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2022-09-13 LECTURE 09 - MODULAR PROGRAMMING - I

e contents
o function call
o concepts discussed in the lecture
o exercises

e function call
o afunction can call as many functions as required
o when afunction calls another function following memory structures are used
= function call stack: stores order of all function calls
= function stack frame: stores information of a single function call
o function call stack or system stack
= adata structure which holds function call status, used to preserve the order of
flow control during function calls
= systemstack is usedtostore information about afunction calls (whereit gets the
name "function call stack")
= this stack stores parameters for the function and a return address where the
program should pick up when the function is finished or return
o function stack frame
= dataset that should be placed at function call stack when a function is called
= jtcontains caller function’s returning address
e address of the nextinstruction after the function call statement in the
caller function
e where the program control would be transferred afterthe completion of
the called function
= parameters sent by the caller function
= |ocal variables of the called function
o when any function (caller) calls another function (called), then function stack frame of
called is placed at the opt of function stack frame of the function caller at function call
stack in the main memory
o stake overflow
= when the memory of the stack is unavailable to hold any further function stack
frame, program crashes and a system error called “stack overflow” is printed at
the console
o example (demonstration of a user defined function): a program that call a function
named square, which takes an integeras parameter, compute its square and returns the
value of the square to the caller function (the main), and then the program prints the
square at the console.

// L09-CO01
1. #tinclude <stdio.h>
2.

3. intsquare (int);
4. intsquare_of square (int);
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int square_of_square_of_square (int);

int main (void) {
intn;
n = square (10);
printf(“%d\n”, n);
n = square_of square (10);
printf(“%d\n”, n);
n =square_of square_of_square (10);
printf(“%d\n”, n);

. intsquare (int x) {

inta;
a=x*x;
return a;

-}

. int square_of_square (int x) {

inta;
a =square(x) * square (x);
return a;

}

. intsquare_of square_of_square (int x) {

inta;

a =square_of_square (x) * square_of_square (x);

return a;

-}

output: 100
output: 10000
output: 100000000

o function square: a function that takes an integer as argument and returns its square

prototype: int square (int);
definition: int square (inti) {
intx;
Xx=i*i
return x;
}

function call:  x =square (10);
function stack:

e operating system calls main function, and function stack frame of the
main function is placed at function call stack, then when the main
function calls square function, a function stack frame of the square
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function pushed at the top of function call stack, hence the function call
stack looks as follows
o square
o main
o when the square function completes its execution and returns a value
100 back to the main function, the function stake frame of the square
function is removed from the function call stack and the control is
transferred back to the main function hence the function call stack looks
as follows
o main
o functionsquare_of_square:afunctionthat takesan integeras argumentand returnsits
square of its square

= prototype: int square_of_square (int);
= definition: int square_of_square (inti) {
intx;
x =square (i) * square (i);
return x;
}

= functioncall: x=square_of square (10);
= function stack:

e operating system calls main function, and function stack frame of the
main function is placed at function call stack, then when the main
function calls square_of_square function, a function stack frame of the
square_of_square function is pushed at the top of function call stack,
hence the function call stack looks as follows

O square_square
O main

e then when the square_of_square function calls first square function, a
function stack frame of the square function is pushed at the top of
function call stack, hence the function call stack looks as follows

o square
O square_square
O main

e when the square function completes its execution and returns a value
100 back to the square_of_square function, the function stake frame of
the square function is removed from the function call stack and the
control is transferred back to the square_of_square function hence the
function call stack looks as follows

o square_of _square
o main

e when the square_of_square function calls second square function, a
function stack frame of the square function is pushed at the top of
function call stack, hence the function call stack looks as follows

o square
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O

o square_of _square
O main
e when the square function completes its execution and returns a value
back to the square_of_square function, the function stake frame of the
square function is removed from the function call stack and the control
istransferred back to the square_of_square function hence the function
call stack looks as follows
o square_of_square
O main
e when the square_of _square function completes its execution and
returns a value 10,000 back to the main function, the function stake
frame of the square_of_square function is removed from the function
call stack and the control istransferred back to the main function hence
the function call stack looks as follows
o main
functionsquare_of_square_of_square:afunction thattakesan integerasargumentand
returns its square of square of square

=  prototype: int square_of_square_of_square (int);
= definition: int square_of_square_of_square (inti) {
intx;
x =square_of_square (i) * square_of_square (i);
return x;
}

= functioncall: x=square_of square_of_square (10);
= function stake:

e operating system calls main function, and function stack frame of the
main function is placed at function call stack, then when the main
function calls square_of_square_of_square function, a function stack
frame of the square_of_square_of_square functionis pushed at the top
of function call stack, hence the function call stack looks as follows

o square_of square_of square
O main

e square_of_square_of_square function calls first square_of_square
function, and function stack frame of the square_of_square function is
pushed at function call stack, then when the square_of_square function
calls its first square function, a function stack frame of the square
function is pushed at the top of function call stack, hence the function
call stack looks as follows

o square

o square_of_square

o square_of_square_of square
o main

e when the first square function completes its execution and returns a
value 100 back to the square_of_square function, the function stake
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frame of the square functionis removed from the function call stack and
the control is transferred back to the square_of_square function hence
the function call stack looks as follows
o square_of_square
o square_of_square_of_square
o main
e thenwhenthe square_of_square function calls second square function,
a function stack frame of the square function is pushed at the top of
function call stack, hence the function call stack looks as follows
o square
o square_of_square
o square_of_square_of _square
o main
e when the square function completes its execution and returns a value
10,000 back to the square_of_square function, the function stake frame
of the square function is removed from the function call stack and the
control is transferred back to the square_of_square function hence the
function call stack looks as follows
o square_of_square
o square_of_square_of_square
O main
e when the square_of_square function completes its execution and
returns a value 10,000 back to the square_of_square_of_square
function, the function stake frame of the square_of_square function is
removed from the function call stack and the control is transferred back
to the square_of_square_of_square function hence the function call
stack looks as follows
o square_of_square_of_square
O main
o square_of_square_of_square function calls second square_of_square
function, and function stack frame of the square_of_square function is
pushed at function call stack, then when the square_of_square function
calls its first square function, a function stack frame of the square
function is pushed at the top of function call stack, hence the function
call stack looks as follows
o square
o square_of_square
o square_of_square_of_square
o main
e when the first square function completes its execution and returns a
value 100 back to the square_of_square function, the function stake
frame of the square functionis removed from the function call stack and
the control is transferred back to the square_of_square function hence
the function call stack looks as follows
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o square_of_square
o square_of square_of square
O main
e when the square_of_square function calls second square function, a
function stack frame of the square function is pushed at the top of
function call stack, hence the function call stack looks as follows
o square
o square_of_square
o square_of_square_of_square
o main
e when the square function completes its execution and returns a value
10,000 back to the square_of_square function, the function stake frame
of the square function is removed from the function call stack and the
control is transferred back to the square_of_square function hence the
function call stack looks as follows
o square_of_square
o square_of_square_of_square
o main
e when the second square_of_square function completes its execution
and returns a value 10,000 back to the square_of_square_of_square
function, the function stake frame of the square_of_square function is
removed from the function call stack and the control is transferred back
to the square_of_square_of_square function hence the function call
stack looks as follows
o square_of_square_of_square
O main
e when the square_of_square_square function completes its execution
and returns a value 100,000,000 back to the main function, the function
stake frame of the square_of_square_square function is removed from
the function call stack and the control is transferred back to the main
function hence the function call stack looks as follows
o main
o function call tree
= jsadiagram which depicts the sequence (or order) of function calls
= followingtree showsthe function call tree from the function call from the line 13
of the program L09-C01
e main function
o call square_of_square_of_square
= calls left square_of_square
o calls left square
o returns (10*10)
e call right square
o returns (10*10)
e returns ((10*10) * (10*10))
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= calls right square_of_square
o callsleft square
o returns (10*10)
e call right square
o returns (10*10)
e returns ((10*10) * (10*10))
= returns (((10*10) * (10*10)) * ((10*10) * (10*10)))
o main receives (((10*10) * (10*10)) * ((10*10) * (10*10)))

main
A
10
|

square_of_square_of_square

square_of_square square_of_square
- 10 d{)\ 10 A 0 J’OH“ 10,
square square square square
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e concepts discussed in the lecture
o function call stack or system stack, function stack frame, return address, called function,
caller function, local variables, stake overflow, system error, function call tree
e exercises
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