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#include <stdio.h>

/*Function returns value in celsius
 .... more about functions today */ 

float to_celsius(int ftemp){
  int celsius; // Local to print_celsius
  celsius = ((ftemp - 32.0)*5.0/9.0);
  return celsius;
}
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  printf("Enter the temperature in Fahrenheit: ");
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  to_celsius(ftemp));
  return 0;
}

to_celsius is a C 
function and this is its 
function definition.

Modified example
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C is not a functional language!
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float to_celsius(int ftemp)

1. Name of Function

2. Type of return value

3. Types of parameters

Function declaration 

Note: Function declaration (can be) different from definition

Sometimes also called function prototype and function signature
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#include <stdio.h>
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}
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n

n × n

• Modify the function to make it print out a lower triangular OR 
upper triangular identity matrix like the ones below (shown for 

).n = 4
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1 0
1

1
0 1
0 0 1
0 0 0 1
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Exercises
• We want to do both: upper & lower triangular. What is the logic?

• Variable i iterated over rows, and j iterated over columns:

 14

i<j Upper Lower

Yes

No

• How to specify?

• Pass in extra argument to specify which type of matrix should 
be printed, then 

• Use appropriate logic depending on argument

Which part of the matrix is this?
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Back to functions: deeper at 
assembly level
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• When C-compiler compiles a program, it keeps track of variables 
in a program using a symbol table. 

• For our purposes, the symbol table contains 

• Identifier

• type of the variable, 

• memory location allocated (by offset - see next slide) and
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Getting this to work - example
int inGlobal=2; 
int outGlobal=3; 
int dummy(int in1, int in2);
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…
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Name Type Location Scope
inGlobal int 0 Global
outGlobal int 1 Global

x int 0 Main
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Where in memory 
are these stored?

Symbol table
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Some terminology

• Run-time stack: A place (actually a stack data structure) to hold 
activation frames

• Activation frame: Parts of a stack that holds information about 
each function call (sometimes called stack frames): 

• Arguments passed in 

• Local variables defined 

• Bookkeeping information 
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Getting this to work

• Every function call creates an activation record (or stack frame) 
and pushes it onto the run-time stack.

• Whenever a function completes (returns), the activation record is 
popped off the run-time stack

• Whenever a function calls another one (nested, including itself), 
the run time stack grows (pushes another activation record onto 
the run-time stack). 

 21
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Example: function call
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int dummy(int in1, int in2);

int main(void){ 
int x,y,z; 
... 
z = dummy(x, y); 

}
 
int dummy(int in1, int in2){ 
int a,b,c; 
…

}
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How to keep track?
• Store pointers:

• Program counter - PC

• Global pointer pointing to first 
global variable - R4

• Top of stack, called stack 
pointer - R6

• Current frame pointer - R5

• Actually points to first local 
variable of current function

 23
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int inGlobal=2; 
int outGlobal=0; 
int dummy(int in1, int in2);

int main(void){ 
int x,y,z; 
... 

}
 
int dummy(int in1, int in2){ 
int a,b,c; 
…

}

Name Type Location Scope

inGlobal int 0 Global

outGlobal int 1 Global

Global variables use register R4
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 24

int inGlobal=2; 
int outGlobal=0; 
int dummy(int in1, int in2);

int main(void){ 
int x,y,z; 
... 

}
 
int dummy(int in1, int in2){ 
int a,b,c; 
…

}

Name Type Location Scope

inGlobal int 0 Global

outGlobal int 1 Global

AND R0, R0, #0  
ADD R0, R0, #2  
STR R0, R4, #0 ; inGlobal=2
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R4 points  
the first global variable

Global variables use register R4
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int main(void){ 
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int inGlobal=2; 
int outGlobal=0; 
int dummy(int in1, int in2);

int main(void){ 
int x=3; // Value for e.g.
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... 
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…
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int inGlobal=2; 
int outGlobal=0; 
int dummy(int in1, int in2);
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int inGlobal=2; 
int outGlobal=0; 
int dummy(int in1, int in2);

int main(void){ 
int x=3; // Value for e.g.
int y=0; // Value for e.g.
... 

}
 
int dummy(int in1, int in2){ 
int a,b,c; 
…

}

Name Type Location Scope

inGlobal int 0 Global

outGlobal int 1 Global

x int 0 Main

y int -1 Main

AND R0, R0, #0  
ADD R0, R0, #3  
STR R0, R5, #0  ; x = 3 
AND R0, R0, #0
STR R0, R5, #-1 ; y = 0

R5 points  
the first local variable

Local variables use register R5

x0000
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Function calls
• There are four basic steps in the execution of a function call: 

1. argument values from the caller are passed to the callee

2. control is transferred to the callee

3. the callee executes its task

4. control is passed back to the caller, along with a return value 
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int dummy(int in1, int in2);

int main(void){ 
int x,y,z; 
... 
z = dummy(x, y); 

}
 
int dummy(int in1, int in2){ 
int a,b,c; 
…

}
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int dummy(int in1, int in2);

int main(void){ 
int x,y,z; 
... 
z = dummy(x, y); 

}
 
int dummy(int in1, int in2){ 
int a,b,c; 
…

}

What happens when main calls 
dummy?

An activation record or stack-frame 
is generated and pushed onto the 
runtime stack & execution transfers 
to dummy

When dummy finishes execution its 
stack-frame is popped off and 
execution transfers back to main
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int dummy(int in1, int in2);

int main(void){ 
int x,y,z; 
... 
z = dummy(x, y); 

}
 
int dummy(int in1, int in2){ 
int a,b,c; 
…

}
Activation record for dummy

Note: R6 
and R5 were 
duly updated
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Example: function call

 31

int dummy(int in1, int in2);

int main(void){ 
int x,y,z; 
... 
z = dummy(x, y); 

}
 
int dummy(int in1, int in2){ 
int a,b,c; 
…

}
Activation record for dummy If R5 is first local 

variable, what goes 
here?
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• To successfully transfer execution between the caller and callee a 

few things need to be taken care of:
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Details of a function call
• To successfully transfer execution between the caller and callee a 

few things need to be taken care of:


• Arguments need to be passed around


• Bookkeeping has to be done:


• Return value: Space for value returned by function 
according to type has to be allocated


• Return address: Pointer to next instruction has to be saved 
so caller can resume 


• Caller’s frame pointer saved


• Callee local variables have to be stored

 33

Activation record

Pushed before local variables



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record

 34



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

 34



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

• Pass control to callee (JSR/JSRR)

 34



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

• Pass control to callee (JSR/JSRR)

 34

C
aller



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

• Pass control to callee (JSR/JSRR)

• Callee build-up: (push bookkeeping info and local variables onto stack)

 34

C
aller



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

• Pass control to callee (JSR/JSRR)

• Callee build-up: (push bookkeeping info and local variables onto stack)

• Execute function 

 34

C
aller



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

• Pass control to callee (JSR/JSRR)

• Callee build-up: (push bookkeeping info and local variables onto stack)

• Execute function 

• Callee tear-down (update return value, pop local variables, caller’s 
frame pointer and return address from stack) 

 34

C
aller



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

• Pass control to callee (JSR/JSRR)

• Callee build-up: (push bookkeeping info and local variables onto stack)

• Execute function 

• Callee tear-down (update return value, pop local variables, caller’s 
frame pointer and return address from stack) 

• Return to caller (RET) 

 34

C
aller



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

• Pass control to callee (JSR/JSRR)

• Callee build-up: (push bookkeeping info and local variables onto stack)

• Execute function 

• Callee tear-down (update return value, pop local variables, caller’s 
frame pointer and return address from stack) 

• Return to caller (RET) 

 34

C
aller

C
allee



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

• Pass control to callee (JSR/JSRR)

• Callee build-up: (push bookkeeping info and local variables onto stack)

• Execute function 

• Callee tear-down (update return value, pop local variables, caller’s 
frame pointer and return address from stack) 

• Return to caller (RET) 

• Caller tear-down (pop callee’s return value and arguments from stack) 

 34

C
aller

C
allee



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

• Pass control to callee (JSR/JSRR)

• Callee build-up: (push bookkeeping info and local variables onto stack)

• Execute function 

• Callee tear-down (update return value, pop local variables, caller’s 
frame pointer and return address from stack) 

• Return to caller (RET) 

• Caller tear-down (pop callee’s return value and arguments from stack) 

 34

C
aller

C
aller

C
allee



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
• Caller build-up: Push callee’s arguments onto stack

• Pass control to callee (JSR/JSRR)

• Callee build-up: (push bookkeeping info and local variables onto stack)

• Execute function 

• Callee tear-down (update return value, pop local variables, caller’s 
frame pointer and return address from stack) 

• Return to caller (RET) 

• Caller tear-down (pop callee’s return value and arguments from stack) 

 34

C
aller

C
aller

C
allee

Stack build up



 ECE 220 - Fall 2024 Dr. Ivan Abraham

Generating an activation record
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Next time

• Stack build-up and stack tear-down 


• Examples

 35


