Functions in C

C Programming and Sof tware Tools

Fall 2007

N.C. State Department of Computer Science

Functions in C

Functions are also called subroutines or procedures

One part of a program calls (or invokes the
execution of ) the function

Example: printf ()

int main(void) { pass\e‘z\ int printf(E) {
= 0

E o Ecode for printfE
(void) printf (B); m }
E control
}
callee
caller

Like Java met hods, except E?

Source Code for vsnprintf ()

256 int ysnprintf(char *buf, size_{ size, const char *fmf, va_list args)

257 {

258 it len; 274 if (el Jint) size < 0))
259 unsigned long long num; 275  /* There can be only one.. */
260int |, base; 276  static int wam = 1;

261 char *sir, *end, ¢;
262 const char *s;
263

277 WARN ON(warn);
278 wam=0;
279 retum0;

264 int flags; /* flags to number() */ 280}

265 281

266 int field_width; /* width of output field */ 282 sir = bu:

267 int precision; /* min. # of digits for integers; max 283 end = buf + size - 1;
268 number of chars for from string */ 284

269 int qualifier; /* ', T, or L' for integer fields */
270 /* "2 support added 23/7/1999 S.H. */
271 *'2 changed to 'Z' ~davidm 1/25/99 */
272

273 /* Reject out-okrange values early */

2851 (end < buf - 1) {
286 end = ((void *) -1);
287 size=end-buf+1;
288}

289

290 for (; *fmt ; ++omt) {
201 if (font 1= %) {

+200 more lines...

swi t ch- caseE (cont @)

Example
switch (a)
{
case 1:
case 3:
(void) printf(Gsmall val ue\nO);
case 10:
(void) printf(Cbig value\nO;
defaul t:
(void) printf(QOillegal value\nO;
}
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Are Functions Necessary?
Alternative: just copy the source code of
printf() intothe caller, everywhere it is
called
D thisis called_inlining the f unction code
Ex.:
int main(void) {
E
Ecode for printf()E
E
}
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What ® a Function Good For ?

Functions are usef ul as away to modularize
programs, i.e., t 0 manage complexity
D helps manage t he coding process (t op-down design)
D encourages small, tightly f ocused code blocks
b improves readability of code

b eliminat es duplication of function code (and resulting
dif ficult keeping things consistent)




What @ a Function Good For ? (cont @)

Allows creation of libraries of useful "building
block" functions
D user doesn® have to know implement ation det ails of
common f unctions

D these important functions can be caref ully debugged
and optimized

What Values Can a Function Return?

A function can be a value of typeE
- char, short, int, long, long | ong
- float, double, |ong double
D structs and unions
D enumerated constants
-void

D pointers to any of the above

Each f unction® type should be declared bef ore use
b e.g., no dynamic typing
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How Many Values Ret urned?

A function can return at most one value
bif the function returns no value, type is voi d

What if you need afunctiontoreturn multiple
results?

Example: you provide the radius and height of a
cylinder to a function, which should return

D surface area, and volume of the cylinder
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Any Reasons Not to Use Functions?

A function may be designed to handle a variety of
possible input s

D but for a specific input value, the processing may be
much simpler

There is overhead in each function call and return
(note: not readily apparent to programmer)

1. saving return address and register values

2. allocating space on the stack for local variables and
copying their values

3. jumping to new instruction

H

. reversing all of the aboveE

What Values Can E (cont @)

Functions cannot return arrays, nor can they
return functions

D although they can return pointers to both

int main(void) {
char s[100];

e flllegalDdo not try!
s[] = readstring();

E
}

char [100]
readstring()
{E}
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How Many E (cont @)

Choice # 1: make thereturntype astruct
typedef struct {
int area;
int vol;
} nystruct;

nmystruct ans;
nystruct cyl (int , int );

int main(void) {
E
ans = cyl (r, h);
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How Many E (cont @)

Choice # 2: use global variables

D global variables are visible to (and can be updat ed by)
all functions

int area, vol;

void eyl (int , int ); of programming bugs!

Warning: common sour ce

int main(void) {
E void cyl (int r, int h)
(void) cyl (r, h); [{
} area = h * (2 * Pl *r)

vol =h* (r *r * Pl);
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Function Side Effects

Besides the value returned, these are things t hat
are changed by the execution of the function

Examples
Dinput or output to/ fromthe computer
D change the state of the computer system
b changes to global variables
b changes to input parameters (call by reference)

There are problems with side effects
Darethe alternatives better?

| nput Parameters

Bot h parameter names and types are declared in
the function specification

I f there are no input parameters, use voi d

Parameters are passed as call by value

Di.e., acopy of the parameter value is made and
provided to the function

b any changes the function makes to this (copied) value
have no ef fect on the variable® value in the calling
program
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How Many E (cont @)

Choice # 3: pass parameters by ref erence (using
pointers), which allows them to be updated by
the function

Ex.: laterE
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| nput Parameters of a Function

Also called argument s of the function

Two types

B formal or abstract parameters Dparameters declared
in the function definition

D actual or concrete parameters Bthe variables passed
tothe function at run time
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| nput Parameters (cont @)

void cylbigger (int r, int h)

r;
h;
(2* Pl *r);
(r *r * Pl);

wonmgn n
* ok ok A

< oz —

}

Changes only the function® local copy of the
variable values Bno ef f ect on caller® variables!
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Checking Inp ut Parameters for Erro rs

Responsibility of caller, or callee?

b advant ages bot h ways

Caller

D better context, know specifically what to expect

Callee

D can® be bypassed or overlooked, no matter where
called from

A Special Case (cont @)

How do you specify a variable number of
arguments in the function definition?

b to be discussed laterE

Overloading?E (cont @)

Not supported in C; do inst eadE

[void printinS(char * output) {E} |

[void printlni(int output) {E} |

(But programmer can f ake it; details f or anot her
dayE)

A Special Case

I f afunction takes a variable number of
arguments, how do you specify that inafunction
prototype?

b examples: scanf (), printf()

Use ellipses to indicat e unknown number of
(additional) input parameters

-int scanf(E), orint scanf(*s, E)

Function Overloading?

Java (Print Stream class):
Two met hods wit h the same name, but dif ferent
types of input

The choice of which gets executed is determined
at compile time, based on the type of the actual
paramet er

Java Polymor phism?

=




Polymor phism?E (cont @)

Two classes implementing t he same met hod, with
the same type, but in dif ferent ways

The appropriate method to call is determined by
the type of the object at runtime

Not supported in C

D (again, programmer can f ake it, details f or anot her
timeE)
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Declaring Bef ore Use (cont @)

Old style: I f afunction type is not declared
before use, it defaultstotypei nt

New style: function type must be declared before
use

Approaches

1. (unusual) locate the function definition at the
beginning of the source code file, beforeiit is
ref erenced, orE

2. (usual) put a function prototype at the beginning of
the source code; actual function definition can
appear anywhere
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Functions Calling Functions

f() callsg() callsh() callsi () callsj () callsE
Where does it have to end, and why?

What about f () calling f( ) ???
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Declaring a Function Bef ore Use

Program with no
compilation errors

#i ncl ude <stdio. h>

Program with
compilation errors

#i ncl ude <stdio. h>

int main (void) float f (float x, float y)

{ {

float w, x, vy; E

E }

w=f(x, y);

E int main (void)
} {

float w, x, y;

float f (float x, float y) E
{ w=f(x, y);

= E

} }

Why does it make a dif f erence?
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Declaring Bef ore Use (cont @)

Program wit h no compilation errors
#i ncl ude <stdio. h>

I float f (float , float ): | « function prottype

int main (void)
{
float w, x, y;
E
w = f(x, y);
E

}

float f (float x, float y)
.

E
}
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Recur sion
|
A powerful and flexible way toiteratively compute
avalue
D note: alt hough t his idea seems modest, and per haps
even obvious once you have learned it, recursion is
wit hout question one of the most important concepts
in computer science

Each iteration must temporarily store some input
or intermediat e values while waiting for the
results of recursionto be returned
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Recur sionE (cont @)

Every recursion can be rewritten as a combination
of

1. afor loop (iteration), plusg
2. astack (for storing intermediat e values)
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| terative Equivalent

I —

Note: the stack
is not
explicitly
declared or
shown below;
it® assumed to

#i ncl ude <stdio. h>
int push (int), pop (void);

int main (void)

be declared for (i =n; i > 2 i--)
elsewhere, and push(i);
accessed using w = 1;
the push() for (i =2, i <=n; i++) {
and pop() w *= pop();
functions

}
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Ex.: Some Linux Recommendations

@runctions should be short and sweet, and do j ust
one thing. They should fit on one or two
screenf uls of textO

QUse helper functions with descriptive names (you
can ask the compiler toin-line themif you think
it's perf ormance-criticalE).O

GA\not her measure of a functionis the number of
local variables. They shouldn't gxceed 5-10, or
you're doing somet hing wrong.O
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Recursion Example

#i ncl ude <stdio. h> main()
int fac (int); returns 3 * 2 * 1
int main (void) °a's<‘\
{ E
w = fac (3);

E returns 2 * 1
} calls

int fac (int n)

{
i f (n == 1) returns 1
return 1; calls
el se
return n * fac(n-1);
}
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How Big Should Functions Be?

Function t oo small? not worth the trouble, and
extra overhead during execution

Function too large? don®really get the benefits of
modularization

Function just right? modest overhead, reasonable
size for understanding function

D 20 lines of code? 50 lines? 200 lines?

Top-Down Programming

A way of thinking about programming
D start with the basics, and then progressively fill in
the details
Ex.: writing a web page browser
D how does one even get started??!
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