
Daniel G. Graham PhD

CSO-1 
X86 Assembly



1. Mov vs Lea (instructions)

2. Jump tables (Switch Statements)

3. References: computer systems a 
programmer perceptive 
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swap:

  movq    (%rdi), %rax

movq    (%rsi), %rdx

movq    %rdx, (%rdi)

movq    %rax, (%rsi)

ret
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%rdi

%rsi

%rax

%rdx

Memory

Registers

swap:

  movq    (%rdi), %rax  # t0 = *xp  

movq    (%rsi), %rdx  # t1 = *yp

movq    %rdx, (%rdi)  # *xp = t1

movq    %rax, (%rsi)  # *yp = t0

ret



Understanding Swap()

123

456

%rdi

%rsi

%rax

%rdx

0x120

0x100

Registers
Memory

swap:

  movq    (%rdi), %rax  # t0 = *xp  

movq    (%rsi), %rdx  # t1 = *yp

movq    %rdx, (%rdi)  # *xp = t1

movq    %rax, (%rsi)  # *yp = t0

ret

0x120 

0x118

0x110 

0x108 

0x100 

Address



Understanding Swap()

123

456

%rdi

%rsi

%rax

%rdx

0x120

0x100

123

Registers
Memory

swap:

  movq    (%rdi), %rax  # t0 = *xp  

movq    (%rsi), %rdx  # t1 = *yp

movq    %rdx, (%rdi)  # *xp = t1

movq    %rax, (%rsi)  # *yp = t0

ret

0x120 

0x118

0x110 

0x108 

0x100 

Address



Understanding Swap()

123

456

%rdi

%rsi

%rax

%rdx

0x120

0x100

123

456

Registers
Memory

swap:

  movq    (%rdi), %rax  # t0 = *xp  

movq    (%rsi), %rdx  # t1 = *yp

movq    %rdx, (%rdi)  # *xp = t1

movq    %rax, (%rsi)  # *yp = t0

ret

0x120 

0x118

0x110 

0x108 

0x100 

Address



Understanding Swap()

456

456

%rdi

%rsi

%rax

%rdx

0x120

0x100

123

456

Registers
Memory

swap:

  movq    (%rdi), %rax  # t0 = *xp  

movq    (%rsi), %rdx  # t1 = *yp

movq    %rdx, (%rdi)  # *xp = t1

movq    %rax, (%rsi)  # *yp = t0

ret

0x120 

0x118

0x110 

0x108 

0x100 

Address



Understanding Swap()

456

123

%rdi

%rsi

%rax

%rdx

0x120

0x100

123

456

Registers
Memory

swap:

  movq    (%rdi), %rax  # t0 = *xp  

movq    (%rsi), %rdx  # t1 = *yp

movq    %rdx, (%rdi)  # *xp = t1

movq    %rax, (%rsi)  # *yp = t0

ret

0x120 

0x118

0x110 

0x108 

0x100 

Address
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LOAD EFFECTIVE ADDRESS



leaq vs. movq example

0x400

0xf

0x8

0x10

0x1

%rax

%rbx

%rcx

%rdx

0x4

0x100

Registers Memory

leaq (%rdx,%rcx,4), %rax

movq (%rdx,%rcx,4), %rbx

leaq (%rdx), %rdi

movq (%rdx), %rsi

Address
0x120

0x118

0x110

0x108

0x100

%rdi

%rsi



leaq vs. movq example

25

0x400

0xf

0x8

0x10

0x1

%rax

%rbx

%rcx

%rdx

0x110

0x4

0x100

Registers Memory

leaq (%rdx,%rcx,4), %rax

movq (%rdx,%rcx,4), %rbx

leaq (%rdx), %rdi

movq (%rdx), %rsi

Address
0x120

0x118

0x110

0x108

0x100

%rdi

%rsi

%rdx + %rcx * 4 -> %rax 

0x100 + (0x4 * 4) = 0x110



leaq vs. movq example

25

0x400

0xf

0x8

0x10

0x1

%rax

%rbx

%rcx

%rdx

0x110

0x8

0x4

0x100

Registers Memory
Leaq (%rdx,%rcx,4), %rax

Movq (%rdx,%rcx,4), %rbx

leaq (%rdx), %rdi

movq (%rdx), %rsi

Address
0x120

0x118

0x110

0x108

0x100

%rdi

%rsi

%rdx + %rcx * 4 -> %rbx 

0x100 + (0x4 * 4) = 0x110



leaq vs. movq example

25

0x400

0xf

0x8

0x10

0x1

%rax

%rbx

%rcx

%rdx

0x110

0x8

0x4

0x100

Registers Memory

Leaq (%rdx,%rcx,4), %rax

Movq (%rdx,%rcx,4), %rbx

leaq (%rdx), %rdi

movq (%rdx), %rsi

Address
0x120

0x118

0x110

0x108

0x100

%rdi 0x100

%rsi



leaq vs. movq example

25

0x400

0xf

0x8

0x10

0x1

%rax

%rbx

%rcx

%rdx

0x110

0x8

0x4

0x100

Registers Memory

Leaq (%rdx,%rcx,4), %rax

Movq (%rdx,%rcx,4), %rbx

leaq (%rdx), %rdi

movq (%rdx), %rsi

Address
0x120

0x118

0x110

0x108

0x100

%rdi 0x100

%rsi 0x1



LEA tricks
leaq (%rax,%rax,4), %rax

rax ← rax × 5

rax ← address-of(memory[rax + rax * 4])

leaq (%rbx,%rcx), %rdx

rdx ← rbx + rcx

rdx ←address-of(memory[rbx + rcx])
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SPRING 2023 EXAM 2
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NEXT TIME

Synthesis:
 1. Writing a recursive function in C
 2. Compiling it
 3. Then looking at its behavior in the lldb debugger.
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