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CPU Memory
Addresses
Registers Data Object Code
Program Data
w Instructions OSpata
Stack
Programmer-Visible State of CPU

Registers

Heavily used program data
Condition codes

Store status information about most
recent arithmetic operation

Memory

Used for conditional branching Byte addressable array

PC: Program counter Code, user data, (some) OS data

Includes stack used to support

Address of next instruction
procedures

1 1540 Called “EIP” (1A32) or “RIP” (x86-64)
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void swap swap:
(long *xp, long *yp) movq (%rdi), %rax # t0 = *xp
movq (%rsi), %rdx # t1 = *yp
long t0 = *xp; movq %rdx, i%rdi; #*xp =11
long t1 = *yp; movq %rax, (%rsi) # *yp = t0
*xp = t1; ret
} *yp = t0;
\}\nw\ _ Memory
) o r(b Registers
Register Value _/
%rdi  xp “
hrsi yp EZEN
%rax 10
%l
o G ECH
— [%rdx| ]

Aot
vﬁﬁs

Source Dest Src,Dest C Analog
Reg movq $0x4,%rax temp = 0x4;
i Mem movq $-147,(%rax) *p = -147;

movq %rax,%rdx temp2 = tempi;

movq Reg { Reg

Mem movq %rax,(%rdx) *p = temp;

Mem Reg movq (%rax),%rdx temp = *p;
movq %rdx,(%rax) int* p=&
long g=

Cannot do memory-memory transfer with a single instruction
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Registers

Farai o1z
Farsi_oxio0

=

Register Value swap:
%rdi  xp movq
%rsi  yp mgzq
%rax  t0 movg
%rdx 11 ret

Understanding Swap()

Registers
Yordi

%rs

Yorax

Yordx

Register Value swap:
%rdi  xp movq
%rsi  yp mg“:g
%rax t0 movq
%rdx  t1 ret

Registers

%ardi] 0x120] ) {<ﬁﬁ

%rsi| 0x100 /

i

Yorax

-m

Register Value swap:
%rdi  xp movq
%rsi  yp movq
movq
%rax t0 movq
%rdx 11 ret
Registers

arai_oxiz0
%rsi| 0x100]
un] 123
%rdx| 456 |

‘ \‘\\{\ Memory
’%]\/ ‘\rb‘)(d Address

Register Value swap:
%rdi  xp mgvg
o, H Vv
%rsi  yp movq
%rax  t0 movq
%rdx  t1 ret

Memory
Address
123 | 0x120

0x118
0x110
0x108
456 | 0x100

(%rdi), %rax # tO
(%rsi), %rdx # t1
%rdx, i%rdi # *x
Y%rax,

Memory

Address
123 | 0x120

0x118
0x110
0x108
456 | 0x100

(%rdi), %rax
(Y%rsi), %rdx
%rdx, ﬁ%rdi;
%rax, (%rsi

R R

456 | 0x120
0x118
0x110
0x108
456 [ 0x100

(%rdi), %rax # tO
(%rsi), %rdx # t1
%rdx, (%rdi) # *xp
%rax, (%rsi) # *yp

Memory

Add

456 | 0x120
0x118
0x110
0x108
123 | 0x100

(%rdi), %rax # t0
(%rsi), %rdx # t1
%rdx, (%erdi) # *x
%rax, (%rsi) # *y|

*

*

Xp

p=
%rsi) # *yp = t0

*xp
yp

t0
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Most General Form

D(Rb,Ri,S)  Mem[Reg[Rb]+S*Reg][Ri]+ D]

D: Constant “displacement” 1, 2, or 4 bytes (default 0, if omitted)

Rb: Base register: Any of 16 integer registers (default 0, if
omitted)

Ri: Index register: Any, except for %rsp (default 0, if omitted)
S: Scale: 1,2, 4, or 8 ( to align with typical element size in an array )
(default 1, if omitted)

Special Cases
D(Rb) Mem[Reg[Rb]+D] (Displacement)
(Rb,Ri) Mem[Reg[Rb]+Reg[Ri]]
D(Rb,Ri) Mem[Reg[Rb]+Reg[Ri]+D]
C 15400 (Rb,Ri,S) Mem[Reg[Rb]+S*Reg[Ri]]
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%/C/( = ox[0DO

Expression Address Computation Address
0x8 (3rdx) 0x£000 + 0x8 0x£008
(%rdx, 3rcx) 0x£f000 + 0x100 0x£100
(%rdx,%rcx,4) 0xf000 + 4*0x100 |[0xf400
0x80(,%rdx,2) 2*0x£f000 + 0x80 0x1e080
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Two Operand Instructions:

Format Computation

addqSrc,Dest
subqSrc,Dest

imulq Src,Dest

salqsSrc,Dest
sarqsSrc,Dest
shrqSrc,Dest
xorqSrc,Dest
andqSrc,Dest
orq Src,Dest

Dest = Dest + Src
Dest = Dest (7] Src

Dest = Dest << Src
Dest = Dest >> Src
Dest = Dest >> Src
Dest = Dest A Src
Dest = Dest & Src
Dest =Dest| Src

Watch out for argument order!

resstea
% de O30
% wax  ox 19
% k30
Gk O X 3 F.fL

Dest =Dest * Src

(Also called shiq)
(Arithmetic)
(Logical)

No distinction between signed and unsigned int

One Operand Instructions

incqDest
decqDest
negqDest
notqDest

Dest = Dest + 1
Dest = Dest 7] 1

Dest = [7) Dest
Dest = ~Dest

%rax = x

%srex =y

Expression
leaq 6(%rax), %rdx
leaq (%rax, %rcx), %rdx
leaq (%rax, %rcx, 4), %rdx
leaq 7(%rax, %rax, 8), %rdx
leaq OxA(, %rcx, 4), %rdx

leaq 9(%rax, %rcx, 2), %rdx

]M/é,' ﬂw"va,th't-, & m[wlup\/a - -

Fboples, 4o be shittad - s

Result in %rdx
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