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1. Continue X86 Assembly 
Exploration

2. Big Picture View of Compilation 
Pipeline

3. Discussion of Computed 
Addresses 

4. Extend the push pop example to 
use computed addresses
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COMPILATION PIPELINE OVERVIEW

main.c  
(C code)

compile

main.s  
(assembly)

assemble
main.o  

(object file) linking
main.out  

(executable)
(machine code) (machine code)
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EXAMPLE C PROGRAM

#include <stdio.h>
int main(void) {  
puts("Hello, World!");  
return 0;

}

hello.c
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EXAMPLE C PROGRAM

#include <stdio.h>
int main(void) {  

puts("Hello, World!");  
return 0;

}

hello.c
main:                
    pushq  %rax
    movl   $.L.str, %edi
    callq  puts
    xorl   %eax, %eax
    popq   %rcx
    retq

--SNIP---
.L.str:
    .asciz  "Hello World"

hello.s
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SOMETHING IS MISSING

Notice the address of the function to call and the location of the string 
“Hello world is missing” is missing.  

During the final step the linking step will add all these address 
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EXAMPLE C PROGRAM

#include <stdio.h>
int main(void) {  

puts("Hello, World!");  
return 0;

}

hello.c
main:                
    pushq  %rax
    movl   $.L.str, %edi
    callq  puts
    xorl   %eax, %eax
    popq   %rcx
    retq

--SNIP---
.L.str:
    .asciz  "Hello World"

hello.s

hello.o
text (code) segment:
50 BF 00 00 00 00 E8 00 00 00 00 31
C0 59 C3 48

data segment:
48 65 6C 6C 6F 2C 20 57 6F 72 6C 00
relocations:

take 0s at and replace with
text, byte  3 ( ) data segment, byte 0  
text, byte  8 ( ) address of puts

symbol table:
main text byte 0

compile

Assemble
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EXAMPLE C PROGRAM

#include <stdio.h>
int main(void) {  

puts("Hello, World!");  
return 0;

}

hello.c
main:                
    pushq  %rax
    movl   $.L.str, %edi
    callq  puts
    xorl   %eax, %eax
    popq   %rcx
    retq

--SNIP---
.L.str:
    .asciz  "Hello World"

hello.s

hello.o
text (code) segment:
50 BF 00 00 00 00 E8 00 00 00 00 31
C0 59 C3 48

data segment:
48 65 6C 6C 6F 2C 20 57 6F 72 6C 00
relocations:

take 0s at and replace with
text, byte  3 ( ) data segment, byte 0  
text, byte  8 ( ) address of puts

symbol table:
main text byte 0

compile

Text placed in the data segment
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EXAMPLE C PROGRAM

#include <stdio.h>
int main(void) {  

puts("Hello, World!");  
return 0;

}

hello.c
main:                
    pushq  %rax
    movl   $.L.str, %edi
    callq  puts
    xorl   %eax, %eax
    popq   %rcx
    retq

--SNIP---
.L.str:
    .asciz  "Hello World"

hello.s

hello.o
text (code) segment:
50 BF 00 00 00 00 E8 00 00 00 00 31
C0 59 C3 48

data segment:
48 65 6C 6C 6F 2C 20 57 6F 72 6C 00
relocations:

take 0s at and replace with
text, byte  3 (  ) data segment, byte 0  
text, byte  8 ( ) address of puts

symbol table:
main text byte 0

compile

Also include a relocation section so that linker 
knows where to make the replacements
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EXAMPLE C PROGRAM

#include <stdio.h>
int main(void) {  

puts("Hello, World!");  
return 0;

}

hello.c
main:                
    pushq  %rax
    movl   $.L.str, %edi
    callq  puts
    xorl   %eax, %eax
    popq   %rcx
    retq

--SNIP---
.L.str:
    .asciz  "Hello World"

hello.s

hello.o
text (code) segment:
50 BF 00 00 00 00 E8 00 00 00 00 31
C0 59 C3 48

data segment:
48 65 6C 6C 6F 2C 20 57 6F 72 6C 00
relocations:

take 0s at and replace with
text, byte  3 ( ) data segment, byte 0  
text, byte  8 ( ) address of puts

symbol table:
main text byte 0

compile

Linking

Assemble
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Notice the addresses 
are filled in. 

Is this in little endian or 
big endian?

Let’s go look at 
Locations:
401128
402004
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Ignore the extra 4 in 
front for now. 
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Great and there is our 
Hello World at 
X2004
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FROM C TO AN EXECUTABLE

#include <stdio.h>
int main(void) {  

puts("Hello, World!");  
return 0;

}

hello.c
main:                
    pushq  %rax
    movl   $.L.str, %edi
    callq  puts
    xorl   %eax, %eax
    popq   %rcx
    retq

--SNIP---
.L.str:
    .asciz  "Hello World"

hello.s

hello.o
text (code) segment:
50 BF 00 00 00 00 E8 00 00 00 00 31
C0 59 C3 48

data segment:
48 65 6C 6C 6F 2C 20 57 6F 72 6C 00
relocations:

take 0s at and replace with
text, byte  3 ( ) data segment, byte 0  
text, byte  8 ( ) address of puts

symbol table:
main text byte 0

compile

Linking

Assemble

48 65 6C 6C 6F 2C 20 57 6F
72 6C 00

(actually binary, but shown as hexadecimal) …
50 bf 04 20 40 00 e8 fd fe ff ff 
31 c0 59 c3
…
…(code  from stdio.o) …

…
…(data  from stdio.o) …

hello.out
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ADDRESSES 
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ADDRESSES

AT&T Syntax Description

addq 0x1000, %rax rax ←rax + memory[0x1000]

addq $0x1000, %rax rax ← rax + 0x1000

no $ —> memory address
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COMPUTED ADDRESS
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NEXT TIME
()s represent value in memory

000000000000FFrbx%rbx

(%rbx) x0FF

In the context of toy ISA 
(%rbx) is equivalent to M[rbx]  
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MOVE (MOV) INSTRUCTIONS

mov <reg>,<reg>
mov <reg>,<mem>
mov <mem>,<reg>
mov <const>,<reg>
mov <const>,<mem>

Move instruction copies data from one location to another 
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AT&T syntax Intel Syntax
movq $42, (%rbx) mov QWORD PTR [rbx], 42

memory[rbx] <- 42We will be using AT&T syntax
Remember that the destination last

AT&T SYNTAX VS INTEL SYNTAX
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AN EXAMPLE WITH MOVE INSTRUCTION

()s represent value in memory

000000000000FFrbx%rbx

(%rbx) x0FF

movq $42, (%rbx)
// memory[rbx] ← 42
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COMPUTED ADDRESS

Base + (Index * Scale) + Displacement

disp(base, index, scale) 
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AT&T syntax:
 movq $42, 10(%rbx,%rcx,4)

rbx+(rcx*4)+10

00000000000001rbx

00000000000002rcx

0x13

1+2*4+10 = 19

         19 = 0x13

$42 = 0x2A

Base + (Index * Scale) + Displacement

disp(base, index, scale) 
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SCALES ARE LIMITED

movq $42, 100(%rbx,%rcx,4)

Scales are limited to: 1, 2, 4, 8

disp(base, index, scale) 
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AT&T Syntax Pseudo code 

100(%rbx, %rcx, 4) memory[rbx + rcx*4 + 100] 

100(%rbx) memory[rbx + 100] 

100(%rbx,8) memory[rbx * 8 + 100]

100(,%rbx,8) memory[rbx * 8 + 100]

100(%rbx,%rcx ) memory[rbx+rcx+100]

100 memory[100]

Base + (Index * Scale) + Displacement

disp(base, index, scale) 
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NOW LET’S LOOK AT OUR PUSH POP EXAMPLE 
BUT THIS TIME WITH MOVES
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Top of the stack have 
the value 0 
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RSP hasn’t changed 
it still points to here
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RSP still points here
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7 is now at the top of the 
stack 
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What value will get loaded 
in the %eax when we 
execute the next 
instruction
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rsp
rsp-8

Remember this was a movl
So only 32 bits
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rsp
What is the value of eax 
after the next instruction 
executes?
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7x3 = 21

21 = 0x15
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Stores the 
result of EAX to 
the top of the 
stack
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Read the value 
at the top the 
stack and stores 
it back into eax
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Functions and x86 calling convention. 
Swap Example with Mov instruction 
Swap Example with lea (load effective address) instruction. 
Later: 
 jmp instruction and condition  codes (Building loops) 
 switch statements. 

NEXT TIME
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