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EXAMPLE C PROGRAM

hello.c

#include <stdio.h>

int main(void) {
puts("Hello, World!");
return 0;

}
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dggéb@portald2:~/CS0@1/examples/compilationPipeline$ nano hello.cl}



GNU nano 6.3 hello.c Modified -

#include <stdio.h>

int main(void){
puts("Hello World");
return 0;J}

¢ Help e Write Out @Y Where Is iy Cut Al Execute ¢ Location =¥ Undo
4 Exit Ay Read File QA Replace WV Paste 48| Justify Wi Go To Line (@3 Redo



[dggéb@portalo2:
'dggéb@portale?2:
hello.c hello.
dggéb@portale2:

~/CS@1/examples/compilationPipeline$ clang -S -03 -0s hello.c -o hello.s
~/CS@1/examples/compilationPipeline$ 1s

s

~/CS0@1/examples/compilationPipeline$ nano hello.sl



GNU nano 6.3 hello.s

# %bb.0:

e Help
4 Exit

.text
.file "hello.c"
.globl main # —-— Begin function main
.type  main,@function
# @main
.cfi_startproc
pushg  %rax
.cfi_def_cfa_offset 16
movl $.L.str, %edi
callqg puts
xorl %eax, %eax
popq %rex
.cfi_def_cfa_offset 8
retq
.size main, .Lfunc_end@-main
.cfi_endproc
# —— End function
.type .L.str,Qobject # Q@.str
.section .rodata.strl.1, "aMS",@progbits,1

.asciz "Hello World"
.size .L.str, 12

.ident "clang version 14.0.6 (https:
.section " . note.GNU-stack","",@progbits

[ Read 28 lines ]
o Write Out A Where Is Y Cut Al Execute
Ay Read File @A Replace )Y Paste uN| Justify

e Location
W Go To Line

Y&l Undo
M—ER{ e [o)




EXAMPLE C PROGRAM

[hello.c]

#include <stdio.h>

int main(void) {
puts ("Hello, World!");
return 0;

}

\

[hello.s ]

main:
pushq
mov 1
callq
xorl
popq
retq

~—SNIP-—-

.L.str:

Ssrax

$.L.str, %edi
puts

%seax, %eax
%Ircx
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[dggéb@portalo2:
'dggéb@portale?2:
hello.c hello.
'dggéb@portale?2:
'dggéb@portale?2:
'dggbéb@portale?2:
hello.c hello.
[dggéb@portalo2:

~/CS@1/examples/compilationPipeline$
~/CS@1/examples/compilationPipeline$
s
~/CS@1/examples/compilationPipeline$
~/CS@1/examples/compilationPipeline$
~/CS@1/examples/compilationPipeline$
o hello.s
~/CS@1/examples/compilationPipeline$

clang -S -03 -0s hello.c -o hello.s
1s

nano hello.s
clang -c hello.s -o hello.o
1s

xxd hello.olj



'dggéb@portal®2:~/CS01/examples/compilationPipeline$ clang -c hello.s -0 hello.o
'dggbb@portal@2:~/CS@1/examples/compilationPipeline$ 1s

hello.c hello.o hello.s
'dggéb@portal@2:~/CS01/examples/compilationPipeline$ [ xxd -g1 hello.o
00000000: 7f 45 4c 46 02 91 91 00 00O 0O 0O 00 00 00 VO V0 .ELF............
00000010: 01 00 3ec 00 01 00 00 00 0O 00 PO 00 PO 00 PO 90 ..>.....cc0000e0
00000020: 00 00 00 00 PO 00 PO 00 48 02 00 00 00O 00 00 00 ........ fleoooooc
00000030: 00 00 00 00 40 00O 0O 00 00 0O 40 00 Ob 00 01 00 ....Q@..... C.....
00000040: 50 bf 00 00 00 00 e8 00 00 00 00 31 cO 59 c3 48 P.......... 1.Y.H
00000050: 65 6¢c 6¢ 6f 20 57 6T 72 6¢c 64 00 00 63 6¢c 61 6e ello World..clan
00000060: 67 20 76 65 72 73 69 6f 6e 20 31 34 2e 30 2e 36 g version 14.0.6
00000070: 20 28 68 74 74 70 73 3a 2f 2f 67 69 74 68 75 62 (https://github
00000080: 2e 63 6f 6d 2f 6c 6¢c 76 6d 2f 6¢c 6¢c 76 6d 2d 706  .com/1lvm/1lvm-p
00000090: 72 6T 6a 65 63 74 2e 67 69 74 20 66 32 38 63 30 roject.git f28co
000000a0: 30 36 61 35 38 39 35 66 63 30 65 33 32 39 66 65 06a5895fc@e329fe
000000b0: 31 35 66 65 61 64 38 31 65 33 37 34 35 37 63 62 15fead8le37457cb
000000cO: 31 64 31 29 00 00 00 00 14 00 00 00 00 00 00 00 1dl)........evn.
000000d0: 01 7a 52 00 01 78 10 01 1b Oc 07 08 90 01 00 90 .ZR..X....e0een..
000000e0: 14 00 00 00 1c 00 00 00O 00 00 00 00 Of 00 90 90 .......coc00veee
000000T0: 00 41 Pe 10 4d Ge O8 00 00 0O 00 00 00 00 00 G0 .A..M...........
00000100: 00 00 00 00 00 0O 0O 00 00 0O 0O 00 PO 00 00 PO ........cov00unn
00000110: 4c 00 00 00 04 00 f1 ff 00 00 00 00 00 90 90 90 L.......co0ovvune
00000120: 00 00 00 00 00 00O 00O 00O 0O 0O 00 00 O3 00 92 90 .......oo00vuune
00000130: 00 00 00 00 00O 00O 00O 0O 0O 0O 00O 00 00 00 00 90 ........co00000e
00000140: 00 00 00 00 O3 00 04 00 0O 00 0O 00 PO 00 PO 00 .......cov000eee
00000150: 00 00 00 00 00 00 00 00 1a 00 00 00 12 00 02 90 ......cceveeeeee
00000160: 00 00 00 00 00 00O 00 00 Of 00 00 00 PO 00 00 PO ........co0000sn
00000170: 15 00 00 00 10 00 00 00O 00 00 00 00 00 90 90 90 ........co000une
00000180: 00 00 00 00 00O 00O 00O 00O 02 00 00 00 00 00 90 90 ........co0000ne
00000190: Oa 00 00 00 O3 00 00O 00O 0O 0O 00O 00 00 00 00 90 ........co0000se
00000120: 07 00 00 00O 00O 00O 00O 00O 04 00O 00 00 O5 00 00 90 ........co000une



'dggéb@portal@2:~/CS01/examples/compilationPipeline$ objdump -D hello.o

hello.o: file format elf64-x86—-64

Disassembly of section .text:

0000000000000000 <main>:

0: 50 push  %rax

1: bf 00 00 00 00 mov $0x0, %edi

6: €8 00 00 00 00 call b <main+0xb>
b: 31 co Xor %eax,%eax

d: 59 pop %rex

e: c3 ret

Disassembly of section .rodata.strl.l:

000000000PPOVRRO <.rodata.strl.i>:

0: 48 rex.W

1: 65 6¢C gs insb (%dx),%es: (%rdi)
3:  6¢C insb  (%dx),%es: (%rdi)
4:  6F outsl %ds:(%rsi), (%dx)
5: 20 57 6f and %d1,0x6f (%rdi)

8: 72 6¢c jb 76 <main+@x76>

a: 64 fs

Disassembly of section .comment:

0000000000000000 <.comment>:
0: 00 63 6¢C add %ah, 9x6c (%rbx)



'dggéb@portald2:~/CS01/examples/compilationPipeline$ objduldggéb@portale2:
[dggbéb@portalo2:

hello.o: file format elfé64—x86-64

Disassembly of section .text:

0000000000000000 <main>:
0: 50 push  %rax
alg bf 00 00 00 00 mov $0x0,%edi
6: e8 00 00 00 00 call b <main+0xb>
b: 31 co Xor %eax,%eax
d: 59 pop %rex
e: c3 ret

Disassembly of section .rodata.strl.1:

000000000000000P0 <.rodata.strl.l>:
0: 48 rex.W
1: 65 6¢C gs insb (%dx),%es: (%rdi)
3:  6¢C insb  (%dx),%es: (%rdi)
4:  6F outsl %ds:(%rsi), (%dx)
5: 20 57 6f and %d1l, 0x6f (%rdi)
8: 72 6¢c jb 76 <main+0x76>
a: 64 fs

Disassembly of section .comment:

0000000000000000 <.comment>:

0: 00 63 6¢C add %ah, 9x6c (%rbx)

hello.c

hello.

'dggb6b@portale?2:

00000000:
00000010:
00000020:
00000030
00000040
00000050
00000060
00000070:
00000080:
00000090
000000a0:
000000b0:
000000c0:
000000d0:
000000e0:
00000010
00000100:
00000110:
00000120:
00000130:
00000140:
00000150:
00000160:
00000170:
00000180:
00000190:
000001a0:

7f
01
00
00
50
65
67
20
2e
72
30
31
31
01
14
00
00
4e
00
00
00
00
00
15
00
Pa
07

45
00
00
00
bf
6¢c
20
28
63
6f
36
35
64
7a
00
41
00
00
00
00
00
00
00
00
00
00
00

~/CS@1/examples/compilationPipeline$
~/CS@1/examples/compilationPipeline$

o hello.s

~/CS@1/examples/compilationPipeline$

4e
3e
00
00
00
6¢c
76
68
6f
6a
61
66
31
Y
00
Qe
00
00
00
00
00
00
00
00
00
00
00

46
00
00
00
00
6f
65
74
6d
65
35
65
29
00
00
10
00
00
00
00
00
00
00
00
00
00
00

02
01
00
40
00
20
72
74
2f
63
38
61
00
01
1c
4d
00
04
00
00
03
00
00
10
00
03
00

01
00
00
00
00
57
73
70
6¢c
74
39
64
00
78
00
Qe
00
00
00
00
00
00
00
00
00
00
00

01
00
00
00
e8
6f
69
VA
6¢c
2e
35
38
00
10
00
08
00
f1
00
00
04
00
00
00
00
00
00

00
00
00
00
00
72
6f
3a
V4
67
66
31
00
01
00
00
00
ff
00
00
00
00
00
00
00
00
00

00
00
48
00
00
6¢c
be
2f
6d
69
63
65
14
1b
00
00
00
00
00
00
00
1a
of
00
02
00
04

00
00
02
00
00
64
20
2f
2f
74
30
33
00
oc
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
40
00
00
31
67
6c
20
65
37
00
07
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
31
00
34
69
6¢c
66
33
34
00
08
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
ob
co
63
2e
74
76
32
Ky
35
00
90
of
00
00
00
03
00
00
12
00
00
00
00
05

00
00
00
00
59
6c
30
68
6d
38
39
37
00
01
00
00
00
00
00
00
00
00
00
00
00
00
00

clal

1s

xxd

00
00
00
01
c3
61

2e .

75

2d
63

66
63
00
00
00
00
00
00
02
00
00
02
00
00
00
00
00



0000000000000000 <main>:

50

bf |00 00 00 00
e8 |00 00 00 00
31 co

59

c3

SOMETHING IS MISSING

%rax
$0x0,%ed1

b <main+@xb>
%eax,%eax
%rex

# %bb.0:

.cfi_startproc

pushg %rax
.cfi_def_cfa_offset 16
movl $.L.str,| %edi
callq puts

xorl %eax, %eax
popq %rex
.cfi_def_cfa_offset 8
retq

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

hello.c hello.s
#include <stdio.h> . main:
int main(void) { Complle pushq  %rax
puts("Hello, World!"); mov 1 $.L.str, %edi
return 0; callg puts
} xorl %eax, %eax
popq %rex
retq
==SNIP-—-
.L.str:
ello.0 Assemble
text (code) segment:
50 BF 00 00 00 00 E8 00 00 00 00 31
CO 59 C3 48
data segment:
48 65 6C 6C 6F 2C 20 57 6F 72 6C 00
relocations:
take Os at and replace with
text, byte 3 () data segment, byte 0
text, byte 8() address of puts
symbol table:
main text byte 0

VERTY | ENGINEERING




EXAMPLE C PROGRAM

[hello.c]

#include <stdio.h>

int main(void) {
puts ("Hello, World!");
return 0;

Ell0.0

[hello.s]|
. main:
compile pushq  %rax

mov 1 $.L.str, %edi
callqg puts
xorl %eax, %eax
popq %rcx
retq

~—SNIP-——

.L.str:

i

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 Os at and replace with

text, byte 3 () data segment, byte 0
text, byte 8() address of puts
symbol table:

main text byte 0

«— Jext placed in the data segment

& [ INIVERSITY
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EXAMPLE C PROGRAM

hello.c hello.s
#include <stdio.h> . main:
int main (void) { Complle pushq %rax
puts ("Hello, World!™); mov 1 $.L.str,| %edi
return 0; \ callq puts
} xorl %€eax, %eax
popq %rex
retq
--SNIP-—-
.L.str:
€1l0.0
text (code) segment:
50 BF 00 00 00 OORES8J0O0 00 00 OOF31
CO 59 C3 48
data segment:
48 65 6C 6C 6F 2C 20 57 6F 72 6C 00
relocations:
take Os at and replace with . . . o
text, byte 3])  data segment, byte 0 Also include a relocation section so that linker
text, byte 8(J}) addressof puts e ———
symbol table: knows where to make the replacements
main text byte 0

filli UNRERSITY | ENGINEERING




EXAMPLE C PROGRAM

[hello.c]

#include <stdio.h>

int main(void) {
puts ("Hello, World!");
return 0;

compile

\

Ell0.0

Assemble

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 Os at and replace with

text, byte 3 () data segment, byte 0
text, byte 8() address of puts
symbol table:

main text byte 0

Linking

[hello.s]|
main:
pushq %Srax
mov 1 $.L.str, %edi
callqg puts
xorl %eax, %eax
popq %rcx
retq
~—SNIP-——
.L.str:

IVERSITY
IRGINIA

ENGINEERING




'dggbb@portald2:~/CS@1/examples/compilationPipeline$ clang hello.s -o hello.out
'dggbb@portald2:~/CS01/examples/compilationPipeline$ 1s

hello.c hello.o hello.out hello.s
dggéb@portale2:~/CS01/examples/compilationPipeline$ [



401110: c3

401111: 66 66 2e 0f 1f 84 00

401118: 00 00 00 00

40111c: of 1f 40 00
0000000000401120 <frame_dummy>:

401120: f3 0f le fa

401124: eb 8a

401126: 66 90
000000000040 1128 <main>:

401128: 50

401129: bfl 04 20 40 00

40112e: e8 fd fe ff ff

401133: 31 co

401135: 59

401136: c3

Disassembly of section .fini:

0000000000401138 <_fini>:

401138: 3 0f le fa
40113c: 48 83 ec 08
401140: 48 83 c4 08
401144: c3

Disassembly of section .rodata:

0000000000402000 <_IO_stdin_used>:
402000: 01 00
402002: 02 00

ret
datalé cs nopw 0x0(%rax,%rax,1)

nopl  0x0(%rax)

endbrés
jmp 4010b0 <register_tm_clones>
xchg  %ax,%ax

push  %rax
mov $0x402004, %edi
call 401030 <puts@Eplt>

Xor %eax, %eax
pop %rex

ret

endbrés

sub $0x8, %rsp
add $0x8,%rsp
ret

add %eax, (%rax)
add (%rax),%al



000010d0:
000010e0:
000010f0:
00001100:
00001110:
00001120:
00001130:
00001140:
00001150:
00001160:
00001170:
00001180:
00001190:
000011a0:
000011b0:
000011cO:
000011d0:
000011e0:
000011f0:
00001200:
00001210:
00001220:
00001230:
00001240:
00001250:
00001260:
00001270:
00001280:
00001290:
000012a0:
000012b0:

00
c3
f3
eb
c3
3
fe
48
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
66
of
e8
66
of
ff
83
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
66
le
7a
66
le
ff
c4
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
2e
fa
ff
2e
fa
31
08
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

48
of
80
ff
of
eb
(o]}
(oK}
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

85
1f
3d
ff
1f
8a
59
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

co
84
35
(o)
84
66
c3
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

74
00
2f
05
00
90
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

07
00
00
23
00
50
f3
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

bf
00
00
2f
00
bf
of
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

30
00
00
00
00
04
le
00

40112e:
401133:
401135:
401136:

00
00
00
00
00
00
00
00
00
00
00
00
00
00

40
00
75
00
00
20
fa
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

40
of
13
01
of
40
48
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
1f
55
5d
1f
00
83
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00

ff
40
48
c3
40
e8
ec
00

50
bf
e8
31
59
c3

00
00
00
00
00
00
00
00
00
00
00
00
00
00

e0
00
89
90
00
fd
08

0000000000401128 <main>:
401128:
401129

04 20 40 00
fd fe ff ff

co

00
00
00
00
00
00
00
00
00
00
00
00
00
00

push
mov
call
Xor
pop
ret

%rax

$0x402004, %edi
401030 <puts@Eplt>
%eax,%eax

%rex



00001730: 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 PO ..........o00nne
00001T40: 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 PO .........ccc0nne
00001f50: 00 00 00 00 00 00 00 00 00 00 00 00 00 90 90 PO ...........c0n.n
00001T60: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 90 PO ................
00001170: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 PO .........ov00nne
00001780: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 PO .........cv0vvne
00001790: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 PO ..........c00nne
00001fad: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 PO ...........00nn.
00001fb0: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 GO ................
00001fcO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 PO .........co0vnne
00001fd0: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 PO .........coc0vnn
00001fecO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 90 PO ..........cc0nne
00001ff0: 00 00 00 00 00 00 00O 00 00 00 00 00 00 00 90 PO ...........c00..
00002000: 01 00 02 00 48 65 6¢C 6¢C 6f 20 57 6f 72 6¢c 64 00 ....Hello World.
00002010: 01 1b 03 3b 2c 00 00 00 04 00 00 00 10 fo ff ff ...;,...........
00002020: 70 00 00 00 30 fo ff ff 48 00 00 00 60 fo ff ff p...0...H... ...
00002030: 5c 00 00 00 18 f1 ff ff 98 00 00 00 00 00 00 00 \...............

00002040: 14 00 00 00 00 00 00 00 01 7a 52 00 01 78 10 @1 ......... zR. .x..
00002050: 1b Oc 07 08 90 01 00 00 10 00 00 00 1c 00 00 00 .........cv0vune
00002060: e0 ef ff ff 26 00 00 00 00 44 07 10 10 00 00 00 ....&....D......

00002070: 30 00 00 00 fc ef ff ff O5 00 00 00 00 00 00 @0 O...............
00002080: 24 00 00 00 44 00 00 00 98 ef ff ff 20 00 00 60 $...D....... 500
00002090: 00 Qe 10 46 Qe 18 4a Of Ob 77 08 80 00 3f 1a 3b ...F..J..w...?.;

000020a0: 2a 33 24 22 00 00 00 00 14 00 00 00 6C 00 00 00 x3$"........ 1...
000020b0: 78 fo ff ff Of 00 00 00 00 41 Oe 10 4d Qe ©08 00 X........ A..M...

000020c0O: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 PO .........co00nne
000020d0: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 90 PO ..........cc0nne
000020ec0: 00 00 00 00 00 00 00 00 00 00 00 00 00 90 90 @GO ...........c0nn.
000020T0: 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 PO ................
00002100: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 PO .........ovc0vnne
00002110: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 PO .........cv0vnnn



FROM C TO AN EXECUTABLE

[hello.c]

#include <stdio.h>

int main(void) {
puts ("Hello, World!");
return 0;

}

€ll0.0

text (code) segment:
50 BF |00 00 00 00 JE8 00 00 00 00 31

CO 59 C3 48

data segment:

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

take Os at and replace with

data segment, byte 0
address of puts

text, byte 3 ()
text, byte 8()

symbol table:
main text byte 0

compile

Assemble

Linking

[hello.s]|
main:
pushq %Srax
mov 1 $.L.str, %edi
callqg puts
xorl %eax, %eax
popq %rcx
retq
~—SNIP-——
.L.str:

hello.out

(actually binary, but shown as hexadecimal) ...
50 bf|04 20 40 00 e8 fd fe ff ff
31 c@ 59 c3

...(code from stdio.o) ...

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

...(data from stdio.o)...
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ADDRESSES
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ADDRESSES

AT&T Syntax Description

addg 0x1000, %rax rax < rax + memory[0x1000]

addg $0x1000, %rax | rax < rax + 0x1000

no$ —> memory address

fiil URNVERSITY | pNGINEERING




COMPUTED ADDRESS
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NEXT TIME

() s represent value in memory

Srbx —— rbx 000000000000FF

($rbx) ————x0FF

In the context of toy ISA
($rbx) is equivalent to M[rbx]

filli UNRERSITY | ENGINEERING




MOVE (MOV) INSTRUCTIONS

Move instruction copies data from one location to another

mov <reg>,<reg>
mov <reg>,<mem>
mov <mem>,<reg>
mov <const>,<reg>
mov <const>,<mem>
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AT&T SYNTAX VS INTEL SYNTAX

AT&T syntax Intel Syntax

movqg $42, (%rbx) mov QWORD PTR [rbx], 42

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

movqg $42, (%rbx)
// memory[rbx] <« 42

Srbx —— rbx 000000000000FF

(%rbx)\>xOFF

() s represent value in memory
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COMPUTED ADDRESS

Base + (Index * Scale) + Displacement

disp(base, index, scale)
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AT&T syntax:
movqg $42, |10 (3rbx, $rcx, 4) S42 = 0x2A

¥

robx+ (rcx*4)+10 —

rbx 00000000000001 |———142*4+10=19

rcx 00000000000002 f

. 19 =0x13
x13

Base + (Index * Scale) + Displacement

disp(base, index, scale)
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SCALES ARE LIMITED

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

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

disp(base, index, scale)

filli UNRERSITY | ENGINEERING




Base + (Index * Scale) + Displacement

disp(base, index, scale)

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]

U
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NOW LET’S LOOK AT OUR PUSH POP EXAMPLE
BUT THIS TIME WITH MOVES
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'dggéb@portal@9:~/CS01/Assemble/lab$ nano stackExamplePart2.sj



GNU nano 6.3 stackExamplePart2.s -

.globl main

mov1l $0, -4(%rsp) # Initialize a 4-byte integer variable at -4(%rsp) with the value @.

mov1l $3, -8(%rsp) # Initialize a 4-byte integer variable at -8(%rsp) with the value 3.

mov1l $7, -12(%rsp) # Initialize a 4-byte integer variable at -12(%rsp) with the value 7.

mov1l -8(%rsp), %eax # Load the value at -8(%rsp) (which is 3) into %eax register.

imull -12(%rsp), %eax # Multiply %eax by the value at -12(%rsp) (which is 7) and store the result in %eax.
mov1l %eax, —16(%rsp) # Store the result of the multiplication (in %eax) at -16(%rsp).

mov1l -16(%rsp), %eax # Load the value at -16(%rsp) (which is the result of the multiplication) into %eax.

[ Cancelled ]
e Help ¢ Write Out A" Where Is )y Cut Al Execute )¢ Location &l Undo
D Exit MY Read File W\ Replace QY Paste 4N Justify W4 Go To Line (Y@= Redo



'[dgg6bPportal@9:~/CS01/Assemble/lab$ clang stackExamplePart2.s -o stackExamplePart2.out
'dggéb@portal@9:~/CS01/Assemble/lab$ 11ldb stackExamplePart2.out
(11db) target create "stackExamplePart2.out"
Current_executable set to '/u/dggbéb/CS@1/Assemble/lab/stackExamplePart2.out' (x86_64).
(11db) |b main
Breakpoint 1: where = stackExamplePart2.out main, address = 0x0000000000401108
[(11db)] run
Process 1109193 launched: '/u/dggéb/CS@1/Assemble/lab/stackExamplePart2.out' (x86_64)
Process 1109193 stopped
* thread #1, name = 'stackExamplePar', stop reason =
frame #0: 0x0000000NPP0V401108 stackExamplePart2.out main
stackFxamnlePart?2 out ' main:
->  @x401108 <+0>: movl  $0x0, —-Ox4(%rsp)
0x401110 <+8>: movl $0x3, -0x8(%rsp)
0x401118 <+16>: movl  $0x7, -Oxc(%rsp)
0x401120 <+24>: movl -Ox8(%rsp), %eax
(11db) |}



'dgg6b@portal@9:~/CS0@1/Assemble/lab$ 11ldb stackExamplePart2.out
(11db) target create "stackExamplePart2.out"
Current executable set to '/u/dggé6b/CS@1/Assemble/lab/stackExamplePart2.out' (x86_64).
[(11db) b main
Breakpoint 1: where = stackExamplePart2.out main, address = 0x0000000000401108
[((11db) run
Process 1110828 launched: '/u/dggbéb/CS@1/Assemble/lab/stackExamplePart2.out' (x86_64)
Process 1110828 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x0000000PVV401108 stackExamplePart2.out main
stackExamplePart2.out ‘'main:
-> 0x401108 <+0>: movl $0x0, -Ox4(%rsp)

UX401110 <+8>: movl POX3, —OXB(HLSP)

0x401118 <+16>: movl  $0x7, -Oxc(%rsp)

0x401120 <+24>: movl -Ox8(%rsp), %eax
(11db) stepi
PIOCESS 1110528 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x0000000000401110 stackExamplePart2.out ' main + 8
stackExamplePart2.out ‘'main:
-> 0x401110 <+8>: movl $0x3, -0x8(%rsp)

0x401118 <+16>: movl  $0x7, -@xc(%rsp)

0x401120 <+24>: movl -Ox8(%rsp), %eax

0x401124 <+28>: imull -Oxc(%rsp), %eax
(11db)



(11db) target create "stackExamplePart2.out"
Current executable set to '/u/dggéb/CS@1/Assemble/lab/stackExamplePart2.out' (x86_64).
(11db) b main
Breakpoint 1: where = stackExamplePart2.out main, address = 0x0000000000401108
[((11db) run
Process 1110828 launched: '/u/dggéb/CS@1/Assemble/lab/stackExamplePart2.out' (x86_64)
Process 1110828 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x0000000000401108 stackExamplePart2.out main
stackExamplePart2.out ‘main:
-> 0x401108 <+0>: movl $0x0, -Ox4(%rsp)

0x401110 <+8>: movl  $0x3, -0x8(%rsp)

0x401118 <+16>: movl  $0x7, —-0xc(%rsp)

0x401120 <+24>: movl -@x8(%rsp), %eax

[(11db) stepi
Process 1110828 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x00000PVVON401110 stackExamplePart2.out main + 8
stackExamplePart2.out ‘main:
-> @x401110 <+8>: movl $0x3, -0x8(%rsp)

0x401118 <+16>: movl  $0x7, —-0xc(%rsp)

0x401120 <+24>: movl -@x8(%rsp), %eax

Oy /401124 <2285 dmull _-0Ovel%rep), %eax
(11db) memory read -s4 -fA $rsp-4

PN W N R A R WYV VW VW W VN
VA7 T T 1T T 1T 1T1CSA* . VAUUUUUUUYU

ox7fffffffesa8: Oxf7da8d90

ox7fffffffedac: 0x00007fff

Ox7fffffffe4bd: 0x00000000

ox7fffffffe4bst: O0x00000000

Ox7fffffffe4b8: 0x00401108 stackExamplePart2.out main
ox7fffffffedbc: 0x00000000

Ox7fffffffe4cO: 0x00000000

(11db) |}



(11db) target create "stackExamplePart2.out"
Current executable set to '/u/dggéb/CS@1/Assemble/lab/stackExamplePart2.out' (x86_64).
(11db) b main
Breakpoint 1: where = stackExamplePart2.out main, address = 0x0000000000401108
[((11db) run
Process 1110828 launched: '/u/dggéb/CS@1/Assemble/lab/stackExamplePart2.out' (x86_64)
Process 1110828 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x0000000000401108 stackExamplePart2.out main
stackExamplePart2.out ‘'main:
-> @x401108 <+0>: | movl  $0x0, -Ox4(%rsp)

0x401110 <+8>: MOVI  $UX3, —0XB(ALSP)

0x401118 <+16>: movl  $0x7, —-0xc(%rsp)

0x401120 <+24>: movl -@x8(%rsp), %eax

[(11db) stepi
Process 1110828 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x00000PVVON401110 stackExamplePart2.out main + 8
stackExamplePart2.out ‘main:
-> @x401110 <+8>: movl $0x3, -0x8(%rsp)
0x401118 <+16>: movl  $0x7, —-0xc(%rsp)
0x401120 <+24>: movl -@x8(%rsp), %eax
0x401124 <+28>: imull -Oxc(%rsp), %eax
[((11db) memory read -s4 —fA $rsp-4
ox7fffffffed4as: 0x00000000
OX/TTTTTTTe4ad8: UXT/das8d99
ox7fffffffedac: O0x00007fff
ox7fffffffe4b0: 0x00000000
ox7fffffffe4bs: 0x00000000
Ox7fffffffe4b8: 0x00401108 stackExamplePart2.out main
ox7fffffffe4bc: 0x00000000
Ox7fffffffe4cO: 0x00000000
(11db) |}



stackExamplePart2.out "'main:

-> 0x401108 <+0>: movl $0x0, -Ox4(%rsp)
0x401110 <+8>: movl  $0x3, -0x8(%rsp)
0x401118 <+16>: movl  $0x7, -@xc(%rsp)
0x401120 <+24>: movl -Ox8(%rsp), %eax

[(11db) stepi
Process 1110828 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x000000PVV0401110 stackExamplePart2.out 'main + 8
stackExamplePart2.out 'main:
-> @x401110 <+8>: | movl  $0x3, -0x8(%rsp)
0x401118 <+16>: MOVL  $UX7/, —OXC(%IsSp)
0x401120 <+24>: movl -0x8(%rsp), %eax
0x401124 <+28>: imull -Oxc(%rsp), %eax
[(11db) memory read -s4 -fA $rsp-4
Ox7fffffffed4as: 0x00000000
ox7fffffffe4a8: Oxf7da8d90
ox7fffffffedac: Ox00007fff
ox7fffffffe4bd: 0x00000000
ox7fffffffe4dbs: 0x00000000
Ox7fffffffe4b8: 0x00401108 stackExamplePart2.out main

ox7fffffffedbc: 0x00000000
Ov7fffffffalirD OvOOOOOOON

(11db) stepi
Process 1110828 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x0000000000401118 stackExamplePart2.out main + 16
stackExamplePart2.out "'main:
—-> @x401118 <+16>: movl  $0x7, -Oxc(%rsp)

0x401120 <+24>: movl -0x8(%rsp), %eax

0x401124 <+28>: imull -Oxc(%rsp), %eax

0x401129 <+33>: movl %eax, -0x10(%rsp)
(11db) |



stackExamplePart2.out 'main:

-> 0x401110 <+8>: movl
0x401118 <+16>: movl
0x401120 <+24>: movl
0x401124 <+28>: imull

[((11db) memory read

Ox7fffffffesdas:
ox7fffffffe4a8:
ox7fffffffe4ac:
Ox7fffffffe4bo:
Ox7fffffffe4bs:
Ox7fffffffe4b8:
ox7fffffffe4bc:
Ox7fffffffe4co:
[(11db) stepi

Process 1111684

* thread #1, name =

-s4 —fA
0x00000000
oxf7da8d90
0x00007fff
0x00000000
0x00000000
0x00401108
0x00000000
0x00000000

stopped

$0x3, —-0x8(%rsp)
$0x7, -0xc(%rsp)
-0x8(%rsp), %eax
—-0xc(%rsp), %eax
$rsp-4

stackExamplePart2.out ‘main

'stackExamplePar', stop reason =

frame #0: 0x000PPOVLVLVO401118 stackExamplePart2.out main + 16
stackExamplePart2.out ‘'main:

-> 0x401118 <+16>: movl  $0x7, -0xc(%rsp)
0x401120 <+24>: movl -Ox8(%rsp), %eax
0x401124 <+28>: imull -Oxc(%rsp), %eax
0x401129 <+33>: movl _%eax. -—-0x10(%rsp)

[((11db) memory read —s& —fA

Ox7fffffffe4a0:
ox7fffffffes4as:
Ox7fffffffe4a8:
ox7fffffffedac:
Ox7fffffffe4bo:
Ox7fffffffe4bs:
Ox7fffffffe4b8:
ox7fffffffe4bc:
(11db) |

0x00000003
0x00000000
0xf7da8d90
0x00007fff
0x00000000
0x00000000
0x00401108
0x00000000

$rsp-8
4—
4—

<
«

stackExamplePart2.out ‘main



YAS4YLLLO SNSTU10-7.
0x401120 <+24>:
0x401124 <+28>:

Hov ..
movl
imull

WOA/S, TUYAC\ /L oY)
-0x8(%rsp), %eax

[((11db) memory read -s4 —-fA

ox7fffffffedas:
ox7fffffffe4a8:
Ox7fffffffes4ac:
ox7fffffffesbo:
ox7fffffffesbs:
ox7fffffffe4b8:
ox7fffffffesbc:
ox7fffffffe4co:

[(11db) stepi

Process 1111684
* thread #1, name =

0x00000000
0xf7da8d90
0x00007fff
0x00000000
0x00000000
0x00401108
0x00000000
0x00000000

stopped

-0xc(%rsp), %eax
$rsp-4

stackExamplePart2.out 'main

'stackExamplePar', stop reason =

frame #0: 0x0000000000401118 stackExamplePart2.out main + 16
stackExamplePart2.out 'main:

-> ©@x401118 <+16>: movl  $0x7, -Oxc(%rsp)
0x401120 <+24>: movl -Ox8(%rsp), %eax
0x401124 <+28>: imull -Oxc(%rsp), %eax
0x401129 <+33>: movl %eax, -0x10(%rsp)

[((11db) memory read -s4 —-fA

ox7fffffffe4ad:
ox7fffffffesas:
ox7fffffffesas:
ox7fffffffesac:
ox7fffffffesbo:
ox7fffffffeabs:
ox7fffffffe4b8:
ox7fffffffesbc:
(11db) register

0x00000003
0x00000000
0xf7da8d90e
0x00007fff
0x00000000
0x00000000
0x00401108
0x00000000
read $rsp

$rsp-8

A

stackExamplePart2.out 'main

rsp = 0x00007fffffffes4a8

\11dD) 1



Ox7fffffffe4b8: 0x00401108 stackExamplePart2.out main
ox7fffffffe4dbc: 0x00000000
ox7fffffffe4cOd: 0x00000000

(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0xP0PVVO0V0N0N0401118 stackExamplePart2.out ' main + 16
stackExamplePart2.out ‘'main:
-> @x401118 <+16>:|movl  $0x7, -Oxc(%rsp)

0x401120 <+24>: movl -@x8(%rsp), %eax

0x401124 <+28>: imull -Oxc(%rsp), %eax

0x401129 <+33>: movl %eax, —0x10(%rsp)
[(11db) memory read -s4 -fA $rsp-8
Ox7fffffffe4ad: 0x00000003
ox7fffffffe4as: 0x00000000
ox7fffffffe4a8: 0xf7da8d90
ox7fffffffedac: 0x00007fff
ox7fffffffe4bd: 0x00000000
ox7fffffffe4bs: 0x00000000
Ox7fffffffe4b8: 0x00401108 stackExamplePart2.out main
ox7fffffffe4dbc: 0x00000000
[(11db) register read $rsp

rsp = 0x00007fffffffe4a8

(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x0000000000401120 stackExamplePart2.out ' main + 24
stackExamplePart2.out 'main:
-> 0x401120 <+24>: movl -Ox8(%rsp), %eax

0x401124 <+28>: imull -@xc(%rsp), %eax

0x401129 <+33>: movl %eax, —-0x10(%rsp)

0x40112d <+37>: movl -@x10(%rsp), %eax
(11db) |}



movl
imull
movl

0x401120 <+24>:
Ox401124 <+28>:
0x401129 <+33>:

[((11db) memory read -s4 -fA

ox7fffffffe4a0:
ox7fffffffesdas:
ox7fffffffe4a8:
ox7fffffffesac:
Ox7fffffffe4bo:
Ox7fffffffe4bs:
Ox7fffffffe4b8:
ox7fffffffe4bc:

0x00000003
0x00000000
0xf7da8d90
0x00007fff
0x00000000
0x00000000
0x00401108
0x00000000

[(11db) register read $rsp
rsp = 0x00007fffffffes4a8

[(11db) stepi

Process 1111684 stopped

* thread #1, name =

-0x8(%rsp), %eax
—-0xc(%rsp), %eax
%eax, —-0x10(%rsp)
$rsp-8

stackExamplePart2.out 'main

'stackExamplePar', stop reason =

frame #0: 0x0000PORLPLRO401120 stackExamplePart2.out main + 24
stackExamplePart2.out ‘main:
-> 0x401120 <+24>: movl

0x401124 <+28>: imull

0x401129 <+33>: movl
0x40112d <+37>: movl

-0x8(%rsp), %eax
-0xc (%rsp), %eax
%eax, —0x10(%rsp)
-0x10(%rsp), %eax

[((11db) memory read -s4 —-fA

Ox7fffffffes9c:
Ox7fffffffe4a0:
ox7fffffffes4as:
ox7fffffffe4a8:
ox7fffffffesac:
Ox7fffffffe4bo:
Ox7fffffffe4bs:
ox7fffffffe4b8:

(11db) |

0x00000007
0x00000003
0x00000000
0xf7da8d90
0x00007fff
0x00000000
0x00000000
0x00401108

$rsp-12

<

stackExamplePart2.out ‘main



0x401129 <+33>:

movl

%eax, —-0x10(%rsp)

(11db) memory read -s4 -fA $rsp-8

Ox7fffffffe4a0:
Ox7fffffffesas:
ox7fffffffe4a8:
ox7fffffffesac:
Ox7fffffffe4bo:
Ox7fffffffesbs:
Ox7fffffffe4b8:
ox7fffffffesbc:
[(11db) register

0x00000003
0x00000000
oxf7da8d90
0x00007fff
0x00000000
0x00000000
0x00401108
0x00000000
read $rsp

stackExamplePart2.out "'main

rsp = 0x00007fffffffe4a8

[(11db) stepi
Process 1111684

* thread #1, name =

stopped

'stackExamplePar', stop reason =

frame #0: 0x000000VVVVV401120 stackExamplePart2.out main + 24
stackExamplePart2.out ‘'main:
-> 0x401120 <+24>: movl

0x401124 <+28>: 1mull

0x401129 <+33>: movl
0x40112d <+37>: movl

-0x8(%rsp), %eax
—-o0xc(%rsp), %eax
%eax, —0x10(%rsp)
-0x10(%rsp), %eax

[(11db) memory read

ox7fffffffe49c:
ox7fffffffe4a0:
Ox7fffffffesas:
ox7fffffffe4a8:
ox7fffffffesac:
Ox7fffffffe4bo:
Ox7fffffffe4bs:
Ox7fffffffe4b8:
[((11db) register

-s4 —fA
0x00000007
0x00000003
0x00000000
oxf7da8d90
0x00007fff
0x00000000
0x00000000
0x00401108
read $rsp

$rsp-12

stackExamplePart2.out "main

rsp = 0x00007fffffffesa8

(11db) R



[(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =
frame #0: 0x000000PPVV0401120 stackExamplePart2.out 'main + 24
stackExamplePart2.out 'main:
-> 0x401120 <+24>: movl -0x8(%rsp), %eax
0x401124 <+28>: imull -Oxc(%rsp), %eax
0x401129 <+33>: movl %eax, -0x10(%rsp)
0x40112d <+37>: movl -0x10(%rsp), %eax
[(11db) memory read -s4 -fA $rsp-12
Ox7fffffffe49c: 0x00000007
ox7fffffffe4ad: 0x00000003 <« —
Ox7fffffffesas: 0x00000000
ox7fffffffe4a8: Oxf7da8d90 «——————
ox7fffffffedac: 0x00007fff
ox7fffffffe4bd: 0x00000000
ox7fffffffe4bst: O0x00000000
Ox7fffffffe4b8: 0x00401108 stackExamplePart2.out main
[(11db) register read $rsp
rsp = 0x00007fffffffe4a8

[(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x000000000V040R1124 stackExamplePart2.out 'main + 28
stackExamplePart2.out ‘main:
—>  Ox401124 <+28>: imull -@xc(%rsp), %eax
0x401129 <+33>: movl %eax, -0x10(%rsp)
0x40112d <+37>: movl -0x10(%rsp), %eax
Ax401131 addh %al. (%rax)
(11db) register read $eax rax
eax = 0x00000003
rax = 0x0000000000000003
(11db) N



[(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =
frame #0: 0x000000PPVV0401120 stackExamplePart2.out 'main + 24
stackExamplePart2.out 'main:
-> 0x401120 <+24>: movl -0x8(%rsp), %eax
0x401124 <+28>: imull -Oxc(%rsp), %eax
0x401129 <+33>: movl %eax, -0x10(%rsp)
0x40112d <+37>: movl -0x10(%rsp), %eax
[(11db) memory read -s4 -fA $rsp-12
Ox7fffffffe49c: 0x00000007
ox7fffffffe4ad: 0x00000003
Ox7fffffffesas: 0x00000000
ox7fffffffe4a8: Oxf7da8d90 «——————
ox7fffffffedac: 0x00007fff
ox7fffffffe4bd: 0x00000000
ox7fffffffe4bst: O0x00000000
Ox7fffffffe4b8: 0x00401108 stackExamplePart2.out main
[(11db) register read $rsp
rsp = 0x00007fffffffe4a8

[(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x000000000V040R1124 stackExamplePart2.out 'main + 28
stackExamplePart2.out "'main:
—>  Ox401124 <+28>: imull -@xc(%rsp), %eax
0x401129 <+33>: movl %eax, —0x10(%rsp)
0x40112d <+37>: movl -0x10(%rsp), %eax
0x401131: addb %al, (%rax)
[(11db) register read $eax rax
eax = 0x00000003
rax = 9x0000000000000003
(11db) |



Ox7fffffffe4ad: 0x00000003

ox7fffffffe4das: 0x00000000

ox7fffffffe4a8: Oxf7da8d90

ox7fffffffed4ac: Ox00007fff

ox7fffffffe4bd: 0x00000000

ox7fffffffe4bst: 0x00000000

Ox7fffffffe4b8: 0x00401108 stackExamplePart2.out main
[(11db) register read $rsp

rsp = 0x00007fffffffe4a8

(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0xP0PVOOV0ON0401124 stackExamplePart2.out main + 28
stackExamplePart2.out main:
—>  Ox401124 <+28>: imull -Oxc(%rsp). %eax

0x401129 <+33>: movl %eax, —-0x10(%rsp)

0x40112d <+37>: movl -@x10(%rsp), %eax

0x401131: addb %al, (%rax)
[(11db) register read $eax rax

eax = 0x00000003
rax = 0x0000000000000003

(Lldb) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0xP0PPOVOOV0NN0401129 stackExamplePart2.out ' main + 33
stackExamplePart2.out "'main:
->  Ox401129 <+33>: movl %eax, -9x10(%rsp)

0x40112d <+37>: movl -@x10(%rsp), %eax

0x401131: addb %al, (%rax)

0x401133: addb %dh, %bl
(11db) register read $eax

eax = 0x00000015



0x401131: addb %al, (%rax)
[(11db) register read $eax rax
eax = 0x00000003
rax = 0x0000000000000003

[(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x000VVOVOALR401129 stackExamplePart2.out ' main + 33
stackExamplePart2.out 'main:
-> 0x401129 <+33>: movl %eax, —-0x10(%rsp)

0x40112d <+37>: movl -0x10(%rsp), %eax

0x401131: addb %al, (%rax)

0x401133: addb  %dh, %bl
[(11db) register read $eax

eax = 0x00000015

[(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x0000VVV0AR40112d stackExamplePart2.out ' main + 37
stackExamplePart2.out 'main:

-> 0x40112d <+37>: movl -0x10(%rsp), %eax
0x401131: addb %al, (%rax)
0x401133: addb  %dh, %bl

(11db) memory read -s4 —fA $rsp-16

Ox7fffffffe498: 0x00000015

Ox7fffffffe49c: 0x00000007

ox7fffffffe4ad: 0x00000003

ox7fffffffedasd: Ox00000000

ox7fffffffe4a8: Oxf7da8d90

ox7fffffffedac: 0x00007fff

ox7fffffffe4bd: 0x00000000

ox7fffffffe4bs: 0x00000000

(11do) i



0x401131: addb %al, (%rax)
[(11db) register read $eax rax
eax = 0x00000003
rax = 0x0000000000000003

[(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x000VVOVOALR401129 stackExamplePart2.out ' main + 33
stackExamplePart2.out 'main:
->  0x401129 <+33>: movl %eax, —-0x10(%rsp)

0x40112d <+37>: movl -0x10(%rsp), %eax

0x401131: addb  %al, (%rax)

0x401133: addb  %dh, %bl
[(11db) register read $eax

eax = 0x00000015

[(11db) stepi
Process 1111684 stopped
* thread #1, name = 'stackExamplePar', stop reason =

frame #0: 0x0000VVV0AR40112d stackExamplePart2.out ' main + 37
stackExamplePart2.out 'main:

-> 0x40112d <+37>: movl -0x10(%rsp), %eax
0x401131: addb %al, (%rax)
0x401133: addb  %dh, %bl

(11db) memory read -s4 —fA $rsp-16

Ox7fffffffe498: 0x00000015

Ox7fffffffe49c: 0x00000007

ox7fffffffe4ad: 0x00000003

ox7fffffffedasd: Ox00000000

ox7fffffffe4a8: Oxf7da8d90

ox7fffffffedac: 0x00007fff

ox7fffffffe4bd: 0x00000000

ox7fffffffe4bs: 0x00000000

(11do) i



NEXT TIME

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.
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