat a: BOCLEAN) ;

(* Validation of hours, rate and dependents data *)

CONST M nHour s 0;

5500; (* 55 hours *)

MaxHours =
M nRate = 350; (* $2.50 *)
MaxRate = 1650; (* $12.50 *)
M nDep = 0;
MaxDep = 12;

BEG N

W TH Enpl oyeeData DO BEA N
Val i dData : = TRUE;
| F (Hours < M nHours) OR (Hours > MaxHours) THEN BEGQ N
Val i dDat a : = FALSE;
Witeln('lInvalid hours for ', Nane);
END;
IF (Rate < M nRate) OR (Rate > MaxRate) THEN BEG N
Val i dDat a : = FALSE;
Witeln('lInvalid rate for ', Nane);
END;
| F (Dependents < M nDep) OR
(Dependents > MaxDep) THEN BEG N
Val i dDat a : = FALSE;
Witeln('lnvalid dependents for ', Nane);
END;
END;
END;, { DataValidation }

PROCEDURE Pr ocessEnpl oyee( Enpl oyeeDat a: EnpRecor dType;
VAR Total Li st: Total sType);
(* Processing of data for one enpl oyee *)
CONST Nor nal Hour s 4000; { 40 hours }
Overtine 5; { 0.5 nornal rate }

VAR Pay: PayRecordType;

PROCEDURE Conput eW t hhol di ngs( Dependents: LONG NT;
VAR Conput edPay:

PayRecor dType) ;

(* Conputation of federal, state and *)
(* social security w thhol dings *)
CONST Federal Rate = 18; (* 18% *)
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St at eRat e = 3; (* 3% *)

SSRat e = 5, (* 5% %)

Exenpti on = 2000; (* $20.00 *)
VAR Taxabl e: LONG NT;

BEG N
W TH Conput edPay DO BEG N
Taxabl e := GrossPay - Dependents * Exenpti on;
| F Taxable > 0 THEN BEG N
Feder al Tax : = Taxable * Federal Rate DIV 100;
St at eTax Taxable * StateRate DIV 100;
END
ELSE BEG N
Feder al Tax :
St at eTax
END;
SSTax := GrossPay * SSRate DIV 100;
END;
END;, { ComputeWthhol di ngs }

0;
0

PROCEDURE Accurnul at eAndDi spl ay( Conput edPay:

PayRecor dType;
VAR Total s: Total sType);

(* Accunul ation of totals of data and *)
(* printing of enployee data *)
BEG N
W TH Comput edPay, Totals DO BEG N
Feder al Tot al Feder al Total + Federal Tax;

St at eTot al = StateTotal + StateTax;
SSTot al = SSTotal + SSTax;
GrossTot al = GossTotal + GrossPay;

Net Tot al .= NetTotal + Net Pay;
Wite(Nane: NanmelLen);
PrintDol | ars(G ossPay, 9);
Print Dol | ar s( Feder al Tax, 9);
PrintDol | ars(StateTax, 9);
Print Dol | ars(SSTax, 9);
Print Dol | ar s( Net Pay, 9);
Witeln
END;
END; { Accunul at eAndDi spl ay }

BEA N { ProcessEnpl oyee }
Pay. Nane : = Enpl oyeeDat a. Nane;
W TH Enpl oyeeDat a, Pay DO BEGQ N
G ossPay := Hours * Rate DIV 100;
{ Hours given in 0.01 of hour }
| F Hours > Nor mal Hours THEN
G ossPay := G ossPay +

Overtime * Rate * (Hours - Nornal Hours) DIV 1000;

{ Overtinme/10 and hours/ 100 }
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Conput eW t hhol di ngs(Dependents, Pay);

Net Pay := GrossPay - Federal Tax - StateTax - SSTax;

Accunul at eAndDi spl ay(Pay, Total List);
END;
END; { ProcessEnpl oyee }

PROCEDURE Di spl aySunmmary( Total Li st: Total sType);
(* Print a sunmary of the payroll conputation *)

BEG N
W TH Tot al Li st DO BEG N
WiteLn;
Wite(' Totals ': NanelLen);
PrintDol | ars(GrossTotal, 9);
PrintDol | ar s(Federal Total, 9);
PrintDol | ars(StateTotal, 9);
PrintDol | ars(SSTotal, 9);
PrintDol | ars(Net Total, 9);
WitelLn
END;
END;, { DisplaySummary }

VAR Enpl oyee: EmpRecordType;

Val i d: BOCLEAN;
Dat aFi | e: TEXT;
Tot al s: Tot al sType;

BEG N

Assign(DataFile, 'Payroll.data');
Reset (Dat aFi | e) ;

WitelLn(Bl anks, Title);

WiteLn(' ': NanmeLen + 4, Header);

W TH Total s DO BEG N
Feder al Tot al
St at eTot al
SSTot al
GrossTot al
Net Tot al

END;

L O | I | B 1|
coooo

WHI LE NOT Eof (DataFile) DO BEG N
W TH Enpl oyee DO
ReadLn(Dat aFi |l e, Hours, Rate, Dependents,
Dat aVal i dat i on( Enpl oyee, Valid);
I F Valid THEN
ProcessEnpl oyee( Enpl oyee, Total s);
END;
Di spl aySumary( Tot al s) ;
Cl ose(DataFil e);

END. { Payroll }

Nane) ;
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Program testing should not be too difficult if the program has been well
designed, and if the design has been closely followed and coded using good
programming style.

However, even if we are very careful, some semantic errors (the program does
not produce the desired results) usually occur, and the effort needed to find and
correct these errors is never negligible. To make the debugging process less
onerous, it is useful to follow some debugging guidelines.

= First, make sure that the results given by the program are really
erroneous before investing time to find the error. In particular, be
certain that the pre computed results that go with the test cases are
right.

= Do a walk through the code with the input data to see if you can locate
the error quickly. This is also called “desk checking” or producing a
trace of the program execution.

= Either by inserting write statements at key points in the program or by
using a symbolic debugger, try to trace the location of the error to a
small segment of the program. For instance, if you think that a given
procedure may be the source of the error, insert write statements or
breakpoints at the beginning of that procedure to examine arguments
passed to it, and at the end of the procedure to examine the results it
computed.

< If your program is large and if you haven’t been able to isolate the
error, reduce your program to a simplified version. Such a version of the
program is a copy where some segments of code have been deleted. This
will require some planning and also some effort, but with the tools at
your disposal (text editor, symbolic debugger) is well worth it.

Your Pascal system most certainly contains a symbolic debugger, and it will be
well worth your time to learn how to use it effectively. It will allow you to
carefully control the execution of any program and to examine the state of the
program. The debugger will display the source program, the procedure calls
chain, and the values of variables and parameters so that you will know
exactly what the program is doing. Using the source program displayed, you
can set breakpoints, that is, places where execution will temporarily halt. You
can examine values of any variables visible at that point in the program and
you can even modify these values if you wish. You can also change the
execution mode of the program to single step, so that one statement is executed
at a time. Since a sophisticated symbolic debugger is available on most
systems, you should invest some time in learning how to use it, because this will
improve your programming efficiency in a noticeable way.

6. Documentation Completion

Documentation is a vital part of any program. In particular the user needs some
kind of user’s manual to know how to use the program. But this manual is only a
small part of the program’s documentation. In fact all the steps in the problem
solving method produce some sort of documentation: program specifications,
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structure and modular charts, pseudocode and data definition, test data and
results, program code. In this step, you must collect all the documentation
pieces, and integrate them in what is called external documentation. Internal
documentation is part of the program code in the form of comments, but also of
well chosen variable and constant names, and of indentation to show clearly
the structure of the program.

Documentation Completion Application

The payroll system documentation will include the problem definition, the
design documents, a description of the testing performed, a history of the
program development and its different versions, and a user’s manual. Such a
manual was developed in the Principles book. We’ll show that manual here
again to be complete.

Acme Payroll User’s Manual

Payroll is a programto conpute and display the weekly pay
of hourly paid enpl oyees. For each enployee it will read a
series of four data itens separated by at |east one bl ank
nunber of hours worked during the week (0-55), hourly rate
of pay (%$3.50-%$16.50), nunmber of dependents (0-12), and nane
of enployee (20 characters). |If the data are valid, the
programwi || conpute and display federal (18% of taxable

i ncone), state (3% of taxable incone), and social security
(5% of gross pay) wi thholdings, as well as gross and net pay
for the enpl oyee.

e The programwi |l read data for each enployee fromthe
file Payroll.data until it reaches the end of the
file. 1t will produce results on the screen. |nput

data format is such that three integer val ues precede
a character string, as in
4500 600 3 Al |l an Mackenzie

e Qutput data will be witten one line at a tinme, each
line corresponding to an enpl oyee. A nornal out put
line will consist of a 20-character string foll owed by
five values. The last line will contain the word
“Total s” followed by five values and will be separated
fromthe previous output line by a blank line. The
output will be preceded by the title lines:

Conput ati on of Weekly Pay
G oss Fed State Soc. Net

e Anornmal output line will |ook Iike
Al I an Mackenzie 285. 00 40.50 6.75 14.25 223.50
e Erroneous data will produce error nessages of the form
Invalid hours for Robert A. Verner
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Invalid rate for Sinron J. C. W Surry
Invalid dependents for T. Quy R nmer

e These nessages will appear if the values read are not
within the given limts. A single enployee data |line
wi th erroneous data can generate fromone to three
error nmessages. The erroneous data have to be
corrected and resubm tted.

To run the program enter the payroll data in file
Payrol|.data and execute Payroll.

7. Program Maintenance

As you already know, program maintenance is not directly part of the original
implementation process. Many large programs have long lifetimes that often
exceed the lifetime of the hardware they run on. Maintenance includes all
activities that occur after a program first becomes operational, and in
particular:

= the discovery and elimination of program errors,
= the modification of the current program,

= the addition of new features, and

= the updating of the documentation.

The documentation must be complete and accurate: don’t forget that most
program maintenance is done by someone not involved in the original design.

Program Maintenance Application

The changes and improvements to the payroll program might have the
program actually produce the employees’ paychecks, or add a unit to compute
tax withholdings in a more flexible way, or even add an interactive way of
fixing the erroneous data.

10.4 An Advanced Case Study: Building a Text Index

We’ll now look at a somewhat larger case study, involving several units. The
design of this case study was done in Chapter 10 of the Principles book, so we’ll
only give a summary of it here, and concentrate on the implementation.
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Design Stage

1. Problem Definition

We are designing a program that reads in a text stored in a given file, that
collects all the significant words of that text together with the page numbers
where the words occur, and that displays an alphabetical index of the words
with their page numbers.

The program prompts the user for the name of the file of trivial words not to be
included in the index, for the name of the text file, and the name of the new
index file.

G ve nane of trivial words file:
G ve nane of text file:

G ve nane of output file:

I ndex conpl ete

The format of the index will be the following:

June 1 8

Kari ne 1 2 3 4 5 6 7 8
9 10

Kl udge 5 9

2. Solution Design

The program will keep the index in a binary search tree (illustrated in Chapter
9). This structure has the property of keeping its elements ordered, which
makes it possible to display its contents easily in order. We will use a binary
search tree unit, which will encapsulate its representation and operations.

The page numbers associated with a word will be kept in a queue, where each
page number is unique and will be output in the order of insertion. We’ll use a
separate unit for the ADT queue, similar to QueuelLi b seen in Chapter 9.

Thus, our solution is based on two library units, one for binary search trees and
the other for queues, as shown in Figure 10.2.

Figure 10.2 Modular design chart for building a text index

BinarySearch Queues
Trees

Build Index -—J J
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We’ll use two binary search trees, one for the trivial words, and another one for
the significant words. From the binary search tree operations, we’ll use the
initialization of a tree, the search for a word in a tree, the insertion of an
element in a tree, and the traversal of a tree to display its contents.

We will use a queue structure to store all the page numbers associated with a
word, and the queue operations to initialize a queue, to insert an element in a
gueue, to eliminate an element from a queue, and to count the elements in a
gqueue. Figure 10.3 shows the complete structure chart for the Build Index
program.

Figure 10.3 Structure chart for building a text index

Build
Index
N
Traverse Create Search Get Insert
Tree Tree Key Word Word
Display Create Insert
Element Queue Enqueue Node
N
Display Count
Word Queue Dequeue

3. Solution Refinement

The words from the text are kept in a long buffer (storage area). The bufferisa
big array of characters, and each word in it is identified by the index of its first
character, as shown in Figure 10.4.

Figure 10.4 Word buffer

Buffer index 6
index 1 —— —— index 12
| I':irst | Second | "rhird | Fourth | Newl

Word 1 Word 3 Old Index
Word 2 Word 4 New Index

Associated with the buffer are two indices, Old Index and New Index.
Normally, Old Index always points to the next free space in the buffer.
However, when a new word is read, it is added to the buffer by advancing New
Index which then points to the next free space after the new word. When it is
decided to keep that new word Old Index is updated to the value of New Index.
Otherwise the next word read is stored over the word that is not kept.
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All the information for the index is kept in a binary search tree whose nodes
have the structure shown in Figure 10.5.

Figure 10.5 Binary search tree nodes

r In this case, we are referring to word 3.

Key 12 Index to word buffer

Last Page 8

Page numbers
Pages | 3 | 5 | 8 | |

Pointer — | eft / N Right —————— Pointer
L AN
Word 8 Word 6
9 6
of [ | [ | afsl | [ |

AN AN
/ N\ / N\

Each indexed word is represented by a node, which has five parts: Key, an
index to the word in the buffer, a Last page number (to avoid keeping duplicate
page numbers), a Pages queue, and a left and a right pointer for the tree
structure.

Using these data structures the Build Index program first initializes various
variables, then reads the trivial words file and builds the trivial words tree.
Then it reads the text and inserts the non-trivial words in the word index tree.
Finally, it traverses the word index tree and displays the word index. We
won’t repeat here the pseudocode solution which was given in Chapter 10 of
the Principles book. Let’s just give the main processing loop for the building of
the index binary search tree.

Input Character
While text not finished
Select Character
End of line:
Terminate current line
Increment and display line number
Letter:
Get Word(Text File, Character,
Old Index, New Index)
Search Word in trivial words tree
If NOT trivial
Insert Word(Index, Page number,
New Index, Old Index)
End of page:
Increment Page number
Input Character
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The text is read character by character, end of line characters update the Line
number, end of page characters update the Page number, while letters invoke
Get Word, check to see if the word is significant and if it is, invoke Insert Word
to insert it in the Index tree.

Get Word reads in a word, character by character until it finds a non digit or non
letter character, and stores it temporarily in the big character buffer. To
separate words in the buffer, Get Word also stores the word length in the first
character of the word, in the format of Pascal Strings. Get Word does not
modify Old Index but changes New Index.

Insert Word checks to see whether the word is already in the binary search
tree. Ifitis, it only updates its element in the tree by adding, if necessary, a
new page number to its associated queue. It also doesn't update Old Index so
that the duplicate word is not kept in the buffer. For a new word, the
associated queue is initialized. In the trivial words tree, trivial words don't
need a page queue, and have a zero page number. The new word element is
inserted into the tree and Old Index is updated to keep the word in the buffer.

An element is displayed by first displaying the associated word, followed by a
number of spaces to align all index entries. Then, the page numbers are removed
one by one from the Pages queue and displayed. They are also counted and, if
they take more than one line, are displayed on the next lines after skipping the
space underneath the word.

A word is displayed by displaying all its characters from the buffer, and then
padding the rest of the word space with blanks.

Binary Search Tree Unit

A tree is defined as a pointer to a tree node, whose structure was just described
(Figure 10.5). The way in which a binary search tree is constructed is shown in
Chapter 9.

The Bi nSear chTr ees unit implements the ADT binary search tree. It includes
the operations that appear in the unit interface below.

UNI T Bi nSear chTr ees;

(* This unit offers type BinarySearchTree and the *)
(* operations that apply to it. The user can create and *)
(* build binary search trees with elements of type *)
(* Elenment Type in the nodes. *)
(* P. J. Gabrini Decenber 1993 *)
| NTERFACE

USES Queues;

TYPE KeyType = | NTECGER;
El ement Type = RECORD

Key: KeyType;

Last Page: | NTECER;

Pages: Queue;
END;

Bi narySear chTree = "TreeNode;
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TreeNode = RECORD
El ement: El enent Type;
Left, Right: BinarySearchTree;

END;
Traver seProc = PROCEDURE(E: El enent Type);
ConpPr oc = FUNCTI ON( K1, K2: KeyType): | NTEGER;
Di spl ayProc = PROCEDURE(K: KeyType);

PROCEDURE Di spl ayKey( El enment: KeyType);
(* Display a key val ue *)

PROCEDURE I nitializeTree(VAR Tree: BinarySearchTree);
(* Must be called first, it initializes a Tree. *)

PROCEDURE Del et eTree( VAR Tree: Bi narySearchTree);
(* ALl information about the Tree and the data
records it contains are deleted. *)

PROCEDURE | nsert Node( VAR Tree: Bi narySearchTr ee;
El ement: El enent Type;
Conp: ConpProc);

(* Insert Elenent at proper position into the Tree
according to the Elenent's key. Use Conp for key
conparisons. |If a node already existed with sane
key, it is updated with value El enent. *)

PROCEDURE Del et eNode( VAR Tree: Bi narySear chTr ee;
Key: KeyType;
Conpar e: ConpProc);
(* Find the elenent with this Key and delete it from
the tree. Use Conpare for key conparisons. |f no
node has this Key, Tree is unchanged. *)

PROCEDURE Tr aver seTree( VAR Tree: BinarySearchTree;
Process: TraverseProc);
(* Apply Process to each node of Tree in order. *)

FUNCTI ON Sear chKey( Tree: Bi narySearchTree;
Key: KeyType;
VAR El emrent: El enent Type;
Conpar e: ConmpProc): BOOLEAN;
(* Search for an Elenent identified by Key in the Tree.
Use Conpare for key conparisons. *)

PROCEDURE Di spl ayTree(Tree: Bi narySear chTr ee;
I ndent ati on: | NTEGER;
Di spl ayKey: Di splayProc);
(* Display Tree keys with indentations to show Tree
structure. The tree traversal operation is recursive
(it calls itself on the left and right subtrees) and
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very sinple. *)

Note that unit Bi nSear chTr ees uses unit Queues and that it defines the
elements to be used as nodes of the binary search tree.

Queues Unit

The Queue Abstract Data Type will be defined in a slightly different way from
what we defined in QueuelLi b at the end of Chapter 9. We’ll use different, and
more commonly used names for the two major operations, and add an operation
to count the queue elements and an operation to examine the front element of the
gueue. These operations are described in the Queues unit interface below. A
gueue is implemented as a record with two indices, a counter, and an array of
elements.

UNI T Queues;
(* This unit offers type Queue and all operations that *)
(* normally apply to queues. The user can create and *)
(* mani pul ate queues of elenments of type QEl enent Type. *)
(* P. J. Gabrini Decenmber 1993 *)
| NTERFACE
CONST MaxQueue = 50;
TYPE CEl enent Type = | NTEGER;
Queue = RECORD
Head, Tail, Number: O0..MaxQueue;
Dat a: ARRAY [1..NMaxQueue] OF
CEl enent Type;
END;
VAR QueueError: BOOLEAN; { Result of operation:
QueueError is always false
unl ess the operation failed }

PROCEDURE I nitializeQueue(VAR Q Queue);
(* Create an enpty queue Q nust be called first *)

PROCEDURE Enqueue( VAR Q Queue; ltem QEl ement Type);
(* Insert elenment Itemat the end of queue Q *)

PROCEDURE Dequeue( VAR Q Queue; VAR Item El enent Type);
(* Delete first element of queue Q and return it in Item¥*)

FUNCTI ON Count Queue(Q Queue): | NTEGER;
(* Return the current nunber of elenments in queue Q *)

PROCEDURE QueueHead(Q Queue; VAR Item CEl enent Type);
(* Return value of first elenent of queue Qin Item¥*)

Note that this unit defines Queues of integers, and that it can be easily
changed by redefining QEl ement Type.
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4. Testing Strategy Development

In Chapter 10 of the Principles book, we have identified the following test

cases.
1

Empty trivial words file: the index will include all the words in the
text.

Only one trivial word: the only trivial word will not appear in the
index.

One page text file: the page numbers are all the same, and appear only
once for each word.

Text file with several pages: general case.
Text file with only trivial words: the index will be empty.

Text file with no trivial words: the index will include all the words in
the text.

Word found on more pages than fit on a single line: necessary to test the
splitting of the page numbers over several lines.

Three trivial words file are needed to test all cases.

Trivial 1: an empty file for case 1

Trivial 2: a file with a single word for case 2
ker nel

Trivial 3: a general file including the list given in the Principles book.
for On on Had a is this At If To as her nmuch the when
up was we AmDid He Its That Wth an by do did be but
has his like nor ours there will you with whom A An
But For Do Has Hs | In My Muich She The W You all and
at fromhave hers if it me ny of or so their these
those to us whose All As By From Have No Qur So This
W1l Your amare etc had he himin its mne no not off
our she that themthey who your yours

Three special text files are also needed.

Text 1: a one page text file with words in alphabetical order

al batross beauty cartography denmon earl fugitive gross
hel i copter indeed joy kernel |ullaby manmoth nerd
opera possi bl e quintessence refrigeration subtlety ton
utilitarian vanpire wapiti xyl ophone yak zero

Text 2: the same file as Text 1 but with an end of page mark between
every word

al bat ross\ beauty\ cartography\ denon\ earl\ fugitive\
gross\ helicopter\ indeed\ joy\ kernel\ |ullaby\
manmot h\ nerd\ opera\ possible\ quintessence\
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refrigeration\ subtlety\ ton\ utilitarian\ vanpire\
wapi ti\ xyl ophone\ yak\ zero

Text 3. a file with only two words repeated thirty times with an end of
page after each occurrence.

al batross beauty\ al batross beauty\ al batross beaut y\
al batross beauty\ al batross beauty\ al batross beaut y\
al batross beauty\ al batross beauty\ al batross beaut y\
al batross beauty\ al batross beauty\ al batross beaut y\
al batross beauty\ al batross beauty\ al batross beaut y\
al batross beauty\ al batross beauty\ al batross beaut y\
al batross beauty\ al batross beauty\ al batross beaut y\
al bat ross beauty\ al batross beauty\ al batross beaut y\
al bat ross beauty\ al batross beauty\ al batross beaut y\
al batross beauty\ al batross beauty\ al batross beauty

The following combinations will be used for the various cases.

Cases 1 and 3: Text 1 and Trivial 1. The index contains all the words in the
same order with only a page 1 reference.

Cases 2 and 3: Text 1 and Trivial 2. The index contains all the words except
“kernel” in the same order with only a page 1 reference.

Cases 4 and 6: Text 2 and Trivial 3. The index contains all the words in the
same order each with a different page reference.

Case 5: Trivial 3 and Trivial 3. The index is empty.

Case 7: Text 3 and Trivial 2. The index contains two words each with thirty
page references.

To these cases must be added a case with words that are longer than the word
length (16) to make sure they are treated correctly, and of course a long and
realistic text.

5. Program Coding and Testing

The main program follows from the pseudocode solution introduced in Chapter
10 of the Principles book.

PROGRAM Bui | dI ndex;

{* Read in a text froma file, and produce the *)
(* corresponding index for all the words in the *)
(* text, except for trivial words kept in a *)
(* separate file. *)
(* P. J. Gabrini Decenber 1993 *)
USES Bi nSear chTrees, Queues;
CONST BufferLength = 10000;

Wor dLengt h = 16;

EndOf Page ="\,

Space ="

I temsPerLine = 8;
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EndOf Li ne = CHR(13);

VAR Buffer: ARRAY [1..BufferLength] OF CHAR

*)

{ dobal word buffer }
Words, Trivial Wrds: Bi narySear chTr ee;
A dl ndex, Newl ndex, PageNunber, LineNunber: | NTECER;
Ch: CHAR
Word: El enent Type;
TriviaNane, TextName: STRING { file nanes }
TriviaFile, TextFile: TEXT; { file variables }

PROCEDURE Di spl ayWor d( | ndex: | NTEGER);
(* Display a word from gl obal buffer in WrdLength width

VAR Char Nunmber: | NTEGER,
BEG N
FOR Char Nunmber := | ndex+1 TO
| ndex+ORD( Buf fer [ | ndex]) DO
Wite(Buffer[CharNunber]); { output word }
FOR Char Nunber := ORD(Buffer[lndex]) TO
Wor dLengt h-1 DO
Wit e(Space); { pad with blanks }
END;, { Displaywrd }

PROCEDURE Di spl ayEl enent (El't: El enent Type);
(* Display an index elenent: word and page references *)
VAR | ndex, NunbersDi spl ayed, Item | NTEGER,
BEG N
Di spl ayWwrd(El t. Key);
Nunber sDi spl ayed : = O;
WHI LE Count Queue(Elt. Pages) <> 0 DO BEG N
| F Nunber sDi spl ayed = ItensPerLi ne THEN BEG N
WitelLn; { lineis full }
Nunber sDi spl ayed : = 0O;
{ skip space under word }
FOR Index := 1 TO WrdLength DO
Wit e(Space);

END;
Dequeue(Elt. Pages, Item; { get next page nunber }
Wite(ltem6); { output page nunber }
I nc(Nunber sDi spl ayed) ;
END;
WiteLn;

END; { Displ ayEl emrent }

FUNCTI ON Wor dConpar e( First, Second: KeyType): | NTEGER,
(* Conpare two words stored in global Buffer, and return
the difference conputed between the two words. *)
VAR Conti nue: BOOLEAN,
Last1, Last2: | NTEGER
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BEG N
Conti nue : = TRUE;
Lastl := First + ORD(Buffer[First]);
Last2 := Second + ORD(Buffer[Second]);
I NC(First); |NC(Second);
VWH LE Conti nue AND
(First <= Last1) AND (Second <= Last2) DO BEA N
I F Buffer[First] <> Buffer[Second] THEN BEA N
WordConpare := ORD(Buffer[First]) -
ORD( Buf fer[ Second] ) ;
Conti nue : = FALSE; { not identical, stop }
END
ELSE
IF (First = Lastl) THEN
| F (Second = Last2) THEN { identical }
Wor dConpare := 0

ELSE { second is |onger }
Wor dConpare := -1
ELSE { first is longer }
Wor dConpare : = 1;
Inc(First);

I nc(Second) ;
END;
END, { WbrdConpare }

PROCEDURE Get Wr d( VAR | nput Fi | e: TEXT,;
VAR Ch: CHAR;
VAR New, O d: | NTEGER);
(* Read a word frominput file and store it into
gl obal buffer *)
BEG N
New := Ad + 1; { index of first character }
REPEAT { for all letters including accented }
Wite(Ch);
Buf fer[ New] := Ch;
I nc( New) ;
Read( I nputFile, Ch);
UNTIL (Ch <'0') OR(Ch >"'9") AND (Ch <'A) R
(Ch >'2Z") AND (Ch <'a') OR
(Ch >"'z") AND (Ch < #128) OR (Ch > #159) OR
Eof (I nputFil e);
Buffer[AOd] := CHR(New - Od - 1); { word length }
END, { GetWord }

PROCEDURE | nsert Wor d( VAR Root: Bi narySear chTr ee;
Page: | NTECER;
VAR New, O d: | NTEGER);
(* Insert a word in index tree if not already there.
Add new reference to its page nunber queue *)
VAR Word: El enent Type;
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Al readyl n: BOOLEAN;
Last: | NTEGER;
BEG N
Al readyln : = SearchKey(Root, Od, Wrd, WrdConpare);
I F Alreadyln THEN BEG N
| F Word. Last Page <> Page THEN BEG N
{ add only new page references }
Enqueue(Wor d. Pages, Page);
Wor d. Last Page : = Page;
{ update existing node }
I nsert Node( Root, Word, WordConpare);
END;
END
ELSE BEAN { new word }
Word. Key : = A d;
InitializeQueue(Wrd. Pages);
| F Page <> 0 THEN BEGA N
{ page is zero for trivial words }
Enqueue(Wor d. Pages, Page);
Wor d. Last Page : = Page;
END;
I nsert Node( Root, Word, WordConpare);
ad := New, { keep word in global buffer }
END;
END;, { InsertWrd }

BEG N { Buil dl ndex }
InitializeTree(Wrds);
InitializeTree(TrivialWrds);

d dl ndex = 1;
PageNunber := 1;
Li neNunber := 1;

{**** read in file of trivial words and create tree ****}
Wite('Gve nane of trivial words file: ");
Read( Tri vi aNan®e) ;
Assign(TriviaFile, TriviaNane);
Reset (TriviaFil e);
WitelLn('List of trivial words: ');
Read(TriviaFile, Ch);
VWHI LE NOT Eof (TriviaFile) DO
CASE Ch OF
AL Z a2t
BEG N
GetWord(TriviaFile, Ch, New ndex, 4 dl ndex);
I nsertWord(Trivial Wrds, 0, New ndex, A dl ndex) ;
END
ELSE BEA N
Wite(Ch);
Read(TriviaFile, Ch);
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END
END;
Cl ose(TriviaFile);
WiteLn; WitelLn; WiteLn;

{**** read in text file and create word tree ****}
Wite(' Gve name of text file: ');
Read( Text Nane) ;
Assign(TextFile, TextNane);
Reset (TextFil e);
WitelLn; WitelLn;
Wit e(Li neNunber: 6, Space);
Read( TextFile, Ch);
VWHI LE NOT Eof (TextFile) DO {read text and create index}
CASE Ch OF
EndCf Li ne:
BEG N
WitelLn; Read(TextFile, Ch);
I nc(Li neNurrber) ;
Wite(Li neNunber: 6, Space);
END;
AL Z a2t
BEG N
CGetWord(TextFile, Ch, New ndex, O dlndex);
| F NOT SearchKey(Trivial Wrds, d dlndex,
Word, WordConpare) THEN
I nsertWord(Words, PageNunber,
Newl ndex, d dl ndex);
END;
EndOf Page:
BEG N
| nc( PageNurber) ;
Wite(Ch);
Read( TextFile, Ch);
END
ELSE
BEG N
Wite(Ch);
Read( TextFile, Ch);
END
END;
Cl ose(TextFile);
WitelLn; WitelLn;
WitelLn(' Text word index');
WiteLn;
TraverseTree(Words, DisplayEl enent); { output index }
WiteLn;
WitelLn('lndex conplete');
END. { Buil dl ndex }
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To run this program we need to complete the | MPLEMENTATI ON parts of the two
units it uses. The | MPLEMENTATI ON part of unit Queues correspondi ng to
t he | NTERFACE part given earlier follows.

| MPLEMENTATI ON

{ Empty queue: Tail = 0, Head = MaxQueue, Nunber = 0
Ful I queue: Tail = Head, Nunber = MaxQueue
Aver age queue: Tail indicates actual |ast el enent

Head i ndi cates previous first elenment }

PROCEDURE I nitializeQueue(VAR Q@ Queue);
(* Create queue Q *)

BEA N
Q Tail = 0;
Q Number = 0;
Q Head = MaxQueue;
QueueError := FALSE;

END, { InitializeQueue }

PROCEDURE Enqueue( VAR Q Queue; ltem: QEl ement Type);
(* Insert elenent Itemin queue Q *)
BEG N
I F NOT (Q Nunber = MaxQueue) THEN BEGQ N
W TH Q DO BEG N

Tai | ;= (Tail MOD MaxQueue) + 1;
Data[Tail] := Item
I nc( Nunber) ;

END;

QueueError := FALSE;

END

ELSE
QueueError := TRUE; { full queue }

END; { Enqueue }

PROCEDURE Dequeue( VAR Q@ Queue; VAR Item: CEl enent Type);
(* Retrieve in Itemand del ete head of queue Q *)
BEG N
I F NOT (Q Nunmber = 0) THEN BEG N
W TH Q DO BEG N
Head := (Head MOD MaxQueue) + 1;
Item : = Datal Head];

Dec( Nurnber) ;
| F Nunber = THEN BEG N { queue is now enpty}
Tail := 0;
Head : = MaxQueue;
END;
END;
QueueError := FALSE;
END

ELSE
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QueueError := TRUE; { no elenent to retrieve }
END; { Dequeue }

FUNCTI ON Count Queue( Q@ Queue): | NTECER;
(* Return nunber of elenents in Q *)
BEG N

Count Queue : = Q Nunber;
END; { Count Queue }

PROCEDURE QueueHead(Q Queue; VAR Item CEl enent Type);
(* Return value of first elenent of queue Qin Item*)
BEG N

I F Q Nunber <> 0 THEN BEG N

Item Q Dat a[ Q Head MOD MaxQueue + 1];
QueueError FALSE;
END

ELSE

QueueError := TRUE;, { no queue }
END;, { QueueHead }

END. { Queues }

The | MPLEMENTATI ON part of UNI T Bi nSear chTr ees corresponding to the

| NTERFACE part given earlier follows. The procedures and functions correspond
to the algorithms given in Chapter 10 of the Principles book.

| MPLEMENTATI ON

PROCEDURE Di spl ayKey( El ement: KeyType);
(* Display a key val ue *)
BEG N
Wite(El enent: 6);
END; { Di spl ayKey }

PROCEDURE InitializeTree(VAR Tree: BinarySearchTree);

(* The first procedure to call, which initializes a tree
*)
BEG N

Tree := N L;

END, { InitializeTree }

PROCEDURE Del et eTree( VAR Tree: Bi narySearchTree);

(* All information about the tree and the data records it
contains are deleted *)
BEG N

IF Tree <> NIL THEN BEG N
Del et eTree( Tree”. Left);
Del et eTree( Tree™. Right);
Di spose(Tree);
END;
END; { DeleteTree }



460 Chapter 10  The Seven Step Method

PROCEDURE | nsert Node( VAR Tree: Bi narySearchTr ee;
El ement: El enent Type;
Conpar e: ConpProc);

(* Insert Elenent into the Tree. The key is in the

El enent . *)
VAR Di ff: | NTEGER;
BEG N
IF Tree = NIL THEN BEG N { insert at current position}
New( Tr ee) ; { create new node }
Tree”. El enent : = El enment;
Tree”. Left := NL;
Tree”. Ri ght = NL;
END
ELSE BEA N

Diff := Conpare(El enent. Key, Tree”. El enent. Key);
IF Diff <O THEN { look left }
I nsert Node( Tree”. Left, El enent, Conpare)
ELSE IF Diff > 0 THEN { | ook right }
I nsert Node( Tree”™. Ri ght, El enent, Conpare)
ELSE { already in Tree update node }
Tree”. El enent : = El enment;
END;
END; { Insert Node }

PROCEDURE Del et eNode( VAR Tree: Bi narySear chTr ee;
Key: KeyType;
Conpar e: ConpProc);
(* Find the Elenent with this Key and delete it from
the Tree *)

PROCEDURE Fi ndPr edecessor ( Tree: Bi narySearchTree;
VAR Node: Bi narySearchTree);

(* Find rightnost node in left subtree *)
BEG N

Node : = Tree”. Left;

VWH LE Node”. Right <> NIL DO

Node : = Node”. Ri ght;

END; { Fi ndPredecessor }

VAR Di ff: | NTEGER;
Node: Bi narySearchTr ee;
BEG N
IF Tree <> NIL THEN BEG N
Diff := Conpare(Tree”. El enent. Key, Key);
IF Diff =0 THEN { found node to delete }
IF Tree™. Left = NIL THEN BEG N { enpty | eft
branch }
Node : = Tree;
Tree : = Tree”. Right;
Di spose( Node) ;
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END
ELSE
IF Tree®. Right = NIL THEN BEG N
{ enpty right branch }
Node : = Tree
Tree : = Treen. Left;
Di spose( Node) ;
END
ELSE BEA N
{ no branch enpty, find inorder
predecessor }
Fi ndPr edecessor (Tree, Node);
Tree”. El enent : = Node”. El enent;
Del et eNode( Tree”. Left,
Tree”. El enent . Key, Conpare);
END
ELSE
IF Diff <O THEN { try left }
Del et eNode( Tree”. Left, Key, Conpare)
ELSE { try right }
Del et eNode( Tree”. Ri ght, Key, Conpare)
END;
END; { Del et eNode }

PROCEDURE Tr averseTree( VAR Tree: BinarySearchTree
Process: TraverseProc);
(* Call Process for each node in order
Don't call any procedures that nodify |inks

while in md traversal, |ike |InsertNode,
Del et eNode, Del eteTree. *)
BEG N

IF Tree <> NIL THEN BEG N
TraverseTree(Tree”. Left, Process);
Process(Tree”. El ement) ;
TraverseTree(Tree”. Ri ght, Process);

END;

END;, { TraverseTree }

FUNCTI ON Sear chKey( Tree: Bi narySearchTree;
Key: KeyType;
VAR El emrent: El enent Type;
Conpar e: CompProc): BOOLEAN
(* Search for "Key" in the Tree. If found then return
true and Element will contain the node information,
otherwi se return fal se. *)
VAR Di ff: | NTEGER
BEG N
IF Tree = NIL THEN
SearchKey : = FALSE
ELSE BEA N
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Diff := Conpare(Key, Tree”.El enent. Key);
IF Diff = 0 THEN BEG N { found }

El enent = Tree”. El enent;
Sear chKey : = TRUE;
END

ELSE IF Diff < 0 THEN { look left }
Sear chKey : = SearchKey(Tree”. Left, Key,
El ement, Conpare)
ELSE { look right }
Sear chKey : = SearchKey(Tree”. Right, Key,
El ement, Conpare);
END;
END; { SearchKey }

PROCEDURE Di spl ayTree(Tree: Bi narySear chTr ee;
I ndent ati on: | NTEGER;
Di spl ayKey: Di splayProc);
(* Print Tree with indentations to show structure *)
VAR | ndent: | NTEGER
BEG N
IF Tree <> NIL THEN BEG N
Di spl ayTree(Tree”. Ri ght, Indentation+1, Di spl ayKey);
FOR Indent := 1 TO Indentation DO
Wite(' "),
Di spl ayKey(Tree”. El enent . Key) ;
WiteLn;
Di spl ayTree(Tree”. Left, Indentation+l, DisplayKey);
END;
END;, { DisplayTree }

END. { BinSearchTrees }

The program Bui | dl ndex was run with the files identified in the testing
strategy section. It gave the expected results. Here is part of the index
produced for a normal text.

though 4

thought 1 2 5

threatening 4

three 8

through 3 6 9

thus 9

time 1 2 4 5 8
9

together 1 2

told 5

tonight 5 8

too 2 3

took 6 9 10

tooth 10
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Use your copy of the program to build the index of other texts. If you find bugs,
you must remove them! Note that to compile your program you need to compile
first the Queues unit, then the Bi nSear chTr ees unit, and then the

Bui | dl ndex program. This is because units used by a program must always be
compiled before their users.

6. Documentation

All the results of the previous steps should be integrated in the documentation:
problem specifications, solution design and refinement, testing strategy,
program code, and testing results. The user's manual was already done in the
Principles book, we repeat it here for the sake of completeness.

User’'s Manual for the Build | ndex Program

The Build Index programbuilds the index of a text. The
program pronpts you for a file of trivial words (words of
the text that nust not be part of the index). The program
then pronpts you for the nane of the text file, and the nane
of the output index file. To run it, select Execute in the
nmenu and doubl e-click on Build Index. The programw || start
executing and will start pronpting you. Wen the execution
is over, the programw || display the nessage:

I ndex conpl ete

= You can examine the index and print it if need be. The index file
comprises the input text with added line numbers, and an alphabetical
list of all the words in the text (except for the trivial words) followed
by a list of page numbers as in the following:

June 1 8

Kari ne 1 2 3 4 5 6 7 8
9 10

Kl udge 5 9

7. Program Maintenance

With a larger program the risk of bugs is higher, despite all the precautions
that were taken. Part of that program maintenance includes bug removal, but
also making improvements. We can improve the program by giving the option
to the user to list the trivial words used as part of a better documentation of the
index. We can also make the program recognize true end of pages instead of an
arbitrary sign. We can also modify the program so that it displays page and
line numbers as part of the index. Etc. Etc.



464 Chapter 10  The Seven Step Method

10.5 Chapter 10 Review

In this chapter we have reviewed the seven step problem solving method
which was introduced in Chapter 2 of the Principles book, and illustrated in
various other chapters of that book. Here, we have concentrated on only one of
these seven steps—the implementation in Pascal of an already designed
program. However, the implementation cannot be done in a vacuum, divorced
from the design, and we have therefore included each of the seven steps so that
the implementation can be seen in its proper context.

It is important for you to remember that a lack of method will be disastrous for
you when you start developing programs on a larger scale, maybe even before.
The complexity of a given application grows quickly, as the number of
interactions between the various parts of a system increases. The examples we
have presented were aimed at showing that. The complete example to build a
text index is still small, but is big enough to show that a larger system is harder
to understand, even under good conditions.

10.6 Chapter 10 Programming Problems

A programmer spends a great deal of time modifying already written programs,
generally written by somebody else. We will therefore start with a series of
program modification exercises. The following programs were introduced in
Chapter 2 of this book, when you used them to get a beginning experience in
actually using programs. The following problems show you the programs and
ask you to change their behavior by modifying them.

1. Editor Application

TED is a Tiny Editor used to create and modify files of text. This editor acts on
aline at a time. It requests operations by displaying a question mark “?” and
the following commands may be given (by the first letter of the command: A, B,
D, etc. in upper or lower case):

to go to the Beginning of the file

to Delete the Iine at the given position

to Type out the entire file

to nove the Now pointer to the Previous |ine

to nmove the Now pointer to the Next or following line
to I nsert one line after given line

to Find a given string, starting at the present line
to Modify the present |ine

to provide Help, by listing all comrands

to replace a given |ine by another

to Save a file

to Load a previous file which was created and saved
to End or exit the edit session

mrOWXOXIZTM—- ZTVTHOW®
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The Pascal program for TED is rather short because it makes use of data
structures from the UNI T St ackLi b2. The source code for St ackLi b2 is:

UNI T St ackLi b2;

| NTERFACE
TYPE | tenType = STRI NG
St ackType = ~StackEl erment ;
St ackEl ement = RECORD

Val ue: |temlype;
Prev: StackType;
END;

PROCEDURE Cr eat e( VAR St ack: StackType);
(* Sets up stack, initially *)

PROCEDURE Push( VAR Stack: StackType;
X: ltenType);
(* Puts object X onto Stack *)

PROCEDURE Pop( VAR St ack: StackType;
VAR Y: |tentType);
(* Takes object Y off Stack *)

FUNCTI ON Enpt y( St ack: StackType): BOOLEAN;
(* Shows if Stack is enpty *)

| MPLEMENTATI ON
PROCEDURE Cr eat e( VAR St ack: StackType);
BEG N
Stack := N L;
END, { Create }

PROCEDURE Enpt y( St ack: StackType): BOOLEAN,
BEG N
|F Stack = NIL THEN
Enpty : = TRUE
ELSE
Enpty : = FALSE;
END, { Enpty }

PROCEDURE Push( VAR Stack: StackType;

X: ltenType);
VAR Next: StackType;
BEG N
New( Next ) ;
Next ~. Prev = St ack;
Next ~. Val ue : = X;
St ack = Next ;

END;, { Push }
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PROCEDURE Pop( VAR St ack: StackType;
VAR Y: |tentType);
VAR PrevTop: StackType;
BEG N
| F Enpty(Stack) THEN
WiteLn(' EMPTY ')

ELSE BEA N
Y = St ack”. Val ue;
PrevTop : = Stack”. Prev;

Di spose( St ack) ;
Stack := PrevTop;
END;
END; { Pop }

END. { StackLi b2 }

The Pascal program for TED is:

PROGRAM TED;
(* Aline editor that uses stacks of lines, *)
(* which are strings. *)

USES St ackLi b2;

VAR PSt ack, NStack: StackType;
Li ne: STRI NG
Command, Return: CHAR

PROCEDURE Hel p();
BEG N
WitelLn(' The commands are:');
WiteLn('B to go to the Beginning of the file');
WiteLn('D to Delete the line at the given
position');
WiteLn('T to Type out the entire file');
WiteLn('P to nove to the Previous line');
WiteLn('N to nove to the Next or follow ng
line');
WiteLn('l to Insert one line after given
line');
WiteLn('F to Find a given string');
WiteLn('Mto Modify the present line');
WiteLn('H to provide Help, by listing al
conmands' ) ;
WiteLn('R to replace a given |ine by another');
WiteLn('S to Save a file');
WiteLn('L to Load a previously created file');
WiteLn('E to End or exit the edit session');
END, { Help }
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PROCEDURE | nsert ();
(* Inserts a single line after this one *)
BEG N
ReadLn( Li ne);
Push(PSt ack, Line);
END;, { Insert }

PROCEDURE Del ete();
(* Deletes the single present |ine *)
VAR Li ne: STRI NG
BEG N
| F Enpty(PSt ack) THEN
WitelLn(' What!?')
ELSE BEA N
Pop( PSt ack, Line);
WitelLn(' Deleted: ', Line);
END;
END, { Delete }

PROCEDURE TypePage() ;

(* Types all lines in page and stops at end *)
VAR Li ne: STRI NG
BEG N

{ Pour Present stack to Next one }
WH LE NOT Enpty(PStack) DO BEG N
Pop( PSt ack, Line);
Push( NSt ack, Line);
END;

{ Pour Next stack while printing }
WH LE NOT Enpty(NStack) DO BEGA N
Pop( NSt ack, Line);
WitelLn(Line);
Push(PSt ack, Line);
END;
END;, { TypePage }

PROCEDURE Repl ace();
BEG N
Del ete();
Wite(' Replace:');
Insert();
END; { Repl ace }

PROCEDURE GoBegi n() ;
(* Goes to the first Iine of the page *)
VAR Li ne: STRI NG
BEG N
VWH LE NOT Enpty(PStack) DO BEG N
Pop( Pst ack, Line);
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Push( NSt ack, Line);
END;
Pop( NSt ack, Line);
Push(PSt ack, Line);
WitelLn(Line);
END;, { GoBegin }

PROCEDURE Next Li ne();

(* Goes to the following line *)
VAR Li ne: STRI NG
BEG N

| F Enpty(NSt ack) THEN
WitelLn(' At the end of page')
ELSE BEA N
Pop( NSt ack, Line);
Push(PSt ack, Line);
WitelLn(Line);
END;
END; { NextLine }

PROCEDURE Pr evi ous() ;
(* Go to previous line *)
BEG N
WitelLn(' This conmand not yet inplenented' );
END; { Previous }

PROCEDURE Modi fy();
(* Modify the present |ine *)
BEG N
WitelLn(' This conmand not yet inplenented' );
END, { Modify }

PROCEDURE Fi nd() ;
(* Find given string starting at present l|ine *)
BEG N

WitelLn(' This conmand not yet inplenented' );
END, { Find }

PROCEDURE Save() ;
(* Save page in file *)
BEG N
WitelLn(' This conmand not yet inplenented' );
END, { Save }

PROCEDURE Load();
(* Load previously saved file into page *)
BEG N

WitelLn(' This conmand not yet inplenented' );
END, { Load }
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You will notice that not all the commands in TED have been implemented;

PROCEDURE Capitalize(VAR Ch: CHAR);
(* Procedure capitalizes any passed letter *)
CONST UpperLowerDiff = ORD('a') - ORD('A);
BEG N
IF ("a'" <= Ch) AND (Ch <= 'z') THEN
CH := CHR(ORD(Ch) - UpperLowerDiff);
END, { Capitalize }

BEG N

Creat e( PSt ack) ;

Creat e( NSt ack) ;

WitelLn(' Enter a conmand');
Wite('?");

Read( Comrand) ;

Read( Ret urn);
Capitalize(Comand);

WH LE Command <> 'E' DO BEGA N
| F Command 'B'" THEN GoBegi n()
ELSE | F Command = 'D  THEN Del et e()
ELSE | F Conmand '"T" THEN TypePage()
ELSE | F Conmand "P" THEN Previ ous()
ELSE | F Command = ' N THEN Next Li ne()
ELSE | F Conmand "I'' THEN Insert()
ELSE | F Command = 'F' THEN Fi nd()
ELSE | F Command = "M THEN Modi fy()
ELSE | F Command = 'H THEN Hel p()
ELSE | F Conmand 'R THEN Repl ace()
ELSE | F Conmand 'S THEN Save()
ELSE | F Command = 'L' THEN Load()
{ More conmands can go here }
ELSE WitelLn(' Wiat!?');

WiteLn;

Wite('?");

Read( Command) ;

Read( Ret urn);

Capitalize(Comand);
END;

END. { TED }

there are just place holders for them. Complete the implementation of TED and

then:

= Add more commands, such as Append, to insert more than one line

e Output with line numbers for reference

= Provide more detailed help or instructions
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2. Typing

TypeTimer is an application program that presents a line of text to be typed in,
and then indicates how quickly this line was typed. Accuracy is not measured
because it is assumed that errors can easily be corrected. A typical run of this
program is shown below; the part of the dialog that the user typed is shown in
bold.

Typi ng Speed Test

You are to type the following |ine

Type Return when you are ready, and

type Return when you are finished

A qui ck brown fox junps over the | azy dog

A quick brown fox jumps overf the | axy dog

The tine taken is 50 units.

Time is measured by units, which are not seconds, but some arbitrary units that
are consistent and serve to compare times to measure progress. The Pascal code
for TypeTimer is:

PROGRAM TypeTi mer ;
(* BEvaluates tine to type a line of text *)
USES Events;

CONST Return = #13;
VAR Ti neOf Starting: LONG NT;
PROCEDURE Start Ti me();
BEG N
TimeOfStarting : = TickCount();
END, { StartTinme }

FUNCTI ON Tel | Ti ne(): LONG NT;
VAR Fi ni shTi me: LONG NT;

BEG N
Fi ni shTime : = TickCount();
Tel | Ti me = FinishTime - TinmeOStarting;

END; { Tell Time }

VAR El apsedTi me: LONG NT;
Ch: CHAR
Text: STRI NG

BEG N
WitelLn(' Typi ng Speed Test');
WitelLn(' You are to type the following line');
WiteLn(' Press return when you are ready, and');
WitelLn(' press return when you are finished);
WiteLn(' A quick brown fox junps over the |azy
dog' ) ;
WitelLn;
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Read( Ch) ;

StartTi ne;

Read( Text);

El apsedTinme := Tel I Time();

WitelLn(' The tinme taken was ', El apsedTine: 8,
units');
END. { TypeTi ner }

Typer2 is another application program that presents a number of lines of
various kinds of text and indicates whether the typed line is correct or has
errors.

PROGRAM Typer 2;
(* Typing test to determ ne accuracy *)

CONST Return = #13;

VAR Ch: CHAR
Li ne, InLine, Response: STRI NG
GoodResponse, Same: BOOLEAN;

BEG N
WitelLn(' Typi ng Accuracy Test');
WitelLn(' What do you wish to try?');
WiteLn('Silly sentences or serious statements?');
WiteLn('Enter "silly" or "serious"');
ReadLn( Response) ;
GoodResponse : = FALSE;
VWH LE NOT GoodResponse DO
| F Response = "silly'" THEN BEG N
GoodResponse : = TRUE;
Line := "exquisite farmwench gives body jolt
to prize stinker';
END
ELSE
| F Response = 'serious' THEN BEG N
GoodResponse : = TRUE;
Line := "a quick brown fox junps over the
lazy dog';
END
ELSE BEGA N
WiteLn(' Try again--Enter "silly" or
"serious"');
ReadLn( Response) ;
END;
WitelLn(' Type the follow ng');
Wi teLn(Line);
ReadLn( I nLi ne);
| F Line = InLine THEN
WitelLn(' CORRECT!")
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ELSE
WiteLn(' ERRORII!I");
WitelLn(' Try again soon');
END. { Typer2 }

Typer2, as it stands has only two sentences, neither of them really serious.
Extend the program to draw on a richer repertoire of sentences from a file.
Other extensions to be made are:

= to combine both speed and accuracy tests into one,
= to keep track of your progress after each exercise.
= to enter yet a third kind of file, “semi-serious”,

= to count the number of errors.

3. Calculator Applications

Cal cul at e is a calculator that is simulated by a computer. It provides the
typical four arithmetic functions (add, subtract, multiply, divide). Entering
the letter “g” or “Q” causes the calculation to quit. The Pascal program for
Cal cul at e is

PROGRAM Cal cul at e;
(* Four Function Cal culator of Real Values *)

VAR Val ue, Result: REAL;
Ch, Action, Return: CHAR

BEG N
Wite(' Calcul ate Real Nunbers ');
WitelLn;
Wite('End with '@ "' for quit ");
WitelLn;
Wite(' Enter a value: ');
WitelLn;
Read(Resul t);
Read(Return); { to "eat" Carriage Return }
Wite(' Enter an action: ');
WitelLn;
Read( Acti on);
Read(Return); { to "eat" Carriage Return }

Action := UpCase(Action);
WH LE (Action <> 'Q) DO BEG N
Wite(' Enter a value ");
WitelLn;
Read (Val ue);
Read(Return); { to "eat" Carriage Return }
IF (Action = "+'") OR (Action = '"A'") THEN
Result := Result + Val ue
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ELSE I F (Action = '-'") OR (Action ='S') THEN
Result := Result - Val ue

ELSE I F (Action = '*") OR (Action = "'M) THEN
Result := Result * Val ue

ELSE I F (Action = '/') OR (Action = 'D) THEN
Result := Result / Val ue

ELSE
Wite('Error ')

{ END IF };

Wite(' The Result is ');
Wite(Result: 10:3); WitelLn;
Wite(' Enter an action ');
WiteLn;
Read( Acti on);
Read(Return); { to "eat" Carriage Return }
Action := UpCase(Action);
END { WHI LE };

WitelLn(' End of Calculation ');
END { Calculate }.
Extend this program to:
= Compute squares and powers
< Include trigonometric functions
= Output results in scientific notation

Make another version of this calculator that uses Conpl exLi b from Chapter 8
to work with complex numbers. Extend this version to:

= Compute complex conjugates
= Compute magnitudes and angles

= Output results in polar notation.

10.7 Chapter 10 Programming Projects

The following is a series of problems and projects to be solved in the way in
which we have done the two case studies in this chapter, that is, all the steps
of the seven step process except for the actual implementation must be followed.
These problems are presented in order of increasing difficulty and complexity,
and cover various domains of application: general, business and scientific.

They were already described in Chapter 10 of the Principles book. If you did
the design then, only the implementation remains to be done!

10.8 Level 1 — Getting Started

The first-level problems require the development of your first programs.
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1-1. General

A Guessing Game

You are on vacation at home and planning to enjoy your free time. Alas! your
parents ask you to take care of your little sister, and she is a real pest. In order
not to see your vacation time slowly wasted, you decide to have the computer
entertain your little sister. To do this, you want to develop a simple game
program that will pick randomly an integer number between 1 and 1,000. The
program will ask your little sister to guess that number in a maximum of ten
tries, and will produce an appropriate message when the end of the game is
reached.

Obviously, the program needs to be interactive: It will display a message at
the start of the game, prompt your sister for a guess, and each time she makes a
guess it will have to indicate whether the guess was between the limits or was
high or low, or detect that the guess was right. At the end of a game the
program will allow your little sister to decide to continue to play or to stop.

The input format is simply that of an integer number, or a character for yes or
no. The output formats are mostly messages.

Start-of-game message:

Let's play a guessing gane.
| pick a nunber between 0 and 1, 000. You have to guess
it. But you have only 10 tries to guess my nunber.

End-of-game messages:

Congratul ations! 999 is right.
You | ose! My nunber was 999
Do you want anot her game? (Y/N)

Game messages:

Make a guess:

Wait a minutel My nunber is greater than O!
You wasted a guess! My nunber is 1,000 or |ess.
VWell ... your nunber is too small.

Sorry, but your nunber is too big.

Don’t forget! You have seen this example in Chapter 4.

1-2. Business

Computing a Customer's Change

Your cousin just opened a small store and does not have the funds to buy one of
those sophisticated cash registers that compute the change to return to a
customer. Since he still possesses his old personal computer, he asks you to
develop a program that, given an amount due and a payment, computes the
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change. This way he will be able to make sure that whoever he hires won't
make a mistake on the change to give back to the customer. The program will
compute the change repeatedly until a zero value is given to indicate
termination.

The change must be computed in dollar bills, quarters, dimes, nickels, and
pennies, with the smallest number of coins. The clerk will enter the amount due
in cents, the payment also in cents, and the program will return the number of
dollars, quarters, dimes, nickels, and pennies to give back. The clerk will be
prompted to enter the amount due and the payment by the following messages:

Enter anount due in cents (negative or zero to stop):
Enter payment in cents:

The change will be indicated in the following way:

Dol | ars 1
Quarters 1
Di mes 1
Ni ckel s 1
Penni es 1

Don’t forget! We have seen examples of change making in Chapters 3, 4,5, 7
and 8.

1-3. Scientific

A Bouncing Ball

While waiting for your date to show up, you idly bounced a tennis ball on the
sidewalk. This gave you the idea to develop a program to compute and display
some data on the bounces a ball will make when dropped from a given height.
Forgetting your late date, you went home to solve this interesting problem.

To simplify the problem, you assume the ball bounces in place, that is, it
remains bouncing on the same spot and does not have any forward motion. The
program will prompt the user for the initial height of the ball, the number of
bounces to consider, and the ball’s elasticity (which must be positive). It will
compute the height of each bounce based on the initial height and the ball's
elasticity, and display it. The program will also compute the total distance
traveled, which is the sum of the up and down bounces, for the given number of
bounces, and display it. The program will repeat this process until the user
tells it to stop.

If the ball is at height h, when it bounces, it reaches new height h', which is
computed by the formula

h'=h" resilience
where resilience is expressed as the elasticity coefficient raised to the nth
power, if nis the bounce number:

resilience = elasticity"
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If the original height is H, then the first bounce height will be
h,=H" elasticity
Note that, in your simplified conditions, an elasticity coefficient greater than

one means that the ball will never stop bouncing, and that each bounce will be
higher than the preceding one.

The ball will travel the distance shown in Figure 10.6, which we have drawn
to help you, and where we have represented a forward motion for the sake of
clarity (the ball bounces on the same spot).

Figure 10.6. Distance traveled by ball as it bounces
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Each time the ball bounces, it travels twice the height of the bounce, so the
total distance traveled is

H+2h +2h +2h_+2h + ..
The user will be prompted for the initial height in this way:

G ve the height in inches fromwhich the ball is
dr opped:

Then the user will be asked the number of bounces:
G ve the nunber of times the ball w Il bounce:
And finally the user will be asked the elasticity of the ball:

Gve the elasticity of the ball (between 0 and 1
if the ball is to stop bouncing):

For each bounce the program will display the following:
On bounce 9 the ball rises to a height of 99.9 inches
After the last bounce the program will display the following:

The total distance traveled by a ball with an
elasticity of 0.999
when dropped froma height of 99.9 inches
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and after bouncing 9 times is 999 inches.
The user will be asked if he wants to continue:

Anot her try?

10.9 Level 2 — Getting Organized with Procedures

The second level of problems requires the use of procedures and functions to
manage larger programs.

2-1. General

Your Age in Days

Your problem is to write a program that will read in a person’s birth date and
the current date, and compute and display the person's age in days. The
program will have to be interactive, to validate the dates it reads and to
display results in a clear manner. When the dates given are incorrect, precise
messages should be displayed. The program should be set up in such a way that
it can compute repeatedly a number of ages and let the user decide when to
terminate execution.

The various output formats are mostly user’s prompts and error messages.

Enter birth date in the form11 21 91:
Enter current date in the form 11l 21 91:
Today you are 2059 days old

Want to conpute another age?

I ncorrect value for nonth.

I ncorrect value for day.

I ncorrect value for year

I ncorrect values for day and nonth.

I ncorrect values for nonth and year

I ncorrect values for day and year

I ncorrect values for day, nonth and year
You are not born yet!

2—-2 Business

What's the Cost of My Mortgage?

The loan department of your bank still uses silly tables to determine what the
monthly payment of a mortgage loan is going to be. The consumer association
wants you to design a program to compute interactively monthly mortgage
payments as well as the cost of such a loan over the first 5 years of the loan and
the total cost of that loan. In order to validate the input data, the loan



478 Chapter 10  The Seven Step Method

amounts must be between $1,000 and $500,000, the loan interest must be between
3 and 20%, and the loan length must always be between 1 and 35 years.

Although banks are a little secretive about the formulas they use to compute
mortgage loans, we know that they base their computations on a monthly rate,
that can be computed from the annual mortgage rate compounded twice a year.
Loan rate tables show you that

(1 + Monthly Rate)'?% = (1 + Annual Rate/2)%
which leads to

(1 + Monthly Rate)® = (1 + Annual Rate/2)
or

6 " log(1 + Monthly Rate) = log(1 + Annual Rate/?2)
and finally

Monthly Rate = ¢ 09( + Annual Rate/2)/6 _;
Using this, we can compute the monthly payment.

Monthly Payment = Monthly Rate x Loan x (1 + Monthly Rate)12Y

(1 + Monthly Rate)12y - 1

The program will use these formulas to compute and display the monthly
payment of a given mortgage loan and to produce a detailed report of the
payments over the first 5 years if needed.

The output format used will be the following:

Anount of nortgage | oan

Annual interest rate:

Length of nortgage |loan (in years):
Mont hly paynment: 999.99

Do you want a detailed report?
Interest paid in 5 years: 12345. 67
5 year bal ance: 23456. 78

Total cost of nortgage |oan: 34567.89

The detailed report format will be the following:

Paynent # I nt erest Capi t al Cum Int. Bal ance
1 97.59 44, 21 97.59 9955. 79
2 97. 16 44. 65 194. 75 9911. 14

2—-3 Scientific

Solving the Quadratic Equation

The problem you have to solve now is the well-known quadratic equation.
Remember its form?

ax2+bx+c=0
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Your program will accept the values of the three coefficients a, b, and ¢ and
compute the roots of the equation. The program will prompt the user for the
three coefficients repeatedly, and stop when the user enters three zeroes for the
coefficients. The program will distinguish between the various solutions and
display the results with an appropriate message: one root, double root, real
roots, complex roots, as well as an error message if coefficients a andb are zero
while cis not.

The output formats will be the following:

G ve val ues of three coefficients:
Contradiction 2.0 =0

One root = -25.0
Doubl e root = 120.0
Root 1 = -2.0
Root 2 = -1.0
Conpl ex roots = -18.0 +/ - 12. 4i
10.10 Level 3 — Getting Fancier with Parameters

The third level of problems requires the use of procedures and functions to
manage larger programs and provides practice in how to parameterize them.

3-1. General

Count the Word Occurrences in a Text

We want a program to read a text, to extract the various words from the text,
and to count the number of occurrences of each word. The program will output a
list of all the words in the text in alphabetical order (ascending or descending)
with their number of occurrences. A word is defined to be a sequence of
characters between two separators, and the separators will include all
punctuation signs, as well as all available special characters. In fact, a
separator will be any character other than a letter (upper case or lower case) or
a digit.

The program will prompt the user for the name of a text file to use as input file.
It will read the entire file, separate the words and count their occurrences, and
finally display the words in alphabetical order, one per line, with their
corresponding number of occurrences.

The input and output formats can be summed up by the following messages and
examples of output.

G ve the nanme of your text file:

In what order do you want the word list? (A/D):

Nunber of occurrences for the 96 words found in

fIfff.ttt

Word : Cccurrences
A 18
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At 1
Words table is full, no room for Xxxxxxx

3-2. Business

Processing Personnel Data

Your chum Arnie, from the personnel department of the good old municipal
services, has just given you a frantic call: he needs, right now, all sorts of
employee lists, and his information systems department just told him it would
take three to six months for them to produce a feasibility study for a needed
program to read, sort, and display data on municipal employees. Obviously, he
will get nowhere with his own services, and has the OK to contract out to you
the writing of this program.

Further prodding on your part elicits a little more information on the program:
it must be interactive; it must run on a Macintosh; it will be used by his boss in
the personnel department; it should be able to read various employee files; and
it should be able to sort employee records extremely quickly by name, by age, or
by seniority, and to display these records in four different simple formats. The
employee files all have the same format: one line per employee with family
name, first name, employee number, hiring date, birth year, and various
informations including the social security number.

The program will display a short menu to the user, and read and validate the
user's choice. The menu format will be the following:

Read data fromfile

Sort by age

Sort by nane

Sort by seniority

Di splay nane and birth year

Di splay nane and first nane

Di spl ay nane and hired date

Display all information

. Exit program

Pl ease enter your selection and press return:

CONoOTEWNE

The program will have to make sure that operations 2 to 8 are not usable until
operation 1 has been used at least once. The program will display the
following message:

No data has been read yet
After each sort, a message will be displayed:

Enpl oyees sorted by age

Enpl oyees sorted by nane
Enpl oyees sorted by seniority

The output formats for operations 5, 6, 7, and 8 are quite simple: the employee
name will be followed by a single value, or all the values:

Ber ger 1956
Ber ger Ant oni a
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Ber ger 710221
Ber ger Ant oni a BERAO 710221 1956 198-39-9739 M ddl e- nanagenen

The personnel department foresees a new format for employee records which
would double or even triple their size. The sorting of employee records must be
designed so that the change in size of the employee records does not unduly
affect the sorting time ( a variation of Count Sort —see Chapter 9— seems in
order).

In order to read in the employee data, the program will prompt the user in the
following manner:

Pl ease give nane of enployees file:

Once the data have been read, a message indicating the number of records read
will be displayed:

Nunber of enpl oyee records read: 99

In the case of a large file, the program will check that the data can be stored in
the employees table; if not, it will display the following message and skip the
rest of the file.

File too large, input truncated

3-3. Scientific

Plotting a Function

In this graphic era, we want to be able to plot a given function y = f(x) between
two values of x. The plot of such a function will be graphical and will appear
in the usual manner, that is, assuming a vertical y axis and a horizontal x axis.
We want the plot to show parallels to the x and y axis for the minimum values
of x and of y, with some indication of the x and y values. We also want the user
to be able to plot any function of one variable, and to define the range of x
values for the plot, as well as the size of the plot.

A typical output would look like Figure 10.7.
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Figure 10.7. Plot fory = x
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10.11 Level 4 — Getting Your Wings with Units

The fourth level of problems requires the creation and use of separately
compilable units to construct a complete program.

4-1 General

The Kwic Index

Suppose we were interested in programming languages and looking for books or
papers on the subject. It will be easy to find promising titles in a listing
provided that the authors have been considerate enough to put the words
Programming Language at the beginning of the title. Thus the book
Programming Language Concepts will be where we expect to find it in the
alphabetical ordering. However, the paper A Comparative Study of
Programming Languages will be in another part of the listing and, unless we
think of looking under Comparative, we will be unlikely to find it without a
sequential scan through the catalogue—something that rapidly exceeds our
attention span making us very likely to miss items.

The Key Word in Context (KWIC) index tries to solve this problem by listing
each title several times, once for each of its keywords—*“noise words” such as a,
the, and, of, and so on are not counted as keywords. We might define a KWIC
index as being produced by taking each title, generating circularly shifted
copies, each with a different keyword at the beginning and then sorting the
newly generated list alphabetically. A circularly shifted copy is formed by
moving one or more words from the beginning of the title to the end. The title A
Comparative Study of Programming Languages would appear four times as:

Conparative Study of Progranm ng Languages. A
Study of Progranm ng Languages. A Conmparative
Programmi ng Languages. A Conparative Study of
Languages. A Conparative Study of Progranm ng

This is not very easy to read and in its final form of the index, part of the
listing might be rearranged as:

A Conparative Study of Progranmm ng Languages
Progranm ng Language Concepts
Programm ng Language Landscape:. ..
Programmi ng Language Structures
A Conpari son of Programm ng Languages for Softw ..
Programm ng Languages: Design a...
Princi pl es of Programmi ng Languages: Design,
...ion to the Study of Progranmm ng Languages
Concepts of Programmi ng Languages
Concurrency and Programmi ng Languages
Fundanental s of Progranm ng Languages
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...cture and Design of Progranm ng Languages

where the titles have been aligned on the word that is being used for the
alphabetical ordering and sufficient other words are provided to give some
context. Also appearing would be a citation to allow the reader to find the
work.

The KWIC program accepts an ordered set of lines, each line is an ordered set of
words, and each word is an ordered set of characters. Each line consists of two
parts, a Title-Part and a Reference-Part. The Reference-Part is enclosed in
brackets. It is assumed that brackets never occur in either the Title-Part or the
Reference-Part. An example of input data is:

Sof tware Engi neering with Ada [ Booch 1983]

The Myt hical Man Month [ Brooks 1975]

An Overvi ew of JSD [ Caneron 1986]

Nesting in Ada is for the Birds [Clark et al. 1980]

hj ect Oriented Progranmm ng [ Cox 1986]

Soci al Processes and Proofs of Theorens and Prograns
[DeMIlo et al. 1979]

Progranmm ng Considered as a Human Activity [Dijkstra 1965]

A Title-Part may be circularly shifted by removing the first word and
appending it at the end of the line to form a new Title-Part. From each line in
the input data, new lines are constructed by appending a copy of the Reference-
Part from the original line to all distinct circularly shifted Title-Parts. The
first word of each such line is the keyword. Those Title-Parts that begin with
the keywords: a, an, and, as, be, by,for,fromin,is,not,of,on,or,that,
the,to,w th,andwi t hout are ignored. The output of the KWIC program is a
listing of all the titles constructed in this way and displayed so that the title
is presented with its original word ordering with all keywords lined up
vertically in the center of the page. Where a line must be truncated at the
beginning or end in order to fit on the printed line with the keyword aligned the
truncation is shown with an ellipsis, “. . . ”

4-2 Business

Information Retrieval

The board of directors of the Piranha Club, of which you are a member, have
commissioned you to implement a small data base system for the members of the
club. Members will give information that will be stored in the system and will
be retrieved for the benefit of other members. Members’ data will be kept in a
permanent file and the system will allow the addition of new members, as well
as the deletion of departing members, and also the updating of member
information. Some security checks will be implemented in the system by
keeping a password with each member's data, and requiring that password for
certain operations. The password will be kept in the system in a ciphered form
in order to improve system security. The system will display a menu of the
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possible operations to the user who will then choose the desired operation. On
program exit, the members table will be automatically stored in a new file.

After discussions with the board of directors, the following formats are agreed
upon. The format of the menu will be the following:

Add a new nenber

Check nemnbership

Get a nenber's nane

Get a nenber's address

Get a nmenber's phone nunber
Get information on a nmenber
Change nenber's password
Renove nenber

. Show nmenber i st

10. Exit program

Pl ease enter your selection and press return:

CONOOEWNE

The various messages of the query system will be the following:

Initialization from a data file

Initializing nenbers table. Gve file nane:
Addition of a new member

G ve I D of enployee to add:
G ve nmenber nane:

G ve nmenber address:

G ve nenber phone nunber:
G ve nenber password:
Menmber added

Checking a membership

G ve ID of enployee to | ook for:
XXXXXXX is a member
XXXXXXX is not a menber

Information query on a member

G ve I D of enpl oyee:

The nmenber's nane is:

The menber's address is:

The menber's phone nunber is:

Sorry but this ID does not belong to a nmenber.

Changing a member’s password

G ve | D whose password nust be changed:
G ve new password:

G ve your old password:

G ve new password agai n:

Password has been changed

W ong password.

You don't seemto be sure.

Password has not been changed
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Removal of a member

G ve ID of enployee to elimnate:

G ve Password of nember you want to elimnate:
Wong password, nenber could not be renpved
Menmber renoved

Display of the member table

G ve adninistrative password:
Sorry but you do not have access to the list.

Copy of members table into a data file at end of execution

Saving nenbers table. Gve file nane:

4-3 Scientific

Complex Algebra

Several methods are known to find the roots of an equation. One of the most
efficient of these methods is the Newton-Raphson method, developed by Isaac
Newton around 1685, and refined by Joseph Raphson in 1690. We can design a
Pascal program to apply the method without much difficulty. However, now
that we have reached level 4, we can be a little more ambitious. We will
design and implement a Pascal program to apply the Newton-Raphson method
to find the root of a polynomial equation in x of a given degree whose
coefficients are complex numbers.

The program will read in the degree of the equation, the corresponding
coefficients, the requested accuracy, and the starting point for the Newton-
Raphson method,; it will apply the method and return a result for the root or an
explicative message when the root can not be computed. The program will
repeatedly prompt the user for data, and stop when the user wants to stop.

The following is the format of the dialogue messages that will be used by the
program.

G ve the degree of the pol ynom al :

G ve the polynom al coefficients defining the function
Coefficient of degree 9 ; real part:

Coefficient of degree 9 ; immginary part:

I ndicate the precision you wish to achieve:

I ndi cate the maxi mum nunber of iterations:

Now gi ve the starting value for x(real part):

Now give the starting value for x(inaginary part):
The root is 9.9999999999 + 9. 9999999999i

Newt on- Raphson took 9 iterations

For a precision of 9.999999E-09

Mor e?
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