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Chapter 5: C Functions

• Subprogramsandmodularisation— divide et impera

• TypesandPrototypes

• Side-effects

• Scope,localvariables,memoryaspects

• static variables,storageclasses

• Recursion
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Subprograms

• A subprogram is a (parameterised)fragmentof aprogram.

• A subprogram call is aninstantiationof asubprogramwith actual
parameters.

– Function callsareexpressions

– Procedurecallsarestatements

• Thepurposeof introducingsubprogramsis modularisation.

• Modularcomponentsareaccessedvia interfaces— theinterfaceof a
subprogramconsistsof:

– type: argumenttypes,resulttype

– specification: properties,descriptionof effects

• (In programming,thewordmodule is usuallyreservedfor components
consistingof collectionsof subprogramsand/ordatatypedefinitions.)
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Subprograms in C

• Everyexpressioncanbeusedasastatement:

– No proceduresnecessary— only functions

– Functionswith returntypevoid are“intendedasprocedures”

– Many functionsthatareoftenusedasprocedureshavenon-void return
types

— know andcheck!

• Typesof functionsareformally capturedin “prototypes”

• No furtherpartof functionspecificationsis formally supportedby C
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Function Typesand Prototypes

Mathematics C

sin : IR → IR double sqrt(double x);

gcd : ZZ × ZZ → ZZ int gcd(int k, int m);

pow : IR × IR → IR double pow(double x, double y);

Prototypesarefunctiondeclarations.

• Prototypesareimplied by (ANSI-style)functiondefinitions.

• Thecommonpartis alsocalledfunction header.

• After theprototypehasbeenseenby thecompiler, thefunctionnameandits
typeareknown.

• Prototypescanbeusedas“forward-declarations”.

• *.h filesfrequentlycontain extern prototypes.
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Local Variable — Global Variables

int k;

int f(double h)

{

int n;

...

}

• k is aglobal variable

• n is a local variable

• h is a formal parameter — insidethebodythisis equivalentto a local
variable
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Scopeand Instancesof Variablesin C

• All variablesarevisible only after declaration

• Global variablesarevisible in the file of their declaration

• Local variablesarevisible in the block of their declaration

• For all variables, aninstanceis createdwhencontrolflow passestheir
definition.

• Global variableshaveonly oneinstance

• static (local) variableshaveonly oneinstance

• Local variableshaveoneinstancefor eachcall of the function/block
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Scope and Side-Effects

#include <stdio.h>
int x = 0;

int incrX( ) { x++; return x; }

Whatis thetypeof incrX?

• Prototype:

int incrX( void );

• Mathematical:

incrX : → int

Thisis not thewholeinterfacetoincrX!
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Scopeand Side-Effects— Simulation

#include <stdio.h>
int x = 0;

int incrX( ) { x++; return x; }

int main() {
int x = 10, y;
y = incrX();
printf("%d %d %d\n", x, y, incrX());
return 0;

}

global  main()                       Output
  x     x    y
  0               init.
       10         init.
  1               x++;
             1    y = incrX();
  2               x++;
                                    10  1  2
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Scope and Side-Effects

#include <stdio.h>
int x = 0;

int incrX( ) { x++; return x; }

int main() {
int x = 10, y;
y = incrX();
printf("%d %d %d\n", x, y, incrX());
return 0;

}

Locally definedvariablesshadow variablesdefinedin anouterscope.

Side-effects:

– incrX changesthevalueof avariablenotmentionedin its formal interface.

– Thereturnvalueof incrX dependsonavariablenotmentionedin its
formal interface.
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Pure Functions

Pure functions havenoside-effects:

– Returnvaluesdependonly on theactualparameters

– No globalvariablesareupdated

– No I/O is performed

Math library functionsare“almostpure”:

• In caseof error, theglobalvariableerrno is set.

• Floating-pointprecisionmaydependon,e.g.,compilerswitches.

With pure functions, it is easy to applymathematical reasoning!
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Repeated Function Calls

#include <stdio.h>

int f(int k) {

return 2 * k + 1;

}

int main() {

int s = 0, i;

for(i = 0; i < 4; i++)

{ s += f(i);

printf("%d %d\n", i, s);

}

return 0;

}
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Repeated Function Calls 2

#include <stdio.h>

int f(int k) {

k *= 2;

return ++k;

}

int main() {

int s = 0, i;

for(i = 0; i < 4; i++)

{ s += f(i);

printf("%d %d\n", i, s);

}

return 0;

}
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Repeated Function Calls 3

#include <stdio.h>

int count=0;

int f(int k) {
count++; /* count calls to this function */
k *= 2;
return ++k;

}

int main() {
int s = 0, i;
for(i = 0; i < 4; i++)
{ s += f(i);
printf("%d %d\n", i, s);

}
printf("%d %d %d\n", i, s, count);
return 0;

}
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Alternating Function Calls

#include <stdio.h>

int f(int k) {
k += 2;

return k + 1;
}

int g(int m) { return 2 * m * m - 1; }

int main() {
int s = 0, i;
for(i = 0; i < 3; i++)
{ s += f(i);
s += g(i);
printf("%d %d\n", i, s);

}
return 0;

}
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Nested Function Calls 1

#include <stdio.h>

int f(int k) {
k += 2;

return k + 1;
}

int g(int m) { return (m + 1) * f(m); }

int main() {
int s = 0, i;
for(i = 0; i < 3; i++)
{ s += g(i);
printf("%d %d\n", i, s);

}
return 0;

}
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Nested Function Calls 2

#include <stdio.h>

int f(int k) {
k += 2;

return k + 1;
}

int g(int m) { return (m - 1) * f(m); }

int main() {
int s = 0, i;
for(i = 0; i < 3; i++)
{ s += f(i);
s += g(i);
printf("%d %d\n", i, s);

}
return 0;

}
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RecursiveFunction Calls — Factorial

#include <stdio.h>

int factorial(int k) {
if (k < 2)
return 1;

else
return k * factorial(k - 1);

}

int main() {
printf("%d\n", factorial(5));
return 0;

}

Note:
• At mostonerecursivecall perincarnation:linear recursion
• Recursivecall not in “tail position”:resultusedfor multiplication
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Factorial — Tail-Recursive

#include <stdio.h>

int fact(int n, int k) {
if (k < 2)

return n;
else
return fact(n * k, k - 1);

}

int main() {
printf("%d\n", fact(1,5));
return 0;

}

Note:
• All recursivecallsarethelast actionbeforereturning:tail recursion
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Factorial — Tail-RecursionMade Mor eExplicit

#include <stdio.h>

int fact(int n, int k) {
if (k < 2)
return n;

else {
n *= k;
k--;
return fact(n, k);

}
}

int main() {
printf("%d\n", fact(1,5)); return 0;

}

Note:
• Thetail call now hastheparameter-variablesasarguments
• Thiskind of recursionis repetition
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Factorial — Tail-RecursionTurnedinto Repetition

#include <stdio.h>

int fact(int n, int k) {
while ( ! (k < 2) ) {
n *= k;
k--;

}
return n;

}

int main() {
int i;
printf("%d\n", fact(1,5));
return 0;

}



SE2S03,20033.103 271

CascadingRecursion— Fibonacci

#include <stdio.h>

int fib(int n) {
if ( n == 0 || n == 1 )

return n;
else
{ int f1, f2;
f1 = fib( n - 1 );
f2 = fib( n - 2 );
return f1 + f2;

}
}

int main() { printf("%d\n", fib(5)); return 0; }

Note:
• Mor ethan onerecursivecall in someincarnations:cascadingrecursion
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Fibonacci— Instrumented

#include <stdio.h>
#include <stdlib.h>
void space(int k);

int fib(int indent, int n) {
int result;
space(indent); printf("fib(%d) start\n", n);
if ( n == 0 || n == 1 )

result = n;
else
{ int f1, f2, newindent = indent + 6;

f1 = fib( newindent, n - 1 );
f2 = fib( newindent, n - 2 );
result = f1 + f2;

}
space(indent); printf("fib(%d) = %d\n", n, result);
return result;

}
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int main(int argc, char * argv[]) {
int s = 0, i = atoi(argv[1]);
s = fib(0, i);
printf("%d %d\n", i, s);
return 0;

}

void space(int k) {
int i;
for ( i=0; i<k; i++ ) printf(" ");

}
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Fibonacci— Output of Instrumentation

fib(5) start
      fib(4) start
            fib(3) start
                  fib(2) start
                        fib(1) start
                        fib(1) = 1
                        fib(0) start
                        fib(0) = 0
                  fib(2) = 1
                  fib(1) start
                  fib(1) = 1
            fib(3) = 2
            fib(2) start
                  fib(1) start
                  fib(1) = 1
                  fib(0) start
                  fib(0) = 0
            fib(2) = 1
      fib(4) = 3
      fib(3) start
            fib(2) start
                  fib(1) start
                  fib(1) = 1
                  fib(0) start
                  fib(0) = 0
            fib(2) = 1
            fib(1) start
            fib(1) = 1
      fib(3) = 2
fib(5) = 5
5  5
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NestedRecursion— The Ackermann Function

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

int ack(int x, int y) {
if ( x == 0 )

return y + 1;
else if ( y == 0 )

return ack( x - 1 , 1 );
else
return ack( x - 1, ack( x, y - 1 ));

}

int main(int argc, char * argv[]) { int i =
atoi(argv[1]);
printf("%d\n", ack(i,i)); return 0; }

Note:
• A recursivecall asargumentof another recursivecall: nestedrecursion
• Thisfunctioncannotbewrittenwithout recursionor while loops
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static Local Variables

#include <stdio.h>

int step(int n) {
static int d = 1;
static int q = 1;
int r = n * q;
d += 2;
q += d;
return r;

}

int main() {
int i;
for(i = 1; i <4 ; i++)

printf("%d %d\n", i, step(i));
return 0;

}

Non-static local variables are also called automatic.
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Exercise1.5— simpler call

What is the output ot the following C program:

#include <stdio.h>

void myprocedure(int n, float s)
{
static int k=2;
float r = s / k;
if (n < 0) return;
k = k + 1;
myprocedure(n − 1, (s + r) / 2);
r = r * k;
printf ("%d %d %.2f %.2f\n",n,k,s,r);

}

void main(void) {myprocedure(1, 12.0); }
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Nested Functions (GCC Extension!)

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

int minHeight(int x, int y, int v)
{

int vol(int h) {return x * y * h; }

int k=0;
while ( vol(k) < v ) {k++; }
return k;

}

int main() {
int x = 3, y=4, v=50;
printf ("%d\n", minHeight(x,y,v));
return 0;

}

Note: Nested functions often allow more elegant modularisation.


