Chapter 5 - Functions
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Objectives

* In this chapter, you will learn:

— To understand how to construct programs modularly
from small pieces called functions..

— To introduce the common math functions available i
the C standard library.

— To be able to create new functions.

— To understand the mechanisms used to pass informat
between functions.

— To introduce simulation techniques using random
number generation.

— To understand how to write and use functionsch#t
themselves.
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5.1 Introduction
§1’¢E§jp‘|ﬂ§fi§’] */

#include <stdio.h>

int main()

{

pI’iﬂtf("*************\n")' 1%

printf("

[
printf("*************\n"); Iz/

return O;
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FIENA3 il B %/
HIE A3 ! B */

B IGEF \n);

‘\Debugitest.exe™

te continue_

5.1 Introduction

RSP AT T
| void star();

]

#include <stdio.h>

void star(void); /* star() FHERRVRLE]
int main()
star(); I+ PEplstar Fge */ . ..
printf(" ﬁmfﬁﬁ‘]%?,m“); M:Debugitest.exe
star(); /* pEpstar l‘_‘ﬂgé- */ ROXRARHRARIK
E RS
N % 3 3 3 € 2 2
} retum 0 Press any key to continue_

void star(void)

PIN("erksiin ) [
return;

}
» Divide and conquefZ & ¥ &)
— Construct a program from smaller pieces or compisne
» These smaller pieces are called modufigge()

— Each piece more manageable than the original pnogr
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5.2 Program Modules in C

* Functions
- Modules in C
- Programs combine user-defined functions with library functions
* Cstandard library has a wide variety of functions
* Function calls
- Invoking functions
* Provide function name (3 # % 4) and arguments (data » 3! # ~ %)
* Function performs operations or manipulations
* Function returns results (1% = &)
- “Function call” analogy:

* Boss asks worker to complete task
- Worker gets information, does task, returns result
- Information hiding: boss does not know details
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5.2 Program Modules in C

Fig. 5.1 Hierarchical boss function/worker function relationship.

Boss
Workerl Worker2 Worker3
Worker4 Worker5
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5.3 Math Library Functions

« Math library functions ¢ Z_c#c g ;%)
— perform common mathematical calculations
- #include <math.h>

* Format for calling functions
- FunctionName( argument );
« If multiple arguments, use comma-separated list
- printf( "%.2f", sqrt( 900.0 ) );

* Calls functionsqrt, which returns the square root of its
argument

 All math functions return data typuble
— Arguments may be constants, variables, or expnessi
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5.3 Math Library Functions

sqrt( x ) square root of x sqrt( 900.0 ) iS 30.0
sqrt( 9.0 ) 1S 3.0
exp( x ) exponential function ¢ exp( 1.0 ) iS 2.718282
exp( 2.0 ) 1S 7.389056
Tog( x ) natural logarithm of x (base ¢) Tog( 2.718282 ) lS 1.0
Tog( 7.389056 ) 1S 2.0
Togl0( x ) logarithm of x (base 10) Togl0( 1.0 ) iS 0.0

10g10( 10.0 ) 1§ 1.0
Tog10( 100.0 ) 1S 2.0
fabs( x ) absolute value of x fabs( 13.5 ) 1S 13.5
fabs( 0.0 ) 1S,0.0
fabs( -13.5 ) 1S 13.5

ceil( x ) rounds x to the smallest integer not ceil( 9.2 ) 1§ 10.0
less than x ceil( -9.8 ) 1S -9.0

floor( x ) rounds x to the largest integer not floor( 9.2 ) 1S 9.0
greater than x floor( -9.8 ) 1S -10.0

Fig. 5.2 | Commonly used math library functions. (Part | of 2.)

© Copyright by Deitel




5.3 Math Library Functions

pow( X, y ) x raised to power y (x”) pow( 2, 7 ) 1§ 128.0
pow( 9, .5 ) 1S 3.0
fmod( x, y ) remainder of x/y as a floating-point fmod( 13.657, 2.333 ) 1S
number 1.992
sin( x ) trigonometric sine of x (x in radians) sin( 0.0 ) 1S 0.0
cos( x ) trigonometric cosine of x (x in radi- cos( 0.0) 1S 1.0
ans)
tan( x ) trigonometric tangent of x (x in radi- tan( 0.0 ) 1S 0.0
ans)

Fig. 5.2 | Commonly used math library functions. (Part 2 of 2.)
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5.4 Functions

* Functions
— Modularize a program
— All variables defined inside functions are localiables( ¥ % %
)
¢ Known only in function defined
— Parameters
« Communicate information between functions
¢ Local variables
» Benefits of functions
— Divide and conquer
¢ Manageable program development
— Software reusability
» Use existing functions as building blocks for neregrams
¢ Abstraction - hide internal details (library furatis)
— Avoid code repetition
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5.5 Function Definitions

» Function definition format
return-value-type function-name( parameter-list)
{

declarations and statements

Example:
void star(void)

{ PHNE( xR . HINA3 [ B B %/
return;
}
Function-name: any valid identifier
Return-value-type: data type of the result (defaort)
« void —indicates that the function returns nothing
Parameter-list: comma separated list, declares paesnet

» A type must be listed explicitly for each parameteless, the
parameter is of typént
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5.5 Function Definitions

« Function definition format (continued)

return-value-type function-name( parameter-list )
{

declarations and statements
}
— Definitions and statements: function body (block)
 Variables can be defined inside blocks (can be nested)
» Functions can not be defined inside other functions
— Returning control
* If nothing returned
- return;
— or, until reaches right brace
* If something returned
- return expression;
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Programmer-Defined square function

/* Fig. 5.3: fig05_03.c
Creating and using a programmer-defined function */
#include <stdio.h>

E Outline
vl

fig05_03.c (Part 1
of 2)

5

/* function main begins program execution */

4 IF R S e R 3] 7

1
2
3
4
5| int square( int y ); /* function prototype */
6
7
8
9

2L X Yl A

FrEZRY argument 2B -

int mainQ
{
10 int x; /* counter */
11
12 /* loop 10 times and calculate and output square of x each time */
13 for ( x = 1; x <= 10; x++ ) {
14 printf( "%d ", square( x ) ); /* function call */
15 } /* end for */
16 TS b
17 printf( "\n" ); PL PLIS’[E‘\quuare
18
19 return 0; /* indicates successful termination */
20
21 } /* end main */
22
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23 /* square function definition returns square of an integer */
24| int square( int y ) /* y is a copy of argument to function */
25| {

26 return y * y; /* returns square of y as an int */

28|} /* end function square */

1 4 9 16 25 36 49 64 81 100

E Outline
4

fig05_03.c (Part 2
of 2)

Function square

Program Output

P vy

T

I‘HI o

I argument B35 s prgle
ffint y ) SRESIF TR (Y )
A B £ square - (REIE) (@

s
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Programmer-Defined maximum function

/* Fig. 5.4: fig05_04.c
Finding the maximum of three integers */
#include <stdio.h>

E Outline

fig05_04.c (Part 1
of 2)

/* function main begins program execution */

s

1

2

3

4

5 dint maximum( int x, int y, int z ); /* function prototype */
6

7

8 int mainQ

9

int maximum( int, int, int );

{
10 int numberl; /* first integer */
11 int number2; /* second integer */
12 int number3; /* third integer */
13

14 printf( "Enter three integers: " );
15 scanf( "%d%d%d", &numberl, &number2, &number3 );

16
17 /* numberl, number2 and number3 are arguments
18 to the maximum function call */

19 printf( "Maximum is: %d\n", maximum( numberl, number2, number3 ) );
21 return 0; /* indicates successful termination */
23 } /* end main */

24
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25 /* Function maximum definition */ T e P
26 /* x, y and z are parameters */ gy't,z bd&—flh iL:rjré_;fé_&é
27 int maximum( int x, int y, int z ) tm:: 19K Gl L
28 { SRLh,

29 int max = x; /* assume x is largest */

30

31 if Cy >max ) { /* if y is larger than max, assign y to max */

32 max = y;

33 } /* end if */

34

35 if ( 2z > max ) { /* if z is larger than max, assign z to max */

36 max = z;

37 } /* end if */

38

39 return max; /* max is largest value */

0 . w max =g Fd Sl ¢

41 } /* end function maximum */ 3 . ) o X\
Enter three integers: 22 85 17 @ maximum & ¥ 4 7% 5

Maximum is: 85
Enter three integers: 85 22 17
Maximum is: 85
Enter three integers: 22 17 85
Maximum is: 85
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I

fig05_04.c (Part 2
of 2)

Function maxium

Program Output




5.6 Function Prototypes

« Function prototype & # i 7])
- Function name
- Parameters - what the function takes in
- Return type - data type function returns (default int )
- Used to validate functions
- Prototype only needed if function definition comes after use in
program (¥ 1§ + & 42 3% (S0 i) £ i 4850 1 o Aok do B S o R
AAEN A 0 A * hd 2309 4o prototype © H i A F A+ B Ak
2N F A AR 5N 2k ) S icdh function prototype F o 0 X H § A
A2 ol S B3 el % P % JE 2% prototype)
- The function with the prototype
int maximum( int x, int y, int z );
» Takesin 3ints
* Returns anint

* Promotion rules and conversions

- Converting lower types to higher type in the expression
¢ example: sqrt(4) = sqrt(4.0)
- Converting to lower types can lead to errors
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5.6 Function Prototypes

long double %Lf %L
double %Ff %1f
float %f %F
unsigned Tlong int %1u %1u
long int %1d %1d
unsigned int %u %u
int %d %d
unsigned short %hu %hu
short %hd %hd
char %c %c

Fig. 5.5 | Promotion hierarchy for data types.
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Typical Size and Range of Data Types

For Borland Compiler

Data Type Size Bytes Min Value Max Value
char 1 -128 12 7
unsigned short int 2 0 65535
short int 2 -32768 32767
unsigned int 4 0 4294967295
int 4 -2147483648 2147483647
unsigned long int 4 0 4294967295
long int 4 -2147483648 2147483647
float 4 1.17549e-38 3.40282e+ 38
double 8 2.22507e-308 1.79769e+ 308
long double 10 3.3621e-4932 1.189 73e+4932
For Visual C++ and C Compiler
Data Type Size Bytes Min Value Max Value
char 1 -128 12 7
unsigned short int 2 0 65535
short int 2 -32768 32767
unsigned int 4 0 - 4294967295
int 4 -2147483648 2147483647
unsigned long int 4 0 4294967295
long int 4 -2147483648 2147483647
float 4 1.17549e-038 3.40282e+0 38
double 8 2.22507e-308 1.79769e+ 308
long double 8 2.22507e-308 1.79 769e+308
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5.7 Header Files

* Header files
— Contain function prototypes for library functions
- <stdlib.h> , <math.h>, etc
— Load with#include <filename>
#include <math.h>
» Custom header files
Create file with functions
Save afilename.h
Load in other files witkinclude "filename.h"
Reuse functions
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5.7 Header Files

<assert.h> Contains macros and information for adding diagnostics that aid program
debugging.
<ctype.h> Contains function prototypes for functions that test characters for certain

properties, and function prototypes for functions that can be used to convert
owercase letters to uppercase letters and vice versa.
1 letters to upp! lett d

<errno.h> Defines macros that are useful for reporting error conditions.

<float.h> Contains the floating-point size limits of the system.

<limits.h> Contains the integral size limits of the system.

<locale.h> Contains function prototypes and other information that enables a program

to be modified for the current locale on which it’s running. The notion of
locale enables the computer system to handle different conventions for
expressing data like dates, times, dollar amounts and large numbers through-
out the world.

<math.h> Contains function prototypes for math library functions.

<setjmp.h> Contains function prototypes for functions that allow bypassing of the usual
function call and return sequence.

Fig. 5.6 | Some of the standard library headers. (Part I of 2.)
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5.7 Header Files

<signal.h> Contains function prototypes and macros to handle various conditions that
may arise during program execution.

<stdarg.h> Defines macros for dealing with a list of arguments to a function whose num-
ber and types are unknown.

<stddef.h> Contains common type definitions used by C for performing calculations.

<stdio.h> Contains function prototypes for the standard input/output library func-
tions, and information used by them.

<stdlib.h> Contains function prototypes for conversions of numbers to text and text to
numbers, memory allocation, random numbers, and other utility functions.

<string.h> Contains function prototypes for string-processing functions.

<time.h> Contains function prototypes and types for manipulating the time and date.

Fig. 5.6 | Some of the standard library headers. (Part 2 of 2.)
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5.8 Calling Functions: Call by Value and
Call by Reference
o Call by value (@ & ¢*)
— Copy of argument passed to function
— Changes in function do not effect original £ =« % @ & % 1
RUeic)
— Use when function does not need to modify argument
» Avoids accidental changes

 Call by reference or Call by addregsgt v+ )

Passes original argument

|
(@)
>0
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=]
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()
wn
5
—
c
>
(@)
.
o
=]
(9]
=+
(9]
(@)
—
o
=.
Q
>
Ev
—~~
e
A
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(%
et
3
&
ol
!
~

Only used with trusted functions
— Will be discussed in chapters 6 and 7

» For now, we focus on call by value
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Call by Value - Example

F PR E C R P

#include <stdio.h>

void add10(int,int); /* add10() ﬁli}ﬂﬁ[i_“f’j */
int main()

int a=3,b=5; 1% ;g,‘f,mﬁmﬂ?a?b *

printt (" PEPUFERadd100 IR ");

printf ("a = %2d, b = %2d\n", a, b ); /* Hltha ~ bpufli */

add10(a,b);

printf (" P PUERBfadd10() ")

printf ("a = %2d, b = %2d\n", a, b ); /* Fltha ~ bpuf */

return 0; PL"‘FLII?}TEléadle() ;Vﬁ']: a=3,b=5
} p}lﬂ'( add10 1 : a=13,b=15

P‘—"‘PL]F’}'[ﬂ'(&dle() Viga=3,b=5
void add10(int a,int b)

{
a=a+10; I* KB grapyfiiplo.Y i - %‘“[f[l;*aﬁa *
b=b+10; I+ SRERDROM 0 i - I;%‘[Hl;?ﬁb */
printf (" i@ add10 12 ")
printf (“a=%2d, b = %2d\n", a, b ); /* Hltha ~ bpuff */
}
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5.9 Random Number Generation

* Lottery, Card Games, Dice, $ 4
e rand function

— Load<stdlib.h>, i.e.,
#include <stdlib.h>

i = rand();
— Returns "random” number betwe@andranp_max (at least
32767),1.e.,0 < rand() < RAND_MAX
— Pseudorandom
« Preset sequence of "random" numbers
« Same sequence for every function call
* Scaling
— To get a random number betweeandn
1+ (rand()%n)
« rand() % nreturns a number betweérandn - 1, where % is the
remainder operator
« Add 1 to make random number betwekandn
1+ (rand() % 6)
— Generates a number betwdeande
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Shifted, Scaled Random Integers Produced by

E Outline
1+ran() % 6 [V]

T /* Fig. 5.7: Fig05.07.c _
2 shifted, scaled integers produced by 1 + randQ % 6 */ fig05_07.c

3 #include <stdio.h> e X [
4| #include <stdlib.h> FrE U BpE R Ak R j

5

6 /* function main begins program execution */

7 int mainQ

8 {

9 int i; /* counter */

10

11 /* Toop 20 times */

12 [ for (i=1;1 <205 i++) { \

3 1~6¢ TP —dcpFid
14 /* pick random number from 1 to 6 and output it */ 1+ (rand() % 6)
15 printf( "%10d", 1 + ( randQ % 6 ) );

16

17 /* if counter is divisible by 5, begin new Tine of output */
18 if(i%5=0){

19 printf( "\n" );

20 } /* end if */

21
22 } /* end for */

23

24 return 0; /* indicates successful termination */
25

26 } /* end main */

$o xHE Outline
6 6 5 5 6 Program Output
5 1 1 5 3
6 6 2 4 2
6 2 3 4 1
EHF- =
6 6 5 5 6
5 1 1 5 3
6 6 2 4 2
6 2 3 4 1
£ - =
6 6 5 5 6
5 1 1 5 3
6 6 2 4 2
6 2 3 4 1
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5.9 Random Number Generation

« rand function
— randgenerates Pseudo-random numbers
* Preset sequenad "random" numbers
¢ Same sequence for every function call

« srand function
- Again, need #include <stdlib.h>
— Takes an integeseed and jumps to that location in its "random
sequence
srand( seed);
— rand @ [pl - [FEPEERY > (! srand 1\;%&[[]'53(—:{]3‘5\’?
il > & lfjjjﬁtﬂft' = {78~ JREF P L/ rand EﬂﬁF‘T
EiHI 5 AP -
- srand( time( NULL ) );/*load <time.h> */
e time( NULL )
— Returns the time at which the program was exedatedconds
— “Randomizes" the seed
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[A] .
Randomizing the Die-Rolling ¥ Outline

© © N OGN W NP

11
12
13
14
15
16
17
18
19
20
21
22

/* Fig. 5.9: fig05_09.c

fig05_09.c (Part 1 of

P . . 2\
Randomizing die-rolling program */
#include <stdlib.h> %43 seed ¥ AL A Ipcptac ko
#include <stdio.h> seed % unsigned integer e

/* function main begins program execution */
int mainQ)

{

ﬁ‘

unsigned seed;

X

unsigned int - seed,;

unsigned seed; /* number used to seed random number generator */

int i; /* counter */

printf( "Enter seed: " );
scanf( "%u", &seed );

A G 2 iﬁ;ﬁ%ﬁ—? > d 3 seed &

unsigned integer B %u O~ o
srand( seed ); /* seed random number generator

/* loop 10 times */
for (i =1; 1 <= 10; i++ ) {

£ f1* srand(seed ) Si#ic 395
e ifdd A4 3 ootk g
%

srand( time( NULL ) );

| AP E AET AL D
"Lﬁg:/j‘c 7|

/* pick a random number from 1 to 6 and outp
printf( "%10d", 1 + ( randQ) % 6 ) );

© Copyright by Deitel

23 /* if counter is divisible by 5, begin a new 1ine of output */
24 if(i%5==0){ @] Oultline
25 printfC "\n" ); E
26 } /* end if */
27 fig05_09.c (Part 2 of
28 } /* end for */ 2)
29
30 return 0; /* indicates successful termination */
31
32 } /* end main */
Enter seed: 67 Program Output
6 1 4 6 2
1 6 1 6 4
Enter seed: 867
2 4 6 1 6
1 1 3 6 2
Enter seed: 67
6 1 4 6 2
1 6 1 6 4
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FIIE R ] & 2 7 [RIFVE B2

/* Fig. 5.9: fig05_09M.c
Randomizing die-rolling program
with time(NULL) */

B K SLPER s (E R e N AR A
#include <time.h>

#include <stdlib.h>
#include <stdio.h>

#include <time.h>

/* function main begins program execution */

int main()
| # 4 7 gL
int i; /* counter */ fl Srand(seed,) A Z}'—, renk
Ho koo P EEES L R AR
srand( time(NULL) ); /* see% er gener

/* loop 10 times */
for (i=1;i<=10;i++){

M:\>Fig@5_09M
[* pick a random number from 1 to 6 ang 3 4 6 3 2
printf( "%210d", 1 + (rand() % 6 ) ); y 1 y 1 4

_/* if_ counter is divisible by 5, begin a nevy \>Fig05_o9M
if(i%5==0){ z 1 2 y 8

printf("\n");

Y/ end if */ s 6 5 6 2

* * M:\>Fig05_09M
} /* end for */ 5 ; . . .
return O; /* indicates successful termination 1 4 2 4 4

}/* end main */ M:\>figB5_03M
4 6 5 4 6
© Copyright by Deitel 1 B 1 1 2

Rolling a Six-Sided Die 6000 Times

@] Outline
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/* Fig. 5.8: fig05_08.c fig05_08.c (Part 1 of
Rol1 a six-sided die 6000 times */ 3)

#include <stdio.h>
#include <stdlib.h>

/* function main begins program execution */
int mainQ

{ T AR ) § 2
int frequencyl = 0; /* rolled 1 counter */ % s B * K%
AR~ 6 B2 PR

int frequency2 = 0; /* rolled 2 counter */
int frequency3 = 0; /* rolled 3 counter */
int frequency4 = 0; /* rolled 4 counter */
int frequency5 = 0; /* rolled 5 counter */
int frequency6 = 0; /* rolled 6 counter */

int roll; /* roll counter */
int face; /* represents one roll of the die, value 1 to 6 */

/* loop 6000 times and summarize results */
for ( roll = 1; roll <= 6000; roll+ ) {
face = 1 + randQ) % 6; /* random number from 1 to 6 */

Po#cF i1~6
2 B gt i




23 /* determine face value and increment appropriate counter */

24 switch ( face ) {

25

26 case 1: /* rolled 1 */
27 ++frequencyl;

28 break;

29

30 case 2: /* rolled 2 */
31 ++frequency?2;

32 break;

33

34 case 3: /* rolled 3 */
35 ++frequency3;

36 break;

37

38 case 4: /* rolled 4 */
39 ++frequency4;

40 break;

41

42 case 5: /* rolled 5 */
43 ++frequency5;

44 break;

45

46 case 6: /* rolled 6 */
47 ++frequency6;

48 break;

49 } /* end switch */

50

E Outline
vl

fig05_08.c (Part 2 of
3)

1= value EREIRTHEYE » BTl #] case LENf[1fiv 1 8%
valuefiugirfifi = =L E| KJIW(‘ )

1R LA e BRI 4o
I u BERcz R
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50
51
52
53
54
55
56
57
58
59
60
61
62
63

} /* end for */

/* display results in tabular format */
printf( "%s%13s\n", "Face", "Frequency" );
printf( " 1%13d\n", frequencyl );
printf( " 2%13d\n", frequency2 );
printf( " 3%13d\n", frequency3 );
printf( "  4%13d\n", frequency4 );
printf( " 5%13d\n", frequencyS5 );
printf( " 6%13d\n", frequency6 );

return 0; /* indicates successful termination */

64 } /* end main */

Face

oV h WNE

Frequency
1003

1017

983

994

1004

999
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m Outline
4

fig05_08.c (Part 3
of 3)

AN E X H Tk
67 6 —f 240k
—3k 0 B e i3 iz,

Program Output

5.10 % FEF )

i 55 Example: A Game of
Chance

Craps simulator £7 %‘ﬁ& " SR

* Rules
— Roll two dice

e 7 or 11 on first throw, player wins

e 2,3, 0r 12 on first throw, player loses

* 4,5,6,8,9, 10 - value becomes player's "point"
— Player must roll his point before rolling 7 to win

© Copyright by Deitel

5.10 % $2 1)

‘%‘F@&%’ (Craps)

= 25 Example: A Game of
Chance

2 B 3%!;‘ 12 piFei s Craps

7 Bl 11 A £ Natural

'Ej‘j— o QH' Naturalﬂ“jf‘:ﬁjﬁ'
5T

L1 Crapsififfir

Hi
FQL ,4 5,6,8,9, 10 A[ "}iﬂ!}iﬁ

( Shooter's Point

HE

U% A 7 V] > BT b
j %

B T V] awrl'

‘_
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¥% - Enumeration ( ¥[[ZRE[RE)

o FIEAIEE- fﬁﬁ#mﬁﬂt?ﬁ%«
irﬁvjf_ﬂk w3

o Gldr A engpd * {0,1,2,3,4,...
blue > ...} » 7SfE ¢ i By ?
e b3
enum color {red, blue, green};
enum color shirt, hat;

e F-EBRETEFEILE 4
BlAz B B¥ i, % F
color % #Hc -

ﬂ
B
S LRA T I K red

; R L
wﬁ‘fﬁmf{ﬂ('ﬁ’ﬂt ’ ;iiia\fﬂv Fi lu} { ’5 °

z hat

urrz_;l’_ e flr’?ﬂ? f’&‘”)ﬁ

s

} & {red > orange ’ yellow > green >

color E5#E 3 r:ﬁs_ »red, blue 2 green
¥ 4 shirt

ISR T3 SR AP

Craps Simulator

E] Outline
4

1 /* Fig. 5.10: fig05_10.c

2 Craps */

3 #include <stdio.h>

4 #include <stdlib.h>

5 #include <time.h> /* contains prototype for function tim
6

7

8

9

/* enumeration constants represent game status */
enum Status { CONTINUE, WON, LOST };

10 dint rollpice( void ); /* function prototype */
11

fig05_10.c (Part 1
of 4)

%4 Status % enumeration ( m
FA4E) 24 F ¢ 3CONTINUE,

WON, LOST = 7|8 ¥ #&

(enumerated constant) ;¥ C
FTE PR - B ¥ -
BrEFEDEZ 0 > %= BAEY

Wi s 1o R o

HE ALK 2 0 > blue SiEgHE I > 12 /* function main begins program execution */
green :hig ﬁ’:ﬁtp‘i = AR EA G R L FT e 13 int mainQ
o FIBFBHES - TEK OB Ta-LHBHF 14 { ¥ £ gameStatus PR %Hc HE i E
enum color {red = 5, green, blue}; // ® A, green=6 % blue=7 15 int sum; /* sum of rolled dice */ A& Status ¢ % - ¥k (A
enum color {red = 10, green = 20, blue = 30}; 16 int myPoint; /* point earned */ CONTINUE, WON, LOST = & ¥ ¢ i )
17
¥ - PO S A ; ) ¢ z
¢ bLIrqu P"trgtm {L {;:m AR A T}L{F’“ WY red, green , 18 enum Status gameStatus; /* can contain CONTINUE, WON, or LOST */
19
* }1]&%3' ‘R& ﬂfr C %E.,a, m%trUCt (‘l ﬁ‘) fu‘é‘ [ if»;ﬂct ’&j&ﬁ* struct P 20 /* randomize random number generator using current time */
(Chatper 10)1 ¢ 3w /i %5 o X
21 srand( time( NULL ) );
22
23 sum = rol1bpice( ); /* first roll of the dice */
© Copyright by Deitel 24
25 /* determine game status based on sum of dice */ m 49 /* while game not complete */ m
26 switch( sum ) { Outline 50 while ( gameStatus == CONTINUE ) { Outline
27 E E— 51 sum = rollpice( ); /* roll dice again */ E—
28 /* win on first roll */ 52
29 case 7: fig05_10.c (Part 2 of 53 /* determine game status */ fig05_10.c (Part 3 of 4)
30 case 11: 4) 54 if ( sum == myPoint ) { /* win by making point */
31 gamestatus = WON; 55 gameStatus = WON;
32 break; 56 } /* end if */
33 57 else {
34 /* lose on first roll */ 58
35 case 2: 59 if (sum == 7 ) { /* lose by rolling 7 */
36 case 3: Rules: \ 60 , gamesta:us = LOST;
12: ] 61 /* end if */
7 case 1. Roll two dice -
38 gameStatus = LOST; 3
- break; 2. 7 or11 on first throw, player 63 } /* end else */
40 wins &
41 /* remember point */ u 55 } /* end while */
. g 3. 2,3, or 12 on first throw, o
4 efault:
43 gameStatus = CONTINUE; Player IOSGS 67 /* display won or lost message */
a4 myPoint = sum; 4. 4,5,6,8,9, 10 - value becomes 68 | if ( gamestatus — won ) { i ;
45 rintf( "Point is %d\n", myPoint ); I PSR 69 printf( "Player wins\n" ) Rules: (while "CONTIUNE" )
P » my ; player's "point". Player must e
46 break; /* optional */ , ; ] 70 | }/* end if */ 4,5,6,8,9,10 - value becomes
o | e e roll his point before rolling 7 71| else { Tavapudt
48 to Win 72 printf( "Player loses\n" ); p y p i 5
73 | 1 /% end else */ Player must roll his point before
74 rolling 7 to win
75 return 0; /* indicates successful termination */
76 /
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77 } /* end main */
W LUpPYyNyIIL uy veiel




78
79 /* roll dice, calculate sum and display results */ @] Outline
80| int rollpice( void )

81| {

82 int diel;  /* first die */ fig05_10.c (Part 4 of 4)
83 int die2; /* second die */

84 int worksum; /* sum of dice */

85
86 diel =1 + ( randQ) % 6 ); /* pick random diel value */
87 die2 = 1 + ( randQ % 6 ); /* pick random die2 value */
88 worksum = diel + die2; /* sum diel and die2 */

89
90 /* display results of this roll */

91 printf( "Player rolled %d + %d = %d\n", diel, die2, workSum );
92
93 return workSum; /* return sum of dice */
94
95 } /* end function rollRice */

A& Azt o RS BRI LS
iy ) B e
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V]
+

ChRLt (4] Outline

Player rolled
Player wins

P'Ia.xyer.ro'l'led 4 +1="5 Program Output
Point is 5

Player rolled 6 + 2 = 8

Player rolled 2 + 1 = 3

Player rolled 3 + 2 = 5

Player wins

Player rolled 1 + 1 = 2

Player loses

Player rolled 1 + 4 = 5
Point is 5

Player rolled
Player loses

w
+
S
]
~N
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5.11 Storage Classes ( @& & ]| )

» Storage Class Specifiers

— Identifier @H[|3") — Variables, Function names

— Attributes (%) of Variables: name, type, size and value

— Other Attributes of Identifiers: storage clags %if]|]), storage
duration (%’ré‘ﬁ?jféﬂ;%i}j), scope ') and linkage #i7#)

— Storage classesadto, register, extern and static

— Storage duratlon —how long an object exists in nigr(e- % ]?“‘
T R

— Scope &) — where object can be referenced in program

— Linkage — specifies the files in which an identifeknown (& %
AR A F T i » more in Chapter 14)

— The four storage cIass specifiers can be split intostiorage
durations: automatic storage duration and static stadagation.

© Copyright by Deitel

5.11 Storage Classes

e Automatic Storage
— Object created and destroyed within its block
- auto: default for local variables
e Example:auto double x, vy;

o Local variables have automatic storage duration by defaukeywordauto
is rarely used.

- register: tries to put variable into high-speed registers
¢ Can be used for automatic variables only
« Often, register declarations are unnecessary
e Example: register int counter = 1;
" Bl e A e v
e Static Storage
— Variables exist for entire program execution
— Default value of zero
- static: local variables defined in functions.
« Value is kept after function end@@v%ma& % @vauﬁyg[&ﬂﬂ 4)
¢ Only known in their own function
- extern: default for global variables and functions
« Known in any function
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B Gl - 2 areEsey

o [himA@g ( Local Variables )
~ R OB BB B i
(SCOpe). i FEFiRi
» = IiiELl ( Global Variables )
— YU R LA T PRI I > e = IR R
/Ej SRR o 2 (R A T BT 7 g
V‘o
. fiﬁt?@glr ( Static Variables )
AR rﬂr[%ﬂ ﬂg‘e‘[ ! ri%‘“ﬁi*-!?ﬁf il f it
?:c[[vaﬁaiu : [Sf?@?p éﬁu];!jﬂ[ lg\lp, F@;ﬁ:ﬁ

static i
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I FReE Bl HE

#include <stdio.h>

(g

void add10(int,int); /* add10()
int main()
{

int a=3,b=5; I*

printf (" PERUFBrRdd100 ")
printf ("a=%2d, b =%2d\n", a,b); /*

add10(a,b);

printf (" PEUFEradd10() & "),
printf ("a = %2d, b =%2d\n", a, b ); /*

Il by V Iu_e Example of [ isAagy

FIRLE] 4

_ﬁlf | Bt AR S=h +/

Hlda - bEo g */

Hlda - bEo g */

return 0; P—PL]?“'}‘[ﬂ?addlo() ;'/ﬁ']: a=3,b=
} JEJ? add10 1 : a=13,b=15
PPl Eradd10() Vi:a=3,b=5
void add10(int a,int b)
{
a=a+10; I* S@grapy 10l & » i[f[fll,%ﬁa *
= : * b @10V i 55h *
b=b+10; / RYORVIIPI0LY & - T t addl0 Sstfa 2 biz
prinf (" fHif add1o fi: "); EAE S Sl %2;\ ¢ oab

printf ("a = %2d, b = %2d\n", a, b); /*
}
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Htia ~ bpvf i fh e R Al 8

Example of Global Variables - 1
I 2Ry~ )/

#include <stdio.h>

void func(); I* '}']S)(?func() F”'Fl I

int a; I* ;F‘, f[—

int main() E| A @“@E‘r "_-ﬂ_
a = 100; MR Ry [gzu_lzl Ja e zcl[‘?’ |:| | d‘allﬁl
printi("  pEilfunc)  fj.a=Y%d\n" a); F " Ifl 5?111,5* ‘Hj”ﬂ
func(); I PR VR Re

printf(" PEpLfunc() I &,a=%d\n",a);

return O;

}

void func(void)

F [F‘*F«ﬁp}-@ﬁu nc() */

a=300; I LR SRR 300 ¥/
printf("  #*func() I}?Iﬂﬁﬂ,a:%d\n'ﬁa);
E=plfunc()  V,a=100
Ffunc()  FrBrtE,a=300
PEplfunc() - %,a=300
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Example of Global Variables - 2

I Z ISR pvEI( Z ) ¥/
#include <stdio.h>

void func();
int a=50; *

int main()
{
int a=100;

printf(" P pLfunc() :_l/ﬁ'],a:%d\n",a);
/*

func();

printf("  pERlfunc() I %,a=%d\n",a);

return O;

}
void func(void)

a=a+ 300; I*

printf("  #func() B a=%d\n",a);

© Copyright by Deitel

T3 2 iRdgra

LB IR A */

PEPUF RO

p=pifunc()  V§i,a=100
Ffunc()  FEetE,a=350
P pLfunc() .‘_'/ %,a=100




Example of Static Variables
P GRS B o] Y

#include <stdio.h>

void func(); I* ?Ll = func() _}IE@J'"L ] *
int main()
{
func(); I* P PLEr e func () */
func(); * |1— Pl ErEefunc() */
func(); I* = PL 8 func() */
return 0; In func(),a =100
} In func(),a =300

In func(),a =500
void func(void)

static int a = 100;
printf("In func(),a = %d\n",a); /
a=a+ 200;

fErdgra
‘}ﬁm lafif */
I a tbﬁﬁﬁzﬁﬁf’ "‘EIfFLI & o i

} B func [z o *'T?"E‘JH aF"r] [urf
[ “19,\»}' s 5T func f[1 a pJ@j
© Copyright by Deitel A 'H;“I ¥ o T

5.12 Scope Rules ( # & & B )

* File scope
— ldentifier defined outside function, known in &lhctions

— Used for global variables, function definitiongnétion
prototypes

 Function scope ?(,*Eﬂﬁr%j‘ﬁ%)
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5.12 Scope Rules

* Block scope

- Identifier declared inside a block {...}
* Block scope begins at definition, ends at right brace

- Used for variables, function parameters (local variables
of function)

- Outer blocks "hidden" from inner blocks if there is a
variable with the same name in the inner block
* Function prototype scope
- Used for identifiers in parameter list

— €.J.,int maximum(int x, int y,int z); /*function
prototype */ » |Il F@t’b int maximum( int, int, int );

© Copyright by Deitel

g ) g Outline

Scoping Example (% #c:4>
T /* Fig. 5.12: fig05_12.c flgOS_lZC (Part 1 of
2 A scoping example */ 3)
3 #include <stdio.h>
4
5 void useLocal( void ); /* function prototype */ ‘Jiﬂgj‘“%_;%‘ X = ,, S tﬂ@@r
6 void usestaticLocal( void ); /* function prototype */
7 void useGlobal( void ); /* function prototype */
8
9 "int x = 1; /* global variable */

10
11 /* function main begins program execution */
12 int mainQ

HF x =5 £ A= main Hlj[&ﬁﬁﬁ@@

13 {

14 ‘int X = 5; /* local variable to main */

15

16 printf("local x in outer scope of main is %d\n", x );

17

18 { /* start new scope */

19 int x = 7; /* local variable to new scope */ 2—?@. Xi= Tl EZI#EWJ[ Jb I/ TG ARGl
20

21 printf( "local x in inner scope of main is %d\n", x );
22 } /* end new scope */

23

24 printf( "local x in outer scope of main is %d\n", x );

25
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26
27
28
29
30
31
32
33
34
35

useLocal(Q); /* useLocal has automatic local x */

usestaticLocal(); /* useStaticLocal has static local x */ m OUtline
useGlobalQ); /* useGlobal uses global x */ =1 -
useLocal(); /* useLocal reinitializes automatic local x */ ﬁ905_12-c (Part 2
usestaticLocal(); /* static local x retains its prior value */ of 3)

useGlobal(Q); /* global x also retains its value */

printf( "local x in main is %d\n", x );

return 0; /* qindicates successful termination */

HE X ERAd=Y useLocal 1 G imegl
3 x HIAEY uselocal fl10 hinkig

} /* end main */

/* useLocal reinitializes local variable x during each call */
void useLocal( void )
{

int x = 25; /* initialized each time useLocal is called */

printf( "\nlocal x in a is %d after entering a\n", x );

X++;

printf( "local x in a is %d before exiting a\n", x );
} /* end function useLocal */

© Copyright by Deitel

49 /* useStaticLocal initializes static local variable x only the first time
50 the function is called; value of x is saved between calls to this
51 function */

@] Outline
4

52| void useStaticLocal( void )

53| { fig05_12.c (Part 3 of 3)
54 /* initialized only first time useStaticLocal is called */

55 ‘stat'ic int x = 50; {— 2

= \li% x EiAH= useStaticLocal HID
57 printf( "\nlocal static x is %d on entering b\n", x ); ﬁﬁ—ﬁg@r

58 X++3

59 printf( "local static x is %d on exiting b\n", x );

60( } /* end function usesStaticLocal */

61

62| /* function useGlobal modifies global variable x during each call */
63| void useGlobal( void )

64| {

65 printf( "\nglobal x is %d on entering c\n", x );

66 x *= 10;

67 printf( "global x is %d on exiting c\n", x );

68| } /* end function useGlobal */

P X X I 2
o> A x ]| 3 I x sl A
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Tocal x in outer scope of main is 5
Jlocal x in inner scope of main 1is 7

m Outline

local x in outer scope of main is 5

local x in a is 25 after entering a

Program Output

local x in a is 26 before exiting a

local static x is 50 on entering b
Jocal static x is 51 on exiting b

global x is 1 on entering c
global x is 10 on exiting c

Tocal x in a is 25 after entering a
local x in a is 26 before exiting a

local static x is 51 on entering b
local static x is 52 on exiting b

global x is 10 on entering c
global x is 100 on exiting c
Tocal x in main is 5
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5.13 Recursion ( & )

e Recursive functions (Eﬂﬁ'@@
- Functions that call themselves
- Can only solve a base case ( i.e., the simplest case )
- Divide a problem into
* What it can do (the base case)
* What it cannot do
- What it cannot do resembles original problem

- The function launches a new copy of itself (recursion
step) to solve what it cannot do

- Eventually base case gets solved

* Gets plugged in, works its way up and solves whole
problem

© Copyright by Deitel




5.13 Recursion

» Example: factorials
— 51 =5 % 4 % 3 % 2 % ]
-n=n*(n-1)*(n-2)*...*1
Can be calculated iteratively using for statement:
factorial = 1;
for ( counter = n; counter >= 1; counter-- )
factorial = factorial * counter;

— Notice that
e 51 =5 * 41
o 41 = 4 * 31

Can compute factorials recursively
Solve base casg | = 0! 1) then plug in

e20 =2 %11 =2 %1=2;
e31 =3 %21 =3%2=6;
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5.13 Recursion

Final value = 120

5 St
l T 5!'=5%*24=120is returned
5 % 4] 5 % 4!
l T 41 =4*6=24is returned
4 * 31 4 * 3!
l T 31=3*2=6is returned
3 = 21 3=
l T 2! =2* 1 =2is returned
5 4 1l 202
l T | returned
1 1
(a) Sequence of recursive calls. (b) Values returned from each recursive call.

Fig. 5.13 | Recursive evaluation of 5!.
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5.13 The Factorial, n!

~ 1 ; n=0
faC(n)—{nx(n_l)x(n_z)x...xle ; n=21

fac(n) =nx(n—-1)x(n—-2)x---x3x2x1=nx fac(n—1)
fac(n-1)

1 ; n=0

nxfacn-1); n=z1

fac(n) =

int fac(int n) I* E'FT)TF}’@'T fac() - FHET ni ¥/
{
if(n==0)
return 1,
else

return (n*fac(n-1));

}
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[A] ,
Calculating Factorials with a recursive Function Outline

1 /* Fig. 5.14: fig05_14.c

2 Recursive factorial function */

3 #include <stdio.h> fig05_14.c (Part 1
4 of 2)

5 long factorial( long number ); /* function prototype */

6

7 /* function main begins programyji‘lzﬂ %Ezﬁ@J% » 7 visual C f[1 > long
8 |int main() \@t%&?*?ﬁ%’ I/I4I,[E‘ bytes ’§'ﬂ'§ﬂ3ﬁ5¢-
9 |{ 2,147,483,648 == 2,147,483,647 .V fi| -

10 int i; /* counter */

11

12 /* loop 10 times. During each iteration, calculate

13 factorial( i ) and display result */

14 for (i =1; 1 <= 10; i++ ) {

15 printf( "%2d! = %1d\n", i, factorial( i ) );

16 } /* end for */

17

18 return 0; /* indicates successful term EWJ‘? factorialfélong (?‘%ﬁg@ ET,JFE , ;”g.J

19 it 5 LG s 0 g er [ g o

20| 3 /+ end main =/ printf Y scanf‘ gt EﬁP%J | %ld

21
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22 /* recursive definition of function factorial */

23| long factorial( long number ) @ Ouﬂine

24| {

25 /* base case */

26 if ( number == 0 ) { fig05_14.c (Part 2 of 2)
27 return 1;

28| | 3 /* end if */ base case, ¥ ¥ it

29 else { /* recursive step */- \u( number <= 1 ){ ‘
30 return ( number * factorial( number - 1) );

31 } /* end else */

32

33| } /* end function factorial */ > 3
1 =1 g~ FimpE > recursive step
2! =2

31 =6

41 = 24

5! =120

6! = 720

7! = 5040

8! = 40320
9! = 362880
10! = 3628800

IR A A AR R 15t ]
s 2
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f&- 131 [HfF TR SO T B 13! = 6,227,020,800 )
Why?
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5.14 Example Using Recursion: The
Fibonacci Series
e Fibonacciseries: 0,1, 1, 2, 3,5, 8...
— Each number is the sum of the previous two

— Can be solved recursively:
e fib( n ) = fib( n - 1) + fib(n -2 )
— Code for thefibonacci function

Tong fibonacci( long n )

{
if (n==0 || n==1) // base case
return n;
else
return fibonacci( n - 1) + fibonacci( n - 2 );
}

© Copyright by Deitel

5.14 Example Using Recursion: The
Fibonacci Series

fibonacci( 3 )

l

return  fibonacci( 2 ) + fibonacci( 1 )
I 1 [ 1
return  fibonacci( 1 ) + fibonacci( 0 ) return 1
[ 1 [ 1
return 1 return 0

Fig. 5.16 | Setof recursive calls for fibonacci( 3).
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Fibonacci Numbers Generated by

Recursive Function

m Outline
vl

27 /* Recursive definition of function fibonacci */
28| long fibonacci( long n ) @] Outline
29| {

30 /* base case */

T/ Fig. 5.15¢ Fg05.05.C figo5_15.c (Part 1 of a| [ifcn=011n=1)1 fig05_15.c (Part 2
2 Recursive fibonacci function */ 2) 0 return n; base case of 2)
3 #include <stdio.h> 33 } /* end if */
: Tong fibonacci( long n ); /* function prototype */ “ SEe L e ey
. ! 35 return fibonacci( n - 1) + fibonacci( n - 2 );
7 /* function main begins program execution */ % b/ Gl AR
8 |int mainQ) ¥ . . . >
9 |1 38|} /* end function fibonacci */ H W MRPE S recursive step
10 long result; /* fibonacci value */ Enter an integer: 0 g
11 long number; /* number input by user */ Fibonacci( 0 ) = 0
12 5

L. Enter an integer: 1
13 /* obtain integer from user */ Fibonacci( 1) = 1
14 printf( "Enter an integer: " ); Program Output
15 scanf( "%1d", &number ); Enter an integer: 2
G Fibonacci( 2 ) =1
17 /* calculate fibonacci value for number <input by user */ Enter an integer: 3
18 result = fibonacci( number ); Fibonacci( 3 ) = 2
19
e e FibonaceiC 4 3 = 3.
21 printf( "Fibonacci( %1d ) = %1d\n", number, result );
22
23 return 0; /* indicates successful termination */
24
25(3} /* end main */
26 © Copyright by Deitel
Enter an integer: 5 m Outline
Fibonacci( 5) =5 _ . .

. V] 5.15 Recursion vs. lteration

Enter an integer: 6
Fibonacci( 6 ) = 8 Program Output
Enter an integer: 10 (continued) ° Repetlthn
Fibonacci( 10 ) = 55

Enter an integer: 20
Fibonacci( 20 ) = 6765

Enter an integer: 30
Fibonacci( 30 ) = 832040

Enter an integer: 35
Fibonacci( 35 ) = 9227465
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— lteration: explicit loop
— Recursion: repeated function calls

e Termination

— lteration: loop condition fails

— Recursion: base case recognized
» Both can have infinite loops
« Balance

— Choice between performance (iteration) and goftdvace
engineering (recursion)
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5.15 Recursion vs. lteration

Chapter 5 Facrorial function
Fibonacci function
Greatest common divisor
Sum of two integers
Muldiply two integers
Raising an integer to an integer power
Towers of Hanoi
Recursive main
Printing keyboard inputs in reverse
Visualizing recursion
Chapter 6 Sum the elements of an array
Print an array
Print an array backward
Print a string backward
Check if a string is a palindrome
Minimum value in an array
Linear search
Binary search

Chapter 7 Eight Queens
Maze traversal
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Review

* In this chapter, you have learned:

- To construct programs modularly from small pieces called
functions..

- The common math functions available in the C standard
library.
- To create new functions.

- The mechanisms used to pass information between
functions.

- The simulation techniques using random number generation.
¢ #include <stdlib.h>
* #include <time.h>
e 1+ (rand() % 6) gives number between 1 ~ 6
« srand( time( NULL ) );/*load <time.h> */ to randomize the seed

- The Scope of Variables
¢ Global Variables
¢ Local Variables
¢ Static Variables

- How to write and use functions that call themselves.
© Copyright by Deitel

Exercises

5.50 Find the error in each of the following program segments and explain how to correct it:
a) double cube( float ); /* function prototype */

cube( float number ) /* function definition */

{

return number * number * number;

}

ANS: Function definition is missing return type.
double cube( float ); /* function prototype */

double cube( float number ) /* function definition */

{

return number * number * number;

}

b) register auto int x =7;

ANS: Too many storage class definitions. Auto class definition is not necessary.
register int x = 7; /* auto removed */

c) int randomNumber = srand();

ANS: srand() seeds the random number generator, and has a void return type. Function
rand() produces random numbers.
int randomNumber = rand();
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Exercises

d) doubley=123.45678;
int x;

X=Yy;
printf( "%f\n", (double) x );

ANS: Decimal value is lost when a double is assigned to an integer. Type-casting the int
to double cannot bring back the original decimal value. Only 123.000000 can be
printed.

double y = 123.45678;
double x;

X=Y;

printf( “%f\n”, x );

e) double square( double number )

double number;
return number * number;

}
ANS: number is defined twice.
double square( double number)

return number * number;

}
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Exercises

f)int sum(int n)

{
if(n==0)
return O;
else
return n +sum(n);
}

ANS: Infinite recursion.

int sum(int n)

{
if(n==0)
return O;
else
returnn+sum(n- 1);
}
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