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3. ARM (& =cl A0l Z=2 )4

- ®A R

The ARM processor is very easy to program at the assembly level, though for most
applications it is more appropriate to program in a high-level language such as C or
C++.

Assembly language programming requires the programmer to think at the level of
the individual machine instruction. An ARM instruction is 32 bits long, so there are
around 4 billion different binary machine instructions. Fortunately there is considerable
structure within the instruction space, so the programmer does not have to be familiar
with each of the 4 billion binary encodings on an individual basis. Even so, there is a
considerable amount of detail to be got right in each instruction. The assembler is a
computer program which handles most of this detail for the programmer.

In this chapter we will look at ARM assembly language programming at the user
level and see how to write simple programs which will run on an ARM development
board or an ARM emulator (for example, the ARMulator which comes as part of the
ARM development toolkit). Once the basic instruction set is familiar we will move
on, in Chapter 5, to look at system-level programming and at some of the finer
details of the ARM instruction set, including the binary-level instruction encoding.

Some ARM processors support a form of the instruction set that has been com-
pressed into 16-bit “Thumb’ instructions. These are discussed in Chapter 7.
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3.1 OO Xecl &
- U0l xcl E880i= oIy gts =8

oS
A QIHHER ZUE HESt=s S QI

- ARM OI0IH Xel H80 2
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> =cl A4t BEN  AND, OR, XOR 52 2= =2l 4k Al

or r2

Xor r2
and not rz2

> dXAH Ols BEN : F 8HM QI{HEE SHAX| LQLI{HEZ Ol=

> Hlw HAN: F AXNAH &S BlWote YEUHZ Hlw 2001 Tt
CPSR dIRIAHS Y HIE &8

- r2
rl + r2

rl and r2
rl xor r2




4
LR LR LR E LR L L LT L L LR LR LR LR L L LR LR LR E R LR LR LR LR LT LU

- AL QU
> AIXIAE O A4S HEHHLE & [ BM2l6tD S Bl QHBCE a2
BHE 2 AIE

> &=5 HAIoH)| ?lol #= AtE0tL) 168+ HI|E Rloll &E FIt

H
Lad
|
H
L
-+
s

ADD r3, ri, #1 ;
AND r8, r7, #&ftf : T8

[

H

=]
=
o

OlJF 32 HIEOIEZ 32 HIE &5 HN& =Jt=s

\Y
0
aa
Il
H
0oL
o
02
0
=
[N

St &4 82 (0 » 255) x 221, (0<n<12)
Ael0ls dl Xl A
> & B A4 QI{HEE KA2l0l=s e =0l QI0IH X2l 238 A
ADD r3, r2, r1, LSL #3 ;13 =r12+r1<<3=r2+ 8 xr1
> GtLESl HE O AMOIZ2WAM A8, HHEE2 ZZMAIE X2l0ls HEUHE

2= MSotAl2t ARMZ2 et BE 00l ALUZE A2l 0ls S&E SAl =
(LR LR LR E L LT E LR LR LR LR E LR LR LR LT L L E LR E R LR LR LT

02
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> HlZol= X2l0ol=s =&
LSL: logical shift left by 0 to 31 places; fill the vacated bits at the least significant

end of the word with zeros.

LSR: logical shift right by 0 to 32 places; fill the vacated bits at the most signifi-
cant end of the word with zeros.

ASL: arithmetic shift left; this is a synonym for LSL.

® ASR: arithmetic shift right by 0 to 32 places; fill the vacated bits at the most sig-
nificant end of the word with zeros if the source operand was positive, or with

ones if the source operand was negative.

ROR: rotate right by 0 to 32 places; the bits which fall off the least significant end
of the word are used, in order, to fill the vacated bits at the most significant end of
the word.

RRX: rotate right extended by 1 place; the vacated bit (bit 31) is filled with the old
value of the C flag and the operand is shifted one place to the right. With
appropriate use of the condition codes (see below) a 33-bit rotate of the operand
and the C flag is performed.

> Xl Olsg = dAAHN MNE Jis

ADD 15, r5, r3, LSL r2 ;5 =r5+13x22 (4= HEN)
TR R T i i i i i s Ty mm
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- X2 RS &H

> OI0IH XMel 8= Z2 0ot ot =24 2= (N, Z, C, V) &8

> Hluw BE0HE Helet olel Ml Ed0= 00l SE EIJtotd et
200l et 2H 2EE 43

> 64 BIE &4 (r1-10, r3-r2) S0lA C HIE= A& S22 JHelE ME

ADDS r2, rd2, r0 ; 32-bit carry out -» C..
ADC r3, ri, rl ; .. and added intc high word

> ALEXHN Qo =H DE Y RRE M Jts
> Hlw S0 (CMP, CMN)= 2201l et 2= £ ZEIH LSS &3

> =22 0ls Edi= C, VO

I_|_[_
02
0o
|0
1M
>
50
I
z
N
=2
02
0!
o
o

> A2 220 et 24 201 BE00 Qe =2 ) Mo =85 28

- _3/\-” D:I(ED:|O.|

o o

> =& g0 &40 MUL 14,13, r2 P14 =13 X 12310]
I ey yyyyym
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> &= QIHeE= oS5 A 2] 64 HIE Z202] of 9 32 HIELQF dIAIAH

O M&, 64 BIE &XME N&Eot= long & EE0UHE MB

MLA 14, 13, 12, r1 b4 = (18 x 12 + 1) [31:]

> A BH2 ML HXAHN NS 2 B HAS AIRGI0 2
4 AXISH X2l 015, Ta, WA YPUS ARSI SSHOE A8 s

3.2 UIOIH Ol EEN
- OI0Ie Ols EE0i12 V=2 Sl
d= diXAH A A& HEN - ottt HI0IeHE 0l M AtS
> US dlAAH S & BE0H - ZE2 22 UO0IHE 82822 0l

l0|

5101 U5 AR, CIOIE 222 =Al 28 22 AIXAEE NEGD =2
> A2 AXAL DB FHO

=

| XAIAESH222 GI0IeHSE &= wEh, A

EL 2EUHAME A2 AISEX &ES
(LR LR LR E L LT E LR LR LR LR E LR LR LR LT L L E LR E R LR LR LT



- dlAlAH 2t G =dle

> ARM GIOIE Ol HE8 0= dRKIAE 24 HEY A, Base—plus—offset,

I

Al 3

Base-plus—index HEH A S5 EUHZ &

Hodla 2-80l 2=HE

i
uin

> alXAH 2HE HEdads EUZ T
> dlAIAE 28 HEdIA0 2lg 0 SH

LDR r0, [rl] ; r0 := memss[(rl]

STR rG, [rl] ; memss[(rl] := ro0

- HEdlA ZoIHS =Dt

>S4 U2l ?IXI0l load, storeot)| ?Iol ARM dl AIAE I SE GE22l #
A== =D|stE[ 0 0F &
FAXE el ?loll r150 g &=

J
D s gyol 230

offset= & 0I0F 6t=0 O0IE ®lolf ADRO|2t= pseudo EENHE HZ2

> ADR CH&! BII22] RIXIE HatotH T2 020 2 K10 A HAIZH0l 2HE
(LR LR LR E L LT E LR LR LR LR E LR LR LR LT L L E LR E R LR LR LT



> ADR &0 2 AtE Ol

rl, TABLEl ; rl points to TABLEl
r2, TABLE2 ; r¥2 points to TABLE2

; < source of data >

; < destination >

-d= dXAAH AN, WE EE0
> dIXAIAE 28 HEdl2 0

» rl points to TABLEl
: r2 polnts to TABLE2

get TABLEl 1st word

copy into TABLEZ2
; step rl on 1 word
step r2 on 1 word
if more go back to LOOP
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— Base plus offset 0 S ¢l &

At

—

> HIOIA A AEO 4K BIOIE HRIL2| offsetS HotH HIZ2l =2 A

> pre—indexed HEYlA B =

LDOR r0, [r1, #4] ; 10 = memg,[r1 + 4]

> auto—indexing pre—indexed HEH A 2 &

LOR r0, [r1, #4]! ; 10 = memg,[r1 + 4], r1 =11 + 4

> GIOIEJF HIZ22I0A fetch&l= =92t GIOIE IHA 0 A auto—indexing0] &

)| =0 auto—indexing= flet =IJHAECI DEQF AlZ2te 2 Clet H| =

(e

OI %Il o=

Ls o

> post—indexed HEHA 2 E

LOR ro, [r1], #4 ; 10 = memg,[ri], r1 =11 +4
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rl, TABLEl ; ¥l points to TABLE1l
r2, TABLE2 ; r2 points to TABLE2

r0, [rl], #4 ; get TABLEl 1st word
r0, [r2], #4 ; copy into TABLE2
; 1f more go back to LOOP

> unsigned 8 HIE HI0IH 0l E& N
LORB 0, [r1] ; 10 = memg[ri]
- Ch& A XIAH OIOIE 0lS

>
>

LDMIA rl, {x0,r2,r5} ; £0 := memyp[rl]

: Y2 := memsy,[rl + 4]
; 5 := memapfrl + 8]

> rOUA r15IHAl 2= dIXAIABEE AFE s

> HIOIA HIKIAEN 1S &EIMEtS 2 M auto—indexings SAI0 A3 Jis
TR R T i i i i i s Ty mm
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S NUISE PN

> A2 ABY HOIHE MEE M =20t SItot=LF 22 0t=LEO| et
ascending, descending ABHOZ AFE| D AEH IO I} JielI| =

GIOIE{0fl (T2t full, empty ABHO R N2 (4JtX] SEHO AEH =Y JtsS)
> 4D K| SHEHO| AEH

base register points to the highest addrcss containing a valid item.

e Empty ascending: the stack grows up through increasing memory addresses and
the base register points to the first empty location above the stack.

o Full descending: the stack grows down through decreasing memory addresses
and the base register points to the lowest address containing a valid item.

e Empty descending: the stack grows down through decreasing memory addresses
and the base register points to the first empty location below the stack.

- 25 SAHEY Y

> 0222 S8 Uole =52 UE FIXl=z SAZ I Eclet Hedld 28
(LR LR LR E L LT E LR LR LR LR E LR LR LR LT L L E LR E R LR LR LT
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> == SAF 280l Oek HolA =AFH =401 S)tote 2 E0[LE Z A0t
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> B0l A =201 190112 0, r1, rBUIOIEE M & o= 4JHA] EHE

101846

100045 100C,5

100046 1000,

STMIA 2!, {rQ,rl.r5} STHMIB r9!, {r0,rl,.r5}

1018,¢ 10184

100cyg 100cy 5

re’ —m- 100045 ro’ —i- 100044

STMDA 2!, {r0,rl,xrS5} STMDEB r3l, {rdl,rl.r5}
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> r0 22l /XA r1 HI22 !Xz 8REE SAtotes 2E

r0 - r2 2 _j+ LDMIA r0!, {r2-r9}
STMIA i, {r2-r9}
r9 r9
> 22 ZA2 Q6H r2-r9 CIOIEHE A8l MAGHD 26t DE
r13 -+ 9 STMDB
STMFD rli!, {r2-r9} ; save regs onto stack
LDMTA ri!, {r2-r9}
3 S I'MILA el ., {r2-xr5}
LDMFD rli!l, {r2-r9} : restore from stack
13 > r2 LDMIA

> US dALAH 8 A BE0He d= dALAH & A8 EE0H 20
DE Z0IE =011 2 480K S5 SIHAZ

> L& dIAAH GO0IE 0ls Ed0e S8 802 lole M+ E It
AN ACcete &= AIOIZ20 &2 = | =20l == RISC ideacs

Otg, &Ml lHF =2 RISC Z=MA= Us UI0IE Ols EEHE M3
(LR LR LR E L LT E LR LR LR LR E LR LR LR LT L L E LR E R LR LR LT
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3.5 M0 =8 EE 0]

> eel 40 8t == 0ls Jts, 0IsE

>
=
N
Y

=
0y
=l
1o
oY
.
o

initialize counter

rl/ s ; increment loop counter

rQ, #10 » compare with limit

LOOP repeat 1if not equal
else fall through
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> 2J &4

Mormal uses

Always take this branch
Always take this branch

Comparison equal or zero result

Comparison not equal or non-zero result

Result positive or zero

Result minus or negative

Arithmetic operation did not give carry-out
Unsigned comparison gave lower

Arithmetic operation gave carry-out

Unsigned comparison gave higher or same
Signed integer operation; no overflow occurred
Signed integer operation; overflow occurred
Signed integer comparison gave greater than
Signed integer comparison gave greater or equal
Signed integer comparison gave less than
Signed integer comparison gave less than or equal
Unsigned comparison gave higher

Unsigned comparison gave lower or same
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-T2 A
> DS HHO{O XA A Jbs, XA 2| IO AIBS L & US

rd, #5
BYPASS : if (xr0 !'= 5) {
1., 2, rl := rl + 0 - r2

rl, rl,

BYPASS
This may be replaced by:

r0, if (rD 1= 5) {
i gl rl :(=rl +«+ rQ0 - r2

A
> X4 Al HIEHE SSHLZ AIEotH DEE x| 45 Dbs



> XA HdE AtEet 218 0
e++;

r

if ((a==b) && (c==d4))

CMP rid, ri
CMPEQ r2, ri
ADDEQ rd, rd,

=J| &3 (branch and link) Z&0{

o)l ?lofl 2eikle 80z AME FE

#1

=2 E|l =
ZEIS M

£ HEGtHOF &

T

> A

=3

=

L
o
[—

IS

branch to SUBR

: return to here |

subroutine entry point
; return

> HSolM M5 SEE 2Sote 2 =7 =452 Adlz 280 ME
(LR LR LR E L LT E LR LR LR LR E LR LR LR LT L L E LR E R LR LR LT
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> AME RE a4 M0l A& 22t U= 08 dAAH at=% U U0l

B ME EEHE AtEot 250l CIOIEHE ME

SUB1L

13!, {(r0-r2,rld4} : save work & link regs

it
s
93
o
==
>
W
==
Par
0A
m
&
d
>
L
&9
(=)
_"D
Ho

1ot OF &

STMFD rl3!, {r0-r2,rl4}; save work regs & link
BL SUB2

LDMFD r1l3!, {r0-r2,pc} ; restore work regs & return



— Supervisor Calls

>

> AIABO XH0IE UKIBH 22O F2 ABIHE GIEA0 BAS HEE

oz 28 £ o8 Z supervisor FEEIS R

0z

> Supervisor call2 AIAE AZEFYUHZ L& &L Supervisor FEIS RE
g [l SWI (software interrupt) 20 AtE
> CIAZd0l ZXI0 8 2XNE £ (102 ofl HIOIEN CHe 2 X =)
SWI SWI_WriteC , output r0;7.q

-&dZH

O

it

> Z2 080 2ol Aot gi0ll et M2 S8 & ofte FEL=Z 0ls
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3.4 0{MlZel Q0] TR 03 XA gy
- 2 ODR2YS C, C++2 H&5Hs 20| BRIt Al2 M0l 2 Z2e
OlMiEe TR0l GEX
q

- HHd=HE Sof ARM & a IEE MAHASI] ARM AIAEI0ILE EmulatorOl Al & &t

AREA BlkCpy, CODE, READONLY
SWI_Writel EQU &D
SWI_Exit EQU &11

ENTRY

ADR rl, TABLEl

ADR r2, TABLEZ

ADR r3, T1END

r, [rl]l, #4
STR rd, [r2], #4
CMP rli, r3
LOOF1

ADR rl, TABLEZ2
rd, [rl)l, #1

CMHP r0, #0
SWI_WriteC
LOOFZ2
SWI_Exit
#This is the right string!”, &0a, &04, 0

surpur character in r¥o

finish program

code entry point

rl ->= TABLEl

r2 -> TABLEZ

r3i -> T1END

get TABLEl lst word

copy into TABLE2

finished?

if not, do more

rl -> TABLEZ2

get next byte

check for text end

if not end, print
.. and loop back

finish

Sy e ] bt

e | -

ap  mg  wmp mp wp

g mg mp oy mg

; ensure word alignment
“This is the wrong string!*, 0
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-T2 )l dH A

i
>
02t
>
0
el
i



