ARM Assembly Exercise (1B)

7/16/16



Copyright (c) 2014 - 2016 Young W. Lim.

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free Documentation License,
Version 1.2 or any later version published by the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts, and no
Back-Cover Texts. A copy of the license is included in the section entitled "GNU Free Documentation License".

Please send corrections (or suggestions) to youngwlim@hotmail.com.

This document was produced by using LibreOffice.

Young Won Lim
7/16/16


mailto:youngwlim@hotmail.com

Intermixing Source

arm-linux-gnueabi-gcc -g -c tl.c

arm-linux-gnueabi-objdump -S tl.o0
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[1] Add & Sutract

void tl(int b, int c) {

int a;
a=b+ c;
00000000 <tl>:
} void t1(int b, int c¢) {

0: e52db004 push{fp} ; (str fp, [sp, #-4]1!)

4: e28db000 add fp, sp, #0
e TSP 8:  e24ddo1l4 sub sp, sp, #20
0'b C: e50b0010 str ro, [fp, #-16]

10: e50b1014 str rl, [fp, #-20]
r3:a
o B W int a;

a=>b+ c;

14 e51b2010 ldr r2, [fp, #-16]
local 18: e51b3014 ldr r3, [fp, #-20]
data lc: 0823003 add r3, r2, r3

20: e50b3008 str r3, [fp, #-8]

}

24 : e28bd000 add sp, fp, #0

28: e8bd0800 ldmfd sp!, {fp}

2C: el2fffle bx 1r
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[2] Add & Sutract

void t2(int b, int c) {

int a;
a=b - c;
00000000 <tl>:
} void t1(int b, int c¢) {

0: e52db004 push{fp} ; (str fp, [sp, #-4]1!)

4: e28db000 add fp, sp, #0
e TSP 8:  e24ddo1l4 sub sp, sp, #20
0'b C: e50b0010 str ro, [fp, #-16]

10: e50b1014 str rl, [fp, #-20]
r3:a
o B W int a;

a=b - c;

14 e51b2010 ldr r2, [fp, #-16]
local 18: e51b3014 ldr r3, [fp, #-20]
data lc: 0633002 rsb r3, r3, r2

20: e50b3008 str r3, [fp, #-8]

}

24 : e28bd000 add sp, fp, #0

28: e8bd0800 ldmfd sp!, {fp}

2C: el2fffle bx 1r
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[3] Add & Sutract

void t3(int b, int c, int d)
{
nt a- 00000000 <t3>:
nt a; void t3(int b, int c, int d) {
b+ q: 0: e52db004 push{fp} ; (str fp, [sp, #-41!)
a= c- @ 4:  e28db00oo add fp, sp, #0
} 8: e24dd01c sub sp, sp, #28
C: e50b0010 str rO, [fp, #-16]
10: e50b1014 str rl, [fp, #-20]
~—isp 14:  e50b2018 str r2, [fp, #-24]
r2.d .
rl.c int a;
ro:b
_ a=b+c - d;
r3:a 18:  e51b2010 ldr r2, [fp, #-16]
m T | fp | 1c: e51b3014 ldr r3, [fp, #-20]
20: 0822003 add r2, r2, r3
24 : e51b3018 ldr r3, [fp, #-24]
local 28: e0633002 rsb r3, r3, r2
e 2C: e50b3008 str r3, [fp, #-8]
}
< 30: e28bd000 add sp, fp, #0
34: e8bd0800 ldmfd sp!, {fp}
38: el2fffle bx 1lr
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[4] Constant

void t4(void) {

int a = 0x4F3C;;
int b = Ox6D5E4F3C;
} 00000000 <t4>:
void t4(void) {
0: e52db004 push{fp} ; (str fp, [sp, #-4]1!)
4: e28db000 add fp, sp, #0
8: e24dd00c sub sp, sp, #12
3a P int a = Ox4F3C;;
r3:b C: e59f3014 ldr r3, [pc, #20] 1 28 <t4+0x28>
- f 10: e50b300c str r3, [fp, #-12]
ip P int b = Ox6D5E4F3C;
14: e59f3010 ldr r3, [pc, #16] ; 2C <t4+0x2c>
18: e50b3008 str r3, [fp, #-8]
local
data }
lc: e28bd000 add sp, fp, #0

« 20: e8bd0800 ldmfd sp!, {fp}
24: el2fffle bx 1lr

28: 00004f3c .word 0x00004f3c
2C: 6d5e4f3c .word 0x6d5e4f3c
- Young Won Lim
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[5] if Statements

void t5(int i, int j, int g)

00000000 <t5>:

void | tSXlnt i,
0:

int j, int g) {

{ : e52db004 push{fp} ; (str fp, [sp, #-4]1!)
int f; 4: e28db000 add fp, sp, #0
8: e24dd01c sub sp, sp, #28
if (1 ==3) f=gqg+ 1; C: e50b0010 str r0, [fp, #-16]
f=Ff-1: 10: e50b1014 str rl, [fp, #-20]
14 e50b2018 str r2, [fp, #-24]
} int f;
- if (i ==3) f=9g+ 1;
< sp. 18: e51b20106 ldr r2, [fp, #-16]
r2:.g 1c: e51b3014 ldr r3, [fp, #-20]
rl] 20:  e1520003 cmp r2, r3
10: 24:  1a000002  bne 34 <t5+0x34>
3f 28: e51b3018 ldr r3, [fp, #-24]
2C: e2833001 add r3, r3, #1
o+ 30:  e50b3008 str r3, [fp, #-8]
f=1f-1
34, e51b3008 ldr r3, [fp, #-8]
local 38: e2433001 sub r3, r3, #1
data 3c: e50b3008 str r3, [fp, #-8]
. }
40: e28bd000 add sp, fp, #0
44: e8bd0800 ldmfd sp!, {fp}
48: el2fffle bx 1r
= Young Won Lim
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[6] If - else Statements

00000000 <tb>:
. . .. o void t6(int i, int j, int g) {
‘{’Old té(int 1, 1int j, int g) 0:  e52dbB04  push{fp} . (str fp, [sp, #-4]!)
nt f- 4: e28db000O add fp, sp, #0
n ! 8: e24dd01c sub sp, sp, #28
C: e50b0010 str rO, [fp, #-16]

RSP LN 10:  e50b1014  str rl, [fp, #-20]
- ! 14: e50b2018 str r2, [fp, #-24]
int f;
}
if (i ==3) f=9+ 1;
~—sp. 18:  e51b2010 ldr r2, [fp, #-16]
r2:q 1c: e51b3014 ldr r3, [fp, #-20]
rl: 20: e1520003 cmp r2, r3
' 24:  1a000003  bne 38 <t6+0x38>
28: e51b3018 ldr r3, [fp, #-24]
JGES 2c: 2833001 add r3, r3, #1
o h fp | 30: e50b3008 str r3, [fp,£#=8]
34: €a000002 b 44 <t6+0 44;
else f =f - 1;
local 38 e51b3008 ldr r3, [fp, #-8]
. 3c: €2433001 sub r3, r3, #1
40: e50b3008 str r3, [fp, #-8]
B } TN
44 e28bd000 add sp, fp, #0
48: e8bd0800 ldmfd sp!, {fp}
4c: el2fffle bx 1lr
= Young Won Lim
ARM Assembly Exercises O 3 16/16



[7] switch Statements (1)

volid t7(int amount, int fee) {

00000000 <t7>:

switch (amount) { void t7(int amount, int fee) {

case 20 : fee = 2; break; 0:  e52db0o4 push {fp} ; (str
case 50 : fee = 3; break; fp, [sp, #-41!)
default : fee = 0; 4:  e28db000 add fp, sp, #0
} 8: e24dd014 sub sp, sp, #20
} c:  e50b0e1e str r0, [fp, #-16]
10: e50b1014 str rl, [fp, #-20]
ri:fee | sp|
r0:amount
r3:.fee
fp - W
local
data
- }
}
4c: e28bd000 add sp, fp, #0
50: e8bd0800 ldmfd sp!, {fp}
54: el2fffle bx 1lr
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[7] switch Statements (2)

volid t7(int amount, int fee) {
, switch (amount) {
switch (amount) { 14:  e51b3010 ldr r3, [fp, #-16]
case 20 : fee = 2; break; 18: 3530014 cmp r3, #20
case 50 : fee = 3; break; 1c:  0a00e0een2 beq 2c <t7+0
default : fee = 0; 20: 3530032 cmp r3, #50 ; 0x32
} 24: 02000003 beq 38 <t7+0§§%§
} 28:  eab00005 b 44 <t7+0x44
_Case 20 : fee = 2; break;
<2g/ e3a03002 mov r3, #2
30: e50b3008 str r3, [fp, #-8]
34:  eab00004 b 4c <t7+0x4c>
_case 50 : fee = 3; break;
<38 €3a03003 mov r3, #3
3c:  e50b3008 str r3, [fp,
40:  €ad00O01 b 4c <t7+0 4¢%
= default : fee = 0;
g44k €3a03000 mov r3, #0
48:  e50b3008 str r3, [fp, #-8]
}
} TN
[4c: €28bd0o00 add sp, fp, #0
50:  e8bd0800 ldmfd  sp!, {fp}
54: el2fffle bx 1r
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[8] while Loop (1)

void t8(int pow, int x) { 00000000 <t8>:

void t8(int pow, int x) {

pow = 1; 0: e52db004 push{fp} v (str
X = 1; fpr [Spl #'4]!)
4: e28db000 add fp, sp, #0
while (pow !'= 128) { 8: e24ddo14 sub sp, sp, #20
pow = pow * 2; c: e50b0010 str rO, [fp, #-16]
X = X + 1; 10: e50b1014 str rl, [fp, #-20]
}
} pow = 1;
< Isp 14 e3a03001 mov r3, #l1
rix 18: e50b300c str r3, [fp, #-12]
ro:pow X = 1;
g lc:  e3a03001  mov r3, #1
' 20: e50b3008 str r3, [fp, #-8]
fp = W
local
data
. }
}
4c: e28bd000 add sp, fp, #0
50: e8bd0800 ldmfd sp!, {fp}
54: el2fffle bx 1r
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[8] while Loop (2)

void t8(void) { while (pow != 128) { -
24:  ea000005 b 40 <t8+0x40>
int pow = 1; __pow = pow * 2; 7
int  x =1; . 28 e51b300c ldr r3, [fp, #-12]
2C: e1a03083 sl r3, r3, #1
while (pow != 128) { 30: e50b300c str r3, [fp, #-12]
pow = pow * 2; X =X+ 1;
X =X+ 1; 34: e51b3008 ldr r3, [fp, #-8]
} 38: e2833001 add r3, r3, #1
} 3c: e50b3008 str r3, [fp, #-8]

void t8(int pow, int x) {

1,

.
’

pow
X

Il
=l

/yh}le (pow !'= 128) {

K4Qx e51b300c ldr r3, [fp, #-12]
44 e3530080 cmp r3, #128; 0x80
48: lafffffé bne 28 <t8+0x28

pow = pow * 2;
X X + 1;
}
}
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[9] for Loop (1)

00000000 <t9>:

void t9(int i, int sum) { void t9(int i, int sum) {
sum = 0; 0: e52db004 push{fp} ; (str
fp, [sp, #-41!)
for (1=0; 1i'!'=10; i=i+l) { 4. e28db000 add fp, sp, #0
sum = sum + 1i; 8: e24dd014 sub sp, sp, #20
} C: e50b0010 str rO, [fp, #-16]
} 10: e50b1014 str rl, [fp, #-20]
sum = 0;
14: e3a03000 mov r3, #0
- 18: e50b3008 str r3, [fp, #-8]
rl:sum @ P
ro:i
r3:sum
fp - W
local
data
) 50:  e28bd006 add sp, fp, #0
54: e8bd0800 ldmfd sp!, {fp}
58: el2fffle bx 1r
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[9] for Loop (2)

void t9(int i, int sum) {

sum = 0; for (i=0; i'!'=10; i=i+1) {

lc: e3a03000 mov r3, #0
N i ian. s 20: e50b300c str r3, [fp, #-12]
for (1i=0; 1!=10; i=i+1) {
Sum = sum + i: 24 ea000006_ b 44 <t9+0x44
} /ﬁ\§um = sum + 1i;
} | 28 e51b2008 ldr r2, [fp, #-8]
2C: e51b300c ldr r3, [fp, #-12]
30: e0823003 add r3, r2, r3
34: e50b3008 str r3, [fp, #-8]
volid t9(int i, int sum) {
sum = 0;

for (i=0; i'=10; i=i+1) {
38: e51b300c ldr r3, [fp, #-12]
3c: e2833001 add r3, r3, #1
/4 : e50b300c str r3, [fp, #-12]
44 e51b300c ldr r3, [fp, #-12]
48 e353000a cmp r3, #10
4c:  lafffff5  bne 28 <t9+0x28>
sum = sum + 1;

}

}
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[10] for - while Loop (1)

void t10(int i, int sum) { 00000000 <t1l0>:
sum = 0; void t10(int i, int sum) {
i = 0: 0: e52db004 push{fp} v (str
fpr [Spr #'4]!)
while (i!=10) { 4: e28db000 add fp, sp, #0
sum = sum + 1i; 8: e24dd014 sub sp, sp, #20
i=1i+ 1; C: e50b0010 str rO, [fp, #-16]
} 10: e50b1014 str rl, [fp, #-20]
} sum = 0;
« Isp] 14: e3a03000 mov r3, #0
ri:sum 18: e50b3008 str r3, [fp, #-8]
r0:i i = 0;
rBng'm 1c:  e3a03000 mov r3, #0
' 20: e50b300c str r3, [fp, #-12]
fp < fp
local
data

A

50: e28bd000 add sp, fp, #0
54: e8bd0800 ldmfd sp!, {fp}
58: el2fffle bx 1r

1 6 Young Won Lim
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[10] for - while Loop (2)

void t10(int i, int sum) {
sum = 0;
1 = 0;

while (i!=10) { .
24 : eaf00006 b 44 <t10+0x44
_-.sum = sum + 1i;
. 28 e51b2008 ldr r2, [fp, #-8]
_ C 2C: e51b300c ldr r3, [fp, #-12]
PR 30:  e0823003  add r3, r2, r3
} ' 34: e50b3008 str r3, [fp, #-8]
} 1=1+1;
38: e51b300c ldr r3, [fp, #-12]
3c: e2833001 add r3, r3, #1
40: e50b300c str r3, [fp, #-12]
void t10(int i, int sum) {
sum 0;
i 0;

while (i!=10) {

while (i!=10) {

44:  e51b300c ldr r3, [fp, #-12]

48: e353000a cmp r3, #10

4c: lafffff5 bne 28 <t10+0x28
sum = sum + 1i; -
1=1+1;

}

}

1 7 Young Won Lim

ARM Assembly Exercises 7/16/16



[11] for - from 1 Loop (1)

void tl1ll(int i, int sum) { 00000000 <tll>:
sum = 0; void tll(int i, int sum) {
i = 0; 0: e52db004 push{fp} ; (str
fpr [Sp, #'4]!)
for (i=1; i<101; i=i*2) { 4: e28db000 add fp, sp, #0
sum = sum + 1i; 8: e24dd014 sub sp, sp, #20
i=1+1; C: e50b0010 str r0, [fp, #-16]
} 10: e50b1014 str rl, [fp, #-20]
} sum = 0;
< Isp| 14: e3a03000 mov r3, #0
rl:sum 18: e50b3008 str r3, [fp, #-8]
ro:i i = 0;
(3'sum 1c: e3a03000 mov r3, #0
20: e50b300c str r3, [fp, #-12]
fp < fp
local
data

A

58: e28bd000 add sp, fp, #0
5c: e8bd0800 ldmfd sp!, {fp}
60: el2fffle bx 1r

1 8 Young Won Lim
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[11] for - from 1 Loop (2)

void tl1ll(int i, int sum) {

sum = 0; for (i=1; i<101; i=i*2) {
i =0; 24 e3a03001 mov r3, #1
28: e50b300c str r3, [fp, #-12]

for (i=1; i<101; i=i*2) { 2C: €a000006 b 4c <t11+0 :

sum = sum + 1i; ~—~sum = sum + 1;

i=1i+ 1; 30 e51b2008 ldr r2, [fp, #-8]
} 34: e51b300c ldr r3, [fp, #-12]

} 38: e0823003 add r3, r2, r3

3c: e50b3008 str r3, [fp, #-8]
void tll(int i, int sum) {

sum = 0;
i = 0;

for (i=1; 1<101; i=i*2) {

40: e51b300c ldr r3, [fp, #-12]

44 : e1a03083 sl r3, r3, #1

48: e50b300c str r3, [fp, #-12]

‘4c: e51b300c ldr r3, [fp, #-12]

50: e3530064 cmp r3, #100 ; 0x64

54:  dafffffs ble 30 <t11+0x30>
sum = sum + 1i; o

}

1
J
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[12] Arrays

00000000 <tl12>:

void t12(void) { void tl12(void) {
int array[5]; 0: e52db004 push{fp} ; (str
fpr [Spr #'4]!)
array[@] = array[0] * 8; 4. e28db000 add fp, sp, #0
array[1l] = array[l] + 8; 8: e24dd01c sub sp, sp, #28
} int array[5];

array[0] = array[0] * 8;

c: e51b3018 ldr r3, [fp, #-24]
10: e1a03183 sl r3, r3, #3

14 e50b3018 str r3, [fp, #-24]
array[l] = array[l] + 8;

18: e51b3014 ldr r3, [fp, #-20]
lc: e2833008 add r3, r3, #8

20: e50b3014 str r3, [fp, #-20]

24 : e28bd000 add sp, fp, #0
28: e8bd0800 ldmfd sp!, {fp}
2C: el2fffle bx 1r

2 O Young Won Lim
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[13] Large Arrays (1)

void tl13(int i) {
int array[1000];

for (i=0; i<1000; i=i+1) {
array[i] = array[i] * 8;
}
}

ARM Assembly Exercises

00000000 <tl13>:
void tl13(int 1) {

0: e52db004 push{fp} ; (str fp, [sp, #-4]1!)
4: e28db000 add fp, sp, #0
8: e24ddefb sub sp, sp, #4016 ;o OxfbO

C: e24dd004
10: e50b0fbo
int array[1000];

sub sp, sp, #4
str r0, [fp, #-4016] ; OxfbO

for (i=0; i<1000; i=i+1l) {

14: e3a03000 mov r3, #0

18: e50b3fa8 str r3, [fp, #-4008] ; Oxfa8
lc:  €a®0OO1l b 68 <t13+0x68>

2 1 Young Won Lim
7/16/16



[13] Large Arrays (2)

_array[i] = array[i] * 8;

void t13(int i) { 20 e51b2fa8 ldr r2, [fp, #-4008] ; Oxfa8
int array[1000]; 24: e59f3058 ldr r3, [pc, #88] ; 84 <t13+0x84>
28: ela02102 sl r2, r2, #2
for (1i=0; i<1000; i=i+1) { 2C: e24b0004 sub rO, fp, #4
array[i] = array[i] * 8; 30: e0802002 add r2, ro, r2
} 34: €0823003 add r3, r2, r3
} 38: €5933000 ldr r3, [r3]

3c: ela02183 sl r2, r3, #3

40: e51blfa8 ldr rl, [fp, #-4008] ; Oxfa8

44 e59f3038 ldr r3, [pc, #56] ; 84 <t13+0x84>
48: ela01101 sl rl, rl, #2

4c: e24b0004 sub rO, fp, #4

50: €0801001 add rl1, ro, ril

54: €0813003 add r3, rl, r3

58: €5832000 str r2, [r3]

2 2 Young Won Lim
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[13] Large Arrays (3)

void t13(int 1) {

void tl13(int i) { int array[1000];
int array[1000];
for (i=0; i<1000; i=i+1) {
for (1i=0; i<1000; i=i+1) { 5¢: e51b3fa8 ldr r3, [fp, #-4008] ; Oxfa8
array[i] = array[i] * 8; 60: e2833001 add r3, r3, #1
} ;ﬂg e50b3fa8 str r3, [fp, #-4008] ; Oxfa8
} 68 e51b2fa8 ldr r2, [fp, #-4008] ; Oxfa8 o
6C: e59f3014 ldr r3, [pc, #20] ; 88 <t13+0x88>
70: e1520003 cmp r2, r3 e N
74: daffffe9 ble 20 <t13+0x20>
array[i] = array[i] * 8; 7
}
}
78: e28bd000 add sp, fp, #0
7c: e8bd0800 ldmfd sp!, {fp}
80: el2fffle bx 1lr
84: fffffo60 .word Oxfffffo60
88: 000003e7 .word Ox000003e7
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[14] Procedure Calls

int func(void) {
return 0;

}

int main(void) {
func();
return 0;

}

ARM Assembly Exercises

00000000 <func>:
int func(void) {
0: e52db004
4: e28db000
return 0;
8: e3a03000

C: elab0003
10: e28bd000
14: e8bd0800
18: el2fffle

P000001c <main>:

int main(void) {
lc: €92d4800
20: e28db004
func();
24: ebfffffe
return 0;
28: e3a03000

2C: elaf0003
30: e8bd8800

24

push{fp} ; (str fp,

add fp, sp, #0
mov r3, #0
mov r@, r3
add sp, fp, #0

ldmfd sp!, {fp}
bx 1r

push{fp, lr}
add fp, sp, #4

bl 0 <func>
mov r3, #0

mov r0O, r3
pop {fp, pc}

[sp, #-4]!)

Young Won Lim
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[15] Argument Passing - (A)

int foo(int f, int g,

00000000 <foo>:
int foo(int f, int g, int h, int i) {

int h, int i) { 0: e52db004 push{fp} ; (str fp, [sp, #-4]!')
int result; 4: e28db000 add fp, sp, #0
8: e24dd01c sub sp, sp, #28
result = (f+g)-(h+i); C: e50b0010 str ro, [fp, #-16]
return result; 10: e50b1014 str rl, [fp, #-20]
} 14: e50b2018 str r2, [fp, #-24]
18: e50b301c str r3, [fp, #-28]
int t15(void) { int result;
int y;
result = (f+g)-(h+i);
y = foo(2,3,4,5); lc: e51b2010 ldr r2, [fp, #-16]
return 0; 20: e51b3014 ldr r3, [fp, #-20]
} 24: e0822003 add r2, r2, r3
28: e51b1018 ldr rl, [fp, #-24]
2C: e51b301c ldr r3, [fp, #-28]
30: e0813003 add r3, rl1, r3
34: e0633002 rsb r3, r3, r2
38: e50b3008 str r3, [fp, #-8]
return result;
3c: e51b3008 ldr r3, [fp, #-8]
}
40: ela00003 mov r0O, r3
44 e28bd000 add sp, fp, #0
48: e8bd0800 ldmfd sp!, {fp}
4c: el2fffle bx 1lr
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[15] Argument Passing - (B)

int t15(void) {

int foo(int f, int g, 50: €92d4800 push{fp, lr}
int h, int 1) { 54: e28db004 add fp, sp, #4
int result; 58: e24dd008 sub sp, sp, #8
int y;
result = (f+g)-(h+i);
return result; y = foo(2,3,4,5);
} 5c: e3a00002 mov r@, #2
60: e3a01003 mov rl, #3
int t15(void) { 64: e3a02004 mov r2, #4
int y; 68: e3a03005 mov r3, #5
6cC: ebfffffe bl 0 <foo>
y = foo(2,3,4,5); 70: e50b0008 str rO, [fp, #-8]
return 0; return 0;
} 74: e3a03000 mov r3, #0
}
78: ela00003 mov r@, r3
7cC: e24bd004 sub sp, fp, #4
80: e8bd8800 pop {fp, pc}
- Young Won Lim
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