CSC231 - Assembly

Week #3

Dominique Thiebaut
dthiebaut@smith.edu
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hexdump
listings
number systems
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Let's Review Last

Week's Material...




section
Hello db
HellolLen equ

section

global
_start:

;33 print message
mov
mov
mov
mov
int

pr o exit
mov
mov
int

.data

"Hello there!", 10, 10 - -
isting

. text
_start
eax, 4 ; write
ebx, 1 ; stdout
ecx, Hello ; address of message to print
edx, HellolLen ; # of chars to print
0x80
ebx, 0
eax, 1
0x80
® e D thiebaut — ssh — 55x13
bast ssh -

231bGaurora ~/handout $§ nasm -f elf hello.asm -1 hello. lst
231bEGaurora ~/handout §$
231b@aurora ~/handout $ B
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

00000000
00000009

00000000
00000005
0000000A
0000000F
00000014

00000016
00000018
00000020

48656C6C6F20746865-
7265210A0A

B804000000
BB01000000
BO[00000000]
BAOE00000O
CD80

BB00000000O
B801000000
CD80
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Hello

HelloLen

_start:

section
db

equ

section
global

;i3 print message

v exit

mov
mov
mov
mov
int

mov
mov
int

.data
"Hello there!",

$—-Hello

. text

_start

eax, 4

ebx, 1

ecx, Hello
edx, HellolLen
0x80

ebx, 0
eax, 1
0x80

10, 10

write
stdout
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13
14
15
16
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19
20
21
22
23
24
25
26
27
28
29
30

00000000
00000009

00000000
00000005
0000000A
0000000F
00000014

00000016
00000018
0000002¢

48656C6C6F20746865-
7265210A0A

B804000000
BB01000000
B9 [00000000]
BAOE0W00000O
CD80

BB00000000O
BRﬂ1®00000

{OLI I
g
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Hello

HelloLen

_start:

section
db

equ

section
global

;i3 print message

v exit

mov
mov
mov
mov
int

mov
mov
int

.data

"Hello there!",

$—-Hello

. text
_start

eax, 4

ebx, 1

ecx, Hello
edx, HellolLen
0x80

ebx, 0
- 1

“0x80
S

10, 10

write
stdout




Hexdump

i ] ™ thebaut — ssh — 8Sx29
basn ssh +

231bRaurora ~/handout $ hexdump -v -C hello

00000200 7f 45 4c 46 01 01 01 00 @0 00 20 00 20 00 20 00 |.ELF............|
00000010 02 00 B3 00 01 00 P2 00 80 80 24 08 34 00 @0 00 |...cevvvunns 5
20000020 dc 00 02 00 P2 00 P2 00 34 00 20 00 22 00 28 00 |........ .|
00000230 06 00 B3 00 Pl 00 02 00 @0 00 20 00 20 80 @4 08 |................|
00000240 0?2 80 04 08 a2 00 02 00 22 00 20 00 @5 00 20 00 |...covevnsnsssns |
20000050 02 10 02 00 B1 00 B2 00 =24 00 20 00 24 990 24 B8 |...cuvviivnnrernn |
00000260 a4 90 B4 08 bc 00 02 00 @c 00 20 00 26 00 20 00 |..ewevssnnnsesns]
20000070 02 10 02 00 D2 00 B2 00 @O OO0 20 00 20 00 @0 00 |....ovvvenasssns |
20000280 bE 04 02 00 02 bb B1 00 @0 00 b3 a4 G0 04 B8 ba |...ceviivinnriinn |
00000290 ©c 00 P2 00 cd 80 bb 00 @0 00 20 b8 21 00 20 00 |..swewvssnnnssonn]
00000020 <o 80 @2 00 48 65 6c 6Cc 6f 20 74 68 65 72 65 21 |....Hello there!|
200002h0 0z BGa 0O 2e 73 79 60 74 61 62 @8 2e 73 74 72 74 |....symtab..strt|
000002c0 61 62 P2 2¢ 73 68 73 74 72 74 61 62 20 2¢ 74 65 |ab..shstrtab..te|
000000d0 78 74 02 2e 64 61 74 61 00 00 20 00 20 00 20 00 |xiL..dal@..e::sas |
2000020 02 00 D2 00 D2 00 D2 OO ©0 00 20 00 20 00 98 00 |....cv.vvenneenn |
0000020 00 00 D2 00 D2 00 P2 00 Q0 00 20 00 20 00 20 00 |..:uswvssnnusssnn]
00000100 00 00 02 00 1L 00 P2 00 Q1 00 20 00 26 00 @0 00 |....vvvvuuwnsesas |
20000110 B2 80 P4 08 BY 00 D2 0O 22 00 20 0O 20 00 @20 00 |........ W i |
00000120 ©0Q 00 D2 00 12 00 D2 00 Q0 00 20 00 21 00 20 00 |.vswuvssnnus'tons]
00000130 01 00 02 00 O3 00 P2 00 24 90 24 08 c4 00 @0 00 |...eovevunnsssns |
20000140 0e 00 D2 00 D2 00 D2 00 00 0O 90 00 24 00 20 OO0 |....cvvvvnnnernn |
00000150 02 00 02 00 11 00 P2 00 @3 00 20 00 20 00 20 00 |.vswwssvnnnsssans]|
00000160 00 00 02 00 b2 00 P2 00 27 00 20 00 20 00 20 00 |........ R |
20000170 02 00 P2 00 D1 00 D2 PO ©0 00 20 0O 21 00 20 OO |....cvvvvenwrenn |
00000180 02 00 02 00 02 00 P2 00 Q0 00 20 00 cC 901 @20 00 |.vwwwvvvnnnsssnn]|
00000100 b2 00 02 00 DS 00 P2 00 @7 00 20 00 24 00 @0 00 |...eovvvennsenns |
20000120 19 00 D2 00 DO 00 B2 00 ©3 00 90 00 20 00 20 00 |....cvvvvenrernn |
000001b0 00 00 02 00 7c 02 P2 00 30 00 20 00 20 00 @20 00 |..su|vveQuuvvvns]
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11 section .data

12 00000000 48656C6C6F20746865— Hello db "Hello there!", 10, 10
13 00000009 7265210A0A
14 HellolLen equ $—-Hello
15
16 section .text
17 global _start
18 _Start:
19
20 713 print message
21 00000000 B804000000 mov eax, 4 7 write
22 00000005 BB01000000O mov ebx, 1 ; stdout
23 0000000A B9[00000000] mov ecx, Hello H
24 0000000F BAOE0000OOO mov edx, HellolLen ;
25 00000014 CD80 int 0x80
26
27 7ioexit
28 00000016 BB000V0V0O0VOO mov ebx, 0
29 0000001B B801000000 mov eax, 1 ssh it
30 00000020 CD80O int 0x80
P 00 |.ELFussssnnssnnal
B00 laoieinnnisse ., R
‘ ' : d 00 |.conesss 4 suale]
00000230 05 00 B3 00 01 00 P2 00 Q0 00 20 00 20 80 24 V8 |..ivwevssnnnrnnnnl]

00000040 02 80 04 08 a2 00 02 00 =2 00 20 00 @5 00 20 00 |....cvvvnensrnns |
20000250 00 10 02 00 D1 00 02 00 24 00 20 00 34 90 @4 08 |....c.iivnnriinn |
00000060 a4 90 04 08 Bc 00 02 00 Qc 00 20 00 26 00 20 00 |...iewssvunnvvsnal
00000070 02 10 02 00 G2 00 02 00 @0 00 20 00 Q0 00 20 00 |....cvvvvewnssnns |
20000280 bB 04 02 00 02 bb 01 00 20 00 b9 a4 0 04 @8 ba |......iiunniiinn |
00000090 0c 00 02 00 cd 80 bb 00 20 00 20 b8 21 00 20 00 |...ewsvvunnnsennl]
00000020 cd 80 00 00 48 65 6c 6c 6f 20 74 68 65 72 65 21 |....Hello there!|
200000b0® 0z Qa 0@ 2e 73 79 6d 74 61 62 20 2e 73 74 72 74 |....symtab..strt|
000000cO 61 62 02 2¢ 73 68 732 74 72 74 61 62 @0 2¢ 74 65 |ab..shstrtab..te|
200002d0 78 74 00 2e 64 61 74 61 @0 00 20 00 20 00 20 00 |xi..data........ |
2000000 00 00 02 00 D2 00 D2 00 020 00 20 00 20 00 20 PO |........vnevinn |
000000f0 02 00 00 00 P2 00 02 00 Q0 00 20 00 20 00 20 00 |...iewsssnnnvvssnnl
00000100 02 00 G2 00 1b 00 02 00 @1 00 20 00 @26 00 @0 00 |........vnuvvevns |
20000110 B2 80 b4 08 B2 00 b2 00 22 00 20 00 20 00 20 00 |........ i e |
00000120 00 00 02 00 12 00 02 00 @0 00 20 00 21 00 20 00 |..iseswvssunnsivus]
00000130 01 00 G2 00 B3 00 02 00 =4 90 24 08 24 00 20 00 |....cvvvvwnernnn |
20000140 0= 00 D2 00 D2 00 D2 00 020 00 20 00 24 00 20 PO |.......vnnnrennn |
00000150 00 00 02 00 11 00 02 00 @3 00 20 00 20 00 20 00 |..ssevssunnsssnn]
00000160 02 00 02 00 b2 00 02 00 27 00 20 00 20 00 @0 00 |........ i |
20000170 00 00 02 00 01 00 P02 00 000 00 20 00 21 00 20 PO |........0envinnn |
00000180 02 00 02 00 02 00 02 00 @0 00 20 00 cC 01 20 00 |.vswewvssannvsnns]
20000190 b2 00 02 00 B> 00 02 00 @7 00 20 00 24 00 20 00 |....cvvvvevvennn |
20000120 192 00 B2 00 BC 00 B2 00 ©3 00 20 00 20 00 20 PO |.........00vuuun |
000001b0 00 00 02 00 7c 02 02 00 39 00 20 00 20 00 20 00 |..su|eesQuurirns]
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11 section .data

12 00000000 48656C6C6F20746865— Hello db "Hello there!", 10, 10
13 00000009 7265210A0A
14 HellolLen equ $—-Hello
15
16 section .text
17 global _start
18 _Start:
19
20 713 print message
21 00000000 B804000000 mov eax, 4 7 write
22 00000005 BB01000000O mov ebx, 1 ; stdout
23 0000000A B9[00000000] mov ecx, Hello H
24 0000000F BAOE0000OOO mov edx, HellolLen ;
25 00000014 CD80 int 0x80
26
27 7ioexit
28 00000016 BB000V0V0O0VOO mov ebx, 0
29 0000001B B801000000 mov eax, 1 ssh it
30 00000020 CD80O int 0x80
P 00 |.ELFussssnnssnnal
B00 laoieinnnisse ., R
‘ ' : d 00 |.conesss 4 suale]
00000230 05 00 B3 00 01 00 P2 00 Q0 00 20 00 20 80 24 V8 |..ivwevssnnnrnnnnl]

00000040 02 80 04 08 a2 00 02 00 =2 00 20 00 @5 00 20 00 |....cvvvnensrnns |
22000250 00 10 02 00 D1 00 02 00 24 00 20 00 24 90 24 B8 |...cevvivnnrinnn |
000v226A a4 90 04 08 Bc 00 02 00 Qc 00 20 00 26 00 20 00 |...iewssvnnnvvsnal]
000000 . ~C0~10 00 00 02 00 02 00 @0 00 20 00 20 00 20 00 |....cvvvvennsnns |
20000230 ' b8 24 02 00 02 bb 01 00 @20 00 b9 a4 ©0 04 @8 ba |.......iieeiiinn |
00000290 000 02 00 cd 80 bb 00 20 00 20 b8 21 00 20 00 |...iewsvvunnnvennl]
00000020 cd 80 00 00 48 65 6c 6c 6f 20 74 68 65 72 65 21 |....Hello there!|
200000b0® 0z Qa 0@ 2e 73 79 6d 74 61 62 20 2e 73 74 72 74 |....symtab..strt|
000000cO 61 62 02 2¢ 73 68 732 74 72 74 61 62 @0 2¢ 74 65 |ab..shstrtab..te|
200002d0 78 74 00 2e 64 61 74 61 @0 00 20 00 20 00 20 00 |xi..data........ |
2000000 00 00 02 00 D2 00 D2 00 020 00 20 00 20 00 20 PO |........vnevinn |
000000f0 02 00 00 00 P2 00 02 00 Q0 00 20 00 20 00 20 00 |...iewsssnnnvvssnnl
00000100 02 00 G2 00 1b 00 02 00 @1 00 20 00 @26 00 @0 00 |........vnuvvevns |
20000110 B2 80 b4 08 B2 00 b2 00 22 00 20 00 20 00 20 00 |........ i e |
00000120 00 00 02 00 12 00 02 00 @0 00 20 00 21 00 20 00 |..iseswvssunnsivus]
00000130 01 00 G2 00 B3 00 02 00 =4 90 24 08 24 00 20 00 |....cvvvvwnernnn |
20000140 0= 00 D2 00 D2 00 D2 00 020 00 20 00 24 00 20 PO |.......vnnnrennn |
00000150 00 00 02 00 11 00 02 00 @3 00 20 00 20 00 20 00 |..ssevssunnsssnn]
00000160 02 00 02 00 b2 00 02 00 27 00 20 00 20 00 @0 00 |........ i |
20000170 00 00 02 00 01 00 P02 00 000 00 20 00 21 00 20 PO |........0envinnn |
00000180 02 00 02 00 02 00 02 00 @0 00 20 00 cC 01 20 00 |.vswewvssannvsnns]
20000190 b2 00 02 00 B> 00 02 00 @7 00 20 00 24 00 20 00 |....cvvvvevvennn |
20000120 192 00 B2 00 BC 00 B2 00 ©3 00 20 00 20 00 20 PO |.........00vuuun |
000001b0 00 00 02 00 7c 02 02 00 39 00 20 00 20 00 20 00 |..su|eesQuurirns]
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0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111
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Dec Hx Oct Html Chr

€| 64 40 100 &«#64;
65 41 101 &#65;
66 42 102 &#66;

67 43 103 &«#67;
68 44 104 &«#68;

69 45 105 &«#63;
70 46 106 &«#70;
71 47 107 &«#71;
72 48 110 &#72;

73 49 111 «#73; B

RAM

M aoOEmEoOO D
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Processor-RAM Connection

RAM

Pentium




Our Goal for
. This Week
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Plan

* Mov & add instructions
* Registers

* Memory storage options
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The mov instruction

mov dest, source

Q‘.} D. Thiebaut, Computer Science, Smith College
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The mov instruction

11 section .data

12 00000000 48656C6C6F20746865- Hello db "Hello there!", 10, 10
13 00000009 7265210A0A

14 HelloLen equ $-Hello

15

16 section .text

17 global _start

18 _start:

19

20 733 print message

21 00000000 B804000000 mov eax, 4 ; write
22 00000005 BB01000000O mov ebx, 1 ; stdout
23 0000000A B9[00000000] mov ecx, Hello ;

24 0000000F BAOE00000O mov edx, HelloLen ;

25 00000014 CD80 int 0x80

26

27 vy exit

28 00000016 BB0O0V00V0V0VOO mov ebx, 0

29 0000001B B801000000 mov eax, 1

30 00000020 CD80 int 0x80

mov dest, source
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Operands

°* MOV reg, reg
°* MOV reg, mem
* MOV mem, reg
°* MOV reg, imm

°* MOV mem, Imm

A. D. Thiebaut, Computer Science, Smith College




Pentium Registers

epx
ecx
edx

()
(@))
)
Ke)
@)
-
&
(@)
[0
(@)
(@
)
(@)
@p)
[
D)
o
&
(@]
(@)
=
@
O
)
e
_l
()
uv

4



section .data
a dd 1234

section .text

mov eax, 34
mov ebx, 12345
mov edx, eax
mov ecx, ebx

eax

ebx

eCX

edx
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section .data
a dd 1234

section .text

mov eax, dwordl[a]
mov ebx, eax
mov eax, 1234
mov dword[a], eax

eax

ebx

eCX

edx
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* Dit
* nybble
* pbyte

 double-word
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e Hexadecimal:
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0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

MOOW>OOM~NOUANWN=O

F




1 2

00

01

10 22 0000 0000

11 0000 0001
. 28 =256
1111 1110

0000 1111 1111

0001

. 24 =10

1110

1111
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00000000 00000000 00000000 00000000
00000000 00000000 00000000 00000001

1111111 11111111 11111111 11111110
1111111 11111111 11111111 11111111

232 = 4,294 ,967,296
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Exercise

section .data

hello db "Hi!"

helloL equ $—hello

a dd 1234 eax
section .text
mov eax, 123456789 EEk))(
mov dword[a], eax
mov dword[a], © eCX
mov ecx, dwordl[al

edx
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The add instruction

add dest, source
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Exercise

section .data

a dd 1234
eax
section .text
mov eax, 3
mov ebx, 5 €9t3)<
add eax, ebx
eCX
edx
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Exercise

section .data

a dd 1234
. ecaxX
section .text
mov eax, dword[a]
add eax, 1 Eak))(
mov dword[a], eax
eCX
edx
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Exercise

section .data

a dd 1234
| eax
section .text
add dword[a]l, 1
mov eax, dwordl[al ebx
eCX
edx
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ot x = 3 Exercise

int sum;

sum = X + y;
Translate this

code Into Its
assembly

equivaley‘

S

R\
@

Kaj
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Exercise

int x = 3;

int y = 5;

int z = 10;

1nt sum; .
Translate this

sum = X + y + 2%z; code into its

assembly

equivaley‘
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RS Exercise

Translate this
code Into Its
assembly

equivaley‘
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Getting a sense of
Speed of Execution
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Getting a sense of
Speed of Execution

2.8 GHz CPU
- SUM = X + 2%y + 3%(z-1) 2.8 billion cycles/second
mov eax,dword|x] 1instruction / cycle

add eax, dword|y]
add eax, dword|y]
mov ebx, dword[z]

cycle =1/(2.8E+9) = 0.35 ns

add ebx, -1 . ]

MoV ecx, ebx 10 Instructions ==> 3.5 NS
add ebx, ebx

add ebx, ecx o

add eax, ebx can compute 280 million
et/ iieie|feltinnll, e similar equations in

1 second
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We stopped here last time...
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