Chapter 3 Arithmetic and Logic Instructions

* Unsigned numbers

e Zero or positive numbers

* @ - OXFFFFFFFF (@ to 232 -1) for 32-bit operand
* Affecting flags in ARM instructions

* We need to explicitly request it by “S suffix”

ADD Add | ADDS Add and set flags '
ADC | Add with carry | aDcs | Add with carry and set flags
suB | suss | suss | Subtract and set flags
SBC I Subtract with carry I SBCS I Subtract with carry and set flags
- MUL | Multiply ' [ MuLs | Multiply and set flags
"UMULL | Multiply long | UMULLS | Multiply Long and set flags
' RSB | Reverse subtract | RsBs .Revemesubnactandsetﬂags
' RSC 'hwmemeaWMmmw | Rscs 'RwawwmwQWMwamdmﬂhy

Note: The above instruction affect all the N, 2, C,. and V ﬁng bits of CPSR (current prog status
the N and V flags are for signed data and are discussed in Chapter 5.

gister) but |

ADD and ADDS (1)

1 .global _start
2 _start:

| LDR r2, =OxFFFFFFF5
5 MOV r3, #0Ox0B
6 ADDS r1, r2, r3 /f/rl = r2 + r3

8 LDR r4, =OxFFFFFFFF
9 ADDS rS5, r3, r4 //r5 = r3+r4

The first ADDS in line 6




ADD and ADDS (2)

.global _start
_start:
//Example3-2.s
LDR r2, =0xFFFFFFF]
MOV r3, #0OxOF
ADDS r3, r3, r2 //r3 r2

ADD r3, r3, #0x7
MOV rl, r3

The first ADDS in line 6

The ADD in line 8
Z=__ and C =__

[:: Increment / Decrement (increase/decrease

¢ There is no “increment” instruction in ARM
* We use, instead, add 1
* EX)ADD r4, r4, #1 // r4d = r4 +1

¢ There is no “decrement” instruction in ARM
* We use, instead, subtract 1
« EX)SUB r4, r4, #1 // r4 = r4 +1

by 1)




ADC (Add with Carry) - 1

* Format: ADC rd, rn, op2 // rd = rn + op2 + Carry

* Addition of Multi-Word data
* Big numbers added could reach 8 byte wide or more
* Registers hold only 4 bytes
* Breakdown 8-byte data, break into two (2) 4-byte words
 Example: addition of ©x35 F6 25 62 FA (

5-byte data) and ©x 21 F4 12 96 3B (5-

byte data)
carry
1&7
r2 090 00 00 35 F6 25 62 FA re
r3 00 00 00 21 F4 12 96 3B rl
90 00 €0 57 EA 37 F9 35

ADC (Add with Carry) - 2

 Addition of Multi-Word data

* Example: addition of ©x35 F6 25 62 FA ( 5-byte data) and
Ox 21 F4 12 96 3B (5-byte data)
— 1
Compile and Load (F5) Language:| ARMv7 v | Prg 5 be S5EREE FaaE EnEs PO
- . I.,; 28 88 ee 21 F4 12 96 3B rl
.global _start
_Start: 20 90 BB 57 EA 37 F9 35
[ {Example
ff/Addition o data
[A = & (5-byte data)
[ B = (5-byte data)
LDR r@, =0xFE2562FA
LDR rl, =8xF412963B
MOV r2, #8x35
MOV r3, #ex21

ADDS r5, rl,r@
ADC r&, r2,r3




- SUB (Subtraction of unsigned numbers)

Format: SUB rd, rn, op2 //rd = rn - op2
* Actual work of ARM: rn + 2’s complement of op2
* Because CPU has adder circuitry

Example: (a) 4F - 39 (b) 4F - @5 i

.global _start
_start:

MOV r2, #@x4F
MOV r3, #6x39
SUBS r4, r2, r3

SUBS r5, r2,#0x85

_stop:
B _stop
.end 7

~ SBC (Subtract with Carry)

* For subtraction of multi-word numbers
e Format
* SBC rd, rn, op2 //rd = rn-op2 + C - 1

* Example: A = 0x 35 F4 12 96 3B B = 90x 21 F6 25 62 FA
* A-B

Q

00 00 00 35 F4 12 96 3B A
00 00 e0 21 F6 25 62 FA B

FF FF FF DF | ©9 DA 9D @6 2'C of B

20 20 @0 14 | FD ED 33 41 A+ 2'Cof B

2's C of 1 FF FF FF FF

A+ 2'sCof B+ C -1/00 00 o0 13

C=0




LeEeEEl
SBC (Subtr"act with Car‘r‘y) Compile and Load (F5) Language: Example3-4.5 [chan)

1| .text

For subtraction of multi-word numbers > .global _start

Format 3 _start:

+  SBC rd, rn, op2 4 //Example3-8.=
5 //Subtraction of multi-word numbers

//rd = rn-op2 + C - 1 & rd = rn - op2 + C
e Example: A = Ox 35 F4 12 96 3B | 12 96 3B
8 1 F6 25 62 FA
B = 0x 21 F6 25 62 FA 9 xF62562FA

« A-B 1@ xF4129638
11 ®21
12 MOV r3, #@x35
13 SUBS r5, rl, r@ J/r5 =r1l + 2's C of rl
14 / Fa
1s
16 @ C=8 no Carry
18 // SUBS r6, r3,r2

@
1
[
'
b
w
[a]
=]
—h
(]
'
[a]
|
[

28 SBC r8, r3,r2

- Multiplication (of unsigned numbers)

MUL --- regular multiply --- result is less than 32-bit
UMULL - long multiply - result is greater than 32-bit

Instruction Source 1 Source 2 Destination
MUL Rn - op2 ' Rd (32 bits) ' Rd=RnxOp2
UMULL Rn | Op2 - Rdlo, RdHi (64 bits) | RdLo:RdHi=RnxOp2

Note 1: Using MUL for word x word multiplication preserves only the lower 32 bit result in Rd and the rest are
dropped. If the result is greater than OxFFFFFFFF, then we must use UMULL (unsigned Multiply Long) instruction.

Note 2: In some CPUs the C flag is used to indicate the result is greater than 32-bit but this is not the case with
ARM MUL instruction.

MUL (multiply)
Format: MUL rd, rn, op2 // rd = rn * op2
UMULL (Long multiply)
Format: UMULL rdLo, rdHi, Rn, op2 //rdHi:rdLo = rn*op2




MUL & UMULL

Example:

|i|

Compile and Load (F5)

Language:| ARMvT | Example3-

-text
.global _start

(a) Ox25 * 0x65 Loba
_start:
(b) 100,000 * 150,000 Ex

MOV r1,
MOV r2,

#0865

MUL r3, r1, r2 r3 =rl+r2

MLA (Multiply and Accumulate)

* Purpose: (a) Multiply 2 variables and (b) add the
result to another variable - in a single instruction:
MLA (regular) and UMLAL (long)

MLA rd, rm, rs, rn // rd = rm*rs + rn

* Format: UMLAL rdLo, rdHi, rn, op2 // rdHi:rdLo = rn *
op2 + rdHi:rdLo

* Format:

* Example

* (@) 100*5 + 40

* (b) 0x34000000
* 9Xx20000000

with rdLo
rdHi

Ox0BBB
(]




#k Registors

Editor Options

Refresh
0
2 o sh
I
by 0| fezsezfa
7 | ooopoess
e ; r2 | ceeceees
o 0 r3 | ooeooE2E
all ¥ rd | peeEd2lc
ks H r5 | 34800808
" s 6 | 20800808
3 % r7 | ecaeeeen
epsr 287 3 | oeeodbbb
3pS ° r9 | eeseeREd
50 s eeseseni 110 | 00OEEEOE
= o hiaeaoa: 11| eeeveene
53 o.eecscst 12 | 000O0HO
L a5 g6 sp
o Call stack |4 Trace  Ir
it Breakponts | Watchpoints [ pc | 08008024
& Counters | cpsr | @oaEnld3
Number Display Options 0| PEEEERES
ford _ w 51| oeeoeEEe
Tiooms unegred s2 | oooDEREe
edls per row: [4_w s3 | ceeseees
s4 | ppeppeee

kpoints | & Watchpoints
ters

MLA (Multiply and Accumulate)

Language: | ARMv7 v | Example3-10.s

¥ Call stack |3 Trace |

¥k Symbols

:r Display Options

Compile and Load (F5)

1|.text
2 .global _start

(b) ex34000000
* 9x20000000
with rdlLo = @xeBBB

17 UNLAL rs, rdHi = @

//r8 hi

Division

* Some ARM families do not have instructions for division of unsigned

numbers

* Because it takes many gates to implement it

*  We use SUB instructions to perform the division (in the next chapter)




Logic Instructions

Instruction i Instruction Hexadecimal

(Flags Unchanged) (Flags Changed)

AND ANDing | ANDS | Anding and set flags

ORR ORRing ORS Oring and set flags
| EOR Exclusive-ORing EORS Exclusive Oring and set flags
| BIC Bit Clearing | BICS Bit clearing and set flags

* AND: bit-wise logical AND on the operands and place the result in the destination
* Format: AND rd, rn, op2 //rd € rn && op2
* ORR: bit-wise OR
*  Format: ORRrd, rn, op2 //rd € rn || op2
* EOR: bit-wise exclusive OR
* Format: bit-wise Exclusive-OR
* Format: EORrd, rn, op2 //rd € rn » op2
* BIC (bit clear): clear selected bits (held by op2) of the rn register
*  Format: BIC rd, rn, op2 //Clear bits of rn specified by op2 and place the results in rd

Logic Instructions - Example: Q) Write a code which
performs the 6 logical instructions shown below.

0x35 AND OxOF
0x97 AND ©OxFO
0x04 OR 0x68
0x97 OR ©OxFeo
0x54 EOR 0x78
OxAA EOR 0x04
Clear bit 3 of OxAA

N o 1 b W N PR




MVN (Move NOT)

Format:
MVN rd, rn
//Move the complement (NOT) of rn to rd

Example:
LDR rl, =OXFFFFEEEE

MVN r2, ri //r2 =
LDR r3, =0xAAAAAAAA
MVN r4, r3 //rd =
LDR r5, =#OxAAAAAAAA
MVN r6,#0

//r6 =
EOR r7,r6,r5
//r7 = ré6”~r5 =

Chapter3 - Class Activity 1

* Find the contents of register r3 after executing the
following lines of code. Submit your answers.

(1) MOV ro, #0xFo (4)MOV r2, #oxe1l
MOV rl1, #0x55 LDR r1, #OxFFFFFFFF
BIC r3, rl, ro ADD r3, ri, r2
r3= ADCS r3, r3, #0
r3=
(2)LDR ri1, =0x55555555 (5)LDR r3, #OXFFFFFFFF
MVN ro, #0 ADDS r3, r3, #1
EOR r3, ri1, ro r3=
r3=

(3)LDR re, =0x95999999
LDR rl1, =Ox94FFFFFF
ADDS r3, ri, re

r3=




Rotate and Barrel Shift

Rm (operand) can be
optionally shifted before
fed to ALU

* Shift amount: 8-bit immediate
number ( © - 255)

Pre-processing

(Barre! Shifter)

Result N

Rm

Compile and Load (F5) Language: | ARMv7 Vj\

Ha

ithmetic Logic Unit

* LSR: logical shift right 1 //Example3-16.s r0 | 00000092
K . 2 text r | eeeees13
* LSL: Logical shift left 5 _global _start g 3322323‘;
* ROR: Rotate right 4 _start: ra | ‘86888013
. . . 5 MOV ro, #O0x9A rs | eoppapee
* Logical shift Right (LSR) 6 MOVS rl, r@®, LSR #3 r6 | BoEEORGE
e MSB filled with @ " //Shift r® to right 3 times g gggggggg
. . . 8 // ro = 0000 00060 1001 101
¢ If s suffix is used, LSB will 9 //r® LSR #3 = 8000 0000 6001 0011 | 1o | SO2999%8
go to the carry flag (C) 10 // then © to C r1 | eesesses
* Example of LSR by 4 11 //then store the result in rl r12 | peoeanee
12 sp | BeBEEEE
3 //Another way Ir | peee0BE
= 8 14 MOV r2, #0x9A pc | ©e080014
[ 1121 1131 1131 1331 1331 1331 1331 1211 | 13 MOV 13 #0x073 cpsr | @oReA1d3
\ \ \ \ \ \ \ ¢ - MOVS 4 spsr | 06008668
6 r4, r2,LSR r3
[o000 1f11 1f1a 1d1a 1dn afu afu odu ]| [T] ia
19 stop:
20 B stop
21 .end
22
19
. | Registers
Rotate and Barrel Shift e :
. . . o L
* Logical Shift Right (LSR) - Example 2 d 1811
: - =] 2077
Compile and Load (F5) = Language:| ARMv7 v | untitled e e
* (1] 34
1 //Example3-17.s r; 1;
2 .text o P
3 .global _start rl? ]
4 _start: 2 3
5 LDR r1, =#Ox777 sp 8
LDR r2, =0xAGD p'; o
7 ADDS r3, rl, r2, LSR #4 cpsr | 536871378 © 1 svc
8 //Shift r2 to right 4 times Spsr ] ?
9 7/ r2 = 0000 1010 0110 1101 en |
10 //r2 LSR #4 = 0000 0000 1010 0110 r0 | BEEEERE v
11 //then add r1 and store the result in r3 rl | eposey7?
12 r2 | pooeeasd nbols
= / : - r3 | eeeeesld
3 //LSR is the same as divide by 2 va|| seoopnen
14 MOV r4, #0x88 s | eeooeods ﬁ
15 MOVS r5, r4,LSR #1 6 | PEEEEE22 ol
16 MOVS r6, r4,LSR #2 7 | vovese1l
17 MOVS r7, r4,LSR #3 ¢ | reoGe0e0a
18 rg | eoooe9ss
19 MOVS r8, r4, LSR #4 r10 | GoORE0R6 #
20 r1 | eeppeeen
o, | s
gf dB stop Ir | oeooeeee
21 -en pc | eeepse2e
cpsr | 200001d3 C I svVC
Spsr | @e00808 N 20

10



Rotate and Barrel Shift Compile and Load (F5) | Language: ARMV7 v
Logical Shift Left ﬁ 251656246 /Example3-19.s
r2 1536 -Text
(LSL) 3] 251658248 , .global _start
. 3 3 S5 1536 4 _start:
LSB filled with 6 © 7 57 LDR rl, =#0x6FO80066
e If S suffix is used, & 28 3 MOVS r2, r1, LSL #8
MSB will go to the =4 o //shift rl to left & times
carry flag (C) 5] s L rl
] fAr LS
*  Example of LSL by 4 B p 1 //then store
Pc 26 11
cpsr 536871379 €I SV |, I Anath
spsr @ 2 J A er y ) .
LDR 3, xOFeRERRE
0 MOV r4,iox08

MOVS r5, r3,L5L rd

31 ]
ﬁmI:u;aj19:“13:.1'1511'1511‘191.1;11 ] :12 87800886
c r3 | efeeeoes

| .
[ [atfaaefs aafa 1afa 20 anfs aafa oooe ] 14 | 9000008 1 //LSL is the same as multiply by 2

16 | @ERERRET
17 | eepeREOe !
8 | eeessnlc 28 MOV r7, r6, LSL #1

r11 | eepesBEs

2 | eesesnes

sp | BEBEEOES

Ir | eepoosas

pc | eepeeBza
cpsr | 200801d3  C 1 sve
spsr | ©8REE0EE ?

s0 | BRAGEEEE
51 | PRAAEEEE

MOV r&, #0xB7

rd | BEEREAZE 21 MOV r8, r&, LSL 42
r0 | epEaEEaE MOV r9, ré, LSL #3

5 stop:
B =top
Lend

Ex.

21

ROR [rotate right] and RRX

Simple rotation - ROR

* LSB to MSB

* Ex) ROR by 4
31 0
|n@epqmlﬂ@gaqplnéhm@apqpﬂﬂf1|H

(S .
[o3o1,1800 0d0o 080 o800 1111 0d00 0doe | [ ¢ |

No Rotate Left in ARM
* Rotate Left using ROR

[rotate right extended] 44}

Example3-268.s
-text

.plobal _start
_Start:
MOV 1,

MOVS 2, rl, ROR 41
MOVS 3, r2, ROR

/0 ot
MOVS r4, r3, ROR #1

/ /Comb
MOV S,
MOV 16,
MOVS 7, r5, ROR r6

* Rotate left n bits
*+ = Rotate right (32 - n) bits
Rotation through Carry - RRX
* Rotate only once

31

o | eeeecess
rl | 60008036
r2 | eeeeealb
r3 | aooeoedd
rd4 | chaepens
rS | @REAE836
rG | @pee08n3
r7 | chageans
r8 | 6pE888lc
rg | epaeE83s
rio | eeeececse
i1 | epassens
r2 | eeeecess
sp | eepesess
Ir | aeeeaeE8

pc | BBEEEE1C
cpsr appeslds N CTSvC
Spsr | BEAes888 7 22

11



ROR [rotate right] and RRX [rotate right extended] ::]

* No Rotate Left in ARM
* Rotate Left using ROR
* Rotate left n bits

. ;
* = Rotate right (32 - n) bits L =
Refresh
- r0 | 00000872
/ . r1 | 000800e4
20 // Rotate left using ROR . 2 | eoepe1ca
21 // Rotate left n time ROR (32-n) times r3 | aeeen398
22 r4 | 00000720
r5 | opeaeslc
3 LDR r@, =0x00000072 r6 | 00866726
24 MOVS r1, r@, ROR #31 r7 | 6boBEDOE
rg | opeappes
25 MOVS r2, r1, ROR #31 r9 | 00EROEOE
26 MOVS r3, r2, ROR #31 ”5’ gggggggg
27 MOVS r4, r3, ROR #31 rz | veeeesee
28 //or sp | 00000006
Ir | eoeosee
29 MOV r@, #0x72 pc | oovBEB3C
30 MOV r5, #28 cpsr | 000801d3 T sVC
31 MOVS r6,r0, ROR r5 Spsr | 00000000 L

32 snl 00B86HOE

s1 felclelslalelets] W

23

ROR [rotate right] and RRX [rotate right extended] ::]

* Rotation through Carry - RRX
Rotate only once

Refresh n
r0 | GEOREa26
r | 68660666
12 | 00008000
3 | 00000000
4 | 08600666
15 | 080068800
16 | 0000000
3 r7 | GeAAGBA13
34 //RRX —— Rotate right extended (rotate through C) r8 | vessseng
35 //Rotate just once 19 | 86088004
_ ri0 | GRARRBARE
36 MOV r@, #0x26 r1 | eseosees
aT // 0000 ... 0000 0000 G010 0110 2 | esevsess
38 MOVS r7, r@, RRX sp | ee00REEE
39 // 0000 ... 0000 0000 0001 @11 C=0 Ir | eeceeeae
40 MOVS r&8, r7, RRX Pc ((@BeaR64c
41 // 0000 ... 000 POAEG A 1001 C=1 cpsr | af@ee1d3. wnc 1 s
42 MOVS r9, r8, RRX spsr | 0ee0eeqe :
43 // 1000 ... 0000 0000 0000 @10@ C=1 50 | eeeosene
44 1 BEInEeRE W

24

12



Shift and Rotate Instruction (without using barrel shifter)

Shift/Rotate without using Barrel Shifter | : /il
¢ MOV re, r2, LSL #8 //with barrel shift -text
. . . .global main
. LSL r@, r2, #8 //regular shift instruction e
ASR - Arithmetic Shift Right ASR - y
* No AsL !!! DR r@
LSL - Logical shift left HARCE
LSR - Logical shift right
ROR - Rotate Right LOR
. . MOV
RRX - Rotate Right with Extend ASR
ASR (Arithmetic Shift Right) :
* For signed number shifting
. Format: ASR rd, rm, rn 0| freFFFaz Lgﬁ :g'=Jth“+.ln
+ //shift rm by rn times o Sitetie ASR 7. 5, 16
* //and store it in rd r3 | eesaeeac 1 rs= @ ELE
. rd | apazeasf
¢ LSB bit removed r5 | eeeeff1s
«  Empty bit filled with MSB o] cegseale stop:
Keep the sign g gg‘fm@ggg : B stop
* Divide by 2 110 | 80800605 E e
1
:12 apagasas
sp | eeagae8s
Ir | eacaaaas
pC | BEA8aaza
cpsr | 080881d32 1 5vC
Spsr | Gaeaea8a ?
s0 | a0apaaes
s1 BO000008

25

Shift and Rotate Instruction (w/o

using barrel shifter)

LSL (Logical Shift Left)

. Format: LSL rd, rm, rn

e //shift rm left by rn times

e //and store it in rd

*« MSB removed (or goes to Carry)
. LSLS updates Carry flag

* Empty bit filled with ©

¢ Multiply by 2

| eeeeeol1d
r1 | epeoless
r2 | epeooe1s
r3 | 0eee00dc
rd | oeela088
s | eppoffls
ré | eEE00a18
r7 | friseass
rg | oeeeeaas
rg | eeoooaas
rio | eoooaaads
rl | eeeeeass
rz2 | oeeeesss

Sp | eeeeaae

Ir| eoeE0000

pc | DRREREZE
cpsr | 0OO001d3 I svC
Spsr | @688 ?

Compile and Load (F5)

W R =

S JC NN

8
9
10

//Example3-22.s
-text
.global main
main:
//LSL-——— Logical Shift Left
// empty bit is filled with 0
//MSB removed (or goes to C)
LDR r0, =0x00000010
LSL r1, r@, 48

Language:| ARMv7 v |

untitled.s [changed

//r@ = 0000 0000 0EEO OO0 000 DOEE 0001 BBOO
//rl = 0000 0000 000 0000 0001 0OOE 0000 0LOO

LDR r2, =0x00000018
MOV r3, #12
LSL r4,r2,r3

LDR r5, =Ox0000FF18
MOV r6, #16
LSL r7, r5, r6

// r2 = 0010 0000 GOO0 OO0 00O OEEO 0001 1000
// r4 = 0000 0000 QOO0 0001 1000 PEEO 000 OO

//r5= 0000 0000 0000 0OOO 1111 1111 00G1 1000

//r7= 1111 1111 0001 1000 0000 0O OO

stop:
B stop
.end

0000

13



Shift and Rotate Instruction (w/o using barrel shifter)

LSR (Logical Shift Right)

r

r3
rd
rs

r7
rg

10
ril
2

sp

Ir

cpsr
spsr

Format:

LSR

rd, rm, rn

//shift rm right by rn times
//and store it in rd
LSB removed (or goes to Carry)
. LSRS updates Carry flag
Empty bit filled with ©
Divide by 2

BEBE1EEE
PEBEEO1E
BeB18000
eleletelolelols
BeEAEO1E
Trlaeooe
BEBEEO10
eeea7r1a
BEEAEO60
BEBEEEEE
(1= Tchelololoyo]
BEBEEEEE
[-1:Letelclolono]
BEBEEOEE
28808800
BeEEEO20
BeeEE1d3
eleletelofeolo]

[4¥] 4896

rl 16

r2 98364

r3 12

r4 24

r5 | 2132279296

ré 16

7 32536

8 0]

(1] 2]

10 2]

ri 0]

ra 0]

sp ]

Ir 2]

pc 32

I svc epsr 467
2 Spsr @

~N oW N

D5
n6

28

//Example3-
.text
.global mai
main:
//LSR—— Lo
//Empty bit
//LSB remov
LDR rO,
LSR r1,
//re =
/frl =

23.s
n

gical shift Right

is filled with @
ed (or goes to C)

=0x00001000

ro, 48

Q000 0000 00RO PO GEO1 OO0 0000 0000
QOO0 0000 DORE PO PEOE PEOE OROL 00LO

LDR r2, =0x00018000
MOV r3, #12
LSR r4,r2,r3

// r2 = 0000 0000 GEAO (OOL 10600 (GEOO GO OO0
// r4 = DOOO 0000 OEOO OO OB 00O PEO1 1000

LDR r5, =0x7F130000
MOV r6, #16
LSR r7, r5, r6

//r5= 0111 1111 0001 1000 000 0000 00O 00O
//r7= 0000 0000 00O 00O ©111 1111 0661 1000
stop:
B stop
.end

27

Shift and Rotate Instruction (w/o using barrel shifter)

ROR (Rotate Right)

Format:

ROR

rd, rm, rn

//Rotate rm right by rn times
//and store it in rd

LSB is moved to MSB (and goes to Carry)

1]
ri
r2
r3
r4
()
6
r7
rg
r9
ri0
r
rz
sp
Ir

cpsr
spsr

BEBOEE1E
lapbaans
aeEEBEe 18
0000008c
91800000
Plolclch i e
[ololeleleloN ]
friaeean
BEBRODEE
2lelelctatalale]
alelelotatalale]
0ee00000
elelelelolalalo]
[ololelelolale]e]
[olofelelelale]e]
BEBHEEZE

080001d3
geeeeeee

I 5vC

-Lext
.global main
! main:

ROR rl, rO, #8

LDR r2,
MOV r3, #12
ROR rd,r2,r

LOR r5, =0xBEGEFF18
MOV r6, #16
ROR r7, r5, rb

111 @eal
! stop:

B stop
.end

28
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Shift and Rotate Instruction (w/o using barrel shifter)

RRX (Rotate Right with Extend)
Format: RRXD rd, rm
//Rotate rm right by 1 bit through Carry

//C is shifted to MSB
1 //Example3-25.s
2 .text

.global main

r0 | evesenez 4 main:

rl | eeeeessl 5

r2 | oeosones

r4 | AEOEREGAR
rs | 000860806
ré | @EEREEOR g
r7 | fflaeeee 10
8 | 60006066
9 | eepBEEER
ro | 000006600 ; )
r11 | eeoeeoes 13 MOV r2, #0x08
r2 | eeeseees icy RRXS r3, r2
sp | 00000600 15 -
Ir | peceaees 6
pc | eeeeas1e -

cpsr | 000601d3 1 svC 25

Spsr | @RoeeRes 7 19 stop
2 B stop
21 .end

/ /RRX- Rotate Right 1 bit with Extend
6 //LSB 1is moved to C and C is moved to MSB
r3 | 08006064 7 LDR r0, -0xDODOO0O2

SHC]

<

29

Chapter3 - Class Activity 2

* Find (a)the contents of register r3 and (b) C flag, after

executing the following lines of code.

Submit your answers.

(1) MoV ro, #oxo04 (4) LDR rl, =0x1234

MOV rl1, ro, LSR #2
MOVS r3, ro, LSR ri

MOV r2, #0x08
MOVS r3, rl, ROR r2

(2)LDR r1, =@xA@F2 (5) MOV re, #0xAA

MOV r2, #0x03
MOVS r3, ri, LSL r2

(3) LDR rl1, =0xB0S5
MOV r2, #3
MOVS r3, ri, LSR r2

MOVS r3, r@, RRX
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