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5.ARM 230 NE
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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 form 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 available 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 8.9 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-
grammers, in which case ARM Limited does not define the behaviour of the proces-
sor in the comer cases and the cormesponding 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
sama 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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> ARM2 JI=8 2= 612 U0 e E A&

8, 16, 32 H|IE signed, unsigned byte, half-word, word (half-word2}

worde HI22|0lAH 2-8I0IE, 4-HI0IE ZAHZ alignZ)
> ARMS 2 &

—

HANW= 32 B E FE, word-align & /{2 Thumb @&
= half-wordOI4 2 HIOIE HAHIZ alig

> ARM coprocessore 2= A&
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> 2= A48 coprocessorl}
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- H2e +2

detO = ofF BIOIERH Xz M&
> Big endian : =401 S)tote 22z o7 HI0IERH Xdl= ME
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- E3 2CE (privileged mode)
D RS2 T2 N2 AR 220 A H2lE XIS AE HeldtHLE
supervisor callsS Xc2lot)| ?loff EEst s& SEE M3
=

> &le =& EE= CPSR dlAIAHES| o7l 5|

CPSR|4:0] Use Registers

10000 Normal user code user

10001 Processing fast interrupts _fiq

10010 Processing standard interrupts _irq

10011 Processing software interrupts (SW1Is)
10111 Processing memory faults

11011 Handling undefined instruction traps
11111 Running privileged operating system tasks

> 2 Ed Z2EIAIZE I A S 2EJHEHAROZ Al AIEE = U

£ CPSRY &ltil= 2 229 SPSR al I AH O MEEZIO0F &
(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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5.2 0l 2l

- e =
> 0lel= QHEER 22 SELQ 20| Z=_18 &9 S0
MAS Xelotd] 2ol AFE, ARM2 3JtAl eS| U2z =

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
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.

- U2l AIA

> 0l oF £2otH ARMZ2 &2l B2 0 E XMoot U2l XMelE Al

U2l resete! 2 M2 BEHE SA S=obd) 02 X
(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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> side—effectLt QAR UM LAot= U= G2 HEHE &oHotd M2l Al
A I X2l E KBt direct—effect 0| 2l= &2Mot= AIRANMN HelE
> Ol D etMst [ TR2AMAS S& AIEA

e It changes to the operating mode corresponding to the particular exception.

e [t 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.

o [t 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 [t forces the PC to begin executing at the relevant vector address given in Table 5.2.

Exception Mode Vector address
Reset 0x00000000
Undefined instruction UND 0x00000004
Software interrupt (SWI) 0x00000008
Prefetch abort (instruction fetch memory fault) 0x0000000C
Data abort (data access memory fault) 0x00000010
IRQ (normal interrupt) 0x00000018
FIQ (fast interrupt) 0x0000001C
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> 2 8 HEY AN = 0l M2l &2 0lsot= branch @&0| U3
> 2 EHPEU=E F WS bank HAIKIAE (r13_{mod}, r14_ {mod})JI £
=0 AEBH HOIHE HASH)| fof Al
A

= LOIE = 019 H2lOlN AFSEE AIRAES A8 N

= Ao o
ot =<4 US

S Mz, ASA dIANARE MEE 22JF JUILE 2lUiet 28 = )

> Supervisor callO| supervisor call R&Fol= &= (re—entrant) SPSR dl
NAH= LB HAAEHNH MEEO{0F &

- U2l =

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.
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> CPSR1t PC =32 SAI0l & HO0F S
CPSRO| &M S&E ™ bank dIXIAH r14= 2 SJts06td PCOI HA
H =80 gt CPSR =&0| 2Jt=s
> ofLtel HEOo 2 & HHIE SAN dait= HAHALISES HS

> =7 =240t bank dl A AH r140] e B2 =&

=
=

[0

A HEE

® To return from a4 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:
SUBS 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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> = F=A0 AN A= B2 (re—entrant s &)= A8 HEH A0 28t

ChE dIXIAH Ols BEUHE AIE6HH =&
LOMFD r13!, {r0-r3, pc}” ; restore and return
> PCOl S2%&% = sAI0l CPSRE =&&E, A8 = HAHALIS AHES FIoH
SH FA0F AU HEEI| MO ZFE0F &

- W2 24 =

> 0t JH2 G2t SAIU Edote 82 24 =AM =2 HAFH Xl

. 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.




5.5 Branch, Branch with Link and eXchange (BX, BLX)

(1) BXIBLX Rm

A 2827 6543
cond 0001001011111111111100 L{1] Rm

(2) BLX label
31 2827 252423
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].




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
BX return to ARM code

N 2827 2423
cond | 1111 24-bit (interpreted) immediate
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5.7 CIOIE Hel o] & Al

BITWN NN 1816 12N

I
" Il'ﬁlll# 0

> |_As_[ofsnli] An_

rogistershiftfongth —
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510 2= A% F= 8l= HI0IE HI0IH Ols &N &4

A BUBBUARN2N2019 1815 1211

The pre-indexed form of the instruction:

LDR|STR{<cond>}{B} Rd, [Rn, <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:

3

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

LDR rl, UARTADD
STRB rd, [rl]

UARTADD & &1000000
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511 ol AL F= A= Hi0IE HO0IH O0ls BN &4

027 WBARVUNA19 1616 1211 B76643 0

Signed byte
Unsigned half-word

it hilfaond source/destination register

base register

The pre-indexed form: w0y

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

The post-indexed form: pre-/post-index

LDR|STR{<cond>}H|SH|SB Rd, [Rn], <offset> 1 8

I
I
I
|
I
I
I
I
I
|
I

'

rl, ARRAY1

r2, ARRAYZ

r3, ENDARRL
(rl], #2
[xr2], #4

¥l 5 T3

LOOP
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512 CHE BIXIAE 015 BB A

The normal form of the instruction is:
1.DM| 5TM{ <cond>}<add mode> Rn{!}., <registers:>

2827 25242322212019 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:
LDM{<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 | 5TM{<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 M2l dIXIAH WES A2 wetolte 30 &4 (SWP)

3BT BRNNI 1615 1211 43 0

SWP{<cond>}{2) Rd, Rm, [Rn] | cond ‘unm‘a‘nul Rn -“00001001 | Rm I

ADR r0, SEMAPHORE ‘ \-duﬂnnﬂnnroﬁmr ‘
SWpB  rl, rl, [x0) base register  source register

514 &t dlXNAR LHE

Nio

28 diAABE=Z OlsAlZle 80 A

MRS{<cond>} Rd, CPSRISPSR °o 827 by 1615 1211 0

‘mnd ‘ouuw‘nlumﬁ‘ Rd ‘ 000000000000 I

‘ I— destination register
—— SPSR/CPSR
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5.15 et dAIAH LHIE= &H dIANABEHZ OlsAIZle B0 EA

MER{<«cond>)} CPSR_f|SPER_f, #«<3i-bit immediate>
MSR{<cond>} CPSR_<field>|S5PSR_<field>, Em

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

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

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

e f —the flags field - PSR[31:24].

Hn 202726252423 2221 2019 1615 1211

rld, CPSR

r0, r0o, #&lf
rd, r0, #&12
CPSR_c, r0
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5.16 Coprocessor &4

— ARME coprocessore FJtotd & M E r&ol= HiALIS =2 K&

_IW"

=E=
=

> JtZ& 2 BEXM Ol coprocessore= 4 LE BI22] 22 X (MMU)2F 22

P
D> 2= ALE AMOILF EE8e SH 2 26l coprocessor AFE Jls

— ARM coprocessor= AtMIS] HIAIAEHE JHAILD /L) ARMO| HE | A= MO

otJ| 20l coprocessor= HIOIH M2l HIOIH Ols @3 WHE X2
— ARM coprocessor =2 =&
> OIOIE X2l : coprocessor U HIANAEHS LHES 0/E0HH Hats =
ot1) ZE coprocessor WS A AIAHM HE
> UO0IH Ol=s : HZ2l 822 |t =4= ARMO| &4 36tH1) coprocessor=
HIOIH Ol=2l =2 HOE (R 16 &), Ol=sE M HIOIH HeEt=S A
> AIXIAE 0l= : ARMIE coprocessor dl KIAE AHOl HIOIEHE 0ls

coprocessor Hlu Z2it= M SS= ?loil ARM CPSRZ 0|=otHOF &
IR i e g
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5.17 Coprocessor HI0IH M2l a8 =4

CDP{<cond>)} <CP#>, <Copl>, CRd4, CRn, CREm{, <Copl>}

an 2827 24 23 2019 16156 1211 B 7 65 4 3 0
cond |1110] Copt | CRn | CRd | CP# |Cop2|0| CRm

CDP p2, 3., CO, €1, C2
CDPEQ p3, &, Cl, C5, C7, 4

5.18 Coprocessor HI0IH Ols X HAl

2827 25242322212019 1615 1211 87

source/destination register
base register

load/store
LDC|STC{<cond>}{L} <CP#>, CRd, [Rn), <offs write-back (auto-index)

data size (coprocessor dependent)
LDC pé, CO, [rl] up/down

STCEQL p5, C1, [r0], #4 pre-/post-index
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5.19 Coprocessor el XIAE Ols EE N & A

212019 1615 1211 87 5423 0

31 28 27 2423
Rd CP# |Cop2|1| CRm

cond |1110 |[Cop1|L| CRn
|— load from coprocessor/store to coprocessor

Move to ARM register from coprocessor:
<Copl>, Rd, CRn, CRm{, <Cop2>}

MRC {<cond>} <CPi#>,

Move to coprocessor from ARM register:
MCR{<cond>} <CP#>, <Copl>,

Rd, CRn, CRm{, <Cop2>}

D14; 31 rU; Clj CZ

MCR
r3, C3, C4, 6

MRCCS p2, 4,

521 AAEEHA = S0 &2t
- ARSI E= BE0 2= 40ILF 2K 22 opcodeE £HE [ ARM2
01

undefined Z &80 EEHsS LM (undefined 0|2 2= AlEH)
s
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5.22 M2el ZE(faults)
- I MIAO 2let HIE22l 8201 d&ot) 2=d = 8le 32 U2 AlIAE2
22 S2ES Lt A= 2 Z= AN 28

- I MA= 22 SEJH Z240tH abort K21 S Al &0t D AMAE AZENZ

c =
> HIOIK =X : RE=E N2 /AKX A= WOIKIF AN U=s BL
2

DEQOE LS HOIXE OAIRREH K222 ZAte 20

> HIZ22I0A tieiol B2 832, 0ldd 22 =SS Y flld & =50
= 22= 0 014 Ad SJls (CAISE AFE6HAI 10 H2el EE0|

A2 YHIOE AIAEO B HE2e 2EE 35, E8ols 50| 4S)
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dot= M2

Zdet M2 S EQ UoIH 820 M 2

- ARM2 @3 fetchUl M &
ZEEZE P26t prefetch abort, data abort 02 E Hel&

5.23 ARM 22X HY
— Version 3: 32 HIE HEHA, s& &2l CPSR1I SPSR, coprocessor emulation
(ARM6, ARM600,

tat HIE2e2l XNI#AS 7

2 =t

|0 undefined 2} abort

=
=

D
ARM610, ARM7, ARM700, ARM710)
— Version 4 : signed and unsigned half-word2 signed byte &, &1 @&

| (StrongARM, ARM8, ARM810)

£ & (ARM7TOMI, ARM720T,

H Al
S M

AMAENE2E &2
16 HIE Thumb E2&0 &

_pTc_jl-’

— Version 4T :
ARM740T, ARMITOMI, ARM920T, ARM940T)

£ XN&

— Version 5T : BLX, CLZ, BRK & &
2 (ARM10TDMI, ARM1020E)

JW'

— Version 5TE : A& X2 Y ME
TR R T i i i i i s Ty mm



