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PREFACE

While developing a course in Pascal programming, the authors recognized a need for an introductory Pascal
textbook that satisfied the following criteria:

The text be written with a style and a reading level that is suitable for high school or Junior college
students.

The text be suitable for use in an independent study program as well as in a lecture-oriented classroom
environment.

The text be complete so it can be used for formal programming classes without supplementing or
altering; that is, it contains material that is well organized, and new concepts that are supported by
demonstration problems and ample skill development exercises.

Therefore, in developing Learning Pascal Step by Step the following features were implemented:

A problem-solving approach that is used throughout the text.

A diagram approach to presenting new concepts that lends itself to easy referencing.

Material that is presented at a pace to encourage progress without frustration.

Ample opportunity for students to become proficient in using the new concepts before moving on to
new topics.

Careful organization of new concepts so that no program requires a concept that has not been
introduced.

An easy-to-understand format that presents concepts which illustrate strengths of Pascal, such as sets,
record structures, type declarations, and passing parameters to procedures.

In order to place maximum emphasis on new concepts being introduced, less emphasis was placed on

comments both in the demonstration and skill development programs; however, the use of comments is
strongly encouraged in places where they will enhance the clarity and readability of the programs.
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INTRODUCTION

Niklaus Wirth designed the language Pascal, which was named after the 17th century mathematician Blaise
Pascal. One of the principal reasons for designing the language Pascal was to create a programming language
that could be used to teach a well-organized and disciplined approach to programming and problem solving.
As a result Pascal has become the major instructional language used in colleges and universities.

Reasons why Pascal is becoming the most popular language in use are:

1. Pascal is widely available on many different types of computers, ranging from large mainframe
computers to microcomputers. That is, the different computers have Pascal compilers available that
will translate programs written in Pascal into the machine language of the computer being used.

2. Pascal lends itself to good programming techniques. Thus, students of Pascal learn to program
effectively.

3. Pascal is a structured programming language. Programs written in Pascal are well-organized and easy
to follow.

4. Pascal is an excellent teaching language. Therefore, learning Pascal provides a good background for
future studies in computer science.

This book was written for the Apple UCSD Pascal, Radio Shack TRS-80 version of New Classics
Pascal-80, and the IBM P-SYSTEM VERSION 1V.0.
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GETTING STARTED

In order to complete the problems in this text, the user must become familiar with the computer’s Pascal
operating system. Abbreviated instructions for using the operating system are located in the appropriate
appendix as indicated below.

APPENDIX I

APPLE Operating System

APPENDIX 11

TRS—-80 Operating System

APPENDIX III

IBM PC Operating System

XV



Lessons



CONTENTS

Preface......

....................................................................

AcCKnowledgments . ...........o.uiiiintiiitiitiiiiiit ittt

Introduction

Lesson 1

Lesson 2

Lesson 3

Lesson 4

Lesson 5

Lesson 6

Lesson 7

.....................................................................

PASCAL EXPRESSIONS .. .tiiiiiitttttttttteeeeaneennnnnnnnnnnns
L1 ObjJeCtives .. ... .. oot
1.2 Constants, Variables, and Operations . ..............................
1.3 Demonstration Problems . .............. ... ... ... . ... . . . . .. ... ...

INTRODUCTION TO PROGRAMMING ....oovurmeennnnnennnnnnnnns
2.1 OBJECHIVES . . ..ottt
2.2 ASSIGNMENT, WRITE, DECLARATIONS, BEGIN, and END .........
2.3 Demonstration Problems . .............. ... ... . . ... . . . .. ... ...

WRITE AND WRITELN .....titiiiitiiiiiiieiineennennnnnnnnnns
3.1 ObJECtives .. ...t
3.2 Programming Strategy and Formatting Displays .......................
3.3 Demonstration Problems ................. ... ... .. .. . ... ... . . . ...

4.2 READLN, Boolean Expressions, and WHILE-DO ....................
4.3 Demonstration Problems . .................. ... . . . . ...

USING APRINTER . ...oitttiiiiiintttteeeemnaeeeee i,
5.1 ODBJEOUVES s 5565t o wme nimaomwsmm saoe o s s s 55 8 8 %5 04 58 5 e s m
5.2 TEXT Variable, REWRITE Statement ........................... ..
5.3 Demonstration Problems . ............... ... .. ... .. . ... .. ...

CONDITIONAL BRANCHING AND FLOWCHARTS .....oovvvvnnnnnn..
6.1 ObJECtiVes ... .........ouueii i
6.2 IF-THEN, ELSE, Flowcharts .................. . .. . . . . . . . .. .. .
6.3 Demonstration Problems .................. .. .. ... ... ... .. ...

COUNTERS AND ACCUMULATORS ....uttieneennnennnnunnnnnnnn,
Tl ODBJECUIVES v £ ot 5ttt ve v emie e e se s s o5 s s 8% 505 5 b s o e
7.2 Counters and Accumulators in Loop Control ..................... ... .
7.3 Demonstration Problems .................. ... .. ... . ... .. .. .. . .

17
17
17
19
21

24
24
24
29
31

34
34
34
36
39



vi

Lesson

Lesson

Lesson

Lesson

Lesson

Lesson

Lesson

Lesson

9

10

11

12

13

14

15

Contents

PREDEFINED FUNCTIONS . ... tiiiiiiiiitiiirienrerescncocosans 49
8.1 ODbJECtIVES . . ottt 49
8.2 Predefined Functions, Divisibility, and Rounding Numbers .............. 49
8.3 Demonstration Problems ............ ... ... ... .. .. ... ... 52
8.4 Skill Development EXercises . ............c.ouuiiiiinininninanno .. 57
MORE ABOUT CONDITIONAL BRANCHING ......cccevvieeeennnnns 61
9.1 ODbJECHIVES . . . oottt ettt 61
9.2 Nested IF-THEN, Constant, and Boolean Variable Types ............... 61
9.3 Demonstration Problems .............. ... .. ... .. . .. .. 64
9.4 Skill Development Exercises .................c.oiiiiiiiiio.... 67
PROGRAM STRUCTURE USING PROCEDURES ..........ccocovvvnnn. 69
10.1 ObJECtiVES . . ..ttt ettt e 69
10.2 Procedures and Stepwise Refinement .............................. 69
10.3 Demonstration Problem ............ ... ... ... ... ... ... .. ... .. .. 78
10.4 Skill Development Exercises .....................oiiiiiiuao. ... 82
FOR LOOPS: i o510 5515 550 5555 5 555 55 5 555 5 555 55 5 968 5 506 513 8 508 0 oce m vm 0 010 w1 0 10 a1 10 86
LT ODbJECHIVES . . .ottt et ettt e e e e 86
11.2 FOR-TO, FOR-DOWN TO, and Loop Control ....................... 86
11.3 Demonstration Problems ............. ... ... .. .. ... ... ... ... ..... 89
11.4 Skill Development Exercises ................... ... ... 91
FOR STATEMENTS WITH VARIABLE CONTROLS .........c.ccocvn... 93
I2.1 ObBJECtVES . . ..ttt ettt e e e 93
12.2 Variables, Algebraic Expressions in a FOR Loop .................... 93
12.3 Demonstration Problems ............. ... ... ... . ... ... ... . .... 95
12.4 Skill Development EXercises . ....................ouiuuineeninn. .. 98
NESTED LOOPS . s cc w515 95 05 55 5 556 50 655 5158 358 5 556 55 i 368 6 006 5 5.8 %08 @ 008 o sv0 . o0 0.0 101
13,1 ODbJECHVES . . .o\ttt ettt e e e e 101
13.2 Nested FOR-TO LOOPS ... ....oootmiiii i 101
13.3 Demonstration Problem ............ ... ... ... ... . ... .. ... ... .. 102
13.4 Skill Development Exercises . .....................oiuuiiinon. .. 103
ADDITIONAL PASCAL STATEMENTS ....cciititiitnrnnnnennennnnnns 105
14,1 {ODJECHIVES sis s o5 s s amsmn o me a5 s mmsis 56 5msis v smmamornms o maio o e e 105
14.2 CASE-OF and REPEAT-UNTIL Statements ......................... 105
14.3 Demonstration Problem . ........... ... ... ... ... .. 108
14.4 Skill Development Exercises ....................oooiiiii. ... 110
14.5 Review Exercises (Lessons 1-14) .. ... . . 111
ARRAYS o 02w are 0 ws s o0 00w 3105 570 9 518 508 19 518 3 575915 5 518 3 508 30 038 608 6006 0 ok 31806 6160 114
I5.1 ObBJECHVES . ..o\ttt ettt e 114
15.2 Arrays (Subscripted Variables) ... ............... .. .. .. .. .. .. .. ..., 114
15.3 Demonstration Problems ........... ... .. .. ... ... ... .. .. . .. ... ... 118



Contents

Lesson

Lesson

Lesson

Lesson

Lesson

Lesson

Lesson

Lesson

16

17

18

19

20

21

22

23

MANIPULATING ARRAYS ... iiiiiiiiiiiiiiitiienrocesennocnannns 124
16.1 ODbBJECHIVES . . ..ottt et e e e 124
16.2 Manipulating Arrays and Passing Parameters ........................ 124
16.3 Demonstration Problems ............. . ... ... ... ... ... ... ... 127
16.4 Skill Development EXercises ..................coouiuuiineinnnenn... 134
STRING VARIABLES (NOT AVAILABLE ON THE TRS-80) ............ 139
I7.1 ObJECtIVES . . ...ttt et e e 139
17.2 Assignments, Length, and Concatenate . ............................ 139
17.3 Demonstration Problems .......... ... ... ... ... ... ... ... .. ..., 140
17.4 Skill Development Exercise ..................................... 142
PACKED ARRAYS .. iiiiiiiiiiiiiiiiieiieteeeeneneeeennnennnnanas 144
18.1 ODbJECHIVES . . .ottt e 144
18.2 Loading, Printing, Manipulating, and Comparing Packed Arrays ........ 144
18.3 Demonstration Problem ........ ... ... ... ... ... ... . ... ... . ... 149
18.4 Skill Development Exercises . ............. ... ... 153
RECORDS ... . iiiiiiiiiietiietreetnescnnssssocesoccaannaasaasanns 156
19.1 Objectives ... ... .. 156
19.2 Records and Array of Records .. ............ ... .. ... ............. 156
19.3 Demonstration Problem .« .swve cmsmmams s 6820 2m5 505 605 w6 s 160
19.4 Skill Development Exercise ................. ... ... .. ............. 165
SIS s 05060 0050 00500505 500708 5560658 9 515 67 5 506 5 S0 55 608 516 i e 1 1m o2 om0 w0 2 0 mrm s mm o7 00 0 168
20.1 ODbBJECHIVES . ..ottt ettt e 168
20.2 Set Declaration, Union, Intersection, and Difference . ......... ... .... 168
20.3 Demonstration Problem ......... ... .. ... ... ... ... .. .. ... .. .. 172
20.4 Skill Development Exercises . ...................... ... ........... 175
DOUBLE SUBSCRIPTED VARIABLES .............cciiiiiiinnnn.... 177
211 ObBJECHIVES . . oottt 177
21.2 Declaring and Manipulating Double Subscripted Variables ............. 177
21.3 DemonStration PODIEI ws:ws cmssmoms susmsiis s 65500558 165 tos v 178
21.4 Skill Development Exercises . ...................... ... .......... 180
ARRAYS OF PACKED ARRAYS OF CHARACTERS .................. 183
22,1 ODbBJECHVES . ...ttt ettt e 183
22.2 Declaring and Manipulating Arrays of Packed Arrays ................. 183
22.3 Demonstration Problem ......... ... ... ... ... ... . ... ... . ... .. 185
22.4 Skill Development EXercises .......................ooii ... 187
INTRODUCTION TO FILES ......oouiiiiiiiiiiiiiiieiiiineennnnnn, 189
23,1 ODbJECHIVES . . ..ot 189
23.2 REWRITE, RESET, PUT, GET, CLOSE and EOF ........... ... ... .. 189
23.3 Demonstration Problem . ......... ... . ... ... ... ... . ... 194
23.4 Skill Development Exercises ..................................... 195
23.5 REWRITE, RESET, and CLOSE . ............ .. ... .............. 199
23.6 Demonstration Problem . .......... ... ... ... . ... . ... ... ... ... ... 202



viii

Lesson 24

Appendix I
Appendix II
Appendix IIT
Appendix IV
Appendix V
Appendix VI
Appendix VII

Appendix VIII

Contents

APPLICATION OF FILES ......cttiittiiituiieeneeeneennnccanccsansns 207
4.1 ObJECHiVE . vivme vis spsdni Gaimsam s EaEES SRR IS FRIEH S MH RIS 2 207
24.2 Skill Development Exercises . .............. ... ... ... 207
APPLE OPERATING SYSTEM .....iiiiiiiiiiiiinieneneneennennnns 211
TRS-80 OPERATING SYSTEM .....ittiiiiiiiiiriieeennencnncnnnnnns 217
IBM OPERATING SYSTEM ...t iiiiiiiiiiitnntennenneceenancanens 219
ALPHABETICAL SEQUENCE .......iiiiiiiiiiiiiiieineeeenenennnns 225
DATA ENTRY WITH A DATA FILE ....civtiiiiiiiiieninnneneannnnns 226
PRINTING TOATEXTFILE ......ccciotiteereccescccccsccecnsannns 228
SORTING: o 65555 576 6 516 15506 065 556 58 5 5108 16819 510 50 008 0 e 91 1 s 1 e i 0o 91830 906 10 0 o 232
KEY WORDS INPASCAL ... iiiiiiiiiiiiiieiintiinenneeneennens 234
.................................................................. 235



Lesson 1
PASCAL EXPRESSIONS

1.1 OBJECTIVES

Objectives: 1. To understand the types of constants, variables, and operations that can be used.
2. To be able to translate expressions from algebra to Pascal.
3. To understand the correct sequence for the order of operations.

1.2 CONSTANTS, VARIABLES, AND OPERATIONS

DATA TYPES'

Bpe Examples

INTEGER 5
86
0

REAL 5.3
18.0
0.4
6.5E3
4.32E-2

VARIABLES (IDENTIFIERS)

Examples:

N

Sum

Averagel
Average?2
AppliedToPrin

PROBLEM IDENTIFIERS

Summationl
Summation?2

Description

Whole numbers (i.e., numbers that do not contain
a decimal point). The largest integer allowed is
+32767 and the smallest is — 32768.

Numbers that involve a decimal. (The decimal
must have at least one digit in front of the decimal
point and one digit behind the decimal point.)

6.5E3 = 6500 (6.5 x 10°%)
4.32E-2 = 0.0432 (4.32 x 1072)

Rules for Identifiers

1. They contain a sequence of the letters (A—Z) or
a combination of the letters (A-Z) and the digits
(0-9).

2. They must begin with one of the letters.

3. They cannot contain symbols such as
/,*%,—,&,%,%, or blanks.

Problem

Even if there is no specified limit to the number of
digits that a variable can contain, it is common that
only the first eight are actually used. Therefore, the
two identifiers to the left will be treated as the same
variable by some compilers.

' Other types such as STRING, BOOLEAN, and CHAR will be presented in later lessons.



2 Lesson 1 Pascal Expressions

ILLEGAL IDENTIFIERS
Miles/Gal
3rdGroup

Net Salary
Real

OPERATIONS
-
*

/
DIV

MOD

Reason

Only the characters (A-Z) are allowed; symbols
like ““/ are illegal.

A variable must start with one of the letters (A-Z).
Blanks are not allowed.

Reserved words cannot be used as variables.
(REAL, END, PROGRAM, INTEGER, DIV are
examples.)

Meaning

Addition

Subtraction

Multiplication

Division (Real type)

Division (Integer type)

Remainder Division (See explanation below.)

Note: Problems involving exponents must be treated like multiplication problems until the proper functions
are presented in a later lesson. Example: X* must be written as (X *X).

ORDER OF EXECUTION

Rules for the order of execution of operations are the same as the rules in algebra.

First
Second
Third
ASSIGNMENT STATEMENT EXAMPLES
Y:= A + B

Ave: = (Iteml + Item2) / 2

IntQuot: = Num DIV Den

RealQuot: = Num / Den

Exponents and parentheses
*, /, DIV, and MOD from Ileft to right
+ and — from left to right

EXPLANATION
The value of A + B is assigned to Y.

The numbers stored in ITteml and Item2 are
added together, the sum is divided by two, and the
result is assigned to Ave. Iteml and Item2
may be real or integer type numbers.

The number stored in Num is divided by the
number stored in Den and the integer part of the
result is assigned to IntQuot .
For example: 25 DIV 4 = 6

—14 DIV 3 = —4

Same as above only the real result is assigned to
RealQuot.
For example: 25 / 4 = 6.25

-14 /5 = -2.8



Demonstration Problems 3

Rem: = Numl MOD Num2 The value stored in Numl will be divided by the
value stored in Num2 and the remainder will be
assigned to Rem.

For example: 6 MOD 2 = O
10 MOD 3 = 1
—15 MOD 4 = 3
4 MOD (—15)= 4!
1.3 DEMONSTRATION PROBLEMS
Changing algebraic expressions to Pascal expressions:
Algebraic Expression Equivalent Pascal Expression
I. 8X+3 8*X + 3
2. 5(X+6) 5*(X + 6)
A+B *
3 >C (A + B) / (2*C)
4. A° + B A*A + B*B (temporary solution?)
g5 2t X*Y / (Z + 10) or (X*Y) / (Z + 10)
CZ+10

Note: In the above examples the identifiers were chosen as they would be in algebra. When used in
programs, the identifiers should be chosen so that they are as descriptive as possible. For example,
averaging three numbers in Pascal may look like this: (Iteml + Item2 + Item3) /
HowMany.

Evaluating Pascal expressions:

Pascal Expression Value
6. 8%5 + 3 43
7.6 + 4*¥2 - 3 11
8. 15 DIV 2 7
9.0.5 * 8.0 + 1.6 * 1.2 5.92
10. 50.0 / 2.5 * (4.2 + 1.8) 120
11. 25 MOD 8 1

' On some compilers the parentheses are not necessary. However, it is recommended they be used in order to
make the programs more universally accepted.
* This is a temporary solution until the proper functions are introduced in a later lesson.



