w2 ARMIES RS (2)

RARRG BTSN

G 2SO 2 Ha (2
. M

I%
AR B4

L9 =

I—A

LO00000
JOoooeoeo
o000

o0



Feykiz HiE4 — MUL, MLA

o MUL-r4, r3, r2 ; r4

=(r3 x r2)[31:0]

o BIUBMEEAFILAIHT I (TEHFARI RO

o HRTHBNEESS

o WMRBEHS AL, MVIRENIIRE,
e MLA r4, r3, r2, r1; r4

o FINFES

e rOx35 ? BEEAME

IMUL R &

e ADD r0, r0, rO LSL #2
e RSB r0, r0, rO LSL #3
RSB : i OP1 = OP3 - OP2

SRR AR, MIEFAEEAR

CREBALTLE X

=1(r3xr2 + r1);34.;

rO&F fFFas 5
; 10’ := rOx(4+1)=r0x5
; 10”°:=r0’x(8-1)=r0x35

NixizH?



000
0000
Why can't the first two arguments to the MUL experssion on ARM7 be the same? ::: o
_ o0
) ) . asked 1yearago
® y . I've been helping with labs on a course in ARM7 assembly language and today encountered a o
® problem where a student had entered the following experssion: viewed 47 times
0
active 1 yearago
MUL R®, R, R1
v

The code didn't compile. The solution is to change the expression to:

BLOG
ML RO, R1, Ra
P ) stack Overfic
d.e fthe figst two arguments of MUL cannot be the same register. | already knew this as it is part of Can We Leal
the dogumentationfier ARM:
hffb?!ﬁ'h'focenteuarm_comih elp/topic/com.arm.doc dui0489i/DUI04891_arm_assembler_reference pd

‘

MUL{S}{cond} {Rd},LRr, Bm

3.76.1 Syntax

where:

cond is an optional condition code.

S 1s an optional suffix. IfS is specvifiet;i, the condition code flags are updated on the
result of the operation.

Rd is the destination register.

Rn, Rm are registers holding the values to be multiplied.

3.76.3 Register restrictions

Rn must be different from Rd in architectures before ARMv6A.

You cannot use PC for any register.

You can use SP in ARM instructions but this is deprecated in ARMv6T2 and above. You cannot
use SP in Thumb instructions.

ARM Compiler toolchain Version5.03
http://infocenter.arm.com/help/topic/com.arm.doc.dui0489i/DUI0489]_arm_assembler_reference.pdf



FerkizBEig 4 — MUL, MLA

o r0x35 7?7 Be B/ AERAMUL R f# Fr0&F F2 stz B ?
ADD 10, r0,,rO0 LSL #2 ; r0’ :=rOx(4+1)=r0x5
RSB r0, r0, rO' LSL#3 ; r0”:=r0’x(8-1) =r0x35
HHA— &4 SEE 0 RIS = 2
35=5x7=(4+1) x (8-1) = (8~1)x(4+1)
rox135 ?135=5x9 x 3 = (4+1)x(8+1)x(4-1)

ADD r0,r0,rO LSL #2 ; r0’:=r0x5
ADD r0,r0,rO LSL #3 ; r0”’:=r0’x9 = r0x45
RSB r0,r0,r0 LSL #2 ; r0’”’:=r0”’x3=r0x135



%3 (1) . RMEIEA] o

EHrofFfga, rifffitb, r27f
o CBJF: x=(a+b)-C; o 3rpue 78 i
o ILIwTEF: 227 FrafENE BT




i

> (1) . WEIEA]

o CHEfF: x=(a+b)-c;

® ‘JE%F%F?':
ADR 4, a
LDR r0, [r4]
ADRIr4, b
LDR r1, [r4]
ADD r3, r0, r1
ADR 4, c
LDR r2, [r4]
SUB r3, r3, r2
ADR 4, x
STR r3, [r4]

EHrofFfga, rifffitb, r27f
fikc, r3fifEx, TEIHRHMUE

FIrdfE A e %S0 &F 7 4% .

; get address for a

; get value of a

; get address for b, reusing
; get value of b

; compute a+b

; get address for c

; get value of ¢

r4

; complete computation of x

; get address for x
; store value of x



2 (2) : WUEIER] "

. CHF; y=ar(proy [WI0FHaTD i
o ) . r317fify, [FIFAE HrdfE %
ILAFEFRe 222 NFR R 0 1 S M




#.> (2) : R{EIEH]

o ..y=1a* . [EHroFfEafb, r1fififc,
CEJF; y=a*(b+c); r37fEy, FIEEEHrdfE A%

o LIREIEL MR I 5 O
ADR r4, b ;. get address for b
LDR r0, [r4] ;/getvalue of b
ADR r4, c ; get address for c
LDR r1, [r4] ; get value of-c
ADD r2, r0, 1 ; compute partial result
ADR r4, a ; get address for a
LDR r0, [r4] ; get value of a
MUL r2, r0, r2 ; compute final value fory
ADR r4, y ; get address fory

STR r2, [r4] ; store y



%3] (3) : REEH 3

fEHro7 - fifa, rif7-fib
o CHIFF: z=(a<<2)| (b&15); TERITHLSEralER
o ILEtERF: 277 EiEz S SR

JOIE 7T ;

I<r

LSL BB AEE0~31061, THHRBILE
ASL:EARER, 5LSLFE X;

AND: ZE ik 5H

ORR: #piREEH




2.3 (3) : WEIEH]
15 FHroEEa, rfEiEb

o CIEF: z=(a<<2)| (b & 15); 7Ei&itBHMU{sE FHrafEH

o ILImFEF: 227 A 3 4k BT A7
ADR r4, a ; get address for a
LDR r0, [r4] ; get value of a
MOV r0, rO LSL 2 ; perform shift
ADR r4, b ; get-address. for b
LDR 1, [r4] ; get value of b
AND r1, r1, #15 ; perform AND
ORR 11, 10, 1 ; perform OR
ADR r4, z ; get address for z

STR r1, [r4] ; store value for z



%> (4) : ifigH) 3

o CHEfF: [if(a<b){x=5;y=c+d;}elsex=c-d;

o ILHfERR: 277 fEHIr0fFf#a,x,c, rf#fkb,d7E BT
b A A5 P rd {4 18] 3% - Bk 55 77 4%

CMP: r_x, r_y, LB FFasr_xHIr y Rz

B: label TokBkE:, label yER R/ FE 555
BLT: /abel N bR, BRI 5EELLER

BGE: label KXTEMER, B/ 5EHLE



3] (4) . ifiEf)

o CHEfF: -if(a<b){x=5;y=c+d;}elsex=c-d;

o ILIiFEIT4 i FrOf£ figa,x,c, rif#figb,d7E % it
X A8 F rd/E N e S hk 158 .

; compute and test condition

ADR r4, a ; get address.for a
LDR r0, [r4] ; get value of.a
ADR r4, b ; get address for b
LDR r1, [rd4] ; get value for b
CMP r0, r ;comparea<b

BGE fblock : if a >= b, branch to false block



3] (4) . ifiEf)

I rof - fia,x,c, r1f#-fb,dfE % it
AN A5 FH rdE 1) 3 -k 3 A7 4%

: true block
MOV r0, #5 ; generate value for x
ADR r4, x ;/get address for x
STR r0, [r4] -‘store x
ADR r4, c ; get address-for c
LDR r0, [r4] ; get value ofc
ADR r4, d ; get address ford
LDR r1, [r4] ; get value of d
ADD r0, rO, r1 ; compute y
ADR r4, y ; get address fory
STR r0, [r4] ; store y

B after : branch around false block



3] (4) . ifiEf)

I rof - fia,x,c, r1f#-fb,dfE % it
AN A5 FH rdE 1) 3 -k 3 A7 4%

: false block
fblock ADR r4, ¢ ; get address for c
LDR r0, [r4] yget value of c
ADR r4, d ; get address for d

LDR r1, [r4] ; get value for/d
SUB r0, r0, r1 ; compute a-b
ADR r4, x ; get address for x

STR r0, [r4] ; store value of x
after ...



%3] (5) : switchi&f] i

o CHEfF: -switch (test) { case 0: ... break; case 1: ...}
o ILYRTEF: 2727



> (5) .

switchi&f]

o CFEF: switch (test) { case 0: ... break; case 1: ... }

: load value for test
: load address for switch table

Memory
element Offset

3 12

Pointer to 2 8
start of array 1 4

 — :

o LIRSS
o ADR r2, test ; get address for test
o LDR r0, [r2]
° ADR r1, switchtab
® LDR r15, [r1, rO LSL #2] ;/index switch table
e switchtab DCD case0
o DCD case1
o
e casel : code for case 0
o
e case1l : code for case 1

Recall Array access

DCD{y#e< H T orfic— Fri#Ese iy Ak o H v e < 18

E HIRIEZAI IR .

L, RIATA] PAAT

=T B R IE T




%4> (6) FIRJEJ
o CIERr:

o for{(i=0; f=0; i<N; i++)
o f=f+ c[i]*x[i];

® ?E%?%F? ??7?

i




#.>] (6) FIRJE 2%

o CIEFr:
for (i<0/ f=0; i<N; i++)
£ = £+ c[i"X]il;
o ILIRIEST:

; loop initiation code

MOV r0, #0 - use r0 fori

MOV r8, #0 ; use separate index-forarrays
ADR r2, N ; get address for N

LDR r1, [r2] ; get value of N

MOV r2, #0 s use r2 for f



%] (6) FIRJEEEE

o ADR r3, c : load r3 with base of c
ADR/r5, x - load r5 with base of x
; loop body
loop CMP r0, r1 5 exit?
BLT loop f 1 </N, continue

LDR r4, [r3,r8] ; get'c|i]

LDR r6, [r5,r8] ; get Xx[i]

MUL r4, r4, r6 ; compute c[i]*x[i]
ADD r2, r2, r4 ; add into running sum
ADD r8, r8, #4 ; add one word offset
ADD r0, r0, #1;add 1to i



N ZR TR PAT v.s B

o if(a<b)x=c+d;elsex=e+f;

AT

CMP ...;comparea<b

BGE fblock ; if a >= b, branch to false block

tblock ....

e ; X=c+d
fblock ....

. X=e+f

7E il Ei.ﬁ.% ?

K
r

il

1 %




EZE/

EARIATR

o LDRFISTRIE4{X gtload/store—~32/i/ F
o ARM_IU\EE—%?“/\Ejloadlstore 16N B 7o

l /

=

- &30 H 74 (Block Data Transfer)

LDMIA r1, {r0, r2,r4} ; 10 := mem,,[r1]

; 12 1= mem,,[r1+4]

; T4= mem,,[r1+8]

r4
r3
r2
r1
ro

) ¥ PN

LDMIA 1, {r0, r2, r4}

e memeory
\\
base_addr + 8 | T~
base_ addr base_addr + 4 A\
Y — base_addr )

\

/




S HAEALERRR

o A T AT A AR ] AR ¥R e N2 B IRIEIX. (HRE, WR
% FHr15(PC)s- M| ZEBRE K EFE 7 I A o il B % o

o LDMIAR) B M2 STMIATE S -

STMIA 1, {r0, r2,14} ; memg,[r1] :=r0
; mem,,[r1 + 4] :=r2

;'mem,,[r1 + 8] :=r4
. e ¥ 1

STMIA 1, {0, 12, 4}

r4 memory
e
r3 \‘
e ——
r2 — base addr+8 [~
r1 base_addr base_addr + 4 X
ro \ » base_addr 4

\ /




ZHARALIRTE S EHE I F AR
DU 1% B AL & 3 b E1 30

LDMIA 13-, {r2-r9} ; 12 1= mem,,[r1]

_T? T e e
; 19 := mem,,[r1+28]
srl=rl + 32

TN

load multiple e
tpcate f meaning. of LDMIA
after used , .
\ Instruetion
| - increment | A - base address is
base address iIncremented after it is \
used load registers r2 to r9




2 BHEfRIETERME

(R

e 2 2R AR 818 R 81 F WA IR s ik A2 X B B A3k

ADR r0,/src_addr : initialize src addr
ADR r1, dest-addr : initialize dest addr
LDMIA rO!, {r2-r9} ; fetch 8 words from mem
7 /....,and update r0 :=r0 + 32
STMIA 1, {r2-r9} ; copy 8 words to mem, r1 unchanged
| A~

o LfFHLDMIARISTMIATE S BT, Hibin_(Increment) |,
HAEMIAEHE (After) 30,

il

ik b, SHELREESH
“* Increment - After

“* Increment - Before

“* Decrement - After

*+ Decrement - Before

JL

g 2

LDMIA and STMIA
LDMIB and STMIB
LDMDA and STMDA
LDMDB and STMDB



STM#5 4 i

JL

rg’' — 101844
rS
r1
r9 /I r0 100C16
3
‘]‘ 10004
STMIA r9!, 0, rl,rS5 }
rg — r5 100c+g
r1
r0
rg’ = 1000,4
STMDA r9!, {r0,rl,r5}

rg’ — r5 101844
r1
r0
rg —im 100¢1g
100044
BEMIB r9 {r0,r1,x5}
# 101816
9 =i 100C4¢
ro
r1
Q' = r0 100044
STMDB r9!, {r0,rl,r5}




¥ (Stack) HINEA:

o 1% (Stack) TEIT+ENIEIEF 2R ENFERBHATIEAI

MIERBRAERIZEIER
772 A P Im A A BRI RS, %IRE

o i Pt

HE S i R N g EcdEs (LIFO)

Two pointers define‘the current limits of the stack.

A base pointer

used to point to the “bottom” of the stack-(the first location).

A stack pointer

used to point the current “top” of the stack.

PUSH

{1,2,3}

Sp——>

SP ——
BASE ———>

BASE——>

POP

SP————

BASE——>

O

Result of
pop = 3



% (PUSH) #4E

o PUSHEERIHFRL:

o MIBEWAEBEFE4T, BFRAMRTIEE (Stack
Pointer, SP) o JRAI T A& H HALF 7 (r115F&50) ,
HEIEE BRI HE A, HEFEFE 3.

o AR IR/ fek A HiL Ik SR A G

o FMMDEEFFAR R AR — DAL A [ 7S A
BHIBE(E, SPEMEHJa MR/ ZFHIE N

o ARM¥KHFPUSHTE4, {HR] DM# FHSTMI:s 4 SERERIE

STMDA r13!, {r1, r3-r5, r14}

; Push r1, r3-r5, r14 onto stack
; Stack grows down in mem
; 113 points to next empty loc.




STMi5 4

o TEARMAIEH,
"B B

\.

B FISTMDAZ |

PATERERERISTMEE & /] LA M A
A TSTMED#54

STMED r13! ,{r1, r3-r5;t14}

?T'\\

; push r1,r3,r4,r5,r14 onto stack
; stack descending in mem
+r13 points to next empty loc.

store multiple

N\

update r13
after used

store rtr3.r4.r5 & r14

E- SP points to
empty location

D - Stack grows down
In memory




Hi (POP) #:4E

o '5PUSHE XM{IE/ERPOP. POP {r1, r3-r5, r14}

memery"BEFORE POP

14
rs
r4
r3
r

rM3——»

low

memory AFTER POP

13— (r14)

(r3)

(r4)

(r3)

(r1)

ARM%GPOPT5<, HIHIRAIEH:

high

low

LDMIB r13!, {r1, r3-r5, r14}

: Pop r1, r3-r5, r14 from stack

5 LDMIBSF R EAETE 2

LDMED r13!, {r1, r3-r5, r14}

; Pop r1, r3-r5, r14 from stack




B AR POF R 77 2 :

o Ascending/Descending: N AFIER, ERtH L
KIFEZAZ R GEIGER) Bl NIRRT GEER) .

o FullEmpty: tRiBsH ERFFEIFRTFRLNE, Efam
B JE EAE A BB Gite) Bits R EN T —1
FIRRI AL (T .

~

; Push onto a Full ARgCghdMsg Stack
; Pop from a Full Ascermrihqg STAack
; Push onto a Full Descendin€g Sffafle
ol feem e R LI De =0 andnin e S eHel
: Push onto 2n Empty Ascending Stack
; Pop from an Empty Ascending Stack
; Push onto Empty Descending Stack
Eop Feam e n a2 D el=tencnine Sk cials

{r0-r5}
{r0-r5}
{ro-r5}
{r0-r5}
{r0-r5}
{r0-r5}
{r0-r5}
{r0-r5}




Stack Examples

STMFD sp!, STMED sp!, STMFA sp!, STMEA sp!,
{r0,rl,r3~r5} {r0,rl,r3-r5} {r0,rl,r3-r5} {r0,rl,r3-r5}

0x418

Old SP—> |- ~4°0id SP

1 0x3e8




RBRIEHI T A 182 IR

2R Stackif® | FFEER
pre-increment load LDMED LDMIB
post-increment load LDMFD LDMIA
pre-decrement load LDMEA LDMDB
post-decrement load LDMFA LDMDA
pre-increment store STMFA STMIB
post-increment store STMEA STMIA
pre-decrement store STMFD STMDB
post-decrement store STMED STMDA




TIE

o

Am|
=

N )

17,

¥ (subroutine)

£ A LA

SN f )

)

i AR AT R A

PP, B E R TREFFEHIT .

main program

call

BL
ADD

SUB1 - call subroutine SUB1
r0.rl.r2

UB1

MOV pc,r14

; body of the subroutine

; return to calling program

return



TR

(4

T
|

e BAL ‘subroutine_name (Branch and Link) 2—%®k

EITEFHIELR

BT LU BRA1E:

RIFPCHFFAFIME (P F ML) PIr4TFeE. X
Fe IR Bk

R FRE PRI bbb B BIPC A 48 s

e BALKiZ/§
WIEEEFER (link register, Ir or r14) .

o THEFFIR

A

Ir45 F28 RIRFIR

R . HEKr148)/

[N

8]

0o IX R BAT B BRAE .
ol Huhl, & 14 4%

B|PCE 745




?ﬁ%ﬁﬂkgg

o T REIMIIREETFFIr4F, WRAE LERF
r14 N ABE XA FRER

o MM TIERILERFR, FEFREFAFHEEM
TFAafE, BRIERESHAHERFEFESER.

o gﬁﬁﬁﬁﬂﬁﬁw. REXNHHARTEBRFEFRE
o fFRIARRSLIN:

REEr14;

REFRE FEFFHSFEHEIME, BREIFNKE .

\

\I




BT R SEI TS,

T N HIE

ARS

BL

BL

SUB1

SuUB2

SUB1 “STMED r13}, {r0-r2, r14}

LDMED r13!, {r0-r2, r14}

; push work & link registers
; jump to a nested subroutine

~pop work & link registers

MOV  pc, ri4 »return to calling program
| T o
on entry to SUB1 when return from SUB1h' .
: \ 'g
13— r14 high r13=—-" (r14)
SP moves 2 (r2)
ro (r0)
13— 3=
low low
STMED r13!, {r0-r2, r14} LDMED r13!, {r0-r2, r14}



oy

P-

I

e SUBAHH

7]

N

BN

ﬁnh Fhs:

RPN

—
stack memory

initial SP SUBT lihKrég |
position

~ SP when SUB?2 link reg |

inside SUB1

SP when
inside SUB2

%,

stack for
SUB1

stack for
SUB2

T BA—AFEFESUB2. BikSUB2M{EFE
HAEES 75 (r14) A

B



IComiesa<

o ZRiNTES: TEARMICHRIES B, H—iEpkis 4 o,
B AR M EBRERS (BRERBIMMNIES) . EE R RTE
2 Be fF AR, BN BB BefE. thTe&1E
B RVER RN ERICRIEFES S T/E. X
ASIEICwmE A RIER—BILREE R, S HE B

e ADR: /Mu[ Hsbbt I yiE<, WEF Ayt

ADR?“/\«I%%?PC*HXTWI%B’Jf@hﬁﬁ&ﬁ@ﬂ%‘ﬁ%ﬁEP £
L mmIEIRIET R, ADRY:ZRiIFESRB N <FEEHIES
(ADD or SUB) .

84 R: ADR{cond} register, expr
2.  start MOV r1, #10
ADR r4, start




JLskE Ry 2

o 'AREA: iEWEHKA AREA B4, BHA1, BM2, ...
AREAfH T2 H T & X — M B BB 3 B

wHBEME:

CODEE4:: T EXREE, EFRIAIREADONLY:;
DATAEM:: AT XF#E, i\ NREADWRITE;

_‘/l\?l:gﬁin %3

2R EDEAES—E, I

EFAKE, B

TRNZ NG BB B
ffF~"#: AREA Init, CODE, READONLY
X, B ainit, BN .



JLskE Ry 2

o ENTRY: iEiE# ENTRY
ENTRYfh#8S T EILHmEFFA D
RICRfE P 20 EF —IENTRY,
W% REeE —/A"ENTRY.

o TE—15E
B —MRXC

A5 FH 7~ < AREA ‘Init,/CODE, READONLY

ENTRY
e END: iE¥E# END
ENDfyES H FHEMICkRBS L3 1 IR

EFHIERE.

A5 FH 7~ < AREA Init, CODE, READONLY



JLskE Ry 2

o EQU: iEEH ZFR EQU FTiAA{ KH)
EQUINIE SR T HEFRFREER. BEEEN—IE
MV FRFAFR RIUTFCIES R “#define”
ZFRNEQUIH TR AN 272 7R
MRIEF AN EEN, AfgER AR EIERE,
EFLLF=#MK%. CODE16. CODE32fIDATA
SR F: Test EQU 50 ;& X #Irn5TestI{E 450

Addr EQU 0x55, CODE32 :

e ALIGN:

ALIGNfY$E & I INEAZ TR A, FHEMvE
W R — xE B 55 =



‘]. gﬁlm = /_—Eﬁﬁ
o WHE~FILIMESEFE LT ILE S

label <spate® ©pcade <space> operands <space> . comment
® ﬂzgﬁin%’%ﬁ

o —KIER—AT

o LB R ITRHEA FRIFFIC A B80T

o TR WG ZHBHEIX 73 HRiC KT 46

o VEREFRFETREHIERESTEH (ARMER “57) B2

TR
o BANRZIE] LA 73 TT




1L %15 5 2B

AREA Example, CODE, READONLY

ENTRY)

start

A& MOV r0, #1%
MOV rl, #20
BL firstfunc

SWI Ox11
firstfunc

ADD r0O, r0, ril
MOV pc, lr

END \
operands

label opcode B#RIEH
#Ric BRAEW

name this block of code
mark first instruction
to execute

Set up parameters

Call subroutine

terminate
Subrxoutine firstfunc
KO0f=/r9 + ril

Return frém subroutine
with regul®™ in #Q
mark end of Hfdle

\

comment

ik




ARM Instruction Set Format .

BHEEHHR B EHEHEE A H B B E AR N AR

Condition 0 I\jfﬁfi] N Rn OPERAND-2 Data processing
Condition 0O 00 0O 0 A _S K _, Y Rn Rs 1 0 0 1 Rm Multiply
Conditon 0 0 0 0 1 U A S ‘Rw ) Ratow Rs 1 0l 0|1 Rm Long Multiply
Conditon 0 0 0 1 0 B 0 O Rn Y ({r) g0 0 0 0 1 0 0 1 Rm Swap

<« ‘
Condition 0 11 P UB WL Rn \Rd l‘A lN OFFSET Load/Store - Byte/Word
Condition 1 00 P UB WL Rn REGISTER LIST Load/Store Multiple
Conditon 0 0 0 P U 1 WL Rn Rd OFFSET1 1 é_n"/jorrsm Halfword Transfer Imm Off

x / r

Condition 0 00O P UOD WL Rn Rd 0 0 001 S HW Rm Halfword Transfer Reg Off
Conditon 1 0 1 L BRANCH OFFSET 7 w ) _ Branch
Condition 0 O SOk A8 N SN BN B0 1 T BTN TR T B o B0 A T ST S R @ S 08 1 Rn Branch Exchange
Conditon 1 1 0 P U N WL Rn CRd CPNum OFFSET COPM%D#@FER
Condition A0 15 1Y ) Op-1 CRn CRd CPNum OP-2 0 CRm COPROCESSOR DATA OP
Condition OP-1 L CRn Rd CPNum OP-2 1 CRm COPROCESSOR REG XFER

Condition I8 15 ) (R SWI NUMBER Software Interrupt



if statements

if E{lthen[:]else
C S

else:

endif:

BNE else
4 i

B endif
E

repeat loops
do {{S|} while (|C|)

loop:




while loops
while (/C) {|S}

loop: \qu B test
Test loop:
BNE endw ZZ}
test: ~D,
S S
Test Cﬂ
= loop endw:

endw:



for loops
£or (k;}{fﬂ;'A ) {{s)} for (i=0; i<10; i++)

{ a[1]:=0; }

C
BNE endfor

loop:

S

A
B loop

endfor:



IR R4

o ¥ I FKeil MDK-ARM
o i FKeil 44 5 ¥ L 2 HIFIR 5 K25






