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Preface

The FOLDO®& dictionary of computing defines C as:

A programming language designed by Dennis Ritchie at AT&T Bell Labs ca. 1972 for
systems programming on the PDP-11 and immediately used to reimplement Unix. C is
often described, with a mixture of fondness and disdain, as "a language that combines all
the elegance and power of assembly language with all the readability and maintainability
of assembly language".

And then continues to define a (programming) methodology as:

(a) An organised, documented set of procedures and guidelines for one or more phases
of the software life cycle, such as analysis or design. Many methodologies include a di-
agramming notation for documenting the results of the procedure; a step-by-step "cook-
book" approach for carrying out the procedure; and an objective (ideally quantified) set
of criteria for determining whether the results of the procedure are of acceptable quality.
An example is The Yourdon methodology.

Or (b): A pretentious way of saying "method".

This course attempts to teach some aspects of C programming, and programming methodology. At
the end of the course a student should know many of the useful features of the C language, and be
able to produce a program using professional programming techniques.

The Free-On-Line-Dictionary-Of-Computing is founctatp://wombat.doc.ic.ac.uk/foldoc/index.himl


http://wombat.doc.ic.ac.uk/foldoc/index.html




On the lectures and notes...

Throughout the lectures, | will try to follow four principal threads:

1. Programming in C,
2. Computer science,
3. Software engineering techniques and methods including ‘good practice’, and

4. Useful information

The following four symbols are used throughout the notes, and indicate the four principal threads.
The icons normally appear in the margins of the notes.

@ This icon indicates that this section is about C programming.

M-

i
i

This one indicates that a “Computer Science” topic is to be explored.

This one represents an engineering aspect of the discussion, and finally,

@ This one represents an informative section (history, how to use a tool and so on)

In addition, code listings, specifications, algorithms and so on are consistently presented in framed,
labelled boxes. Theomputer scienceontent of this course is introduced in a gradual manner, leaving
in-depth analysis until later.

Thanks to Prof Tony Adams (USP, Fiji Islands) for his C++ notes, and useful ideas.
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Chapter

Introduction

®

C)fficiall)},jl the aim of this module is to

“introduce students to the discipline of computing and to the problem solving process.
The module stresses on good program design, and programming styles, and structured
program development using a high-level programming language. Some basic concepts
in procedural abstraction, structured programming and top-down design with stepwise
refinement will be introduced. Topics to be covered include: algorithm design process,
program development/coding/debugging, programming concepts in a high-level language
including program structure, simple data types and structured types, and various control
structures (sequencing, loops, conditional, etc.), and linear data structures, such as ar-
rays and linked-lists. The utility of recursion will also be highlighted using a variety of
sorting algorithms. Laboratory work is essential in this course”.

Have you got that? That is the official view, but | can see a different way of looking at this. From a
student-oriented point of view, the aims could be:

1. to survive the semester, and
2. to learn some useful stuff about programming along the way.

And to passof course!

In this first chapter, we begin by giving some initial tips on how to survive this course, some relevant
history about C, and we make some observations about programming in general.

1.1 How to survive @

The main advice | can give you is tgork consistently. If you leave assignments till the last mo-
ment, or walk into laboratories unprepared, you will feel continually pressured. If you have difficulty
understanding something it often becomes hard tofdnik, the remedy is simpleask.

This description is extracted verbatim from the NUS SoC description of core modules found at

httn-Ihananar comn.nus.edu.salSocmeourricichanterll PDF
AGP AW COMEBNUSEOUSE - CMCUuriiGiCRapteiaa.

AT R PR T S ~
i stuck here = wiat car i do now?


http://www.comp.nus.edu.sg/~cmcurric/chapter11.PDF

Introduction

Programming is a practical subject. You will need to write, type in, correct and run programs. Attend-
ing lectures, and hoping to pass the final exam may work fine in some subject areas, but not this one.
The good news is that you will be able to use your computer at home to develop your programming
skills.

Students who do well do the following things:

e attend laboratory classes as well as lectures and tutorials,
e start laboratory assignments as soon as they are given out,
e do the tutorial exercises, and

e seek help if things get difficult.

When you get help from your friends or tutors, make sure that you understand it (for instance, if you
have had help with an assignment you should be able to do it again on your own a couple of weeks
later).

Aaron Tan has assembled a range of documents relatedvivingon the web site at

o http://www.comp.nus.edu.sg/"cs1101c/5_tips/tips.html

1.1.1 Assessment and grading

The following assessment weightings will be used:

Assessment ‘ Weighting ‘

Tutorials 10% (1/3 attendance, 2/3 presented materjal)
Laboratories 15% (Taken from CourseMaster system)
MCQ tests (2) 20%
Practical exam 15%
Final exam 40%

Laboratory work will be done using the CourseMaster automated C programming system, with a
series of programming tasks that you may work on in the laboratories, or in your own time. At any
time, you may use the CourseMaster interface to check your current assessment, and if you wish,
re-submit to get a better score.

1.2 Resources

There are lots of resources available to you. There is no excuse that starts with “I could not find
anything...”. First there are people resources, information in the form of books and Internet sites, and
at least three sets of course notes.


http://www.comp.nus.edu.sg/~cs1101c/5_tips/tips.html
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1.2.1 People

We all prefer to get our information from people. Even if it is wrong. We are people-kind-of-people.
You can talk to:

Colleagues: Your fellow students often have discovered things already. In a University, we encourage
people to be free with their knowledge - so if you know something, share it with your colleagues.
If you want to know something and the student on the next table seems to know, introduce
yourself andask.

Tutor, Lab assistants: Should be knowledgable in many of the areas covered, and if they can't an-
swer your questions, they will find out!

Lecturer: I'll try to make myself available at fixed times. You may also e-mail me if you are still
having problems after consulting your tutor.

Woman you met in bus: Before accepting what she says, ask for her name. If it is Thompson or
Ritchie...

1.2.2 Internet

Aaron Tan: has developed a wonderful web site here at NUS with lots of pointers to various re-
sources related to both survival, programming methodology and C.

BBS: The SoC BBS often has an active site devoted to cs1101c.

Various: There are literally hundreds of “learn C programming” courses to be found on the Internet,
with a range of quality levels. You may wish to look around at them.

Announcements via e-mail: If | have announcements to make, they will be sent to you at your offi-
cial NUS e-mail address. You are advised to read your e-mail as often as you can. If you have
an external account, ensure that your NUS mail is redirected there.

1.2.3 The course text

C How To Program (3rd edition) - Introducing C++ and Java

by H.M. Deitel & P.J. Deitel, Prentice-Hall, ISBN 0-13-089572-5.
You are strongly urged to get the textbook. It is available at the Forum co-operative bookstore.
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1.2.4 Course notes

There are at least three sets of course notes available to you at the course home site:

1. These notes are my lecture notes, and they are just an expanded version of the overheads used
in class. You will need to read the textbook, and other provided course material to find out
detailed information about any of the topics.
http://www.comp.nus.edu.sg/"cs1101c/hugh/cs1101c.pdf

2. Aaron Tan’s well-developed set of course notes should be read as well.
http://www.comp.nus.edu.sg/'cs1101c/2_resources/lectaaron.html

3. The CourseMaster system also comes with (yet another) set of C programming course notes.
http://www.comp.nus.edu.sg/"cs1101c/CourseMaster/

The overheads used in class are available at:
http://www.comp.nus.edu.sg/"cs1101c/hugh/foils.pdf

1.3 C background

The C programming language was called "C" because many features derived from an earlier compiler
named "B", which in turn was developed from BCPL. BCPL was a simpler version of a language
called CPL, which owed many of its features to a language called Algol 60.

The names most associated with this early development of C were Ken Thompson and Dennis Ritchie.
Both were employed at Bell Telephone Laboratories and were the chief developers of the UNIX
operating system. Ritchie has written a short history of C which you may find interesting. It is found
athttp://cm.bell-labs.com/cm/cs/who/dmr/chist.himl

UNIX has been distributed freely in the academic world since those early days, and since every UNIX
system was written in C, and came with free C compilers, it became immensely popular. Even now,
nearly 30 years after it was developed, C is still the main language used in systems and applications
programming. The main features of C are:

e Simplicity - C has a relatively small number of components, although some programmers say
it has too many!

e Efficiency - C has commands that are directly oriented towards the low level instructions, and
can often produce very fast and small code. When C was developed, computers typically had
8KB of memory (8192 bytes), and so cosigeefficiency was a great concern.

e Portability - C and UNIX are available on virtually every platform.

Brian Kernighan and Ritchie published the book “The C Programming Language” in 1978, effectively
setting the standard for C. This standard became ANSI C after some modifications. C itself has
spawned other languages - Concurrent C, Objective C, and in 1986, C++. All of these languages
accept most elements of ANSI C, but provide extra facilities.


http://www.comp.nus.edu.sg/~cs1101c/hugh/cs1101c.pdf
http://www.comp.nus.edu.sg/~cs1101c/2_resources/lectaaron.html
http://www.comp.nus.edu.sg/~cs1101c/CourseMaster/
http://www.comp.nus.edu.sg/~cs1101c/hugh/foils.pdf
http://cm.bell-labs.com/cm/cs/who/dmr/chist.html
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1.3.1 C compilers and other tools

C compilers are traditionally callectc. There are a range of C compilers available for you to use.
Here is a list:

UNIX-based: Most UNIX systems come with a C compiler called The GNU C compilers are
considered the best ones, and are available in various forms on various machines. You can use
them on the UNIX systems at NUS, or if you have Linux installed on your PC you may use
them on your home machine. The compiler is commonly callesi or g++ for the language
C++.

DOS-CYGWIN: There are two main ports of GNU C available for DOS/Windows systems - one
is called CYGWIN, and the other DGJPP. Either may be downloaded for use. The CYGWIN
distribution home site ishttp://sources.redhat.com/cygwinlote that there are many places
that sell CYGWIN, but it can be downloaded legally for free. A copy of CYGWIN for use with
CourseMaster at NUS is available on the web site, along with a programmer’s editor.

DOS-DJGPP: DJGPP is a free compiler for C and C++, along with support tools. It is used on MS-
DOS/MS-Windows machines. The originator of DJGPP is DJ Delorie (hence the name), and
the compiler is available fttp://www.delorie.com/djgpp/There are local copies of everything
here at NUS &ttp://ftp.nus.edu.sg/pub/simtelnet/gnu/djopp/

DOS-BCC: The Borland C command-line compiler is provided with the Deitel and Deitel book.
It is on the CD in the back, although when | tried to install it on my Win98 PC, | had to
find the install program and execute it directly, as the install program on the disk didn’t seem
to work - it did not appear to interpret the extended file names correctly. The file to run is:
D:\BORLAND\CBUILD~5\COMMAN~5\FREECO~6.EXE

n

1.4 On giving instructions >

1=1

If I run into a room with an axe, everyone has enough sense to get out of the way. Even the ants and
spiders will move. However a computer will not move at all. From this we can see that a computer’s
view of the world is quite different from that of living things.

We sometimes have difficulty dealing with the “literal monster” - the difficulty is not that it is compli-
cated, but quite the reverse. You will not find it easy learning to deal with a complete idiot.

1.4.1 Ambiguity

A first problem is that of ambiguity. When we hear something, we interpret it differently according to
context. For example:

“Stay away from the bank!”
This could be

1. A Dad telling off his 5 year-old son - meaning that there is a dangerous bank, or...
2. The Bank manager instructing her (ex) employee to stay well away from the Bank, or...


http://sources.redhat.com/cygwin/
http://www.delorie.com/djgpp/
ftp://ftp.nus.edu.sg/pub/simtelnet/gnu/djgpp/
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This sort of ambiguity is simple, and can be resolved fairly quickly by finding out what sort of “bank”
is being referred to. There are more complex forms - for example consider this sentence:

“Woman without her man is nothing”
Does this mean

1. “Woman, without her man, is nothing.” - or - does it mean
2. “Woman! Without her, man is nothing.”

The computer is too simple to deal with this level of structural ambiguity, and so we tend to use very
specific computer languages which are insensitive to context. These languages acooidieidfree

1.5 Stepwise refinement

If you were asked to organize the catering for a wedding, you may decide that you have a set of tasks
to perform:

1. Make up a guest list

2. Invite the guests

3. Select an appropriate menu

4. Book church/hall/Minister ... and so on.

Each one of these tasks may themselves be split into component tasks:

1. Make up a guest list

(a) Get list from Groom
(b) Get list from Bride
(c) Check for conflicts
i.
ii.
iil.

2. Invite the guests .... and so on

This general strategy of subdividing tasks is commonly performed when programming, and the pro-
cess is known astepwise refinement It is most effective when tasks are independent. It tends to be
less effective when tasks have strong inter-relationships:

Guestlist large = Book larger hall
= Cost much greater
= Reduce number of guests
= Book smaller hall...
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1.6

In this section, we introduced the following topics: @

Summary of topics

Survival techniques - resources and staying with the class
Resources - colleagues, the Internet, books and teaching staff
Some C history - there is lots more - have a read!

Tools you can use for free - and ones you can buy

Ambiguity and the general type of computer languages
Subdividing problems - a useful technique with a fancy name

Questions

1.

In what computer language were early C compilers first written?In what computer language are
C compilers written now?

2. What is UNIX?
3. What is ambiguous about each of the following sentences? What type of ambiguity is demon-

0 N O O

strated?

(a) POLICE BEGIN CAMPAIGN TO RUN DOWN JAYWALKERS
(b) DRUNK GETS NINE MONTHS IN VIOLIN CASE

(c) SQUAD HELPS DOG BITE VICTIM

(d) MINERS REFUSE TO WORK AFTER DEATH

. Devise a set of instructions to help someone read the time from an analog clock. Play “devil’s

advocate” with your instructions, and find an error.

. What is ANSI?

. What is GNU, and the GNU copyleft?

. Find the sources for a C compiler, and count the lines in it. How did you do it?
. Differentiate between a compiler and an interpreter

Further study

Textbook, chapter 1, sections 1.1 to 1.18
Textbook Chapter 2, sections 2.1t0 2.5
Self-review exercises, chapter 1

Aaron’s notes for Lecture 1 &ttp:/Avaw.com
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At this stage, a distinction is made between an algorithm, and code.

An algorithm is a set of instructions that describe a method for solving a problem. An algorithm is
normally given in some mix of computer code and English. This is often called pseudo-code.
When an algorithm is discussed in this text it will look like the following example:

Algorithm: 1 Enjoying a cup of tea with a tea bag

put tea bag in cup
pour boiling water over tea bag
jiggle for about 20 seconds
if like milky tea
add milk
else
add slice of lemon
drink

A code-listing (program,procedure,function,method) is an actual implementation of some algorithm.
It can be compiled and executed, either by itself - as in most examples in this text, or in conjunc-
tion with other code-listings. When code is discussed in this text it will look like the following

example:
] CODE LISTING HelloSingapore.c

/* IR E R R SRR EEEE SRS EEE RS EEEEEEEEEREEEEEEEEEEEEREEEEEEEEEEEEEESEEEEESESESESESS
Aut hor : Hugh Anderson
Dat e: 01/11/ 2000
Description: This is an initial "Hello World" program
Revi si ons: None yet. ..
LEEEE R EEEEEEEEEEEREEREEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEESEEES */

main ()
printf ("HelloSingaporel\n");
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2.1 Hello Singapore - <printf>

Here we introduce our first real C program. As you can see - it is in a code-listing box, not the
algorithm-box.

] CODE LISTING HelloSingapore.c \
/* IR EEE R R SRR S EEE SRR SR EEEEESEEEEEEREEEEEREEEEEEEEEEEEEEEEEEEEEEEEESEEESE]
Aut hor : Hugh Ander son
Dat e: 01/ 11/ 2000
Description: This is an initial "Hello Wrld program
Revi si ons: None yet. ..

LR R EEEEEEEEEREEEEEEEEEEERESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE RS */
main ()

printf ("HelloSingaporel\n") ;

Comment: The first lines of the program are an (optional) comment. Comments may be either
done using the symbol // (two forward slashes - which tell the C compiler to ignore the rest of
the line) or by placing your comments between thand* symbols. You are to put header
comments something like the above one in every program you submit during this course.

main(): The main part of the program to be run (we say executed!) is always eadled This
is just a tradition. It could have been callpdgram or starting-place or just about anything,
but the designers decided to use the wagth. Not Main. notMAIN. Not Maln. In C, the case
(uppercase/lowercase) matters, antisia andmain are different things. So it ighain.

Body: The body of the program contains a single statement which prints out the message
Singapore! followed by anewline character. Therintf is called a statement or a command.

Format: All the other brackets and semicolons are needed by the compiler so it can tell
unambiguouslyvhat you want to do - there will be more explanations later in the course.

The <printf> construct:

The C statement printf can be used a few different ways, but this way is the simplest. The string within
the quote marks is printed out on the console (the same place where you typed the command). The
“\n” indicates that a new line is added to the output - shifting succeeding outputs onto the next line.
The format given here for printf is:

printf ( <string>) ;

On a UNIX system, the online help can give you detailed information about each C programming
construct. - If you use the commanadn printf ”, you will get something like this:

NAME
printf - write formatted output

SYNOPSIS
int printf(const char *format, ...);

DESCRIPTION
The functions in the printf family produce output
according to a format as described below. The
functions printf and vprintf write output to stdout,
the standard output...

These manual pages take a little getting used to, but are normally a quick way to find out details of
commands.
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2.1.1 Compilation

This first C program is aourcefile. That is, it is written in the C source language. It now has to| bet

n

2

turned into a form that the computer can use eaacutable The process of converting a source file

into an executable program is calledmpilation and it is performed by eompiler:

Compiler
Source

Executable

The compiler splits the program into the parts that are important to it - called tokens. For our first

program, the tokens would be:

| main [ ([)[{] printf | (| “Hello Singapore\n”

D[}

We could write our program just like this:

main(){printf(“Hello Singapore\n”);}

and the program would compile and run accurately. However, we do not do this.
programming practice to try as much as possible to make our programs readable. Here is an ¢

of correct, but extremeligard to readode:

] CODE LISTING horrible.c

float s=1944 x[5],y[5],z[5],r[5].j,h,a,b,d,e;int i=33,c,l,f=1;int g()}{return f=

[1+7yli+2[i])*a—(d=1+] J+h*h)*( U r[I]+X[l]*><[l]+y[l] ylil+z[i]*2[i]))>0)

(f*6478+1)%65346 IMO{X[]=90-Ly[i]=(g()- I)/4 rlil=g()>>4;}main(){char t[1948

=" ‘MY mtw%FFlj%6Jqig~%!‘jqig~Etsqnsj3sth", *p=t+3,*k="3tjlg9TX";|=s*20;while(i<s)
pli++]="\n"+5;for(i=0;i<5;i++)z[i]=(i?z[i—1]: 0)+I/3+lm() while(1){for(c=33;c<s;
ct++){c+=!((c+1)%81);j=c/s—.5;h=c%81/40.0-1;p[c]=37;for(i=4;i+1;i—-)if((b=(a=h*x

{for(e=b;e*e>b*1.01||e*e<b*.99;e-=.5*(e*e-b)/e);p[c]=k[(int)(8*e/d/r[i])];}}for
(i=4;i+1;z[i]-=s/2,i——)z[i]= z[|]<O°I*2+'m() z[i];while(i<s)putchar(t[i++]-5);}}

This code comes from an interesting web site devoted to the worst-of-the-worst-of-the-worst C code.

It is corpmen

ble

The International Obfuscated C Code Contegttgt:/Amrnnaviccee.erg/ C programmers from around
Youmay find it interesting to find out how

the world compete to write the worst C code every year.
notto write C.


http://www.ioccc.org/
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2.1.2 Compile and execute

Lets see a compilation, and first execution of this program on each of the three platforms mentioned
in section.3.7

Here is an example of a compilation using the GNU C compiler on one of the UNIX machines here
at NUS. The commands that | typed are marked with little rounded boxes.

(List the source of the program)

‘?EHlIIIIIIIIIIIIIi;iIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII K

hugh@sunA:~/CS1101C[541) ¥ |
hugh@sunA:w/CSllOlC[54l]$(cat HelloSingapore.c]

/* khkrhk bk bk hrh kA kA kAR Ak kR A A AR A kA RA R AR d Rk kbR bk h R R R ko h ki

Author: Hugh Anderson

Date: 01/11/2000

Description: This is an initial “Hello World’ program

Revisions: Hone yet...

AXRRRARKRRRRARARRARR RN AN RARR AR AR AR RN RN AR AR AN AR AR RARR AR RN RARKRRARRR &/
r{nain 0 (List filesin directory)

printf ("Hello Singapore!in”];
} .
hugh@suna:~/CS1101C[542] § (Compile the program)
total 2
R e e i e 1 hugh ompsc 332 Nov 20 14:59/HelloSingapore.c
hugh@sund:~/C31101C[543

c
[ 18

hugh@sunA:w/CSllOlC[543]$(gcc -o Hello HelloSingapore.c)
[ 18
[ 1%

hugh@suni:~/CS1101C[544 ’ R .
Ts 1) (List thefilesagain)

hugh@suna:~/C31101C[544

total 52

=T WL 1 hugh compsc 24628 Nov 20 15:00 Hello

o L et 1 hugh compse 332 Nov 20 14:59 HelloSingapore.c
hugh@suna:~/C51101C[545)

&
hugh@syna -~ /C31101C[545] %] . /Hello
(Jrelle smgapore!]J (So ... executeit.)

ogiTEsoga—7 €51 1c[1546)% B |

The result of the program!

We get similar results using the Cygwin environment under windows:

M e e B Al

§ 1s -1 Hello*
-rw-r--r-- 1 hugh unknown 332 Mow 20 15:35 HelloSingapore.c

$ goc -0 Hello.exe HelloSingapore.c

§ 1s =1 Hello*
-rwxr-xr-x 1 hugh unknown 18949 Mow 20 1B:57 Hello.exe
=rw=r==r== 1 hugh unknown 332 MWow 20 15:35 HelloSingapore.c

§ /Hello.exe
Hello Singapore!
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If you have purchased the Deitel and Deitel book, it may have a CD in the back, which contains a
command line version of Borland’s C compiler. This may also be used, and looks like this:

s vd ol ie) &6 &S5 Al

C:\Borland\bccS5 \Bin>dir hello.*

volume in drive € has no label
volume Serial MWumber is 1157-16E9
Directory of Ci\BorlandibccSS\Bin

HELLO C 332 11-01-00 12:13p Hello.c
1 file(s) 332 bytes
0 dirds) 114,380,800 bytes free

IC:\BorlandibccS5hBin>bcc32 -L. .5\ 1ib Hello.c

Boq}and C++ 5.5 for win32 Copyright (c) 1993, 2000 Borland

Hello,.C:

warning wBO065 Hello.c 11: Call to function 'printf' with no prototype in functio
In main

'Warnin% w8070 Hello.c 12: Function should return a walue_in function main

Turbo Incremental Link 5.00 Copyright (c) 1997, 2000 Borland

C:Y\Borlandi\bccS5'\Bin>dir Hello.*
volume in drive € has no label

volume Serial Mumber is 1157-16E9
Directory of C:\BorlandibccSS\Bin

HELLO OB 254 11-20-00 4:45p Hello,obj
HELLO c 332 11-01-00 12:13p Hello.c
HELLO TDS 393,216 11-20-00 4:45p Hello,tds
HELLO ExE 52,736 11-20-00 4:45p Hello.exe
4 file(s) 446,538 bytes
0 dirds) 109,740,032 bytes free

C:%Borlandi\bccS54\Bin>Hello
Hello Singapore!

C:\BorlandibccS5yBin>
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2.2 Specification of programs

The format followed for specification of programs in these notes is similar to that used by the Course-
Master system. A specification looks like this:

‘ Specification 1: Convert inches to feet and inches inchtofeet ‘
Description: A complete program to convert an input ‘inches’ number
to two - ‘feet’ and ‘inches’. The values must be ‘printed’.
Preconditions: None TRUE
Postconditions: The new ‘feet’ value times 12 plus the new ‘inches’ valu€ f * 12) + i = ¢’
is the same as the old‘inches’ value.
Hints: Use two (or three) integer variables.
Perhaps search for MODULO, and use it.
Sample input/output: suna> inchtofeet
Please enter inch value => 46
46 inches is 3ft 10in.
suna>

Title line: - includes a brief description, and the required name for the routine or executable.
Description: - a short English language description of the programming task.

Preconditions: - the minimum requirements for the code to work correctly. In the preceding sample,
the program is expected to work in all circumstances - there are no preconditions. More formally
we might say that the precondition is TRUE.

Postconditions: - the expected result after the program or code segment is run. This may be given
informally or more formally (as shown on the right of the specification above). A short form
for formally specifying this program ig; f : [TRUE, (f * 12) +1i = ¢/].

Hints: - Here are brief hints which can help you design and structure your program.

Sample input/output: This may take the form of a sample run of the program (as shown above), or
it may just be a brief discussion of the likely test data and expected results. If a sample run is
given, your program MUST perform exactly as the sample run does.

The CourseMaster system in addition has an “Assessment” field which gives you hints as to how the
automatic assessment of your program is done, and how to get the best mark.

2.3 Further C language elements

The following sample programs introduce more statements from the C language. We follow a fixed
format, starting with a specification, continuing with the code, and then concluding with a brief de-
scription of the introduced C programming construct.

Note: You must look elsewhere fatetaileddefinitions and information about the constructs intro-
duced in this section.
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2.3.1 Square - <scanf>

Here is another specification - this one for a program to calculate the square of a number. We present
the complete program as a pair - a specification followed by an implementation (code-listing).

Specification 2: Square a nhumber ‘ sqgrnum ‘

Description: A complete program to calculate the square of a given
input number. The values must be ‘printed’.

Preconditions: None TRUE
Postconditions:

Hints: Use <scanf>

Sample input/output: suna> sqrnum
Please enter number => 6
6 squared is 36.

suna>
CODE LISTING sgrnum.c
/* IR RS RS R R R RS S SRR RS SRR RS EEEEE R SRR R E R R R R R R R EEEEEEEEEREEESEEES
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto display the square of
an i nput nunber
Revi si ons: None yet. ..

LR R R R RS R EE SRR R R EEEEEREEEEEEEEEEEEEEEEREEEEEEEREREEEEEEEEEEEEEEEERES] */
main ()

int inputnum

printf ("Pleaseenter number ==>");

scanf ("%d", & nputnum;

printf ("%dsquaredis%d.\n", inputnum inputnum* inputnum;

Unfortunately, we have had to introduce some new things into our program. They are briefly described
below.

Variable declaration - <int>

The “intinputnum; " declaration tells the compiler that your program is going to want a storage place
in which the program can store a value. In this case, the valueirgegervalue. Within the program
we can refer to this storage location by the name we specify:

e Thenameof this storage place isputnum
¢ lts valueis whatever-we-put-into-it!

We call these declarationsriable-declarationsand the things themselves are callediables We
can declare as marmvariablesas needed.

More on the <printf> construct

We now also see a second way of using thei@f statement. The rule is:
printf ( <format> , <list of values/variables>) ;
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The <format> part is a string which contains information about how to print the values or variables.
Within the string, the %d specifier indicates that a number is to be printed in decimal. For example:

| Statement | Result \
printf(“%d”,6+12); 18
printf(“The sum of %d and %d \n is%d\n”,6,12,6+12); The sum of 6 and 12
is 18

The \n specifier indicates that a new line is to be started. Here is a short summary of the most important
format specifiers:

| Specifier | What it does \

\n newline

%s prints a string

%d prints a decimal value

%X prints a hexadecimal value

Getting input - <scanf>

A complementary function terintf is scanf. Its purpose is to read an input stream, and read input
values. Thescanf call will match the input stream with the required data types, and our initial use is
very simple:

scanf( <format>, &<named variable> );

The & character is telling thecanf routine the address of the place where it should return the value
to. In this case the address of some named variable.

Sequencing of C statements

If we have two or more C statements that we wish to be performed one after the other, we write them
one after the other - one-to-a-line. An example:

printf(“HI");
printf(* there\n”);
printf(“Dude\n”);

This prints out

Hi there
Dudel!
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2.3.2 Sum - <assign>
Another small program - this one just being used as a way of introducing dssiGnmenstatement. @
‘ Specification 3: Sum two numbers ‘ sum ‘
Description: A complete program to calculate the sum of two given
input numbers. The values must be ‘printed’ with the sum.
Preconditions: None TRUE
Postconditions: sum=inl+in2
Hints: Use <scanf>

Use two or three variables

Sample input/output: suna> sum

Please enter first number => 6
Please enter second number => 21
The sum of 6 and 21 is 27.

suna>

Here is a solution to this using three variables, one to hold each of the input values, and the third used
to calculate the sum:

| copE LIsTING sumb.c \

/'k
Author:  Hugh Anderson
Date: 22/11/2000
Description: This is a program to display the sum of
two input numbers —this one uses three variables
Revisions: None yet...

*
main ()

int inl, in2, sum

printf ("Pleaseenterfirst number==>");

scanf ("%d", & nl);

printf (" Pleaseenter second number ==>");

scanf ("%d", & n2);

sum=inl + in2;

printf ("Thesumof %dand%dis%d\n", inl, in2, sun);

The <assignment> construct

When a programming language has an assignment statement, we call the language a von-Neumann
language, because the assignment explicitly indicates that our computer has a readable and write-
ablememory- John von-Neumann’s engineering contribution to the computer. The structure of an
assignment statement is:

<variable-name> = <expression> ;

The <expression> is evaluated (worked out), and assigned into the computer’s memory at some loca-
tion <variable-name>.
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Note that we need not have used three variables - we could have just used two. Here is a solution
using two variables, one to hold each of the input values:

’ CODE LISTING sum.c ‘

/*
Author: Hugh Anderson
Date: 22/11/2000
Description: This is a program to display the sum of
two input numbers —this one uses two variables
Revisions: None yet...

*
main ()

int inl, in2;

printf ("Pleaseenter first number ==>");

scanf ("%d", & nl);

printf (" Pleaseenter second number ==>") ;

scanf ("%d", & n2);

printf ("Thesumof %dand%dis%d\n", inl, in2, inl + in2);

2.3.3 Summation - <for>

This program introduces a more complex C construct - the for-loop construct. We use this type of
statement when we want to do something some number of times.

Specification 4: Calculate the sum-up-to-n ‘ sumton ‘

Description: A complete program to ask for an input number n, and then
calculate the sum from 1 to this number n.
The values must be ‘printed’.

Preconditions: The input value must be greater than 0 in>0
Postconditions: The result is the sum from 1 ton result= 2121 i
Hints: Use two integer variables.

Perhaps use a for loop.
Sample input/output: suna> sumton

Please enter input value => 4
The sum from 1 to 4 is 10.

suna>
CODE LISTING sumton.c
/* IR EEEEEEE SRS ESEEEEEEEEEREREEEEEEEEEEEREREREEREEREEEEEEEEEEEERESERESESESEESS
Aut hor : Hugh Ander son
Dat e: 22/11/ 2000

Description: This is a programto display the sumfrom1l to a
speci fied I nput nunber
Revi si ons: None yet. ..

IR EEEEEEE SRS ESE SR EEEEEEREREEEEEEEEEEEREEREREEREEREESEEEEEEEEEESRSERSESEESESSS */
main ()

int inl, result, count;

printf ("Peaseenterinputvaue==>");

scanf ("%d", & nl);

result = 0;

for (count
resul t

1; count <= inl; count = count + 1) {
result + count;

printf ("Thesumfrom1lto%dis%d\n", inl, result);
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The <for-loop> construct

The structure of the for-loop statement is:
for ( <beginning> ; <end test> ; <change>) { <statement> }

The <beginning> statement is done first - we often set some loop counter variable to have its beginning
value here. The <end-test> expression checks if the loop is finished. The <change> part increments
or changes the loop variable in some way.

If we had:
for (i=1;i<=10 ; i=i+1) { <statement> }
Then the <statement> would be executed 10 times.
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2.4 Summary of topics
In this section, we introduced the following topics:

e Algorithms and code, and the use of pseudocode.

Simple C constructs - including all of the following

— Comments - commenting code using /* and */

— The program main structure - main(<...>){<body>}

— Declarations of simple integer variable storage spaces - int X;
— <assignment>, <for-loop>, <printf>, <scanf>

The compilation process - tokens, source, compilers

Readability and code style - bad code
Environments in which to work - CYGWIN, UNIX, DJGPP, BCC
Specifications - informal and formal

Questions

1. Differentiate between a specification and an implementation.

2. Tabulate the size in bytes of the executables for our first listing on each of the platforms. Why
are they different?

Write an algorithm in pseudocode for finding a word in a dictionary.

What is wrong with the following program? MAIN({PRINTF(*HELLO SINGAPORE\N");}
What is wrong with the following program? main(){printF(“HELLO SINGAPOREN\n");}
What is the output of this code segment: for (i=0;i<10;i++) printf(“%d\n”,i);

Under what conditions will the following post-condition be unobtainalle? a /b

© N o g bk~ w

In the form given in these notes, give a long specification of a program to calculate the hy-
potenuse of a right-angled triangle given the two other sides.

9. Give the previous example in the short formal specification style as well.
10. State in words the meaning of the following specificationy : [z > 0,y = = + 1].

Further study

e Textbook, chapter 2, sections 2.5t0 2.6
e Textbook Chapter 3, sections 3.1 to 3.8
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More structure

>

1=1

The two terms “syntax” and “semantics” are often mentioned in relation to programming languages.
Some definitions:

Syntax: The structure of components of some language. It is relatively easy to get the syntax correct

in our programs - we just follow a simple set of rules. A language’s syntax is described by a
grammar.

Semantics: Themeaningof a string (or sentence) in some language.

It is much harder to understand the semantics of a program, than it is to verify the correct syntax.

3.1 A useful tool - indent @

A useful tool which can tidy up (or pretty-print) messy programs isident tool available on many
systems. This tool takes any C, and re-formats it according to some set of rules. The tool is very

flexible, but even without setting any of the options, it normally formats C programs quite nicely. For
example:

] CODE LISTING formatted.c \

1*

Author:  Hugh Anderson
Date: 01/11/2000
Description: This is a test file
Revisions: None yet...

*
#define _REENTRANT

#include <iostream>

#include <pthread.h>

int counter = 0;
int turn = 10;

void *many (void *arg)

pthread_t tid;
cout << counter << ":"; counter = counter + 1;
if (——turn > 0) {/* decrement turn by 1 */
pthread_create (&tid, NULL, many, (void *) 0);
cout << turn << endl;pthread_join (tid, NULL);}cout << endl;}

main (){ many (NULL);}

21
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And after using the indent commaniddent formatted.c

| copE LisTING formattedl.c
/* LR R SRR SRS EEEEEEEE S EREEEEEREREEEREEEEEEEEEEEREEREEEEESEREEEESEESERESESRESESESSE]
Aut hor : Hugh Ander son
Dat e: 01/11/ 2000
Description: This is a test file
Revi si ons: None yet. ..

IR R SRR SRS E SRS R RS SRR SRR ER SRR EEEE SR EE R EREEREEREEEEREEEREEEEEEESEEEESESESE] */
#define _REENTRANT
#include <iostream>
#include <pthread.h>

i nt counter = 0;
int turn = 10;

voi d *
many ( voi d *arg)

pthread_t tid;
cout << counter << "
counter = counter + 1;
if (——turn>0) { /* decrement turn by 1 */
pthread_create (&tid, NULL, many, ( voi d *) 0);
cout << turn << endl;
pthread_join (tid, NULL);

cout << endl;

main ()

many ( NULL);

There are some points about this program. Firstly - the specific formats chosen are adjustable. If we
use different parameters to the indent command, the program will be formatted differently. In this
case, every command is on a different line, the target of-ttement is indented, and the indenting

is consistent throughout the program.

3.2 More C constructs

In this section we introduce three new C programming constructstuiétien helps us to create more
usable and readable programs. Tdspound-statement allows us to group a series of statements
together and treat them as if they were one statement. Finally a statement for repetitively doing things
- the while-statement .

3.2.1 The function

We have already met the stepwise refinement technique, and the C programming language supports
this technique directly through the use of thumctionor procedure call. An example of this may

be that if we were given a programming task which involved reading in some values, calculating
some intermediate results, and then printing out average values, we can write this as three separate
functions.

We give each function a meaningful name, such as readin, calculate and printout. We can then write
the mainline of our program immediately without concerning ourselves with the contents of each of
these three functions. This is exactly the tool we need to implesteptvise refinement
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We begin by writing the main line of the program as shown below:

| copE LisTING thefunction.c
/* LR R RS R R RS SRR R S EEE RS RS SRR SRS R R SRR SR SRR R ERE R ERE R R REEEEEESEEE]
Aut hor : Hugh Ander son
Dat e: 22/11/ 2000
Description: This is a programto denonstrate the use of functions
Revi si ons: None yet. ..
IR EEEEE SRR R SRS R RS R R SRR EEE SRR EEEEEEEEERREEEEREEEREREEEEEEEEES] */
voi d
readin ()
/* Nothing here yet... */
}
voi d
cal culate ()
/* Nothing here yet... */
voi d
printout ()
/* Nothing here yet... */
}
main ()
readin ();
calculate ();
printout ();

We have now subdivided our task into three smaller tasks, which we address in turn. A C program
may only have a single main, but may have many functions. The following points give guidelines for
the use of functions:

1. C functions may have anything from 1 to 50 lines of code in them, but if they get too large, you
should consider dividing them - in turn - into smaller functions.

2. Afunction should perform a single sensible subdivision of the required activity - not half of one
activity and half of another.

When we do this sort of program development, we begin by writing down the mainline, subdividing
our tasks into some set of smaller tasks. We can check and compile that this mainline works correctly,
by just using empty functions. The term commonly used for these empty functishisrocedure

or stubfunction.

3.2.2 Compound-statements C

Statements may be simple ones, such as the ones we have already met, or they may be compound
statements. A compound statement is made up from a series of simple statements, grouped within
curly braces. Here’s an example:
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CODE LISTING compundl.c ‘
/* KFhkhk Ak Ak kkhkkkhkhhhhhhhhhkhkhkhkhkhkhkkhkhkhkhkhhhhhhhhhkhkhkhkkkkkkhkkhkhhhhhkkkkkkkxx
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000
Description: This is a programto denonstrate the use of conpound
St atenment s
Revi si ons: None yet. ..
KFhkAk A A Xk hkkkkhhhhhhhhhkhkhkhkhkkkkkhkhkhkhhhhhhhhhkhkhkkhkhkkkkkhkhkhkkhhhhkkkkkkkxx */
main ()

int inl, result, count, old;
printf ("Pleaseenterinputvaue==>");
scanf ("%d", & nl);
result = 0;
for (count = 1; count <= inl; count = count + 1) {
old = result;
result = result + count;
printf (" Adding%d to%d gives%d\n", count, old, result);

}
printf ("Thesumfrom1lto%dis%d\n", inl, result);

In this example, we have added lines of code to help us discover a possible error in the program.

3.2.3 The while-loop

We now introduce a new C programming constructs callei¢ . The while-statement executes its
body as long as some condition is true.

Here is an example of the use of thigle programming construct:

Specification 5: Calculate the sum-up-to-n repeatedly whilel

Description: A complete program to ask for an input number n, and then
calculate the sum from 1 to this number n.
The values must be ‘printed’. t repeats until nis 0.

Preconditions: The input value must be greater than 0 in>0
Postconditions: The resultis the sum from 1 ton result= Zirll i
Hints: Use two integer variables.

Perhaps use a for loop.

Sample input/output: suna> sumton

Please enter input value =>4
The sum from 1 to 4 is 10.
Please enter input value => 5
The sum from 1 to 5 is 15.
Please enter input value => 0
suna>
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| copE LisTING whilel.c
/* IR R SRR SRS E SRS R RS SRR RS R R RS SRR EEE RS EREE S EREEREEREEEEREEEREEESEEEESEEEESESESE]
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto denonstrate the use of the
whil e statenent
Revi si ons: None yet. ..

IR R SRR SRR R RS R RS SRR R SRR RS SRR EEE RS EEE R EREEREEREEEEREEEREEEEEEEEEEEESESE] */
main ()

int inl, result, count;
printf ("Pleaseenterinputvaue==>");
scanf ("%d", & nl);
while (inl !'=0) {
result = 0;
for (count

1; count <= inl; count = count + 1) {
result

= result + count;

printf ("Thesumfrom1to%dis%d\n", inl, result);
printf ("Pleaseenterinputvaue==>");

scanf ("%d", & nl);

}

In the code listing, we continue to execute the statements until the user enters in the number 0. This
code listing is perhaps not the best way to write this code, as we have had to repeat the same two lines
in two different places within the program. Can you suggest a better way to write this program?

The syntax for the while loop is:
while ( <condition>) <statement> ;

In the example program given above, the statement that belongs to the while loop is a compound
statement.

Equivalence of the while and for loops

We have now met two similar C programming constructs -whig-loop , and thefor-loop . They
appear to do the same thing, for example if we wished to, we couldfas@e@ to print out 9 “Hello
Singapore!” messages or we could usewhie-loop. So why do we have two different techniques
for doing the same thing? There is no clear answer for this.

¢ If you know exactly how many loops you wish to do, you should usedtieop .

e If you do not know how many loops, you should use iée-loop .

Let us look at two different samples. In the first example we will calculate an average from three input
numbers:
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Specification 6: Calculate the average forl
Description: A complete program to ask for three input numbers, and then
calculate the average.
Preconditions: None TRUE
Postconditions: The result is the average result= (in1 + inz + in3)/3
Hints: Use integer variables.
Perhaps use a for loop.
Sample input/output: suna> forl

Please enter input value => 4
Please enter input value =>5
Please enter input value => 9
The average is 6.

suna>
CODE LISTING forl.c
/* LR EE R SRR E RS SRS EEEE SRR EEEE SRR R SRR R EEEEEEREEEEEEEEEREEEEEERESEEESEEEE]
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto denpnstrate the use of the
for statenent
Revi si ons: None yet. ..

LR E R SRR R R SRR RS EEE RS SRR EEEEEEEE SRR R EEEEEEREEEEEEEEEREEREREERSEEESEEE] */
main ()

int inl, result, |oops;

result = 0O;

for (loops = 0; loops < 3; loops = loops + 1) {
printf ("Pleaseenterinputvaue==>");
scanf ("%d", & nl);
result = result + inl;

}
printf ("Theaverageis%d.\n", result / 3);

In our second example we read until the input number is 0. In this case we use the while loop.

] Specification 7: Calculate the average ‘ while2 ‘
Description: A complete program to ask for input numbers, and then
calculate the average.
Preconditions: None TRUE
Postconditions: The result is the average result= (> in)/n
Hints: Use integer variables.

Perhaps use a for and a while loop.
Sample input/output: suna> forl

Please enter input value => 5
Please enter input value => 9
Please enter input value => 0
The average is ==> 7.

suna>
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| copE LisTING while2.c
/* IR R SRR SRS E SRS R RS SRR RS R R RS SRR EEE RS EREE S EREEREEREEEEREEEREEESEEEESEEEESESESE]
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto denonstrate the use of the
whil e statenent
Revi si ons: None yet. ..

KKK KK I KKK KKK KA KKK I KKK KKK KA KKK KKK K IR KKK KA KRR I Ak h hkk hkk ok x k%

main ()

int inl, result, count;
result = 0;
count = O;
printf ("Pleaseenterinputvaue==>");
scanf ("%d", & nl);
while (inl !'=0) {
result = result + inl;
count = count + 1;
printf ("Pleaseenterinputvalue==>");
scanf ("%d", & nl);

}
printf ("Theaverageis==>%d\n", result / count);

Alert! What is wrong with this program?

3.2.4 Libraries

Large parts of many programs do the same things over and over again. Commonly used routines are
put in libraries, which may be linked in at run time. There are three distinct advantages:

1. Saving on disk space
2. Routines can be updated

3. Routines are more reliable

For example: All'C’ routines (clearscreen etc) are kept in a common pldibe.@in a UNIX system).
When you run a program, the OS uses the latest versibbmé automatically.

Note - Most compilers can also statically link in the needed libraries if necessary. The executables
are larger.

Note - In general you should not bypass library or system calls. If you do, your programs date quickly.

When we use a library routine, it saves us having to create a lot of new code. For example in the
following code listing, we reuse system libraries to write a graphical application:



28 More structure

CODE LISTING qt.c |
/* IR E R R R SRR EE RS EEEEEEE SRR SRR SR E RS EEEEEEEEEEEREEEEEEEEEEEEEEEEEEES]
Aut hor : Hugh Ander son
Dat e: 01/11/2000

Description: This is an initial "Hello Wrld programfor Q
Revi si ons: None yet. ..

KH KKK KKK KKK KKK KKK I XK KKK KKK KKK KKK KKK KKK IR K IR Kk kK kA Kk Rk Kk hkkkkkh* & [

#i ncl ude <qapplication. h>

#i ncl ude <gpushbutton. h>

int

main (int argc, char **argv)

QApplication a (argc, argv);

QPushButton hello ("Heloworld!", 0);
hel l o.resize (100, 30);

a. set Mai nWdget (&hello);
hel I 0. show ();
return a.exec ();

}

We specify header files which define the functions which we want to use, and when we compile, we
instruct the compiler where to find the library:

g++ -0 gt gt.c -lgt
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3.3 Summary of topics

In this section, we introduced the following topics:

Syntax and semantics
The use of an automatic tool to pretty-print your C (indent)

Some more C constructs
The use of libraries

Questions

1. Differentiate between a syntax error and a semantic error.

2. Which of the following sentences follow this grammar rule?
<sentence> ::= <noun> <verb> <noun>

(a) CAR GO RUN
(b) DOG EAT DOG

(c) CATS AND DOGS
(d) FOOD SLEEP RAIN

3. How would you make the indent program turn compound statements from

for (...)
{

code
}
into...
for (...) {
code
}
Further study

e Textbook Chapter 3, sections 3.9t0 3.11
e Textbook Chapter 4, sections 4.1 t0 4.12
e Textbook Chapter 5, sections 5.1 to 5.15
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Getting our feet wet

>

1=1

I teration is a name used to describe what our for-loop did in sd2f®® Recursion is a similar
technique for performing repetitive taSkéiowever the two techniques are normally used at different
times - even though they are similar. A recursive computation may normally have speed overheads
- it will be slower - due to the normal way in which recursion is implemented in a computer. C
programmers normally say that the iterative computation is easier-to-understand.

However, we do use a recursive technique when the task or data itself exhibits a recursive property -
in this case the software is easier to write and understand if we use recursion. As an example of a task
which exhibits a recursive property, imagine specifying a function on the non-negative integers such
assumin terms of itself by saying that the summklements is the same as the sumef1 elements

plusn. When we do this we say that the functiorréegursive

sum(n) = sum(n —1) +n

When we define something in this way, we have to also specify a base case for the function if we wish
to be able to calculate its value. For example:

sum(0) = 0

sum(n) = sum(n—1)+n

We may now solve the function for any non-negative integdvlathematicians will recognize this as
a recurrence relation, and have an array of techniques for solving such relations. Later in this chapter
we will give examples of both iterative and recursive versions of the same computation.

4.1 If-statement @

The if-statement is used whenever you have to make a choice between two alternatives. In the above
function for example, if we were calculating the result, we may use the if-statement to differentiate
between the case when thevalue wad) (in which case the result ¥), or the case that the-value

was not0 (in which case the result igzm(n — 1) + n).

1The more mathematically inclined student may wish to research ‘tail-recursion’.
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The syntax for the if-statement is:
if ( <condition> ) <statement> 2
An alternative sytax is:
if ( <condition>) <statement> ; else <statement§ﬂ
Here is an example of the use of the if-statement:

’ Specification 8: Big or small? ‘ ifl ‘
Description: A complete program to ask for an input number n, and then
tell you if it is larger or smaller than 10
Preconditions: The input value must be greater than 0 in>0

Postconditions:

Hints: Perhaps use a while loop.
Perhaps use an if - else statement.
Sample input/output: suna> ifl

Please enter input value => 4
It is smaller than 10!

Please enter input value => 10
Itis 10 or bigger!

Please enter input value => 0

suna>
CODE LISTING ifl.c
/* R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RS EREREEEEEEEE RS EEEEEEE R
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto denonstrate the use of the
if statement
Revi si ons: None yet. ..

IR RS EE SRR EEEE RS SRR SRR RS SRR R R SRR RS EREE RS ERE S EREEREEEEEEEEEEEEESESES */
main ()

int inl;
printf ("Pleaseenterinputvaue==>");
scanf ("%d", & nl);
while (inl = 0) {
if (inl >= 10) {
printf ("Itis10or bigger'\n");
} else {
printf ("Itissmalerthan10\n");

printf ("Pleaseenterinputvaue==>");
scanf ("%d", & nl);

4.2 Functions

The function is a fairly clear mathematical concept, embodying the idea of a mapping from the domain
to the range of the function.

2| think it is better to uséf ( <condition> ) { <statements> }
3| think it is better to uséf ( <condition> ) { <statements> } else { <statements }
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For example, a well known function is thin function - perhaps used like this:
y = sin(x)

mapping a real value to a real valuey. Note that the domain and range of the function are not
necessarily the same.

T~

and output. In C programming, we may define our own sections of code, and they are com
called functions. However - they may not have inputs, and also may not have outputs! The te
stuck in the C programming world, even when the C routines do not return output values. You may
also hear the following terms used in a loose fashion - methods, routines and procedures - they all
may be used to refer to much the same thing - the programming construct where we define a section
of code, so that later we may refer to it by name - without having to repeat all the code again. Here is
an example of a C function defined so that our program is shorter - this is an example of-cge

In the above, we have used the terms domain and range, but you may be happier with the tern:.fEin"ut

7

’amdmmmn&mesmmw ‘im ‘
Description: As for specification 8!
Preconditions: The input value must be greater than 0 in>0
Postconditions:
Hints: Use a function
Sample input/output: suna> if2

Please enter input value => 4
It is smaller than 10!
Please enter input value => 0

suna>
CODE LISTING if2.c
/* IR R R SRR S R SRS R RS EEE SR RS EE RS SRR ERE SRR R EREEREREEEREREEERREEREEEEEESEEESES
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto denpnstrate the use of the
if statenent
Revi si ons: None yet. ..

IR RS SRR S S SRS EE SRR RS SRR R SRS EEEE SRR RREEERERRREEREEEEREEEEEEEEEESSEEES */
int inl;
voi d
getnum ()

printf ("Pleaseenterinputvalue==>");
scanf ("%d", & nl);

main ()

getnum ();
while (inl !=0) {
if (inl >=10) {
printf ("Itis10or bigger\n");
} else {
printf ("Itissmalerthan100\n");

getnum ();




34

Getting our feet wet

4.2.1 Parameters and return values

C

Our C functions may have a value. As an example - let us say we wished to have a function called
power, which returned a value calculated from provided datady such that the result of the function

wasz¥. We have a special statement type which returns a value from the function - it is resiled

Here is the syntax of the return function:

return <expression> ;

We may also pass parameters to functions that we have defined. In fact many of the library functions
are of this sort - that is - functions which are passed a parameter and return a value. Here is an example
of the use of a function with parameters:

’ Specification 10:Big or small? ‘ if3
Description: As for specification 8!
Preconditions: The input value must be greater than 0 in>0

Postconditions:

Hints:

Use a parameter...

Sample input/output:

suna> if3
Please enter input value => 4
It is smaller than 10!

Please enter input value => 0

void
getnum (int *val)

main ()

int ini;
getnum (& nl);

} else {

suna>
CODE LISTING if3.c
/* IR R E RS SRR EEE SRR RS ER RS R RS R R R EREEEEREEEEEEEESEERESS
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto denponstrate the use of the
if statenent
Revi si ons: None yet. ..

KA KKK KKK KKK AR IR KR KKK K AR AR KR KKK AK AR AR KR KKK I AR AR AR KR KA F A KA KA KA xSk K[

printf ("Pleaseenterinputvalue==>");
scanf ("%d", val);

while (inl !=0) {
if (inl >=10) {
printf ("Itis10or bigger'\n");
printf ("Itissmalerthan100\n");

getnum (& nl);
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4.3 The math library

The math library contains many functions which are generally useful:

| Function name |  Short description |

cos() cos - trigonometric function
acos() inverse cos function
sin() sin - trigonometric function
and many more...
exp() exponential function
sqrt() square root
cbrt() cube root
log() natural logarithm
log10() common logarithm
and many more...

You may read more detail about each function by using the manual page for that function. When using
the library, you must include the math header file in the source, and link with the math library when

compiling:

gcc -0 dosin -Im dosin.c

‘ Specification 11:Calculate sin value

dosin

Description:

A complete program to calculate and display
the sin value of an entered value.

Preconditions:

Postconditions:

Calculate the sin value

output= sinin

Hints:

Use the math library

Sample input/output:

suna> ifl

Please enter input value =>4
The sin of 4.000000 is -0.756802
suna>

main ()

float inl,

outl = sin

CODE LISTING dosin.c
/* IR R SRR R R SRS EEEE SRS SRR R R R RS EREEEEEEEEREEEEEEREEEEEEEEEREEEEREEEREESEESESES
Aut hor : Hugh Anderson
Dat e: 22/ 11/ 2000
Description: This is a programto denpnstrate the use of the
math library
Revi si ons: None yet. ..

KKK KKK I KKK I Kk kK kKKK KKK I AR I Kk kK kR Kk kK hhkhhhkkhhkkhkkkhkkkkx & [

#i ncl ude <nmath. h>

out 1;

printf ("Pleaseenterinputvaue==>");
scanf (" %f",
(inl);

printf ("Thesnof %fis%f\n", inl, outl);

& nl);
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4.4 |teration and recursion

It is a little hard to understand how recursive programs work, however we will look at a simple
program which calculates the product of up to n numbers using a recursive function called fac - the
factorial of a number. We begin with the specification as usual, and then give both the iterative and
recursive solutions.

‘ Specification 12:factorial ‘ fac ‘
Description: A complete program to calculate the factorial of a number
Preconditions: in>0
Postconditions: result= fac(in)
Sample input/output: suna> fac

Please enter input value => 7
The factorial of 7 is 5040.

suna>
CODE LISTING fac.c
/* R R R R R R R R S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R REEEEEEEET
Aut hor : Hugh Anderson
Dat e: 22/ 11/ 2000

Description: This is a programto calculate the factorial of a
speci fied 1 nput nunber
Revi si ons: None yet. ..

Kk k ok k ok kK h ko kK kkh kK Kk Kk Kk hh kK kA k Kk hkkhhkh Kk Kk hkhkhkh Kk kkkkhkkkk kK % [

main ()

int inl, result, count;

printf (" Pleaseenter inputvalue==>");

scanf ("%d", & nl);

result = 1;

for (count = 1; count <= inl; count = count + 1)

{
result = result * count;

printf ("Thefactoria of %dis%d\n", inl, result);

| copE LisTING facl.c
/* EE R R E R SRR R SRR R SRR RS E RS R E R R R E SRR R R R R EREREREEEEEEREEREEE]
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto calculate the factorial of a
speci fied I nput nunber
Revi si ons: None yet. ..

KKK KKK K I KKK I KKK kKKK I KKK KKK KK IR KKK KKK KKKk h kA Kk hkkkhkkkk kK kkk* %/

int
fac ( int n)
if (n==0){
returnl;
} el se{
returnn*fac(n- 1)
}
}
main ()
i nt inl, result, count;
printf (" Please enter input value ==>");
scanf (" %d", &inl);
result = fac (inl);
printf (" Thefactorial of %d is %d.\n", in1, result);
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4.5 Summary of topics

In this section, we introduced the following topics:

Iteration and recursion

The if-statement

Functions
Parameters and return values

Questions

1. Calculate the value fof (4) for the following recursive function definition:

f0) =1
fn) = (fln=1)xn)+n

2. Write a recursive C function which calculates the sum function defined at the beginning of this
chapter.

Further study

e Textbook, Chapter 4, sections 4.7
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Chapter

Bugs 'n stuff

For many years the software industry has referred to softeawes asbugs This trivializes the
issue, and gives the software developer a false sense of sect@ibce(l've removed these last few
bugs it will be perfect!”) In reality, the software developer may stand on very shaky grot@ace
I've removed these last few bugs, it will be:”

e a system that has beé&nown to workfor 11 minutes continuously... ()

e a system that still contains code that | put in last month thadn't know why it is there...

The Internet newsgrougomp.risks reports orf‘Risks to the Public in the Use of Computer Systems
and Related Technologyand makes interesting reading. We find that:

The Arizona lottery never picked the number 9 (a bad random number generator)

The LA counties pension fund has lost US$1,200,000,000 through programming error.

Windows NT corrupts filespace and deletes directories under some circumstances.

A Mercedes 500SE with graceful no-skid brake computers left 200 metre skid marks. A pas-
senger was killed.

The following points may help in improving the quality of software:

e Design software before building it- You would not pay much for a house without plans or that
had not been designed first - why would you pay for software without similar sureties?

e Reduce the complexity- By localizing variables, use of modularity, well defined interfaces
and so on.

e Enforce compatibility with design - Easier to say than to do.

And lastly - call an error arE R RO R l

39
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Bugs 'n stuff

5.1 Error-finding (debugging) tools

0

There are many ways to find errors in your programs, but it is much easier to not put them there
in the first place (and hence the comments given before about designing before building software).

There have been many studies that demonstrate that the cost of fixing an error increases the longer it

is allowed to stay in a program. This is particularly true for structural or design errors. There are a

range of tools and mechanisms for finding errors:

Method 1: - put in lots of printf statements throughout your program. This allows you to match
the expected behaviour of your program with its actual behaviour. You can also print out the

contents of important variables as the program runs.

| copE LIsTING net.c

/* Initialization... */
printf (" Trying to opensocket..\n") ;
If ((sockfd = socket (AF_INET, SOCK_STREAM 0)) < 0)
fprintf (stderr, "server:can'topen stream socket\n") ;
/* The main event loop... */
for (;;) {
clilen = sizeof (cli_addr);
printf ("clilenis%dn", clilen);

%
Method 2: - think! about it :) Q
Method 3: - Use adebuggingool such agydb which allows you to

e single step programs,
e display variable values, and
e modify variable values.

A command line interface to gdb:

13 result = 0O;

(gdb) display inl

1: inl = 134518140

(gdb) display result

2: result = 134518120

(gdb) display loops

3: loops = 134513659

(gdb)  break 17

Breakpoint 2 at 0x804845f: file forl.c, line 17.

(gdb) cont

Continuing.

Please enter input value #1 ==> 232
Breakpoint 2, main () at forl.c:17

17 result = result+ini;

3: loops = 0

2. result = 0

1: inl = 232

(gdb)

1The best option.
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A windowed interface tgdb - ddd/xxgdb/...

v £ X
Help
'Ia' ""‘ s i
1: im
223
2: result
456
3: loops
1
Date: 22/11,/2000 h

pescription: This is a program to demonstrate the use of the
for statement

Revisions: Mone wvet...

e e e s e e e o o o o e o e o ol e ol e sl e o o o o e o e o e ol ol e ol e ol o o o o e e ol e o ol e ol e o ol o o o o e ol e e e ol o ke o e #f
main ) c [
; | & | DOGEY

int inl, result,loops; Run
result = 0;
for (loops=0; loops<3; loops=loops+1) § Intemipt

printf("Please enter input value #%d =:> " Toops+1);
scanf( "®d" ,&in1);
B result = result+ini;

printf ("The average is %d.'n",result/3);

({gdb) next

(gdb) next

Please enter input value H2 =3 223
[gdb) delete 2

igdb) |

F|
i
A -

BElsEEE
BEFEEER

5.1.1 Insight

Here is another windowed interfaceddb - insight. This one will work on Windows platforms (as
well as UNIX), and is found &http://www.comp.nus.edu.sg/"cs1101c/hugh/downloads/insight.zip
Download the file to your machine (it is about 2.5MB), and use WinZip to unzip into C:\ (or D:\.
Then add the directory C:\insight\bin to your computer’s PATH by modifying C:\autoexec.bat as you
did before:

set PATH=C:\insight\bin;C:\pfe;C:\cmc;C:\cygnus\cygwin-b20\h-i586-cygwin32\bin;%PATH%

You may now rurinsight by typinggdb and loading up a file, or by using the late&treg file (which
has a menu item for the debugger). Note that when you compilesfeit you must tell the compiler
that you are going to use the debugger by using ttiedption: “gcc -g -o myprog.exe myprog.c "


http://www.comp.nus.edu.sg/~cs1101c/hugh/downloads/insight.zip
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forl ¢ - Sowce Window
& Bﬂ r" E-H m Help Local ¥anables
LU IR T A -
4 EE Ty r— -
" for statement | i1 >3 il
7 Revisions:  HNone yet... result 16
: [0 X
10 main ()
L E -
- 12  int in1,result,loops; -
13  result = 8; X | 1+
- 14 for (loops=8; loops<3; loops=loops+1}) {
- 15 printf{"'Please enter input value ==3> "};
- 16 scanf{ "%d",&in1);
- 18}
- 19 printf ("The average is %d.\n",result/3);
- 20} 18
-
]
| l |
|Pragram stapped at ine 17
|For1.c > |main > [source = [

5.1.2 Commercial IDE

There are also IDEs IntegratedDevelopmengnvironments such as found in Microsoft or Borland
products:

. travelz - Microsoft ¥isual C++ [break] _ =10 xf
||fle gdit vew mnsert projec Cebug Took window Help
|8 sEO| B D DEY G 2wl
[Gictek) Zl[Bigcba nertes] =] @ main SR |Ssmx 1
w

#include <stdio.h> —

#define m 85 —
#define a 70

#define b 55
#define u 40

#define minutes &0 - |
3 ; BAL o BEFED
int main () >
¢ =

float dist; & ’Ea wg

int min, sec. timeh. timem. times

char rd:

g printf( "Enter road type =3 ")
scanf ("xc". éxd):;

switch(rd) {

case (m):
printf{"Enter distance to travel =: ").
iy T I g
[Value
min -B5B9934k0
sEC -B58993460

-2 '}’

Howp [TA1AColl _ JAEC [COL [0VA [READ 4
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5.2 Manual pages

At the risk of turning this into an ‘operating systems’ course, UNIX systems include on-line

2

including specifications for most C system calls. These manual gdgestwork under CYGNUS,

and are found [dtttp://www.comp.nus.edu.sg/ cs1101c/hugh/downloads/usbnwnload the file to

your machine (itis about 5MB), and use WinZip to unzip into C:\ (or D:\. Then modify C:\autoexec.bat,
adding the directory C:\usr\local\bin to your computer's PATH and a new line :

set PATH=C:\usn\local\bin;C:\insight\bin;C:\pfe;C:\cmc;C:\cygnus\cygwin-b20\h-i586-cygwin32\bin;%PATH%%
set LESSCHARSET=latin1

You may now run thenan command and get online help for most C functions. For exampta “
printf ” will give you detailed help for the Grintf() system call, andran -t printf > printf.ps " will
produce a nice (printable) postscript version - something like this:

PRINTF(3) Linux Programmers  Manual PRINTF(3)

NAME
printf, fprintf, sprintf, snprintf, vprintf, vfprintf, vsprintf, vsnprintf - formatted output con version

SYNOPSIS
#include <stdio.h>

int printf(const char * format,. ..);

int fprintf(FILE * stream,const char * format,. ..);

int sprintf(char * str,const char * format,. ..);

int snprintf(char * str,size t size,const char * format,. ..);

#include <stdar g.h>

int vprintf(const char * format,va_list ap);
int vfprintf(FILE * stream,const char * format,va_list ap);
int vsprintf(char * str,const char * format,va list ap);
int vsnprintf(char * str,size_t size,const char * format,va_list ap);
DESCRIPTION
The printf family of functions produces output accordingtoa format as described below. The functions

printf and vprintf write output to stdout,the standard output stream; fprintf and vfprintf write output to
the given output stream; sprintf, snprintf, vsprintf and vsnprintf write to the character string str.

These functions write the output under the control of a format string that specifieshow subsequent ar gu-
ments (or ar guments accessed via the v ariable-length argument facilitiesof ~ stdarg (3)) are converted for
output.

These functions return the number of characters printed (not including the trailing * \O' used to end output
strings). snprintf and vsnprintf do not write more than size bytes (including the trailing *\0’), and return
-1if the output w as truncated due to this limit. (Thus until glibc 2.0.6. Since glibc 2.1 these functions
return the number of characters (excluding the trailing "\0’ which would have been written to the final
string if enough space had been available.)

The format string is composed of zero or more directi ves: ordinary characters (not %), which are copied
unchanged to the output stream; and con version specifications, each of which resultsin fetching zero or
more subsequent ar guments. Each conversion specification is introduced by the character %

..Andsoon...
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5.3 Basicrules

At this stage we will revise some of the basic rules which all C programs must adhere to.

5.3.1 Reserved words

Certain words in C have special meanings and may not be redefined:

auto break  case char const continue
default  do double else enum extern
float for goto if int long
register return  short signed  sizeof static

struct switch  typedef union unsigned  void
volatile  while

You should never re-define or use these words in any way except the intended one.

Other names we have used (suclpasf ) identify particular library functions, and may be redefined
(although of course you will no longer be able to use them.)

Earlier in this course, it was mentioned that C is both a “too simple” language, and “too complex”.
The table above shows that the language does have a very small number of components, and thus
deserves to be called simple.

However C always comes with many libraries that contain hundreds - perhaps even thousands - of rou-
tines. Names we have used (suchp@sf ) identify particular library functions, and may be redefined
(although of course you will no longer be able to use them.)

Note the difference betweeshile and printf() in this context -while is a part of the underlying C
language, bugrintf() is a library routine.

5.3.2 Rules for legal identifiers

We use identifiers taameour variables and functions, subject to the following rules:

. Our identifier must not be a reserved word.

An identifier may consist of letters and digits and the underscore character ().
. Spaces are not allowed in a C identifier.

. The first letter in an identifier must not be a digit.

. ANSI C specifies that at least the first 31 characters of a variable name must be significant, but
individual compilers have different rules.

g~ W N P

Names that begin with the underscore character are traditionally used in libraries for values or func-
tions, soitis better to avoid using names that begin with an underscore in simple application programs.
We can choose whatever we want for an identifier name, but the main point of using an identifier is so
that we carread our progra

2The variablebank_balance is much more understandable than the variable at location12cade.
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This leads to some other cosmetic rules:

1. Use reasonably short meaningful identifiers.

2. It is common to use UPPERCASE for constant values and lowercase, or mixed case, for vari-
ables and functions. (for examptemay bes.14159, andBankBalance Or bank_balance may be
a name associated with a variable containing a bank balance.)

3. Itis OK to use single-letter identifiersjk) for anonymous loop counter variables (rather than
countl, count2, count3 ).

4. Be consistent in your use of names.

With some practice, it is possible to write very readable and understandable programs if you choose
good variable and function names.

5.3.3 The preprocessor

Before compiling your program, the compiler takes your C source file, and feeds it to another program
(cpp - a preprocessor), which creates a new version of your file. Any C source line whick laas a

the first character on the line is interpreted by the preprocessor. These lines are called preprocessor
directives.

o #define ABC xyz
This redefines any occurence of ABC in your program to have the text xyz. This is a textual
substitution. The facility is used to give useful names to things. For example:

— #define P1 3.14159

— #define MAXSIZE 42
This sort of use of #define enhances the readability of your programs, and also allows you
to make large scale changes to your program quickly. For example if you suddenly wanted
to changer! to 3.1415926, you only have to change it at the place where it is defined.

e #include <stdio.h>
This line is replaced by a file called stdio.h found in one of the directories that the compiler
knows about.

e #include “mydefs.h”
This line is replaced by a file called mydefs.h found in the current directory.

e #ifdef NOERRORS
The next section is only included if the name NOERRORS has been #defined (conditional
compilation).

The preprocessor allows C to be extended arbitrarily - with new looking constructs, meaningful names
for common code sequences, and readable names for common constants.
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5.3.4 Headers vs header files

Every function in a program has a header part and a body.

1. The header has the name and type of the function, along with the parameters to that function.
2. The body is enclosed in braces, and has both delarations and executable statements.

Header files are declarations that belong to the libraries that come with C. They contain standard C
defines, variable declarations, sometimes code, but more commonly declarations of external functions
which are linked into our programs at link time.

Some common header files are:

<errno.h> Macros and numbers for error conditions
<math.h> The prototypes for math library functions
<stddef.h> Standard C types

<stdio.h> C input and output (such as printf)
<string.h> The prototypes for string functions

When we usetinclude <stdio.h> , or any other header file, the file is included into our program using
the preprocessor.

5.3.5 Scope of names

Each identifier in a program is usable only from some areas of the program. This is calsswpiee
of a variable. The rules are simple:

1. The scope of a function or variable name begins with the declaration or prototype, and ends at
the end of the C source file.

2. Parameters and local variables in a function are visible from when they are declared through to
the end of the function (i.e. to the closing brace of the body of the function.)

5.3.6 Function prototypes

ANSI C has a function prototype -declarationof a function (in the same way as we declare vari-
ables). The prototype declaration looks like the actual function header, defining the return type of the
function, its name, and the parameter types.

In ANSI, all functions used should be prototyped near the beginning of the program.
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5.4 Nested for loops

Sometimes we wish to nest-loops . In the following example, we use the outermost loop to print
some number of lines. The innermost loop prints out a different pattern on each line.

| copE LISTING nestedfor.c |
/* LR RS EEEEEEEEEEEREEEEEEEEEEEREEEEEEEEEEEEEEEEREEEEEEREEREEEEREREREESEESSES
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto denpbnstrate the use of
nested for statements
Revi si ons: None yet. ..

KKK KA KKK KKK AT AR AT KR KKK RFAK AR KR KKK AK AR KKK KRKAK AR KKK KKK KA Rk h K & [

main ()

i nt inl, i, outer;
scanf (" %d", &inl);
f or (outer = 1; outer <= inl; outer = outer + 1) {
for (i=1;i<outer;i=i+1){
printf (" +;

for (i=1;i<40 - (outer*2);i=1i+1){
printf (" ");

for (i=1;i<outer;i=i+1){
printf (" +);

printf (" \n");

When we execute this nested loop program, it displays this:

[hugh@stf-170 programs]$ ./nestedfor

15

+ +
++ ++
+++ +++
++++ ++++
+H+++ +H+++
++++++ ++++++
+H+++++ +H+++++
++++++++ +4+++++++
-+ +H+++++++
++++++++++ ++++++++++
-+t 4+
++++++++++++ ++++++++++++
I i o o o -+t
+4+++++ +4+++++
[hugh@stf-170 programs]$
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5.5 The switch statement

The switch statement allows you to select from a large number of alternatives. We could also do this
by using a series of if-then-else statements, but the switch statement is much more compact.

Here is an example of a switch statement:

| coDE LISTING switch.c
/* EE R R EEE SRR RS E RS E RS SRR RS RS R RS EEE RS EREEEEEEEEEEEREEREESESES]
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto denobnstrate the use of the
swi tch statenent
Revi si ons: None yet. ..

KK KKK IR KK KKK K AR AT AR KKK AK AR AR KR KKK AR AR KK KR KKK KK AR KKK K A KA KA h K & [

main ()

char ch;
scanf ("%c", &ch);
switch (ch) {
case '&d:
printf ("Youkeyed’'@\n");
k;

pri nt f (" Youkeyed'b'\n") ;
br eak

pri nt f ("Youkeyed’'c'\n") ;
br eak;

case 'd:
printf ("Youkeyed'd'\n");
br eak;
defaul t:
printf ("Youdidnotkey either’a,’b’,’c or'd\n");
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5.6 Summary of topics @

In this section, we introduced the following topics:

Error finding/debugging

Common debugging practice

Rules for identifiers and reserved words

Nested for loops
The C switch statement

Questions

1. What do the letters igdb stand for?

2. Investigate the Ariane 5 and Therac 25 incidents in relation to ‘risks’. What lessons can we
learn from these incidents?

3. Which of the following are valid C identifiers:
_hello, __hello, 2much, Toolittle, nearly-enough, nearly_enough.

4. Find the header files for C (stdio.h and so on) on a UNIX or Windows system. Give the function
prototypes for printf and scanf.

5. Write the first few lines of this C program:

| copE LisTING pas.pas
program nmymai n
begin
witeln( "Hello World!\n" );
end

Further study

e Textbook, Chapter 5,6,7
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Chapter

Low flying data structures

Another useful tool that the software engineer can use is a small programlegllethis program

can scan a C program and discover a whole range of common programming errors. Among the things
it detects are:

e Unreachable statements
e Loops not entered at the top
e Automatic variables declared and not used

e Logical expressions whose value is constant.

Thelint utility checks for some types of incorrect use of C (although of course it is unable to discover
what youreally meant by your program). It operates in two modes: basic, which is the default, and

enhanced, which includes everything done in basic mode, plus it provides additional, detailed analysis
of code.

Here is an example dint scanning and reporting on errors in this program segment:

main () {
int in1,result,count,highest,lowest;
result = 0;
count = O/highest;

When we rurint on the program, it reports the following:

hugh@sunA:~[515]$ lint w2.c
(6) warning: variable may be used before set: highest
(16) warning: Function has no return statement : main
variable unused in function

(4) lowest in main

51
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6.1 Simple data types

Here is a summary of the simple (variable) data types that we have met so far:

| Datatype | Whatitcontains |

int an integer value
float a floating point value
char a single character

Each of these variables is stored internally in the computer as a group of bits (binary digits). For
example, the letteA is stored in ahar variable as the eight bit1000001.

6.1.1 Initializing variables

It is very common when writing the program to declare a variable and then initialize it to some value.
This is so commonly done, that we have a special syntax for it. Here are some examples of variables
being declared and simultaneously initialized:
int days=365;

float almostpi=3.14;

Note that if you do not initialize the variables, there is no guarantee that they will have any fixed value
when your program runs, although some systems initialize them to have values of ZERO.

6.1.2 Integer storage

The number of bits used famt is not fixed, and depends on the implementation of the C compiler. It
is common for arint to be 32 bits, but don't be surprised if it is orig, or if it is 64!

The limited size of the storage space for values can lead to peculiar results:

’ CODE LISTING maxint.c
/* ISR S SRR S R RS SRR S R RS SRR SRR R SRR SR EE R R RS R EE R EERERERRRERRREEEEEEEEESES
Aut hor : Hugh Ander son
Dat e: 22/ 11/ 2000

Description: This is a programto denponstrate the naxi num size of
an integer

Revi si ons: None yet. ..
RS RS SRR SR RS SRR SRR S SRR S S SRS R RS EREE R RS R EE R EEEREREREEREREEREEEEEESEEESES */
main ()
int i;
for (i =0; i <4; i =i +1) {
printf ("2147483646+%dis%d\n", i, 2147483646 + i);

The result of this program is:

[hugh@stf-170 programs]$ ./a.out
2147483646+0 is 2147483646
2147483646+1 is 2147483647
2147483646+2 is -2147483648
2147483646+3 is -2147483647
[hugh@stf-170 programs]$
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If the compiler uses 16 bits for an integer then the integer values are restricted to -32768 to 32767,
(—2'5 t0 2 —1). If it uses 32 bits then the integer values are restricted to -2147483648 to 2147483647
(=23 t0 23! — 1). If you need more (or less) range, you can useddhe (or short ) keyword.

6.1.3 Size of simple types

This simple program uses thieof function to show the relative sizes of these simple types on an
Intel/LINUX machine, using the GNU C compiler:

] CODE LISTING sizeof.c \
/* R EE R R R SRR R R RS EEEEEEEEEEEEEEEEEEEEEEEEEEREEREREEEEEEREREEREEERERESER]
Aut hor : Hugh Ander son
Dat e: 22/11/ 2000

Description: This is a programto denonstrate the size of various
sinple data types.

Revi si ons: None yet. ..
IR E R R RS SRR SRR RS E RS E RS EEE SRR E R EEEERREEEEREEEREEEEEEEEEES] */
main ()

char c;
short h;
int i;
long int j;
long long int k;
float I;
double m
printf ("Thesizeof charis%d bits\n", sizeof (c) * 8);
printf ("Thesizeof shortis%d bits\n", sizeof (h) * 8);
printf ("Thesizeofintis%d bits\n", sizeof (i) * 8);
printf ("Thesizeof longintis%d bits\n", sizeof (j) * 8);
printf ("Thesizeof longlongintis%d bits\n", sizeof (k) * 8);
printf ("Thesizeof floatis%d bits\n", sizeof (1) * 8);

(

printf ("Thesizeof doubleis%d bits\n*, sizeof (m * é);

The result of this program is:

[hugh@stf-170 programs]$ ./a.out
The size of char is 8 bits

The size of short is 16 bits

The size of int is 32 bits

The size of long int is 32 bits

The size of long long int is 64 bits
The size of float is 32 bits

The size of double is 64 bits
[hugh@stf-170 programs]$

6.1.4 The float and double types

Thefloat variable type stores a number in a kind of floating-point or scientific notation - that is, in the
same way as we write 6.3e4 to meab« 10%. On the computer of course we do not use powers-of-10.
Also - since we are using a fixed number of bits, there is a limit to the accuracy of these floating-point
numbers. With 32 bit numbers we get about 8 digits of accuracy.

Thedouble type uses more bits and has higher precision (18 or so digits), and slower execution when
we use them.
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6.1.5 Boolean types

Boolean values ofALSE andTRUE are stored as integers in the computer. The valueistaken to
meanFALSE and the value of is taken to mea@RUE. When we write:

if (a<3) {

}

The computer gets the valueafnd if it is less thars returns al and if not returns a. It works very
much like a function and we can replace it with a function:

int checksize(int x, inty ) {
if (x<y)
return 1;
else
return O;

}

This could be used in the original code:

if (checksize(a,3)) {

}

The function is far longer than it needs to be. A quicker way, but possibly harder to understand
initially, is:

int checksize(int x, inty) {
return x<y;

}

6.1.6 Character storage - the char type

Computers only store Os and 1s, not characters. Hence we have to interpret a particular 0,1 pattern
as a particular character. It is important to remember that 'b’ follows 'a’ and 'B’ follows "A’ and '1’
follows '0’ and so on. Note also that many of the characters are non-printing (such as character 13,
the ‘carriage-return’ character), but are extremely commonly used in C programs. To refer to these
non-printing characters, we can use the following two-character sequences:

’ Sequence‘ Character ‘ ‘ Sequence‘ Character ‘
\0 Null - no character \t Horizontal tab
\a Audible alarm - BELL \v Vertical tab
\b Backspace \' Apostrophe
\f Formfeed \ Quote
\n Newline \? Question mark
\r Carriage return \\ Backslash
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To get the value of a digital character such as '3’, we can use:

value = (int) '3’ - (int) '07;

To change a lower case letter into an upper case letter, 't' to 'T":

ucletter = (char)((int) 't’ - (int) 'a’ + (int) 'A’);

|

Each character is given a particular 7 bit pattern - any unambiguous pattern would do but there is an
international agreement that particular patters are interpreted as particular characters - ASCII - the
AmericanStandardCode forlnformationinterchange. This code defines 128§ = 27) characters:

’ Dec‘ Hex

Char H Dec ‘ Hex

o |

Dec ‘ Hex

o |

Dec ‘ Hex

Char ‘
0 00 @ nul 32 20 spc 64 40 @ 96 60
1 01 A soh 33 21 ! 65 41 A 97 61 a
2 02 B stx 34 22 66 42 B 98 62 b
3 03 ~C etx 35 23 # 67 43 © 99 63 c
4 04 D eot 36 24 $ 68 44 D 100 64 d
5 05 “"E enq 37 25 % 69 45 E 101 65 e
6 06 “F ack 38 26 & 70 46 F 102 66 f
7 07 "G bel 39 27 71 47 G 103 67 g
8 08 ~H bs 40 28 ( 72 48 H 104 68 h
9 09 A ht 41 29 ) 73 49 | 105 69 i
10 0A 2y If 42 2A * 74 4A J 106 6A j
11 0B K vt 43 2B + 75 4B K 107 6B k
12 oc AL ff 44 2C 76 4C L 108 6C |
13 oD M cr 45 2D 7 4D M 109 6D m
14 OE N S0 46 2E 78 4E N 110 6E n
15 OF ~O si 47 2F / 79 4F (o] 111 6F o
16 10 P dle 48 30 0 80 50 P 112 70 p
17 11 Q dcl 49 31 1 81 51 Q 113 71 q
18 12 R dc2 50 32 2 82 52 114 72 r
19 13 2S) dc3 51 33 3 83 53 S 115 73 s
20 14 &Sr dc4 52 34 4 84 54 T 116 74 t
21 15 U nak 53 35 B 85 55 U 117 75 u
22 16 vV syn 54 36 6 86 56 \Y% 118 76 v
23 17 "W etb 55 37 7 87 57 w 119 77 w
24 18 X can 56 38 8 88 58 X 120 78 X
25 19 Y ew 57 39 9 89 59 Y 121 79 y
26 1A 4 sub 58 3A 90 5A z 122 7A z
27 1B Al esc 59 3B 91 5B [ 123 | 7B {
28 1c &) fs 60 3C < 92 5C \ 124 7C |
29 1D 4] gs 61 3D = 93 5D ] 125 7D }
30 1E M rs 62 3E > 94 5E n 126 7E =
31 1F A us 63 3F ? 95 5F _ 127 7F del
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6.1.7 Type coercion - cast

In the previous section, we useadtastto change the type of expressions. It is useful to always use

the cast to enforce the particular type that you want. Without the cast, C has a set of promotion rules,
that are sometimes confusing.

6.1.8 Precedence of operators

In the C language, each arithmetic operator (such as +, -, * or /) is said to have a precedence, and for
these simple operators, the precedence follows the one that we have all learnt in schécl-6 is

interpreted aga * 5) + 6, nota * (5 + 6). In general, higher precedence operators (such as * and /)
are done first, and lower level ones (such as + and -) are done later.

However, C has #arge number of operators, not just four, but more like forty-four! It is easy to

get confused about which operator associates before another. Here is a table stoménfithe C
operators, ranked from highest to lowest precedence:

] Operator \
0 >
unary+ & sizeof
* / %
+ =
>> <<
< <= >
== 1=
&
N
I
&&
|
?:
= += -=
A simple example:
’ a=b=c+2; ‘
adds2 to c, and assigns the resultibg andthento a. It acts in this way:
‘ a=(b=(c+2)); ‘
However,
‘ a=(b=c)+2; ‘

assigng to b, and then addg, putting the result othis calculation ina.

] A general rule to cope with all this confusion isise brackets... ‘
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6.2 Data structures - the array

Thearray data type allows this to create an array of elements of the same type. We might wish

57

C

D

this if we were reading in a series of (say 100) values and we needed to store these values in some
place before performing a calculation on them. A nice syntax for this might be to store the values in

rec[0], rec[1], rec[2] and so on up teec[99] .

We could of course just use a series of variablesQ( recl, rec2 .. rec99 ), but the array construct

turns out to be very useful:

e we can refer to all the 100 values with just a single naree)( and

e We can use &r loop to process each item:

for (i=0; i<100; i=i+1) {
process( recli] );

}

instead of:

process( rec0 );
process( recl);
process( rec2);

C arrays all start at element 0 - that is, the first item in a C array is numbered 0. C arrays are fixed
(static) in size, and each of the array elements appears one-after-the-other in the memory of the com-

puter:
rec
rec[Q]
rec[1]
rec[2]
rec[3]
rec[4]
rec[5]
rec[6]
rec(7]
rec[8]

rec[9]

41

16

11

1543

222

When you write programs in C, it is easy to refer to (sag]100] for the 100th element of an array
by mistake. This causes no compile time error, as C does not check array bounds. However it may



58 Low flying data structures

(or may not) cause run time errors and confusion. In general, this reference may refer to a completely
different variable - perhaps a part of the one declar@din the program.

The array name itself refers to the machine memory address of the first element of the array.

6.2.1 Declaration and initialization of an array

When declaring a C array, we have to tell the compiler how large it is. The syntax of an array
declaration is:

<type> <name>[ <size> |,
For example:

int rec[100];
char s1[40];
float myones[216];

We can pre-initialize arrays in a similar manner to the way in which we pre-initialize simple variables:

int recs[10] = { 26, 42, 14, 2, 1, 0, 0, 0, 45, 11223 };
char s[4] ="abc”;

In thes[4] example above, the longest string that may be storadsr8 characters. Each C string is
terminated by &lULL (or 0) character, and so we need to leave space fordiignating(or finishing
character.

A char (character) array is commonly used to store strings, and we may fix the size by initializing the
char array. The array size will be one more than the number of characters in the string:

‘ char s[] = "A short message!”;

Note: “hello” represents the string containing the five characters ‘h’, ‘e’, ‘', ‘' and ‘o’, and termi-
nated with a NULL char - a total of 6 characters. By contrast, ‘h’ represents the single character.

6.2.2 Two dimensional arrays

C supports arrays with more than a single dimension, with similar rules for syntax as for the single
dimension. Here are some sample declarations:

intrecs[3][2] ={{26,42},{14,2},{1,0} };
char s[4][40];

Note that a suitable way to print out (or indeed do any process on) a multi-dimensional data structure
is by using a nested for-loop:
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| CODE LISTING nested.for.array.c

/*
Author:  Hugh Anderson
Date: 22/11/2000
Description: This is a program to demonstrate the use of nested
for statements for processing multi-dimensional arrays
Revisions: None yet...

*/
main ()

int i, j;
int rec[3][2] ={ {26, 42}, {14, 2}, {1, O} };
for (i =0; 1 <3; i =i +1) {

printf ("Row%2d:", i);

for (j =0, <27 =j +1){

printf ("%6d", rec[i][j]);

I
printf ("\n");

The result of this program is:

[hugh@stf-170 programs]$ gcc nested.for.array.c
[hugh@stf-170 programs]$ ./a.out

Row O: 26 42

Row 1: 14 2

Row 2: 1 0

[hugh@stf-170 programs]$

We can also use these 2D arrays to create arrays of strings, and then use a for loop to iterate through
them:

| CODE LISTING array.of.string.c

#i ncl ude <stdio. h>

char translate[5][6] = { "zer0", "one", "two", "three", "four" };

int
main ()
int i;
for (i =0; i <5; i =i +1
printf ("%dis%s\n", i, translate[i]);
return O;

The result of this program is:

[hugh@stf-170 programs]$ gcc array.of.string.c
[hugh@stf-170 programs]$ ./a.out

0

B WN P

—_

is
is
is
s
is

Zero.
one.
two.
three.
four.

hugh@stf-170 programs]$
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6.3 Data structures - struct

The struct data type is used when we want to create a data element that contains several different
types of values. For example, we might wish to create an account record - it would need to contain
values such as the account holder’s name, the account holder’s address, and the current balance.

Here is an example of such a data structure:

struct account {
char name[30];
char address[3][30];
float balance;
}accl;

A small program to illustrate the use of struct:

] CODE LISTING structl.c
#include <stdio.h>

struct account

char name[30];
char address[3][30];
f | oat balance;

accl;
i nt
main ()
strcpy (accl.name, " Hugh");
strcpy (accl.address|[0], " 424242 Shenton Way");
strcpy (accl.address|[1], " Singapore");
strcpy (accl.address[2], " 3rd planet from sun");
accl.balance = -123.45;
printf (" Account nameis. %s\n", accl.name);
printf (* Account addressis: %s\n", accl.address[0]);
printf (" %s\n", accl.address[1]);
printf (" %s\n", accl.address[2]);
printf (* Account balance is: %.2f\n", accl.balance);

}

The result of this program is:

[hugh@stf-170 programs]$ gcc structl.c
[hugh@stf-170 programs]$ ./a.out

Account name is: Hugh
Account address is: 424242 Shenton Way
Singapore

3rd planet from sun
Account balance is: -123.45
[hugh@stf-170 programs]$

The typedef struct definition allows us to predeclare structs and then use them as needed:

typedef struct {
char name[30];
char address[3][30];
float balance;

} account;

account allaccounts[100];




6.4 Random numbers 61
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6.4 Random numbers g

We often need to use random numbers when programming. For example, if we were writing a
program, we may want to randomly pick cards to give to each of the players.

There are other examples of algorithms which work through picking random numbers. For example,
one of the ways of finding your way out of a maze, is to begin by walking in a random direction, and
when you hit a wall, mark it, and, keeping a hand on the wall, walk in one direction. If you ever return
to your original wall position, choose a new random direction.

The C random number generator allows us to acquire random value values, but the values are not truly
random - they are generated by an algorithm, and are known as pseudo-random number generators.

The Crand() function returns a pseudo-random integer between ORanND_MAX. If you want to
generate a random integer between 1 and 10, you can do it by:

\ j = 1+(int) (10.0*rand()/(RAND_MAX+1.0));
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6.5 Summary of topics

In this section, we introduced the following topics:

Program checking - lint

Revision of simple data types

Internal storage of simple data types

Two dimensional arrays and more complex structures
Random numbers

Questions

1. Which of the following numbers may be represented exactlyfioaa:
1,100, 0.5, 0.3, 0.25

2. Given the expression = ax® + 7, which of the following (if any) are correct C statements for
this equation?
y = a*xX*X* + 7,
y = ax*x*(x + 7);
y = (@*X)*x*(X + 7);
y = (a*X)*x*x + 7,
y = a*(xX*x*x) + 7;
y = a*x*(x*x + 7);
3. Write a short functiorupcase() which is passed ehar parameter, and returns the same char-

acter unless it is a lowercase ASCII character. If it is a lowercase ASCII character, the function
returns the equivalent uppercase ASCII character.

Further study

e Textbook, Chapters 5&6.
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When trying to understand the operation of C programs, it is useful to have a representation of
the underlying machine. The following simplified model helps us understand the behaviour of C
programs.

Memory (Store)
Computation Unit Ve s
[ | || 00000
—\~

& | exeate |5 | |{oo001 (3

N - [ | || 00002

~__| [ | || 00003

Program

: Fetch... 10, | || 13446

Next Instruction %\D Py ' || 13408

[ for (i=1; i<a; i++){ ] 13450

The elements of the model are:

A linear memory, each location addressed or identified by number. In the diagram above, mem-
ory location 1 is used for the C variable a.

An execution unit, which has a pointer to the current C instruction to be executed.

An area of memory used for storing the program (which ismaehindanguage, not C).

A fetch-execute cycle.

During normal operation of the C machine, the first instruction to execute is the one at the beginning
of themain().
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7.1 Pointers @

Our model of the C machine includes a memory space, with a large number of memory slots into
which we store our program variables. In the programming language, we address these slots by name,
but internally the computer refers to them by number. The specific location of a variable in memory is
called its address, and in some situations it is useful to refer to variables by their address - particularly
when trying to get the most speed out of some code.

For example, if we were trying to zero-out all the elements of an array, we may have code something
like this:

for (1=0; i<sizeof( myarray ); i=i+1) {
myarray[i] = 0;
}

This code is fine, and very readable, but requires the calculation of the addess of the ith element of the
array every time through the loop, along with the loop increment. We can use pointers to get the same
effect

for ( ptr=&myarray; ptr<(&myarray+sizeof( myarray )); ptr=ptr+1) {
*ptr = 0;
}

When this code is translated to machine code by the compiler, the resultant code is smaller and faster,
without the continual recalculation of the address of each element of the array.

We refer to the address of a variable by prefixing the variable name witk ttieracter. We have
been using pointers whenever we gsenf() - the&varname in scanf( “%f", &varname ) refers to
the address of varname.

Addresses are 16 bits in size on a 16 bit machine, 32 bits in size on a 32 bit machine and so on.
We can declare variables that contain other variable addresses. For example:

int *pmyint;

is a pointer to an integer variable, and

char *pmychar[20];

is an array of 20 pointers to characters.
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We dereference a pointer variable by prefixing the name with dharacter. For example:

int a=1,b=2;

int *p;

p = &a;

printf( “The address of a is %d, and the value there is %d\n”, p, *p );
p = &b;

printf( “The address of b is %d, and the value there is %d\n”, p, *p );

Pointers cause a lot of problems in C programs - if you attempt to access the memory pointed at by an
arbitrary pointer, and that memory is not available to you, then you may get a “segmentation fault”.
This means that your program has tried to access memory that does not belong to it, and the OS has
trapped this reference, and terminated the program.

Why do we use pointers?

1. For speed, and
2. because we want dynamic structures - that are created only at run time.

A very common fault in C programs with pointers is to forget to initialize the pointer, leading to a
segmentation fault.

7.2 Strings @

Standard C contains no special type for a string, and so a string is made from arrays of characters. The
C string is a character array in which the last character is a NULL (\0’). C strings are of unlimited
size, and may contain any ASCII character - except for the NULL character (for obvious reasons).

We can create a string easily:

| coDE LISTING stringl.c \

int
main ()

char nystr[10];
TH
U
g
R
o

"My nameis%s\n", mystr);

}
The result of this program is:

[hugh@stf-170 programs]$ gcc stringl.c
[hugh@stf-170 programs]$ ./a.out

My name is Hugh.

[hugh@stf-170 programs]$

We can initialise a string in the declaration:

char str[] = "abc";
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and the result will be the same as above except that it will have made its size to be 4 since that is all
that is needed. What we&nnotdo is:

char str[5];
str = "abc";

In order to do that we have wopyone string to another. We could write a function:

void copystrng(char s1[], char s2[]) {
int i=0;
while (s2[i] I="\0") {
s1[i] = s2[i];
i++;
}
si[i] ="\0’;
}

and this will copy the string in2 and put it intos1. However, this sort of thing is so commonly done
that a similar function exists in a standard library accessed viestheg.h> header file:

7.2.1 Sample string functions - string copy

#include <string.h>
char *strcpy(char *dest, const char *src);
char *strncpy(char *dest, const char *src, size_t n);

Thestrepy() function copies the string pointed to by (including the terminating\d’ character) to
the array pointed to bgest. The strings may not overlap, and the destination st&gmust be large
enough to receive the copy. Thencpy() function is similar, except that not more tharbytes of
src are copied. Thus, if there is no NULL byte among the fir§tytes ofsrc, the result will not be
null-terminated.

7.2.2 Sample string functions - string concatenate

#include <string.h>
char *strcat(char *dest, const char *src);
char *strncat(char *dest, const char *src, size_t n);

Thestrcat() function appends thgc string to thedest string overwriting the\b’ character at the end
of dest, and then adds a terminating character. The strings may not overlap, anddé string
must have enough space for the result. §igat() function is similar, except that only the first
characters ofrc are appended tdest.
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7.2.3 Sample string functions - string compare

#include <string.h>
int strcmp(const char *s1, const char *s2);
int strncmp(const char *s1, const char *s2, size_t n);

The stremp() function compares the two strings ands2. It returns an integer less than, equal to,
or greater than zero #1 is found, respectively, to be less than, to match, or be greatestharhe
strnemp() function is similar, except it only compares the fiistharacters of1.

7.2.4 Sample string functions - string length

#include <string.h>
size_t strlen(const char *s);

Thestrlen() function calculates the length of the striggnot including the terminatingo’ character.

7.2.5 Sample string functions - print-to-string

This one is irkstdio.h> - it is just like printf() , except that the output is placed in a string.

#include <stdio.h>
int sprintf(char *str, const char *format, ...);
int snprintf(char *str, size_t size, const char *format, ...);

Thesnprintf() function does not write more thaixe bytes.

7.3 Memory allocation @

There is a standard library for memory allocation in C:

#include <stdlib.h>

void *calloc(size_t nmemb, size_t size);
void *malloc(size_t size);

void free(void *ptr);

void *realloc(void *ptr, size_t size);

The calloc() system call allocates memory for an arraynefemb elements okize bytes each and
returns a pointer to the allocated memory. The memory is set to zero.

The malloc() system call allocatesize bytes and returns a pointer to the allocated memory. The
memory is not cleared.

Thefree() system call frees the memory space pointed tptbywhich must have been returned by a
previous call tamalloc() , calloc() or realloc() . Otherwise, or ifree(ptr) has already been called before,
undefined behaviour occurs.pd is NULL, no operation is performed.
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7.4 Summary of topics

In this section, we introduced the following topics:

The C programming model

Pointers

Strings

Memory allocation

Questions

1. Give initializer declarations for an array of 12 integers containing the days in each month of
2001.

2. On some computers, the bytes of an integer are stored in different orders. This is called the
endianness of a computer. Write a short program using a char pointer and an integer which
discovers the ordering of successive bytes of an integer.

3. Write a function to concatenate two strings, which accepts two input strings as parameters, and
returns a pointer to a new string. Your routine should use malloc().

Further study

e Textbook, Chapters 7 and 8




Chapter

Files 'n stuff

A possiblé technique for developing software is to progress through the following stages:

e Task specification - research the situation, developing a clear specification or definition of the
task to be performed.

e Analysis - look at the problem from the point of view of the user. Develop a logical plan of the
system - how it should appear to the user.

e Design - Develop the algorithm(s) to execute the logical plan. Pseudocode, or other representa-
tions.

¢ Implementation - Code in the language of your choice.
e Testing - Use a test plan, and document the testing process.

To aid in documenting and designing software, we use diagrams of different sorts. A very old and very
simple technique is the flow diagram. The flow diagram uses differently shaped boxes to represent
different programming constructs. The principal problem with this diagramming technique is that it
is not scalable - the components of the diagram always represent the lowest level program structures.

Nowadays we use better tools - the UML (Unified Modelling Language) has a range of modelling and

diagramming techniques, and some tool support to check the correctness of designs before implemen-
tation.

fork

Dynamic
Concurrent
Activity

'Derived from Lawlor’s five steps.

69



70 Files 'n stuff

8.1 File input and output

A simple initial definition of a fil@ might be:
A named block of data.

However, this definition proves inadequate when we look at the wider usage of the term in modern
operating systems - as we will see.

8.1.1 Stream of characters vs structured

A fundamental file type found on DOS, UNIX, and WinXX systems is $tream of charactersin
these files, each 8-bit or 16-bit unit represents a single character.

On UNIX and NT systems, we build structured files (for example - files of structs or record&)p-
of these stream of character files.

TheMacintoshandNeXtcomputers use a more developed view of a file (which they aidicamenit
A Macintosh file is a fork containing two elements:

1. The data belonging to the file

2. A resource forkcontaining information about the data

Typically theresource forkis used to keep file information that may change. If the file is an appli-
cation, theresource forkmay contain the text for menu items, or the colours and backgrounds of
popups. The file fork contains the program itself. The resource fork may be separately editted using a
Macintoshprogram calledesedit

8.1.2 Names

The file names can be of different sizes, and use different characters.

DOS file names: DOS files use an 8-byte name with a 3-byte extension - XXXXXXXX.YYY. There
are limits on the characters allowed in file names.

UNIX file names: UNIX systems vary, but typically allow 255 character file names, using nearly
any characters, and being case sensitive. The name “a.b.c.d.e()[]\" is a perfectly valid UNIX file
name. So is “a name with spaces!”.

NT file names: NT systems support a range of file systems, including the older DOS based file sys-
tems. When using NTFS, file names are case insensitive, and may be up to 255 characters long,
using nearly any characters.
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8.2 The C stream file API

In the standard C view of files, a file is a simple thing, which we open, write to (or read from) and
then close. When we open the file, we are returned a file handle, which we may use to later specify
which file we wish to write to. Thetreamfile system API is:

’ Function ‘ System call ‘
Create file fopen()
Close file fclose()

Read or Write to file| fprintf(), fscanf()

A typical use of thestreamfile system API is:

| copE LisTING filel.c
#i ncl ude <stdio. h>

main ()

FILE *f1,

int i;

f1 = fopen ("myfiledat, "w");

for (i =0; i <10; i =i + 1) {
fprintf (f1, "Line %d - Hitherehh, i);

fclose (f1);

8.2.1 Create file - fopen()

#include <stdio.h>

FILE *fopen (const char *path, const char *mode);

FILE *fdopen (int fildes, const char *mode);

FILE *freopen (const char *path, const char *mode, FILE *stream);

The fopen function opens the file whose hame is the string pointed to by path and associates a stream
with it. The argumeninode points to a string containing the ‘mode’ in which the file is to be opened.

8.2.2 Close file - fclose()
#include <stdio.h>

int fclose( FILE *stream);

The fclose function dissociates the named stream from its underlying file or set of functions. If the
stream was being used for output, any buffered data is written first, tigingg) .

8.2.3 Read and write files - fprintf() and fscanf()

#include <stdio.h>
int fprintf(FILE *stream, const char *format, ...);
int fscanf( FILE *stream, const char *format, ...);

These system calls act in a similar way to phietf() system call.

2IBM use the terndatasetto refer to a file.
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8.3 The C raw file API

A lower level APl is this one:

’ Function ‘ System call ‘
Create file open(), creat(), dup(
Close file close()
Read or Write to file read(), write()
Get or Set attributes fentl()
8.3.1 Create file - open()
#include <sys/types.h>
#include <sys/stat.h>
#include <fcntl.h>
int open (const char *path, int oflag, ... /¥ mode_t mode */);

The string path points to a path name naming a file. open opens a file descriptor for the named file and
sets the file status flags according to the value of oflag. oflag values are constructed by OR-ing Flags

8.3.2 Close file - close()

#include <unistd.h>
int close(int fildes);

The parametéiildesis a file descriptor obtained fromaeat, open dup, fcntl, pipe oriocntl system
call. The system caltlosecloses the file descriptor indicated filles All outstanding record locks
owned by the process (on the file indicatedfilges are removed.

8.3.3 Read and write files - read(), write()

#include <unistd.h>
ssize_t read(int fildes, void *buf, size_t nbyte);
ssize_t write(int fildes, const void *buf, size_t nbyte);

The system caltead attempts to readbytebytes from the file associated wifitdesinto the buffer
pointed to bybuf. If nbyteis zero,readreturns zero and has no other results. The pararfiletesis

a file descriptor obtained fromaeat, open dup, fcntl, pipe orioctl system call.

The system calivrite attempts to writenbyte bytes from the buffer pointed to byuf to the file
associated witfildes If nbyteis zero and the file is a regular fileyite returns zero and has no other
results.

8.3.4 Control attributes - fcntl()

#include <unistd.h>
#include <fcntl.h>
int fentl (int fildes, int cmd, ... /* arg */);

The fentl system call provides for control over open descriptors. A large number of operations are
possible using thé&ntl call.
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8.4 Network programming E

Most network programming involves using an API which providegssion layeservice. The API
provides a set of system calls, and software which implements s@awer abstractionof the net-
work.

It is normal to use these programmiagstractionswhen doing network programming. They allow
you to model the behaviour of the system, and understand its behaviour.

The’socket’is an abstraction for each endpoint of a communication link. The abstraction allows data
communication paths to be treated in the same way as UNIX files. When a socket is initialized, the
API system calls returnfile descriptomumber which may be used to read and write in the same way
as those returned by file stream API calls.

Here is an example of a simple server written in C:

| copE LisTING server.c
/* EE R R E RS SRR RS R RS RS R R RS R RS RE RS EEE RS EREEEEEREEEEEEREEREESESES]
Aut hor : Hugh Ander son
Dat e: 01/11/ 2000

Description: This is the mainline of the server software for
a sinple server for teaching...
Revi si ons: None yet. ..

KKK KK A KKK KKK F AR AT AR KKK RFAK AR KR KR KRKAK AR KR KR KKK AK AR KKK KKK A KA KA h K & [

#i ncl ude <stdio. h>

#i ncl ude <sys/types. h>

#i ncl ude <sys/socket. h>
#i ncl ude <netinet/in.h>
#i ncl ude <sys/ioctl.h>

#i ncl ude <arpa/inet.h>

#define SERV_TCP_PORT 9000
#define MAXLINE 512

mai n (argc, argv)
int argc;
char *argv[];
{
/* Declarations... */
int 1oc, sockfd, newsockfd, clilen;
struct sockaddr_in cli_addr, serv;

/* Initialization... */

printf (" Tryingtoopensocket..\n") ;

if ((sockfd = socket (AF_INET, SOCK _STREAM 0)) < 0)
fprintf (stderr, "server:can'topen stream socket\n”) ;

bzero ((char *) &serv, sizeof (serv));

serv.sin_famly = AF_I NET;

serv.sin_addr.s_addr = htonl (|NADDR_ANY);

serv.sin_port = htons (SERV_TCP_PORT);

if (bind (sockfd, (struct sockaddr *) &serv, sizeof (serv)) < 0)
fprintf (stderr, "server:can'tbindlocal address\n") ;

listen (sockfd, 5);

/* The nain event loop... */
for (;;) {
clilen = sizeof (cli_addr);
printf ("clilenis%d\n", clilen);
newsockfd = accept (sockfd, (struct sockaddr *) &cli_addr, &clilen);
if (newsockfd < 0)
fprintf (stderr, "server:accepterror\n");
wite (newsockfd, "Hugh'sServer\n", 14);
process (newsockfd);
cl ose (newsockfd);
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8.5 More operators

C has a large number of operators, and here we look at some more of them.

8.5.1 Boolean operators

If we wish to combine Boolean expressions we can use two operators AND and OR. To see what they
do we look at aruth table:

]A\B\AORB AANDB\
FIF F F
FIT T F
T|F T F
T[T T T

In C these operators are written& and||. There is no implementation of the exclusive-or operator
in C. The unary operator NOT is ‘I in C.

Up to now we have had Boolean expressions sugh-as3) which is TRUE if the value o is greater
than or equal t@ and FALSE otherwise.

If we wanted an integer to be within a range such as greater than 3 and less than or equal to 10, we
can write this aga>=3 && a<=10).

8.5.2 Increment and decrement operators

C is well known for being terse (as is UNIX). Certain common assignments have shorthand versions
in C. For example - a common C assignment is to add 1 to a variable:

‘ count = count+1; ‘

This is so commonly done, that C has a special syntax specifically for thisndiementoperator:

count++;
or
++count;

If the assignment is on its own there isn’t a difference between them but if the increment operator is
used in an expression then the order may matter.

pre-increment: “++a” means increment and then use the value of a.

post-increment: “a++” means use the value of a and then increment.

We have a matching decrement operator: “—*.
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8.5.3 Operator assignments

Another common expressionas= a + n. This can be written asi += n; The following expressions

are all equivalent:

counter = counter + 1;
counter++;
++counter;

counter +=1;
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8.6 Summary of topics
In this section, we introduced the following topics:

Software development process

Diagramming methods

File operations

More operators

Questions

1. Declare four char variables in a program, and determine the addresses of each.

2. Write a small program which asks for the names of two files, opens the first one and copies any
lines that start with a digit to the end of the other file.

3. Give a function prototype for a function which does not return any value.
4. What is the value of x after'= 1; x=(x == (x+=1)+1); ".
5. What will be the values of the three parameters to this function?

a=1,;
myfunc( ++a, ++a, ++a);

Further study

e Textbook, Chapter 11
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The study of sorting algorithms is traditional in introductory programming courses. The reason for
this is that the study gives us a vehicle for showing a range of different algorithms for the same prob-
lem. Thesortproblem can be clearly and simply expressed (something like “sort all those numbers in
ascending or descending order”).

As we will see though, there are many solutions - each using a different algorithm. There are many
ways of performing sorts on unsorted data, withamzbest way, as some sorts are faster when the
data is almost completely sorted, but very slow when the data is a randomly distributed.

Comparison sorting algorithms have a range of speeds - mergesort, heapsort, and the best case of
quicksort will takeO(n log n), while insertion sort, selection sort, and the worst case of quicksort all
takeO(n?).

TheBig-O notation given here describes the amountirog taken by an algorithm. When we use the
termO(n?) we mean that the time for the algorithm is of-the-order:®f in this case the square of

the number of things to be sorted.

Here is a chart showing ho@(n log n) andO(n?) are related:

| n 1] 10] 100 [ 1000 | 10000
O(nlogn) [ 0] 10 | 200 | 3000 40000
O(n*) | 1100 10000 1000000| 100000000

As you can sed)(n logn) is faster tharO(n?).

In the following examples, we assume that the initial data to be sorted is stored in an array, but of
course the algorithms might be used to sort any data structures.
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9.1 Bubble sort
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i
A

This one gets its name from the idea of bubbles rising up from the bottom of champagne (or coke if
you prefer). The larger bubbles get to the top first

1. Make a pass over the values from left to right, comparing adjacent pairs of elements and moving
the larger one to the left by swapping the current pair of elements - this puts the largest one at
the left.

2. Do it again - but this time you can do one less comparison - because the last element is already
known to be the largest.

3. Keep doing it until there are no swaps done.

The software makes successive passes over the array, comparing and exchanging items so that the
largest item ends up at the left hand side of the array. This is repeated for the remaining items until
the array is sorted.

Algorithm: 2 Bubble Sort

foreach element P from left to right (unless there were no swaps last time)
foreach element j from right-1 downto P
if this element is greater than the next one then
swap the items
end if
end foreach

C end foreach

Here is the code written in C:

| copE LISTING BubbleSort.c
void
BubbleSort ( int A, int N)
{

intjP;
i nt switched = TRUE;
int tmp;

for (P=0; (P<N-1)&& (switched == TRUE); P=P + 1) {
switched = FALSE;
for (=N-1;j>P;j=]-1){
) it (All> Al -1D{
switched = TRUE;
tmp = Afj;
Alll = Al - 1;
Af - 1] = tmp;

The bubble sort has a worst case running tim@f?).

YIn this algorithm they do...



9.2 Insertion sort 79

9.2 Insertion sort

n

The insertion sort works by repeatedly examining the next item and inserting it into the final ar a\fl]in
its correct order with respect to items already examined. Using arrays, the insertion sort requires the
other values to be moved to make room for the inserted value.

1. Sort the first two values in the array if needed

2. Insert the third value into the appropriate position relative to the first two values - moving the
second value if needed.

3. Insert the fourth value, and so on...

The algorithm is:

Algorithm: 3 Insertion Sort

foreach element P from left(+1) to right
insert P into correct place in array from left to P (moving elements as needed)

end foreach C

Here is the code written in C:

| copE LIsTING InsertionSort.c
voi d
InsertionSort ( int A, int N)

intjP;
i nt tmp;
for P=1,P<N;P=P+1){
tmp = A[P];
for =P;(>0)&& (Al - 1]>tmp);j=j-1)
Al =Afj - 1];
A[j] = tmp;

The insertion sort has a worst case running timéeaf?).
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9.3 Shell sort

The shell sort is an example of a divide-and-conquer approach to a task, and is more efficient than
insertion sort for larger arrays, but less efficient than some other methods. Shellsort is similar to
insertion sort but allows non-adjacent elements to be swapped. The algorithm arranges the array so
that everyk! element (starting anywhere) yields a sorted array. Such an array is sai@-sobied.

By doing this for a sequence of valueskoivhich end in 1 ( &-sequence) we produce a sorted array.
For example - if we had this array:

65| 2194 |54[5]62]7]9]92]6]15]3]

We can arrange this to be 5-sorted:

Before After
65 | 62 | 15 || 15| 62 | 65
219 | 7 | 13| 7 | 13| 219

4 9 4 19
54 | 92 54 | 92
5 6 51| 6

This could then be rearranged to be 2-sorted:

‘ Before ‘ | After

15| 4 | 5 |13|92| 65 ||4|5|13| 15| 65| 92
7 | 54162 9| 6 |219|6|7| 9 |5]62]| 219

We now have (many of) the smaller elements clustered near the left side of the array. If we perform a
1-sort now, there will be few exchanges, as elements do not have to move all the way from one end to
the other of the array.

Here is the code written in C:

| copE LISTING ShellSort.c
void
ShellSort ( int Afl, int N)
{
int P,j, inc;
int tmp;

for (inc=1;inc <= N;inc =inc * 2);
for (inc=(nc/2)-1;inc>0;inc=(inc-1)/2){
for (P=inc;P<N;P=P+1){
tmp = A[P];
for (j=P;j>=inc && A[j - inc] > tmp; j = j — inc)
Af] = Alj = inc];
A[l] = tmp;

To get the most effective shell sort, it is best if there are no factors common between the numbers used
for the values of: in the k-sequence.

The shell sort efficiency depends on the choice ofittsequence, and has a best case running time of
O(nlogn), and a worst case running time ©fn?).
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9.4 Selection sort

The selection sort algorithm involves scanning the whole remaining unsorted part of the array |
edly in the manner described in this algorithm:

Algorithm: 4 Selection Sort

foreach unsorted part of the array
choose leftmost card as 'provisional highest value’
step through rest of array, keeping track of 'provisional highest value’

move the provisional highest value to the left
end foreach EC

Here is the code written in C:

| copE LisTING SelectionSort.c
voi d
{SelectionSort( int Af, int N)

i nt minindex, j, P;
int tmp;

for P=0;P<N-1;P=P+1){
minindex = P;
for (=P+1j<N;j=j+1){
i f (A[j] < A[minindex])
minindex = j;

%mp = A[P];
A[P] = A[minindex];
A[minindex] = tmp;

The selection sort has a worst case running time ©f?).
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9.5 Quick sort
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Perhaps the fastest sort algorithm is quicksort - another divide-and-conquer algorithm. Quicksort is a

recursive procedure, developed by C.A.R Hoare in 1962. The algorithm works like this:

1. If there is only one item - do nothing (it is already sorted).
2. Choose a point in the array at random - this is calledpiliet

3. Make two sub-arrays - the one on the left containing items lower than the pivot, the one on the
right containing items higher than the pivot. Quicksort each of the sub-arrays.

Note that this has a recursive definition, and we have specified a base case.

Algorithm: 5 Quick Sort

if array has only one item then
do nothing
else
Choose pivot and form the left and right arrays
Quicksort( leftarray )
Quicksort( rightarray )
Join the leftarray, pivot and right array

@ endif

Here is the code written in C:

| copE LISTING QuickSort.c
voi d
QuickSort ( int A[, int N)
{

i nt pivotindex;
if (N>1){
pivotindex = Partition (A, N);
QuickSort (A, pivotindex);
QuickSort (&A[pivotindex + 1], (N — pivotindex — 1));

}

int
Partition ( int A, int N)
{
t i, J, incr =0, decr = 1, swap;
t tmp;
0;
N-1;

while(i!=){

i f (ANl > AL {

tmp = A[il;

Al = AL

Af] = tmp;

swap = incr;

incr = decr;

decr = swap;

returnj;

The quicksort algorithm has an average running timé@f log n), although it is possible to choose
very bad pivots and get a worst case running tim@6f?).
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9.6 Summary of topics @

In this section, we introduced the following topics:

e Sorting!

Questions

1. Investigate the heap sort algorithm. What is its running time? How does it work?

2. What is another divide-and-conquer algorithm used in programming? If you don’t know one,
find one.

3. Try out each of the sorting algorithms given here, by writing a main() which calls them with ar-
rays of unsorted data. Put counters in the code to measure how many inner loops each procedure
takes.

4. Write and test a program which sorts the characters in a string into ascending (ASCII) order.
5. Write and test a program which sorts the words in a string into ascending order.

6. Using the algorithm given in the code listing on page 80, givektdsequence for an array with
47 elements.

Further study

e Textbook, Chapter 6, section 6.6
e Textbook, Chapter 7, section 7.6




84

Sorting




e 1O

GUI programming

Pronounced GOOEY programming!

GUI stands forGraphicalUserlnterface, and its use here refers to programs which usev/tiveAl
interface found in most workstations. - as opposed tocttramand-lingnterface found in a DOS-
prompt, or telnet session to a UNIX machine. Unfortunately, (again) there is no one standard for GUI
programming, although the techniques that you learn in one standard are generally transportable to
another.

In the programs given so far in this text, there is a single thread-of-control, which we can examine
by reading the main(). This code determines how a user is expected to interact with the program.
This general program architecture is satisfactory for small programs with simple command-line user
interfaces.

However, graphical user interfaces have a much more complex thread-of-control. For example, at any
time we may have a number of possible events about to occur - the user may ask for the window to be
minimized, or resized, or click a button, or select a menu, or ...

Our programs must respond to each of these events. The normal way to do this is by restructuring our
programs as a group of functions - each of which responds to an event. These functions are called
callbacks

Our GUI mainline code looks like this:

] CODE LISTING GUICode.c
#i ncl ude <any GUI header files needed>
int
main ()

Regi ster Al | Cal | backs ();
LoopFor ever ();

An interesting area of GUI programming is the development of abstract windowed environments,
where we program using an abstract API. These systems normally allow the development of software
which can be compiled for any environment.

window, Icon, Mouse, Pointer...
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10.1 Window systems

Contrary to popular public opinion, “Windows” is not the only GUI window system. The Macintosh
system, and the UNIX X window system both predate Microsoft's GUI system, and each have inter-
esting features that have yet to be added to “Windows”. For example the UNIX X window system
allows a clear separation between the display and the processing, whereas “Windows” display and
processing must be on the same machine.

By far the most common GUI windowed environment on the desktop is the one found in Win95/98,
and our programming API for it is known as Win32.

We will briefly look at three window systems.

10.1.1 Win32

Win32 is a generic name for 4 (slightly) different APIs for Microsoft operating systems. The Win32
API provides standard function calls for accessing the GUI, file system, processes arfd $h@n
Win32 API on Win95 is a subset of those on WIinNT, so applications written for Win95 should be
portable to WIinNT. The reverse is not always true, but most WinNT applications can run on WIn95/98.

The normal way for you to access Win32 functions is by using a precompiled library from a C pro-
gram.

10.1.2 X

The X window systerfiis a well developed system which allows for multimedia software and hard-
ware components to be distributed around a network. At its simplest level, it allows a program and its
display to be on different computers.

The architectural view of X is a little peculiar. The designers view the display as central to the system,
and the software running on the display is called the X-server:

@ ] X display (server)

TR

Clients

2Not just the GUI.
The system is called X, or the X window system. Ihist called X-windows!
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From the diagram, we can easily identify three essential components of X:

1. The X server - providing the high resolution graphical display(s), keyboard and mouse.

2. The X protocol - providing standard communication methods between the distributed software
components.

3. X clients - programs with graphical display output, running on (perhaps) many machines.
However, there are two other components:

e The Window manager(s)- providing decorations around each window.
e The Display manager(s) providing access to the system.

10.1.3 Thin client systems

A relatively recent development involves moving the X-server (or equivalent) from the machine with
the display to a larger machine, and then using a smaller computer to actually display the data. Here
is a thin client written in Java, running as an applet in a web page:

Location: | http://opo:5802/

BEEREIEEERHEE E
|

These systems allow applications to be distributed to any desktop.
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10.2 Direct calls to the Win32 API

It is possible to write applications that use the Win32 API directly. These programs tend to be long
(that is - they have a lot of source lines).
C In the same vein as our HelloSingapore example, we start with this program:

] CODE LISTING SimpleWin32.c

#i ncl ude <w ndows. h>

int STDCALL
W nMai n (H NSTANCE hl nst, HI NSTANCE hPrev, LPSTR | pCnrd, int nShow)

MessageBox (NULL, "Hello, Windows!", "Hello", MB_OK);
return O;

}

This small example may be compiled using CYGWIN as follows:

‘ gcc -0SimpleWin32 SimpleWin32.c -mwindows

And it produces the following application:

Hello

Hello, Windows!
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Another more complex example shows the flavour of raw Win32 programming, although | ha .
moved about 380 lines for clarity:

| CODE LISTING BiggerWin.c

#i ncl ude <wi ndows. h>
#incl ude <string. h>

int STDCALL

W nMai n (H NSTANCE hl nst, H NSTANCE hPrev, LPSTR | pCnd, int nShow)

{
HWD hwndMai n; /* Handl e for the main w ndow. */
MSG nsg; /* A Wn32 nessage structure. */
WADCLASSEX wndcl ass; /* A wi ndow cl ass structure. */

char *szMai nWwhdCl ass = " WinTestWin";
menset (&wndcl ass, 0, sizeof (WNDCLASSEX));
wndcl ass. | pszd assNane = szMai nWhdd ass;
wndcl ass. cbSi ze = sizeof (WNDCLASSEX);
wndcl ass. styl e = CS_HREDRAW | CS_VREDRAW
wndcl ass. | pf nWhdProc = Mai nWhdPr oc;
wndcl ass. hl nstance = hlnst;
wndcl ass. hl con = Loadl con (NULL, 1Dl _APPLI CATION);
wndcl ass. hl conSm = Loadl con (NULL, 1Dl _APPLI CATION);
wndcl ass. hCursor = LoadCursor (NULL, |DC_ARROW ;
wndcl ass. hbr Background = (HBRUSH) Get St ockCbj ect (WH TE_BRUSH) ;
Regi st er d assEx (&wndcl ass);
hwndMai n = Creat eW ndow (szMai nWhdCl ass, "Hello", W5 OVERLAPPEDW NDOW
CW USEDEFAULT, CW USEDEFAULT, CW USEDEFAULT,
CW USEDEFAULT, NULL, NULL, hlnst, NULL);
ShowW ndow (hwndMai n, nShow) ;
Updat eW ndow ( hwndMai n) ;
whil e (Get Message (&rsg, NULL, 0, 0)) {
Transl at eMessage (&rsgQ);
Di spat chMessage (&nsg);

}
return msg. wPar am

The full source code and a makefile is availabllatii://www.comp.nus.edu.sg/"cs1101c/hugh/generic.tgz
When this is compiled, we get this:

Generic Windows 95 application M=k
Eile | Help
Contents
About

Unfortunately, the full source code totals over 400 lines of C, and still doesn’t actually do anything!
If you are interested in learning more about Win32 programming, there is an interesting tutorial at
nttp://www.winprog.org/tutorial


http://www.comp.nus.edu.sg/~cs1101c/hugh/generic.tgz
http://www.winprog.org/tutorial
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10.3 OO GUI toolkits

If we can reduce the size of code, we can be more assured that our code is correct. We are already
using one mechanism to do this - we call Win32 or C functions which do quite complex things (such
as the call to CreateWindow() in the Win32 code above. A view of this might be that weding

the difficult parts from our application.

However, this sort of functional hiding has some flaws - our programs must maintain various sets
of data representing our GUI environment, and can easily cause errors. Object-oriented technology
provides a better mechanism, hiding the data from our programs - so that the only way in which
the programs can modify the data is by using “approved” routines. Discussion of object-oriented
technology is outside the framework of this course, but we can summarize the key features of OO as:

e OO code is considered to be more reuseable - dusstdtavare componerrientation.
e OO components are related through a new relationsimiperitance
e OO objects may take different forms during run-time. This is cglelgmorphism

Unfortunately, there is no one object-oriented standard for GUI applications, leading to a fragmented
situation - there are literally hundreds of commercial and free OO GUI framework/toolkits, with no
one clear leader in the market place, although the Microsoft Foundation Classes (MFC) should be
mentioned.

Here is a part of a small C GUI application built using the Qt GUI toolkit:

] CODE LISTING SmallQtApp.c

#include <qapplication.h>
#include " application.h"

int
main ( i nt argc, char **argv)

QApplication a (argc, argv);

ApplicationWindow *mw = new ApplicationWindow ();

mw->setCaption (" Document 1);

mw->show ();

a.connect (&a, SIGNAL (lastWindowClosed ()), &a, SLOT (quit ()));
return a.exec();
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10.4 Scripting languages

Scripting languages which can produce GUI interfaces are relatively easy to use. An effective s
for building GUI applications is to write the GUI part in a scripting language, and to write the ¢pia
'difficult’ partin C.

In the following example, a Tcl/Tk program is integrated with a C program, giving a very small code-
size GUI application, that can be compiled on any platform - windows, UNIX or even the Macintosh
platform without changes.

] CODE LISTING CplusTclTk.c

#include <stdio.h>
#include <tcl.h>
#include <tk.h>

char tclprog[] =" \
proc fileDialog {w} {\
set types {\

{\"Image files\" {.gif} )\
{\"All files\" *}\
\

h

set file [tk_getOpenFile —filetypes $types —parent $w];\

image create photo picture —file $file;\

set glb_tx [image width picture];\

set glb_ty [image height picture];\

.c configure —width $glb_tx —height $glb_ty;\

.c create image 1 1 —anchor nw —image picture —tags \"myimage\";\
\

frame .mbar —relief raised —bd 2;\

frame .dummy —width 10c —height O;\

pack .mbar .dummy -side top —fill x;\

menubutton .mbar file —text File —underline 0 -menu .mbar file.menu;\
menu .mbar.file.menu —tearoff 1;\

.mbar.file.menu add command —label \"Open...\" ~command \"fileDialog .\";\
.mbar.file.menu add separator;\

.mbar.file.menu add command —label \"Quit\" —command \"destroy .\";\
pack .mbar file -side left;\

canvas .c —bd 2 -relief raised;\

pack .c —side top —expand yes —fill x;\

bind . <Control-c> {destroy .};\

bind . <Control-g> {destroy .};\

focus .mbar

int
main (argc, argv)
i nt argc;
char **argy;
{
Tk_Window mainWindow;
Tcl_Interp *tcl_interp;

setenv (" TCL_LIBRARY", " [cygnus/cygwin—b20/share/tcI8)0
tcl_interp = Tcl_Createlnterp ();
i f (Tcl_Init (tcl_interp) != TCL_OK || Tk_lInit (tcl_interp) != TCL_OK) {
i f (*tcl_interp—>result)
( voi d) fprintf (stderr, " %s: %s\H, argv[0], tcl_interp—>result);
exit (1);

mainWindow = Tk_MainWindow (tcl_interp);
i f (mainWindow ==
fprintf (stderr, " %s\r', tcl_interp—>result);
exit (1);

Tcl_Eval (tcl_interp, tclprog);
Tk_MainLoop ();

exit (1);

The first half of the listing is a C string containing a Tcl/Tk program. The second part of the listing is
C code which uses this Tcl/Tk.
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On a Win32 system, we compile this as:

gcc -0 CplusTclTk CplusTcelTk.c -mwindows -Itcl80 -Itk80

On a UNIX system we use:

gcc -0 CplusTclTk CplusTcelTk.c -ltk -ltcl -IX11 -Im -IdI

And the result is a simple viewer for GIF images. The total code size is 57 lines. The application
looks like this when running:

&

File

(& Open

5 dither
El boydford.gif
B sevem.gif

Directory:  /homehugh/COURSES/cs110 clyxAaboratories/solware

Fllegame:.

| |_opom
Files of type: Image files (*.gif)
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10.5 Summary of topics

In this section, we introduced the following topics:

Different software architectures

Graphical user interface techniques

WIN32 programming
Object Oriented GUI toolkits
Scripting languages

Questions

1. Try out each of the programs given here.
2. Investigate the MFC. What is the simplest “Hello-World” program that can be written using it?
3. In object-oriented terms, differentiate between a class and an object.

4. Given thecallbacksystem architecture outlined in this chapter, what does the software do when
no events are happening?

Further study

e There is nothing in the textbook specifically related to C and GUI, but chapter 29 has a discus-
sion on GUIs, and programming them in Java.
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Arbor day

I n this section, we look at ways in which we can combine simple variables, arrays, structs and
pointers to make more complex user-defined data structures.

The reason we build these more complex structures is to assist our program structure to match the
structure of our problem. If our problem has a complex structure, then it is best if our program
structure maps onto this structure in some obvious way.

Before showing sample code to manipulate these structures we introduce the C syntax for referring to
structure elements using pointers. If we had a struct with compoRreyntandnext, and a pointep

to that structure, then we refer pa>key andp->next .

We also introduce a diagramming technique to help us remember the shape of user-defined data struc-
tures. A pointer is drawn as an arrow, a struct as a box.

p node
& —> o | —>p>next

In the above diagram we are looking at a pointer to a struct which itself has a pointer to something
else.

11.1 Array of pointers

We use arrays of pointers when we know some upper bound on the number of items, but the items
may be of different sizes (for example - arrays of strings). A suitable diagram is:

array p
p[0] o— > |
pl1] o— > |
p[2] o——>» @@ ]
p[3] o——{ @@ ]
p[4] ®&——>NULL
p[5] o— >
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remember to initialize our array elements as NULL.

In this example program we use an array of pointers to store some strings, which are created dynami-
cally as needed using tnealloc() call.

@ If a pointer does not point to anything (yet) then we label it as NULL or NIL. We should always

] CODE LISTING arrayofpointers.c

#include <string.h>
#include <stdio.h>

int
main ()

char str[80];
char *strings[10];
int i

for (i=0;i<10;i=i+1){
fgets (str, 79, stdin);
str[strlen (str) - 1] =" \0;
stringsi] = ( char *) malloc (strlen (str) + 1);
strepy (stringsi], str);

for (i=9;i>=0;i=i-1){
printf (" line %d was; %s\n", i + 1, strings][i]);
}
returnO;

11.1.1 Parameters to programs

A real example of the use of an array of pointers is in the parameters to a prograrargthealue is
the count of the number of (text) arguments. The paranaegeris an array of pointers:

| coDE LisTING argcargv.c \

#i ncl ude <stdio. h>
int
main (int argc, char *argv[])
int i;
printf ("Thereare%d arguments (parameters)\n", argc);

for (i =0; i <argc; i =1 +1
printf ("Argument number %dis%s\n", i, argv[i]);
return O;

If we run this program, it displays its own arguments:

[hugh@stf-170 programs]$ gcc -0 argcargv argcargv.c
[hugh@stf-170 programs]$ ./argcargv first second 3 -4
There are 5 arguments (parameters)

Argument number O is ./argcargv.

Argument number 1 is first.

Argument number 2 is second.

Argument number 3 is 3.

Argument number 4 is -4.

[hugh@stf-170 programs]$

When we type a command likelél filel.txt ", the del command looks at its own argument to find out
which file to delete.
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11.2 Lists

The list structure can be extended as needed - when we need more items, we use malloc to ‘efeat
new item, and then link it into the list. Our diagram is:

head
o——> o ® >  &——> NULL

The list is initialized with

| head = NULL; \

To manipulate nodes on a list, we have basic operations which insert and delete nodes. However it
is common for our lists to be kept in sorted order to speed searching and if our data needs to be kept
sorted. We will look first at a simple list, and then at a sorted list. In the following codes we assume a
head variable which is a pointer to the head of the list.

11.2.1 Simple singly-linked list C

To insert nodes on the head of a simple list, we can just use:

mynode = malloc( sizeof( node ) );
mynode->next = head;
head = mynode;

To remove the first item from a list we can gjse

mynode = head;
head = mynode->next;
free( mynode );

To put an item at the end of the fist

p = head,
while (p->next!=NULL)
p = p->next;

mynode->next = NULL;
p->next = mynode;

The previous code segments are not an exhaustive list of needed code, but introduce the way in which
we can manipulate data structures linked by pointers.

1This code fails to work if the head is NULL.
2This code also fails if the head is NULL.
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11.2.2 Sorted singly-linked list

C Itis often useful to keep items in a list sorted according to some criteria. As a simple example, assume
we have a key field in each of our list nodes:

struct node {
struct node *next;
int key;
char *mydata;

} node;

typedef struct node *NODEPTR,;

NODEPTR head=NULL,;

If we wish to keep our list sorted in (say) ascending order, we do this by only inserting in the correct
positiofk:

pl = head;

p2 = pl->next

while ( (p2!=NULL) && (p2->key<newitem->key) {
pl = p2;
p2 pl->next;

}
pl->next = newitem;
newitem->next = p2;

We will also need delete and search functions, but these are left as an exercise at the end of the chapter.

11.3 Binary tree

One property of a list structure is that the larger a list gets, the slower it is to search. In general, it goes
up asO(n). A balanced tree structure search time goes up(&sg, n), which is a much slower rate:

n |2|4|8|16|32|64
logom |1|2(3] 4|5 |6

Maintaining abalancedbinary tree is a little difficult - and the simple tree structure given here may
result in an unbalanced tree - so we may not get search times as gogthgsn ).

3This code also does not work if the head is NULL.
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We visualize our binary tree as:

NULL NULL  NULL

NULL NULL

In the following code, we use these declarations:

struct node {
struct node *lhs,*rhs;
int key;
char *mydata;

} node;

typedef struct node *NODEPTR;
NODEPTR head=NULL;

11.3.1 Creating a node C

This code segment shows one method of creating a new node for the tree. Note thenaiecof
to create both the new node, and the string it contains. The function retyoistar to the newly
created node.

| copE LisTING makenode.c \

NODEPTR
makenode ( int key, char *mydata)

NODEPTR p;
p = (NODEPTR) malloc ( si zeof (node));
p—>lhs = p—>rhs = NULL;
p—>key = key;
p—>mydata = ( char *) malloc (strlen (mydata) + 1);
strepy (p—>mydata, mydata);
returnp;

This code segment shows one method of displaying all nodes in the tree. This is a recursive routine,
as the tree is a recursive structure (as discussed in class). Our algorithm is:

Algorithm: 6 Display binary tree

If the tree is NULL
do nothing,
but otherwise
display the leftmost part of the tree,
followed by this node,
followed by the rightmost part of the tree".




100 Arbor day

Here is the (recursive) code for displaying the elements in a tree:

| copE LisTING inordertree.c
voi d
inorderdisplay (NODEPTR this)
i f (this!= NULL) {
inorderdisplay (this—>lhs);
printf (" Key: %6d, mydata: %s\n", this—>key, this—>mydata);

inorderdisplay (this—>rhs);

C 11.3.2 Insert node in tree

This code segment shows one method of inserting a new node in the tree. If the keys are the same, it
over-writes the existing record, and returns the storage no longer needed to the operating system.

| copE LISTING insertnode.c \

NODEPTR
insert (NODEPTR hd, NODEPTR rec)

if (hd== NULL)
returnrec;
i f (hd—>key == rec—>key) {
free (hd->mydata);
hd->mydata = rec->mydata;
free (rec);
} el se {
i f (hd—>key > rec—>key) {
hd—>lhs = insert (hd—>lhs, rec);
el se {
hd->rhs = insert (hd->rhs, rec);

return hd;

C 11.3.3 Find node in tree

This code segment shows one method of finding a node in the tree.

| copE LISTING findnode.c

char *
find ( i nt key, NODEPTR hd)

if (hd==NULL){
return" Not found!";
} el se{
i f (hd->key == key) {
r et ur n hd->mydata;
} el se {
i f (hd—>key > key) {
ret urn find (key, hd->lhs);
} el se{
r et ur n find (key, hd—>rhs);
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11.4 Summary of topics

In this section, we introduced the following topics:

A diagramming technique to help visualize complex data structures

Code for managing arrays of pointers

Code for managing simple singly-linked lists

Algorithms and code for binary trees

Questions

1. In section 11.2.1, it is mentioned that tteletecode fails to work if the head is NULL. Inves-
tigate this - why does it not work?

2. Fix thedeletecode in section 11.2.1 so that it does work even if the head is NULL.

3. In section 11.2.2, we give a flawed insert routine. Write and test a delete and search routine for
the same list structure.

4. In section 11.3, a recursive routine to print out a tree is given. Rewrite this using a non-recursive
method.

Further study

e Textbook, Chapter 12
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o 1.2

Building larger C programs

The programming style and techniques outlined in CS1101C are suitable for small(ish) software
systems, but not for large scale software developments. In the laboratory exercises in this course, the
largest programs are normally only 100 lines or so - and by now | am sure you are aware of how easy
it is to make errors even in these small programs.

Medium sized software developments range up to about 50,000 lines of C source, and these devel-
opments will require tool support beyond the editor/compiler/debugger/make tools described so far.
Tools such as configure, make, version control, automatic documentation and so on assist greatly with
these sort of projects.

Large sized software developments may have 50,000,000 lines Bfeoaere, and generally involve
significant investments. The software is engineered more carefully, with techniques ranging from strict
design methodologies in which each step must be followed rigorously, through to analysis of human
factors - workplace environment, ethos and so on.

In “The Mythical Man-Month”, Frederick P. Brooks gives a lot of advice about managing large soft-
ware projects, and despite the book being 25 years old, the advice in it is still sound. The assertion
that

1 programmer * 9 months does not equal 9 programmers * 1 month

is still absolutely corréét

In this chapter we will briefly introduce some of the smaller tools that may be used to assist in the
management of medium-sized software developments. The notes are taken from the on-line docu-
mentation for the tools.

1The open source Mozilla web browser has around 30,000,000 lines of C.
2Isn't there a joke about the New Zealander who was in a hurry to start raising a family - so rather than wait 9 months
with one woman, he planned to only wait one month...
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12.1 Revision control systems

There are many revision control systems. They help a programmer, or group of programmers, keep
older revisions of software - particularly when there are multiple files as in larger software develop-
ments. Here is some information about one revision control system (RCS), taken from the documen-
tation.

The Revision Control System (RCS) manages multiple revisions of files. It automates the storing,
retrieval, logging, identification, and merging of revisions, and is useful for text that is revised fre-
qguently, for example programs, documentation, graphics, papers, and form letters. The functions of
RCS are to:

e Store and retrieve multiple revisions of text. RCS saves all old revisions in a space efficient
way. Changes no longer destroy the original, because the previous revisions remain accessible.

e Maintain a complete history of changes. RCS logs all changes automatically. Besides the
text of each revision, RCS stores the author, the date and time of check-in, and a log message
summarizing the change.

e Resolve access conflictaVhen two or more programmers wish to modify the same revision,
RCS alerts the programmers and prevents one modification from corrupting the other.

e Maintain a tree of revisions. RCS can maintain separate lines of development for each module.

e Merge revisionsand resolve conflicts. Two separate lines of development of a module can be
coalesced by merging. If the revisions to be merged affect the same sections of code, RCS alerts
the user about the overlapping changes.

e Control releasesand configurations. Revisions can be assigned symbolic names and marked
as released, stable, experimental, etc.

e Minimize disk storage. RCS needs little extra space for the revisions (only the differences). If
intermediate revisions are deleted, the correspondigtigsare compressed accordingly.

RCS is avaliable (for free) on all platforms and is the core technology in many of the commercial
revision control systems.

12.2 Makefile

The purpose of the make utility is to determine automatically which pieces of a large program need to
be recompiled, and issue the commands to recompile them.

To use make, you must write a file called the makefile that describes the relationships among files
in your program, and the states the commands for updating each file. In a program, typically the
executable file is updated from object files, which are in turn made by compiling source files.

Once a suitable makefile exists, each time you change some source files, this command:

\ make |

will perform all necessary recompilations.
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The make program uses theakefiledata base and the last-modification times of the files to decide
which of the files need to be updated. For each of those files, it issues the commands recorded in the
data base.

Normally you should call youmakefileeither makefile or Makefile.

Here is a simple makefile which manages the recompilation of three C text files (one.c, two.c and
main.c):

] CODE LISTING makefile \
all: main.exe

main.exe: one.o two.o main.o
gcc —0 main.exe one.o two.o main.o

one.o: one.c
gcc —cone.c

two.0: two.c
gcc —c two.c

main.o: main.c
gcc —c main.c

Note that;

e The unindented lines are dependency descriptions
e The indented lines are compile-link descriptions - you must use a TAB, not SPACES.

12.3 Configure

The first step in compiling a new GNU package is often runningctitdigure script in the source
directory. This script is an autoconfiguration system which detects the system idiosyncracies of your
computer - such as which operating system, which compiler and so oncohfigure script auto-
matically generates a Makefile which you can then use to build the new system.

Theconfigure system is comprised of several different tools, and program developers must build and
install all of these tools. However - people who just want to build programs from distributed sources
normally do not need anything except a make program, and a C compiler.

autoconf  provides a general portability framework, based on testing the features of the host system
at build time.

automake a system for describing how to build a program, permitting the developer to write a sim-
plified ‘Makefile’.

libtool a standardized approach to building shared libraries.
gettext provides a framework for translation of text messages into other languages.
m4 autoconf requires the GNU version of m4 - a macro processing language

perl automake requires perl.
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12.4 Summary of topics

In this section, we introduced the following topics:

Software development in-the-large

Revision control systems
The makefile

The GNU configure system

Questions

1. Write a Makefile which manages the recompilation of laboratory exercise u4ex6.

2. Download the chess game program fréupt//ftp.gnu.orgipub/gnuichessRun “./configure —
unix” and then “make”.

Further study

e Textbook, Chapter 14, sections 14.5



ftp://ftp.gnu.org/pub/gnu/chess/

Contents

107



	Introduction
	How to survive
	Assessment and grading

	Resources
	People
	Internet 
	The course text
	Course notes

	C background
	C compilers and other tools

	On giving instructions
	Ambiguity

	Stepwise refinement
	Summary of topics

	Programming
	Hello Singapore - <printf>
	Compilation
	Compile and execute

	Specification of programs
	Further C language elements
	Square - <scanf>
	Sum - <assign>
	Summation - <for>

	Summary of topics

	More structure
	A useful tool - indent
	More C constructs
	The function 
	Compound-statements
	The while-loop
	Libraries

	Summary of topics

	Getting our feet wet
	If-statement
	Functions
	Parameters and return values

	The math library
	Iteration and recursion
	Summary of topics

	Bugs 'n stuff
	Error-finding (debugging) tools
	Insight
	Commercial IDE

	Manual pages
	Basic rules
	Reserved words
	Rules for legal identifiers
	The preprocessor
	Headers vs header files
	Scope of names
	Function prototypes

	Nested for loops
	The switch statement
	Summary of topics

	Low flying data structures
	Simple data types 
	Initializing variables
	Integer storage
	Size of simple types
	The float and double types
	Boolean types
	Character storage - the char type
	Type coercion - cast
	Precedence of operators

	Data structures - the array 
	Declaration and initialization of an array
	Two dimensional arrays

	Data structures - struct
	Random numbers
	Summary of topics

	Pointers and strings 
	Pointers
	Strings
	Sample string functions - string copy
	Sample string functions - string concatenate
	Sample string functions - string compare
	Sample string functions - string length
	Sample string functions - print-to-string 

	Memory allocation
	Summary of topics

	Files 'n stuff
	File input and output
	Stream of characters vs structured
	Names

	The C stream file API
	Create file - fopen()
	Close file - fclose()
	Read and write files - fprintf() and fscanf()

	The C raw file API
	Create file - open()
	Close file - close()
	Read and write files - read(), write()
	Control attributes - fcntl()

	Network programming
	More operators
	Boolean operators
	Increment and decrement operators
	Operator assignments

	Summary of topics

	Sorting
	Bubble sort
	Insertion sort
	Shell sort
	Selection sort
	Quick sort
	Summary of topics

	GUI programming
	Window systems
	Win32
	X
	Thin client systems

	Direct calls to the Win32 API
	OO GUI toolkits
	Scripting languages
	Summary of topics

	Arbor day
	Array of pointers
	Parameters to programs

	Lists
	Simple singly-linked list
	Sorted singly-linked list

	Binary tree
	Creating a node
	Insert node in tree
	Find node in tree

	Summary of topics

	Building larger C programs
	Revision control systems
	Makefile
	Configure
	Summary of topics


