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5. ARM EE0| NE

- @i_” JQI_OI:

—

in Chapter 3 we looked at user-level ARM assembly language programming and
got the general flavour of the ARM instruction set. In this chapter we will look in
finer detail at the instruction set to see the full range of instructions that are availa-
ble in the standard ARM instruction set.

Some ARM cores will also execute a compressed formm of the instruction set
where a subset of the full ARM instruction set is encoded into 16-bit instructions.
These instructions are ‘Thumb' instructions, and are discussed in Chapter 7. The
only aspects of the Thumb architecture we will see in this chapter are the instruc-
tions awvailable in the ARM instruction set which cause the processor to switch to
executing Thumb instructions. Likewise, some ARM cores support instruction set
extensions to enhance their signal processing capabilities, discussion of which is
deferred to Section B.9 on page 239.

As with any processor's full instruction set, the ARM instruction set has corners
which conceal complex behaviour. Often these comers are not at all useful to pro-
grammenrs, in which case ARM Limited does not define the behaviour of the proces-
sor in the comer cases and the corresponding instructions should not be used. The
fact that a particular implementation of the ARM behaves in a particular way in such a
case should not be taken as meaning that future implementations will behave the
samea way. Programs should only use instructions with defined semantics!

Some ARM instructions are not available on all ARM chips; these will be high-
lighted as they arise.
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51 A&
— OIOIH S EH

> ARMZ2 JI=&8 22 612 U0 SEiE KIE €

0|

8, 16, 32 H|E signed, unsigned byte, half-word, word (half-word 2}

word= BI22l0l A 2-HI0IE, 4-HI0IE B A Z align&)
> ARMS| 2= HE = 32 HE K&, word-align 0] QU

3 Thumb &
= half-wordO|{ 2 HIO|E HHZ align

0 RS

> ARM coprocessores £ 4

= 28 22 UE U0lH gEE X &
= &8 coprocessordt 8le 3% = a8 gtz Jl= GI0IH =
EHE AIZE0t= AZEQN N 2o HSE (HEHE
- H2el *x
> Little endian : =40t SJiote 2afL 2 619

BIOIERH Xtdl2 M&E

e &7 BHOIESRH Xdl= ME
> ARMZ2 J|2&2

=X O 2 |ittle—endian0| X 2F HLe SAIE AME 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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- E3 2E (privileged mode)
> HE20 T2 M2 AN SEWA HMelD XIS IS MealatHL
supervisor calls2 Mc2lot)| ¢floll E8st s& LEE HE2

> 8o =& 25 = CPSR dIXIAH2 ot SHIEN 2o €& Jis

CPSR[4:0] Mode Use Registers
10000 User Normal user code user
10001 FIQ Processing fast interrupts _fiq
10010 IRQ Processing standard interrupts _irq
10011 SVC Processing software interrupts (SW1Is) _Sve
10111 Abort Processing memory faults _abt
11011 Undef  Handling undefined instruction traps _und
11111 System  Running privileged operating system tasks user

> 2t SR QI AIRE O AIRK RC0} HANOR [IAl AIRE 4 S

= CPSRel &fti= 2 252 SPSR el AIAEH Ol MEEOO0F &
LR R PR LR LT LR PP E L LT PP R PP ECPEELLPELRECLPELECPECECLPECRRELPERLRELD



4
LR PP E LT LR Er LT e LT LT PERE PR ELRECPERECPELRECLPELRECLRELRELRLREpLr

5.2 Kl &

- W SF

> 0lel=s CIEHEER HEC S ER &0 2218 A St fJIXl 2

ro

MAS HMcelot)| ?lol AtE, ARM2 3JtAl SEfS Hel= &

1. Exceptions generated as the direct effect of executing an instruction.

Software interrupts, undefined instructions (including coprocessor instructions
where the requested coprocessor is absent) and prefetch aborts (instructions that are
invalid due to a memory fault occurring during fetch) come under this heading.

2. Exceptions generated as a side-effect of an instruction.

Data aborts (a memory fault during a load or store data access) are in this class.
3. Exceptions generated externally, unrelated to the instruction flow.

Reset, IRQ and FIQ fall into this category.

- Glel Al%
> 0l ot EotH ARMZ2 M2l EE0E Xelotd W2l XMelE AlA,

K2l Dt reset@l B2 &M BEHE SAl S=oftdd 02 X
LR R PR LR LT LR PP E L LT PP R PP ECPEELLPELRECLPELECPECECLPECRRELPERLRELD
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> side—effectLt LI NHA 2HMol= A= G HEHE Eoliot 02 Al
A AIL X2l E X B direct—effect (2= 2Mol= AIRANMN HelE

> M2 2 I Z2AME S5 AL

e [t changes to the operating mode corresponding to the particular exception.

® It saves the address of the instruction following the exception entry instruction in
r14 of the new mode.

o [t saves the old value of the CPSR in the SPSR. of the new mode.

e It disables IRQs by setting bit 7 of the CPSR and, if the exception is a fast inter-
rupt, disables further fast interrupts by setting bit 6 of the CPSR.

e It forces the PC to begin executing at the relevant vector address given in Table 5.2.

Exception Mode Vector address
Reset SvC 0x00000000
Undefined instruction UND 0x00000004
Software interrupt (SWI) SVC 0x00000008
Prefetch abort (instruction fetch memory fault) Abort 0x0000000C
Data abort (data access memory fault) Abort 0x00000010
IRQ (normal interrupt) IRQ 0x00000018
FIQ (fast interrupt) FIQ 0x0000001C
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> 2 8 Ed A0 = U2l XMel &+== 0lsot= branch EE0| US
> 2 E3 2E0= S Wl bank dIXIAH (r13_{mod}, r14_{mod})Jt =
LOIHE M&Eot)| ?ol AFE

H= 0l M2loA Al E2El= dXIAHE A0 H&

P Ol
> FIQ 2E0M=E 20 Lt 85 <ol FIotE Q! HIXIAE(r8_fig -
r12_fiq)
E M3, MELN HXNAHE MESY HIF QAL XS =22 = US
> Supervisor callOl supervisor call@ REdt= 8 (re—entrant) SPSR &
NAHE et XA HES 00 &

el =
e Any modified user registers must be restored from the handler’s stack

® The CPSR must be restored from the appropriate SPSR.
® The PC must be changed back to the relevant instruction address in the user

instruction stream.
T T T T T L L L L L L L L e L T e L LT
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> CPSR1t PC =32 SAI0 2HE00F &
CPSROl &M =& %™ bank dIXIAH r14= &2 =Jts0ot) PCOl BN
=L HE0 =50| bt CPSR S&0] 2ts

> otlte] HE0 = & HHI SAN 2dE= HAHLISE NS

> =M =401 bank dIXAH r140] A= 2R =&

@ To return from & SWI or undefined instruction trap use:
MOVS pc, rld

e To return from an IRQ, FIQ or prefetch abort use:
SUBS pc, rld, #4

e To return from a data abort to retry the data access use:
SUEBS pc, rld, #8

e IRQ and FIQ must return one instruction early in order to execute the instruction
that was ‘usurped’ for the exception entry.

e Prefetch abort must return one instruction early to execute the instruction that
had caused a memory fault when first requested.

@ Data abort must return two instructions early to retry the data transfer instruction,
which was the instruction before the one usurped for exception entry.
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> 23 FAI A Jqs B2 (re—entrant S &)= AEH = A0 2 &t
U= dXAH Ol HEHE AM26IH =&

LOMFD 13!, {r0-r3, pc}® ; restore and return

ol
=

> PCOl 2R SAI0| CPSRE =R, A8t 27 H3HLS AIRS ¢
=3 A0 A0 MEEI ®O ZFE0I0F &
- 0lel 246 =9

> Oicd JHel Gl2lOF S A0l 24

F 28 =AMt =2 Wl2FH Xl

j

ol
rr
0¥

1. reset (highest priority);
data abort;

FIQ;

IRQ;

prefetch abort;

SWI, undefined instruction (including absent coprocessor). These are mutually
exclusive instruction encodings and therefore cannot occur simultaneously.

= O ol o
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5.5 Branch, Branch with Link and eXchange (BX, BLX)

(1) BXIBLX Rm

3 28 27 6 543 0
cond 0001001011111111111100 L|{1] RBm

(2) BLX label
3 2827 252423 0

1111 (101 |H 24-bit signed word offset

In the first format the branch target is specified in a register, Rm. Bit[0] of Rm is
copied into the T bit in the CPSR and bits[31:1] are moved into the PC:

e If Rm[0] is 1, the processor switches to execute Thumb instructions and begins
executing at the address in Rm aligned to a half-word boundary by clearing the
bottom bit.

e If Rm[0] is 0, the processor continues executing ARM instructions and begins
executing at the address in Rm aligned to a word boundary by clearing Rm[1].
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An unconditional jump:

BX r0 : branch to address in r0,
: enter Thumb state if r0[0]

A call to a Thumb subroutine:

CODE32 : ARM code follows

BLX call Thumb subroutine

CODEl6 ; start of Thumb code
Thumb subroutine
return to ARM code

31 2827
cond | 1111 24-bit (interpreted) immediate
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5.7 CIOIE M2l 20| &4l

A WITWBN 019 1816 121

il

i-l #shift |Eh|ﬂ| Rm I
' immoiate shift g ——
-_I .mh“

AND
EOR
SUB
RSB
ADD
ADC
SBC
RSC
TST
TEQ
CMP
CMN
ORR
MOV
BIC
MVN
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5,10 &l= /A2 £= 8l= HlOIE HIOIE 0l EE0 &4

BATBBUN212019 1616 121

The pre-indexed form of the instruction:

LDR|STR{<cond>}{B} Rd, [En, <offset>]{!}

The post-indexed form:

LDR|STR{<cond>}{B} (T} Rd, [Rn], <offset:

A useful PC-relative form that leaves the assembler to do all the work:

LDR|STR{<cond>}{B} Rd, LABEL

LDR rl, UARTADD

STRB rd, [rl]
. immediate shift length ) \
shift type

UARTADD & &1000000
offset register

)
0
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511 olZ /=2 £= A= HIOIE HI0IH 0l B0 &4

027 B240802N1N010 16168 121 B765423 0
Rn Rd |offsetd

Signed byte
Unsigned half-word
Signed half-word

source/destination mglﬂor:
base register
The pre-indexed form: o

write-back (auto-index)
LDR|STR{<cond>}HISHISB Rd, [(Rn, <offset>]{!} up/down

The post-indexed form:

I
I
I
I
I
|
I
|
pré-/post-index |
'

LDR|STR{<cond>}H|SH|SB Rd, [Rn], <offset>

rl, ARRAY1
r2, ARRAYZ
r3, ENDARR1
r0, [rl], %2
r0, [r2], #4
1, ©3

LOOP
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512 CH= BINIAE 015 B0 &A

The normal form of the instruction is:
LDM| 5TM{ <cond>}<add mode> Bn{!}, <registers:>

2827 26242322212019 1615

base register

load/store

write-back (auto-index)
restore PSR and force user bit
up/down

pre-/post-index

In a non-user mode, the CPSR may be restored by:

LIM{ <cond>}<add mode> Bn{!}, <registers + pc="

The register list must contain the PC. In a non-user mode, the user registers may be
saved or restored by:

LDM | STM{ <cond=}<add mode> Rn. <registers - po="

Here the register list must not contain the PC and write-back is not allowed.
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513 HIZ22I2t dIXIAH LIBE A2 wetdle B3N &4 (SWP)

3 2827 22202019 1615 121 43 0
cond | 00010 [B{oo[ Rn | Rd [ 00001001 | Rm

SWP{<cond>} {B} Rd, Em, [Rn]

ADR  r0, SEMAPHORE l-duﬂmumropm
SWpB  rl, rl, (x0)] base register  source register

5.14 it dIXIAE LHES €8 dIXAEHZ 0lSAIZIe HE0 &4

MRS {<cond>} Rd, CPSR|SPSR o 8 Az 1616 1211 0

‘Wﬂd ‘ﬂﬂﬂm‘ﬂlﬂﬂﬁﬂ‘ Rd | 000000000000 I

I_ destination register
—— SPSR/CPSR
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5.15 et HAIAH LHE=S &H dAABHZ OlsAlZle EE0H &4

MSR{<cond>) CPSR_f|SPSR_f, #«<32Z-bit immediate>
MSR{<cond>} CPSR_<field>|SPSR_<field>, Rm

where <field> is one of: CPSR_f, #&f0000000

e c —the control field - PSR[7:0]. r0, CPSR

e x —the extension field — PSR[15:8] (unused on current ARM:s). 0, £0, #&20000000
e s — the status field — PSR[23:16] (unused on current ARM:s). CPSR_£, r0

e f —the flags field — PSR[31:24].

282728262423221 2019 16156 1211

field mask
SPSR/CPSR

Hoa? o To switch from supervisor mode into [RQ mode

#rot | 8-bit immediate
r0, CPSR
immediate alignment H

] r0, r0, #&lf
1 4 3 0

*—| 00000000 | Rm I rd, r0, #&12
CPSR_c, rD
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5.16 Coprocessor @& 4

— ARMZ coprocessors FJtotd S MEE &&ot= HAHLISZS K&
> D& 2B Ol coprocessor= A LE B2 &2 &X (MMU)2F 22

p &=== MOt 2ol AtE
> 23 A8 HM0ILL EEe =8 = ol coprocessor AHE Jbs
— ARM coprocessor= AFMI2l dIAIAEHE JHAILD A D) ARMO| B E 01 288 = MO
otJ| =0l coprocessor= GIOIE Xe2l2 HIOIH Ol EEUHE Xl
— ARM coprocessor =2 &
> OI0IH X2l : coprocessor LW HINAEHS LHES 0|0t HotS =2
ot ZE coprocessor L2 dIRIAHW HE
> OIOIE Ol : K22l E2= A
OIOIH Ols2 =2 MAH& (2 16 RE), Ol=s< M OOy Het
> X AH O0l= : ARMt coprocessor el XIAE ALOl HIOIEE OIS &,

P Z=A= ARMO| 2431 coprocessores

[on

Al S
=3

Nio

coprocessor Ul Z2ill= M &= ?Iol ARM CPSRZ 0| =0t Of &
(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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5.17 Coprocessor CIOIE M2l &0 A

CDP{<cond>)} <CP#>, <Copl>, CRd, CRn., CEm{, <Copl=>}

3 28 27 24 23 2019 1615 1211 B7 543 0
cond | 1110 | Copl CRn CRd CP# |Cop2|0| CRm

CDP p2, 3. CO, C1L, C3
CDPEQ p3, 6, Cl, C5, C7, 4

5.18 Coprocessor HI0lE Ols EEH &4

31 2827 2624232212019 1615 121 87 0

The pre-indexed form:

LDC | STC{=<cond=} {L} <CP#=, CRd, [Rn, =<ocffeetx]){!} source/destination register
‘ base register
The post-indexed form: load/store
LDC | STC{<cond>}{L} =<CP#>, CRdA, [Rn]), <offset> write-back (auto-index)
' data size (coprocessor dependent)
LDC p6, CO, [rl] up/down
STCEQL p5, C1, [r0], #4 pre-/post-index
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31 28 27 2423 212019 1615

1211 8 7
cond |1110 |[Copl|L] CRn

543 0

Rd CP# |[Cop2|1| CRm

I—— load from coprocessor/store to coprocessor
Move to ARM register from coprocessor:

MRC {<cond>} <CP#>, <Copl>,

Rd, CRn, CRm({,
Move to coprocessor from ARM register:

<CopZ>}
MCR{<cond>} <CP#>, <Copl>, Rd, CRn, CRm{, <CopZ2>}

MCR pl4, 3, ¥0, ClL, €2
MRCCS p2, 4, r3, C3, €4, 6

5.21 MEEX &= EE0

=2t
- AI2E X 2= 98 D& HA0ILE S Xl 22 opcodeE &S [ ARMS
undefined 30 EES &M

= =2 (Undeﬂned 0:”9—| 2c /éléoH)
OOOLLCLCCCCEERR RO LCLCCE R RO LELCCCEERR AL CLCCEERR AR CCLCCECCER RO LCCCCCECE RO LLCLCCC AL LR RO CCLCCEEERERRRALLCLECE RO LCCLCCEEERR R CLLCCEECEE RO LCCLCECERER RO ELEEEEERRReS
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5.22 22| ZE(faults)
- Z2ANM0 2fet BI22 820 E=totH 22F &= 8l B U2 AlAEE2
H22 Z2EE LHEIUH=E A4S E Z2Z2AMHA0 2
- TZNAN=E U222 SEJ ZAUotH abort HI2IE AMEGHD AIAE ATESRIHZ
=M olZ2= AN
- 22 SEJt Edole =R &0

> HIOIXI 2 : LEE M2l /Xt A= HOIXKIDE OAIN U= 2L

V
=
o
b
T
ol

0
0al
rn
=
0
e
40
ﬂ
i
1Rl
]
ot
i
€0
rr
b
10
ju
b
Lo
[0
i
o

L
> HZ220A tlciol 2= 22, 0le] 22 =5 JJ 0l EE =50
A= ZR=E 0 014 Ad EJls (LA E AFZ6HA 210 HR2el S0

X2 WIS AIARO 22 K22 BES AE, 35 220/ 913)
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et Hl2el 2E2 UolH E20A &dot= GLL

- ARM2 @3 fetchOl H 24

rol

=ZEE I Z06t0 prefetch abort, data abort 0|2 E H2l&

5.23 ARM <X B &

— Version 3 : 32 HIE HEHA, s& &2l CPSR1 SPSR, coprocessor emulation

IO 22 X2 6l undefined?t abort 2 =Jt, (ARM6, ARM600,

ARM610, ARM7, ARM700, ARM710)

— Version 4 : signed and unsigned half-word2} signed byte XN &, & & & 0f

=
=

=IO AAE 2E &2 (StrongARM, ARM8, ARM810)

— Version 4T : 16 BIE Thumb @& &4 =2 (ARM7TOMI, ARM720T,

ARM740T, ARMITDMI, ARM920T, ARM940T)

— Version 5T : BLX, CLZ, BRKE@ENE X &

— Version 5TE : AS X2l EE0O ME &2 (ARM10TDMI, ARM1020E)



