CSCI 264: Assembly Language Subprograms and Stack

Example:

	Command
	Object address
	Hex code

	MOV ESP, 01234H
	0
	BC 34 12 00 00

	IN EAX, [0]
	5
	E5 00

	MOV EBX, EAX
	7
	89 C3

	CALL sign
	9
	E8 ……

	OUT [1], EAX
	E
	E7 01

	RET
	10
	C3

	sign:
	11
	

	           MOV ECX, 0
	11
	B9 00 00 00 00

	           CMP EBX, 0
	16
	81 FB 00 00 00 00 

	          JE ZER
	1C
	0F 84 10 00 00 00

	          JG POS
	22
	0F 8F 14 00 00 00 

	          MOV EAX, 2
	28
	B8 02 00 00 00 

	         JMP END
	2D
	E9 0F 00 00 00 

	ZER: MOV EAX, 0
	32
	B8 00 00 00 00 

	          JMP END
	37
	E9 05 00 00 00

	POS: MOV EAX, 1
	3C
	B8 01 00 00 00

	END: RET
	41
	C3


Stack:

	Memory address
	Value

	
	

	
	

	
	

	
	

	
	


ESP:

Assembly and High Level Languages ( C / C++)

Parameter Passing

Example:

C code:

#include <ctype.h>

int main(){


int x, y;

x = 65;


y = tolower ( x );


return 0;

}

Assembler code of this program:

MOV EBX, 65

PUSH EBX

CALL tolower

ADD ESP, 4

Returned integer values are stored in EAX, in C/C++ calling program is popping the parameters.

C/ C++ pushes parameters starting from the right:

Example:

int ipow ( int base, int exponent);

assembler code to call this function to calculate 2^3 is:

MOV EBX, 3

PUSH EBX

MOV EBX, 2

PUSH EBX

CAL ipow

ADD ESP, 8

After this call, the result ipow ( 2, 3) = 8 will be stored in EAX

Calling Assembler from C

Example: (Program 7.7 and 7.8 from your textbook)


                           ;half subprogram


global half          ; in Edlinas  .globl half

half:    PUSH ECX


MOV ECX, [ESP+8]


MOV EAX, 0

AGN: INC EAX

           SUB ECX, 2

           JG AGN

           JZ DUN

           MOV EAX, 0

DUN: POP ECX

           RET

This code will be stored in file half.asm

This code can be compiled using NASM assembler as follows:

nasm –f elf half.asm

The object file will be produced:  half.o

Important: 1. add global name to the assembly code

                    2. push the register that will be used for computations

                    3. store the return value in EAX

C++ code: ( stored in file collatz.c)

#include <iostream>

using namespace std;

extern “C” int half ( int y);

int main (){


int count =0, x, y;


cout << “Please enter the number\n”;


cin >> x;


while ( x !=0){



count++;



y = half ( x );



if ( y!=0)




x = y;



else




x = x*3+1;


}


cout << “the number of steps is “ << count << endl;


return 0;

}

To compile and link half.o type the following at Linux prompt:

g++ collatz.c half.o


Recursion

Example:  recursive function that calculates 1+2+3 +.. +n:

Recursive definition:

sum(n)= 0, if n=0

sum(n)=sum(n-1)+n, if n>0

Assembly code:

global sum

sum:    push ecx

             move eax, [esp+8]

          
 cmp eax, 0

             ja els

             move eax, 0

             jmp dun

els:       mov ecx, eax

             dec eax

             push eax

             call sum

             add esp, 4

             add eax, ecx

dun:      pop ecx

              ret

The C++ code that will call to this function

#include <iostream>

using namespace std;

extern “C” int sum ( int n );

int main(){


cout << “please enter the non-negative integer \n”;


int n, y;


cin >> n;


y = sum ( n );


cout << y;


return 0;

}

Run-time stack for the different values of n: 

I will denote the address of the statement after function call by FF FF FF FF – it’s not a real address.

I will denote the garbage value by ** ** ** ** 

n=0

	address 
	value
	explanation

	ESP after push ECX inside the function
	**
	push ecx – the value that 

	
	**
	was in ecx will be pushed

	
	**
	into the stack

	
	**
	

	ESP after push return address
	FF
	address of the next

	
	FF
	statement after 

	
	FF
	function call

	
	FF
	pushed into Stack

	ESP after push parameter 
	00
	parameter n=0

	
	00
	pushed inside the 

	
	00
	stack

	
	00
	

	ESP initial
	
	


mov eax, [esp+8] – eax will get the value of parameter ( 0 in our example)

cmp eax, 0

ja els ; in this example no jump , eax = 0

mov eax, 0 ; mov the final result into eax 

jmp dun

…

…

…

dun:     pop ecx    ; the esp will come back to the return address, ecx will get the garbage 

                             ; value but it doesn’t affect anything


ret ; the esp will come back to the address of the parameter

after the program will return to main the following command will be performed in the “background”:

 add esp, 4 – it will return the value of the stack to the initial position

n = 1

	address 
	value
	explanation

	esp after push ecx
	01
	

	
	00
	

	
	00
	

	
	00
	

	esp after call sum that pushes the return 
	FF
	

	address into the stack
	FF
	

	In this case this is the address of 
	FF
	

	command add esp, 4
	FF
	

	ESP after PUSH EAX
	00
	the new value of parameter

	
	00
	pushed into the Stack

	
	00
	

	
	00
	

	ESP after push ECX inside the function
	**
	push ecx – the value that 

	
	**
	was in ecx will be pushed

	
	**
	into the stack

	
	**
	

	ESP after push return address
	FF
	address of the next

	
	FF
	statement after 

	
	FF
	function call

	
	FF
	pushed into Stack

	ESP after push parameter 
	01
	parameter n=0

	
	00
	pushed inside the 

	
	00
	stack

	
	00
	

	ESP initial
	
	


Execution of the program for n =1:

mov eax, [esp+8]         ;eax will get the value of parameter ( 1 in our example)

cmp eax, 0

ja els                            ; in this example we will jump, eax = 1

…

els:      mov ecx, eax           ; ecx will get 1 

           dec eax                    ; eax gets 0 ( the parameter for the recursive call)

           push eax                  ; n-1 ( now is 0 ) – new parameter - pushed into the stack

           call sum                  ; into the stack the value of the return address will be pushed

                                          ; the execution of the function will start from the beginning

;start again the function:


push ecx                      ; ecx has a value 1

  
mov eax, [esp+1 ]       ; eax gets 0 – the value of the parameter

            cmp eax, 0                  ; now it’s equal, so no jump

            ja els                           ; no jump

            mov eax, 0


jmp dun

            ……

dun:     pop ecx                      ; ecx will have value 1, the esp will return 

                                              ; to the return  address

            ret                               ; function will return to the line add esp, 4 and 

                                             ; esp will return to the address of the value of parameter

          ……

           ; after we came back from the function call

          add esp, 4                 ; will return esp to the position that was before function call

                                           ; parameter 0 will be taken out of stack

          add eax, ecx             ; eax = eax +ecx= 0 + 1

dun:   pop ecx                     ; ecx gets ** ** ** ** , esp returns to the position

                                           ; of the return address in  

                                           ; C++ code

          ret                            ;  will return us to the main function in C++ with value 1 in eax

                                       ; esp will return to the position of the parameter that

                                       ; was pushed inside the stack 

                                       ; before function call

 after the program will return to main the following command will be performed in the “background”:

 add esp, 4 – it will return the value of the stack to the initial position

Functions with two and more parameters 

Code in C++

#include <iostream>

using namespace std;

// function prototypes

extern “C” int sum ( int a, int b);

extern “C” int abs ( int a);

extern “C” int power ( int base,  int exponent);

int main(){


int a, b, base, exponent;


cout << “ enter 4 integers \n”;


cin >> a>> b>> base >> exponent;


int c = sum ( a, b);


int powRes = power ( base, exponent);


cout << c < powRes;


return 0;

}

Assembly code for functions sum , abs and power:

global sum

sum: push ebx

         push ecx

        mov ebx, [esp + 16]

        mov ecx , [esp + 12]

        add ebx, ecx

        move eax, ebx

        pop ebx

        pop ecx

        ret

global abs

abs:      push ebx


mov ebx, [esp +4]


cmp ebx, 0


jae end


neg ebx

end:     mov eax, ebx


pop ebx


ret

global power

power: push ebx

            push ecx

mov ebx, [esp+12]

mov ecx, [esp +16]

mov eax, 1

cmp ecx, 0

ja rpt

jmp dun

rpt:       mul ebx

             dec ecx

             jnz rpt

dun:       pop ecx

              pop ebx

              ret

