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3. ARM Gidl=Ec| 90 E="]cid
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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.




2
LR E PR LT R e L PR PR PEPECPELPELLPELECLPELECRECRECLRECRRELPEL LR

3.1 OIOIH Mel BEO
- Ul0lIe xcl E80= U0l gts =&d

oS
A QHAHESR ZUE MBots SHA QI

- ol M2l B &=

, =
ADD rl, xl, ra : O := rl + r2

ADC r0, rl, xr2 7 X0 3= rxrl1l +# r2 + C

SUB rd, rl, 2 ; 0 z2=xr1 - x2

SBC rd, rl, r2 ;xr0 2= rl - r2 + C - 1
RSE +0, rl, 3 : rh = r2 = rl

RSC ¥, ¥l; ¥2 :} TD s=r2 - rl 4+ C - 1
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> =cl ek EEN : AND, OR, XOR S2| 8= =¢cl ¢ & el

or r2

Xor r2
and not r2

D dlXIAEH Ol EEH : = 8l QIHHEESE =&KX QLIHER 0|=

> Hlw BE0H & dXAAH et= Hluot=s HENW 2 Hlw 2000 ek
CPSR dIXIAHS oY HIE &8

el 4 r2

rl and r2
rl xor r2
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LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

- M QUHYUCS
> AXAE ASS HEIHL & [ B25tD & Bl QHASE A4 21

=

Bl ===

> &a=E HAIot)| ?olf #= AtEot) 168+ HI|IE ol && FIt

i

ADD r3, r3i, #1 : r3d :=r3 + 1
IB: r?. #"&ff H I_B -f— r?l'?':‘l]'

2

HAN 20IJI 32 HIEOCIEZ 32 HIE &+E ME =2t

O O =

Il
H
0o
ro

> a4

F e (0 > 255) x 220, (0<n<12)

10
fol
rot
0

Ael0ls cdlXAAE et =
> & B AA Q=S Ael0ls e <0l UI0le Hel Ed &

ADD r3, r2, r1, LSL #3 ;13 =12 +r1<<83 =12 + 8 x r1
2= EZ=MAIEFA2I0l=s 3O E

02

> otLtel &0 ALOI20IA &

=T 2 HZ25HKI0 ARMS B HAEOI0 ALUSE KI2I0IS SRS SAl 48
HInnnynnynnnyyyyyynyyyyyyynyymyyyyyyyyyyyyyyyyyyyyyyyyyyyyynyyyyyyyyymymynymyymyyymyymyyuyyymyyyuyyyyymyyyuyyyyuyyyynyymyyyyyynyyyynyyyyyyyyyyyymymy/m
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LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

> M2sts K2I0lS =&

® LSL: logical shift left by 0 to 31 places; fill the vacated bits at the least significant
end of the word with zeros.

® LsSR: 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.

> Xtel Olsg= dAAEN ME Jis

ADD 15, 15, r3, LSL 12 ;5 =r5+183x 2% (44 BEN)
LR R PR LR LT LR PP E L LT PP R PP ECPEELLPELRECLPELECPECECLPECRRELPERLRELD
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LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

- X2 BCE &
> CIOIH Hel 3Z0ols T2 DIt /ot 224 B= (N, Z,C, V) &8
> dluw BEHE MHelet ole Ml Ed0= Ed00ll SE ZJtotd Hat
20 et XH DES &

> 64 BIE & (r1-r0, r3-r2) S0lA C HIE= A& S22 JlelE HE

ADDS re, re, rd ; 32-bhbit carrv out -» C..
ADC r3, r3, rl ; .. and added intc high word

> AFE X0l 2lol =24 2E BtE S22 MAH Jis
> Hlw SN (CMP, CMN)= 200l et 2= =24 DEJ S &S

> =cl2 0ls 880 = C, VO

[.l_[_
02
00!
o
1M
>
50
-]
=
N
=
02
00!
o
O

> & L0 et &4 2)] BE0H0 Set =218 MK =255 28

Iid

Al D=|E'5IO-|

o o

> =d @E02 A MUL 14,13, 12 ;14 =13 X 12(31:0]
L L L T e B e et e e e by
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LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr
> &= QIHAHE= oI EE A H) 64 HIE Z21+2] 619 32 H|EC dIXIAH

O &, 64 HIE 8ME M&Eot=s long s& HSENHE MBS

MLA r4, 13, r2, rf b rd = (r3 x 12 + 1) z1:0]
> A SHZ2 4 dXAHN MNES £ 38 BEHE ALE0t

o

e 0
= AKX X2| O0ls, T4, 2dl HAHE MEoH 2882 A8 JisS

3.2 LIOIH Ol EEO
- UI0IE O0ls 88012 JI= EH

o= dlAAE A2 A& BEH - ofLt2 UI0IeHE 0l M AtS
> U= dAAEH B2 ME B0 - B2 22 U0IHE asd2= 0ls
ot)| ?loll AtE, UIOIE =55 SAH €2 2 dIAABHE MNEotd S&

| AB 2 G222 TIoIEHE &S WE, At

>

> a= diAAe wWe EBE0 -

A 2E0HA=E A2 AASEHX &S
LR R PR LR LT LR PP E L LT PP R PP ECPEELLPELRECLPELECPECECLPECRRELPERLRELD
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- diXIAH 2HE HEdH A
Al Base—plus—offset,

> ARM OIOIE 0ls EE&0 e dlAAH 2H8 (Edl

o
2l
m
Hy
>
02t

Base—-plus—index HEH A S

> dAAR 28 HEdleds EUlz OE O s 2

> el XAH 208 (=0l 2let 80 SEl
LDR ri, Lrl] r0 := memss[(rl]
STR l:"[}, [rl]. ;] mMmey- [rl] := Y0

AN =428 HNEE =)=t 0HO0F &
Jtel2101 2ol r150 e &=

HENH 22 |/AXE
Gl 0|2 <ol ADRO|2I= pseudo @23 E M=

HitotH =2 180] Z0 A2 &HAIZ2H0] 201 E

offset= & 0I0F ol=

> ADR Ui&l BII22] /XIS
LR R PR LR LT LR PP E L LT PP R PP ECPEELLPELRECLPELECPECECLPECRRELPERLRELD



> ADR E@E 02 AtE 0

rl, TABLE1l ; rl points to TABLEl
r2, TABLE2 ; ¥2 points to TABLE2

TAELE1l ; < source of data >

TAEBLEZ ; < destination >

-d=dAAH AN, MY EE0
O

> dIXIAE 2t8 H=alaol Slet H, M&E 80 AtS 0

; rl points to TABLE]
+ r2 points to TABLE2

get TABLE1 1st word

copy into TABLE2
; step rl on 1 word
step r2 on 1 word
if more go back to LOOP
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LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

— Base plus offset HEd| Al

> IOl A dIRIAEO 4K HIOIE HRILHS| offset= Hot( BlZ22l =24 Al

—

> pre—indexed HEY A B =

LOR r0, [r1, #4] ; 10 = memg,[rl1 + 4]

> auto—indexing pre—indexed HEdl& 2 &

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

> GIOIEJF HIZ22IUlA fetchEl= =©F GIOIEIHA Ol Al auto—indexing0| &l
SHE|D| MH=0l auto—indexing=2 et F=IH&QCI DEQL A2t 2 Qlst H| =

Ol EXl %23

s O

> post—indexed HEHA 2 &

LOR r0, [r1], #4 ; 10 = memgo[r1], r1 =r1 +4
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COPY ADR rl, TABLEl ; rl points to TABLE1
ADR r2, TABLE2 ; rd points to TABLE2
LOCP LDR 0, [rl]), #4 ; get TABLEl 1st word

STR rld, [r2]., #4 ; copy into TABLE2
777 ; 1f more go back te LOOP

> unsigned 8 HIE HI0IH Ols 8
LORB 0, [r1] ; 10 = memg[r1]
- (= dIXIAE CIOlE OIS
> ofLiel HEMWZ o AIXAE HOIEHE SAIN M&, &=
>

2 Q= {EJIA R} KIS

Q!

o= dlXAE OOIE OlsE2U= AME

LDMIA rl, {r0,r2,rd>} : r0 := memysp[rl]
: r2 := memss[rl + 4]
; TH := memyplrl + 8]

> rO0lA r157HAl 2= dlIXIABHE ALE Jts

> HOIA HKAEHN 1S EIIEC 2 M auto—-indexingS S A0 A& Jis
(OCLLCERECECR PR E LR LR LR E RO L RO C LR LR R LR LR LR LR LR LR AL RO LR LR LR LR C LR CCE RO E R LR AL ERER T
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LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

- A8 e A
> A2 ASN| IOIHE MEE M =
ascending, descending A8 & AE&1) A HLOIEIF D221 /U=
GIOIE Ol W2t full, empty ABHO R 2 (4JIX| SEHSl AEH =T Jts)
> 40Kl SEHS| AEH

e Full ascending: the stack grows up through increasing memory addresses and the
base register points to the highest address 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.

- 2= =40 SalA

> H22o ST HOIE S22 02 X2 SAE [ Hels ofSala 2
LR e e LR L Loyt rre ety er et Certrrrerr e rer ey
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LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

> == SAFEEU Ot HolAs =428 =401 S)tote 2ekolU Z 2ol
= 22O Z HOIEHE N&EE = AL HIOlA =25 4loIH M&E &0|L
S0 =AE SIotHUL 248 = US

Ascending Descending
Full Empty Full Empty
STMIE LDMIB
Before | omra LOMED
Increment




> HIOIA =ADFr90110 r0, r1, r5HI0IEHE N &EGH= 4J1HA] 2

14

STMIA ©9!,

rg’ —m- 10184
rs
ri
e m- r0 10004
10004

{rd,rl,r5}

STMDA T9!,

101844

9 —e- (g4 1ﬂ03"5
ri
rD

rg’ —a 100045

{frO,rl,r5}

rg’ —m- rs 101844
r
rD
ra = Tﬂnﬁg
1000,

STMIB r9!,

{rad,rl1.r5}

101844

e —m- 100c,g
s
r1

re’ —i r0 100044

STMDEB 9!,

[l Fl.. 5}
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LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

>0 K22l ?IXI0A 1 H2el /IXZ 8RESE SAtote 2 &

0 =+ r2 2 [« rf LDMIA ro!, {r2-r9j}
STMIA rl, {r2-r92}
r9 r9
> S5 SALE 26 r2-r9 CIOIEIE A=i0l NEotD 2|6t 3
13 o 9 STMDB
STMFD rl3i!, {r2-r9} ; save regs onto stack
LDMIA ratl, {xr2-r9}
3 S1I'MIA rl, {r2-r%}
LDMFD rl3!, {r2-r9} ;: restore from stack
(13 > r2 LDMIA

> U= dXNAEH B ME BE0e &= dANAEH S M8 880 20
DE Z0IE =012 =W 481K S& SIHAZ

> U= dXAIAE GOIE Ols Ed0les S8X82 BE02t Uole M+ E It
AN ROctE &= AOI20l &2E = 8| =0 ==& RISC idea=

Ote, &Ml tH= =2 RISC Z2AMA= U= HI0IH Ols E2E0HE M3
LR R PR LR LT LR PP E L LT PP R PP ECPEELLPELRECLPELECPECECLPECRRELPERLRELD
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3.5 Kol 58 20
- 201 g3

> EZ2 ]800 = S5= ttes B3E0

B LABEL
LABEL ..
> ale EE0 Mt =2 015 Jts, 0l &4 Hele ZLE It Al
s = |
> o= 2m=s 925 Qo X2 20| P TR
> X220 cHEot= 2H ZEIJ =S Al S210F 2HYE
MOV xr(, #0 ; initialize counter
LOOP
ADD r0, s #1 ; increment loop counter
CMP r0, #10 ; compare with limit
BNE LOOP ; repeat 1f not equal
: else fall through
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[ ECTECECR LR LR R e LR E PR LR L L LR LR PP R LR PE AR PP EC PR PETECLPERECLPECREELPERE PRy

> &2 =4

MNormal 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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[ ECTECECR LR LR R e LR E PR LR L L LR LR PP R LR PE AR PP EC PR PETECLPERECLPECREELPERE PRy

- FAH A

-1

A =) S0 ALE

0

AL
T

0[0

=o0
=<2 o

> 2

in
02
oy
S
10
P
ry
0>
02t
u
i

rd, #5
BYPASS : if (xr0 1= 5) {
rl, ril, rl :=rl + ¥0 - r2
rl, rl,
BYPASS

This may be replaced by:

rQ, if (r0 != 5) {
A gl : t=rl + rQ) - r2

> A 2] BE= MEote AE0 ZEJF B A A0l HIAH Z2E
> 2= £ Ad ARM EE0l= £240| B RH AHLX &S
> X2 A HEHE SSHLZ AIE6tH DEE =z A4S IS
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LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

> L Bd=E Atset =18

; 1f ((a==b) && (c==d)) e++;

CMP rd, rl
CMPED r2, r3
ADDEQ rd, rd4, #1

- &2J| &3 (branch and link) & & O

> ME fE= &diot)| ?loll 2ek=e 80z ME FE= &&iot)| M0l

e = HEolHOoE &
> ARM2 &3 dIXIAH (r4)0 201 S5 £ A8E HHEANHS =4S HME
BL SUBR t branch toc SUER
: ; return to here
SUBR o ; subroutine entry point
MOV pc, rld : return

> HSolA AT S S SEotes 3R S =222 Adl2 250 NE
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[ ECTECECR LR LR R e LR E PR LR L L LR LR PP R LR PE AR PP EC PR PETECLPERECLPECREELPERE PRy

> AME S8 da M0l MEE 22t e 018 diXAH at=5 Uhs U0l

0II

B ME EEdHE AtEot0 250 CIOIHE H&E

BL SUB1

STMFD rl3!, {r0-r2,rld} : save work & link regs

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

LDMFD r13!, {r0-r2,pc} ; restore work regs & return



— Supervisor Calls

> AIAEC XI0|l= [UKXICH HEZ22 A2 AIE K= olE/I &XE &EA
oz E2E £ QOB Z supervisor FEIS F

> Supervisor call2 AAE ATEQHE 2T 0 Supervisor SE= F

00

st [l SWI (software interrupt) & 0 Al
> ClIASH0| X0 & 2XE & (102 ol HIOIEN st X =)

—

SWI SWI_WriteC ; output r0;7.o
- 83X HOI=
> L= 10l 2ol Al&tE gt et M2 FE S otLte SFEI2=2Z 0lS
BL JUMPTAB
JUMPTAR CMP rd, #O
BED SUBRD
CMP ra, #1
BEQ SUB1
cMP ro, #2
BEQ SUB2
TEETETT T A T A R A T A A T A T A T A A T
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[ ECTECECR LR LR R e LR E PR LR L L LR LR PP R LR PE AR PP EC PR PETECLPERECLPECREELPERE PRy

3.4 0d=c A0 T2 Ad HHY

o
HelsSe 2180 ==&
—

=]
=
- Hd=cE Sol ARM &
AREMA BElkCpyv ., CODE, READONLY
SWI_Writel EOU &D
SWI_Exit EQU &11
ENTRY
ADR rl, TABLE1l
ADR r2, TABLEZ
ADR r3, T1END
ro, [rl], #4
ri, [r2]1. #4
ri, r3
LOOFP1
rl, TABLEZ2
ro, [rl), #1
rQ, #0
SWI_WriteC
LOOFP2
SWI_Exit
#This is the right string!®”, &0a, &0d4, O

02

output character in ro0

finish program

code entry point

rl -> TAELEl

r2 -> TAELEZ2

r3 -> T1END

get TABLEl l1st word

copy into TABLE2

finished?

if not, do more

rl -> TABLEZ2

get next bvte

check for text end

if nmot end, print ..
.. and locop back

finish

el ) ll

] -y

L1l aw el -y bl

ell - . el -y bl

; ensure word alignment
“This is the wrong string!*, 0
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-T2 08 ZH A

02t
>
0
ol
ﬁF

> 27 Atet= E=totdl OlololOF &, 1 X &

ull
<2
o



