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1% Micro Processor Overview
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1. ALU, CPU, Peripheral
2. Bus System

3. Processor

4. Cache, Write Buffer
5. System On a Chip

1.1 ALU, CPU, Peripheral

@ ALU(Arithmetic Logical Unit)
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1.2 Bus System

@1~ A 2~8l(Bus System)



P A2ELE o mE s v dHlolE B Aol AR YT sld Tt HolHE
Mol i Aol Az 7Fshd, CPU ool sl &xbe] 3 Fael dol8E ¢j7u

Z T AEUTh M Al=gle] Ao meh A aRlef gated e dso] ARHRR, ofF FaF
saeh & 5 YFYh

FF..FF&
' B’

instructions

registers data
instructions

00..00:s
_

EEEREE

LS ol g A E BHols iy Gl Felslel gt Fuguh =
o=z, HolE wlast dolHE S5 ol =als, Heold wat B s ol
AzEe AL G
Bolst Holge FxE Bl £AT & Jom A% WA SrFU By
2 Aol WA, S melh AR Solek Aot FUUE,

ARMOE 4%5E 97] S1ske] SHHI= o792 ADataHu

pul

WYl g 9%
A

Z

p
L

Ea

ke
T

e Address Bus
meseees Data Bus

ARMSTDMI

Insrtuction Data
Memory Memory
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ARM7TDMI Insrtuction
Memory

e Address Bus Dat
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1.3 Processor

dH e SRR 544717 A vlelas AEgYem Relt A4 vad 49d A5y

W, ojw wlolam AEZYE AFE Yt ARy RUE A% e,

=lgei o Zta ok & 4 dFY T
oldlo] Hx® &3 Ao g 7]F AJ2ES CPUS w2 (ROM, RAM %), 71t 8327} 2zt
Zb HER HoQlRlo, o]F stuE Stk A AAA ATE st A A dEsk] 9
] I E RN ARk B o w ARSI =S At FAIgE o] 1 mAldtal & ¢ dFY

@vlo]a 2 X ZA X (Micro Processor)
CupolA 2 HEEY BHus AU oR sAESELE wEa 535 CPUE vy oh
4 vle]lag2 AEEHY o] B2 FH FAES WA= gor, JdHHA o) AT F Q=

o v Eele] &7l Fuh

S4uARTH: durge) SR del Agd & ot A o,
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1.4 Cache Memory, Write Buffer
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CPU Unit

Write
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ARM7TDMI . -
CPU Core

Cache . >
4 Kbyte

1.5 System On a Chip

@ SoC(System On a Chip)
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2% Arm processor Overview
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ARM CPU# 311712
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2.2 CISC vs RISC

B CISC(Complex Instruction Set Computer)
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E) RISC(Reduced Instruction Set Computer)
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2.3 Pipeline

B ZzAAA BEoE AdAstr] fiA= IA 39l S AR U

1A # X (fetch) @AM = HHolE oo FuTh

2 g 3E(decode) GAOIAE 2lo] & HHPo|E BT,

3Tl Af(execute) DA = £ 5 WS APt

shue] Waols Agsty] el ol e 3dA, 2 3 F2lo] Faghuvt oo
A E stolxele]l FE R 37FA] Agle] Walwo] Adjo] W A 1709 W7t
158 dao] H&= A 22 a7t AFUTh AYdEs A7 ¢ 7HA gy

FETCH | DECODE EXECUTE ]
FETCH | DECODE |EXECUTE |
FETCH | DECODE EXECUTEI

© ARM79| W#o] % LDR/STRS 2& BHolt HelHE gAY 2% o] gonw,
3% volxejele] Fapo] Mol F AT
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£ ARM9¢] A f-oll= Fholxzelle]l dAlE yL MEslste] 59A=Z A= dFUT
Fetch=>Decode=>Execute=>Memory=>Register Write—back

ARM9TDMI Pipeline

ARM or Thumb
Instruction Inst Decode Shift Memory Reg

Fetch Reg Reg +ALU Access Write
Decode | Read

FETCH DECODE EXECUTE MEMORY WRITE
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) ARM(Advanced RISC Machines)
ARM Z2AMA = st 2 SRS e A JACA AtEE T2 A A Y.
SHAE, Foj= FYstnE, U /Gy MAEES AFEeE HYAd o] dFY T

) RISC(Reduced Instruction Set Computer)
DA de}xil%‘é,% FaAd 2 FEnto] AFo] &5 FuxEo @Ytk RISC EFY <
IZAME AdY THEAS MIAHME 52 AT 95 F o], o8 279
F3d 4 qlom 7 JaL P o]yt
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CHEY] AYELEE
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wal Aok AyzkE ¢ 9l
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3% Programming Model

@ O} .~ Of LY
=1 =32 L

8N s
3Fd A= ARM ZZAMA7F 73 9l ofghe 5d3ittal & 4 s WlEEel dlaiA
sty tl. 53] Exception®} Operating Modeol| thalj A =46 Ay wE= A},

0 S55x
1. Exception?] ©]3f
2. Operating Mode9] ©]3j

£ stEule
ARM/THUMB Mode
Little/Big Endian
Registers, CPSR.SPSR

Exception

Gl =

Operating Mode

3.1 ARM & THUMB Mode

@ ARM X2 AAE 16/32bit Z2AMIE FYTth 5L T2 M A A 16/32bit HHAE
e 4= Q7] gEJULh 32bitE FAE WHoE (DARM o], 16bit=E FAE HHAE
(2)THUMB ®#®ojebar gyt ARM W@ ei7F &85 = =5 ARM 2=, THUMB ¥&ol7l 35

= mE= THUMB 2eata o

| Thumb ASM || C source || ARM ASM |

| Assemblerfcompiler |

e o
| Thumb code | | ARM code
[ Einker |
16bit A2bit
Thum b
decom pressor

32-bit ARMT7 core

ARM7TDMI

@ 919 adoA BE AAMF, 22 AgA] 39> ARM/THUMB H#HolE 834 2T 5
AFH

zZrzheol At HAS A T o Z=S AAFTYUTH ARM Z2A Aol A Heolrl Aol = wjo
+ ARM % #EolQl A9+ vtz Ado] o] Fojx i, THUMB ®H&olQl 4 -9-¢l= THUMB



DecompressorE A3 ARM W#Hol2 7ol ¥ & Agfo] Hyr}, o] HAHL sf=gojyoz o]
7] o] AFPA] F71HQ] AT A o] dojuix= HuTh

@ THUMB "#ol= 16bit WH= §H5o] Hoffl= JHzta 49 =3launh 5ol ol
5% gaole] Lok Ao Frhn & & Qi ol A REHoR 92 gle
Aol AdFYh
obgfe] Z17l& ARM7¢] THUMBS®| W&ol Aols 1% & wf, EfAF ZRZAA ] o] Zdojs} vl
B o dudeR g dvhn He gEe] wol Hlvhy A7E 4 dAGUh

2.50 -

2.25 = — [ ]

2.00

1.75 = 1

1.50 <

1.25

1.00 _

0.75 |

0.50

0.25 4

0.00 }—Iglglzlmlglmlglr\_IIIGII:llLJIzIUIN
CEiz888RFg28gas:
T 23 T < % 8 T & : <

(4] Tz = o

3.2 Little/Big Endian

@ Little/Big Endian 8bit ©]2] dlo]E oA Hlo]E theje] HHulalo w2 xfo]lHS 7HAal U5
Yt} PCe Z 9l Little Endian$4]& whFuyth ARM7S Aitshis ElALe] 49, bl Little
Endian%hS A48t v, A4 wheA o] 9ol %7]9+= Big Endian 9H
A DPAN 1 H2o+= Little/Big Endians ¢ HolA EF ALs=E FHol 54T}

MSB LSB
0x12 034 056 078

@ Little Endian

Little Endiane &< ol =#l2ol 49 dolH, 39 ol=d el k9] dlolg 7t A4y =

Fe P

o & E°] 32bit "ol "0x12345678"c] 919 o] rkal FAth 9l 8bit HolH 7} "0x12",
39l dlolEl 7l "0x78"J Ut o] tlolEE W=y I3l mdsid, ofgle] ayy BHU
= A8 =g e A9 dolE "0x12", 3kl of =@zl 9] dlolE "0x78"e] A FH ).



High Address

MSB 0x12
034
056
LSB 0x78

Low Address

Little Endian
@ Big Endian

Big Endian< Little Endian¥} R 2 9] o =g 2o 9] dloly, 319 oj=d#2=el &9 dolg7}
A= FeEg Y.

Little Endian®} 53t o & 50 AWt S A9 oJ=d e ¢ dlolg "0x78", 3F% oA=d 2
of 49l doly "Ox12"7F A%

it
T
o

High Address

LSB 0x78
0586
034
MSB 012

Low Address
BIG Endian

3.3 Reigisters, CPSR/SPSR Register
® ARM&THUMB REE=A] #AA2H 37

(1) ARM Mode (2) THUMB Mode



RO

ARM Mode

R1

R2

R3

R4

R5

RE&

RY

R8

RS9

R10

R11

R12

R13

R14

R15

CPSR

SPSR

e5AEEY X ~H

(3) User&System Mode

RO FIQ Mode
R1

R2

R3

R4

RS

R6

R7

rs  Re_fia
re  R9fia
Rig  R10_fig
Ri1  Ril_fig
Riz | R12_fig
Ria  R13_fiq
Ria  R14_fiq
R15

| CPSR _

“sps |

RO
R1
R2
R3
R4
R5
RE
R7
R13
R14
R15

CPSR
SPSR

(4) FIQ Mode

RO
R1
R2
R3
R4
R5
RE6
R7
R8
RS9
R10
R11
R12
R13
R14
R15

THUME Mode

User&System Mode



(5) IRQ Mode

RO

R1

R2

R3

R4

R5

RE

R7

R8

R9

R10

R11

R12

IRQ Mode

R13

R13_irg

R14

R14_irg

R15

(7) Abort Mode

RO

R1

R2

R3

R4

RS

RE

R7

R8

RS

R10

R11

R12

Abort Mode

R13

R13_abt

R14

R14_abt

R15

SPSR

(6) Supervisor Mode

RO

R1

R2

R3

R4

R5

RG6

R7

R8

R9

R10

R11

R12

Supervisor Mode

R13

R13_svec

R14

R14_sve

R15

(8) Undefined Mode

RO

R1

R2

R3

R4

RS

RE6

R7

R8

R9

R10

R11

R12

Undefined Mode

H'I 3 R1 a_l.lnd
H'I 4 R1 4_|.||'|d

R15




@ 7] A 2E

. ARM< RISC T2 A Yt} tF-2e] RISC Z2ZAAE Al x84 dolgHE
A A ~Eo| e F dR 2y 7oz AMS ST

. ARMS ddl 24 0] #x~F 1671(RO-15)2} CPSR(Current Program Status Register),
SPSR(Saved Program Status Register)S 7}A a1 ¢l<54 t}.

. R13<& SP(Stack Pointer)® AF&8UYt) ~=HE X}43514 &S A4S, dut HAAEHE
AHS sy T

. R14= LR(Link Register)®2 AF&E Ut LR HAAHE PCEE AANE A Hst=T
AHgEh, Eo] & "BL"Y A ALEH YT AFSSHA] &S A9, A YA AHE
AL 7HEsY o

« R15% PC(Program Counter)d Ut} PCE th2o $=3Jo] Hojof st muoje] FAhs
JEEIsLE
Zead 444 RI5 & PCR E8314 AHgalol® ol el Aggle] Aoy,

. 9F4 ARM/THUMB ModeS 4w 1. QF %2
ARM ModeAlel 3= SP/LR/PCE Al9]8ta, RO-R12E Uk H4 o] #A2E 2 AL
7b5 &4tk THUMB Mode® Z-$E ARM Mode®h= @ RO-R77HAHE AHg-o]
s AA2E 542 2 2o 5 Aoz

@ CPSR(Current Program Status Register)

31 30 289 28 27 T B 5 4 0
] 1

N|Z|C |V I1|F|T Mode

Condition Code Flags Interrupt Disable Bits

M = Megative result from ALU

| = 1, disables the IRQ
Zero result from ALU F =

Z= 1, disables the FIQ
C = ALU operation caused Carry
V = ALU operation oVerflowed Mode Bits

M[4:0] define the processor mode
7 modes are valid

@ Condition Code Flags
CPSR #IA 2B = 99 ZflollA wi= nps} o] 32bit dIA2H=, e Zd19t AHHE
HA7)E, ZEAAN RE #EH ARES X¥Fsta AdHFHTh
49 vEd Hstal Y= N,Z,CV 4709 HEE Azt we gy Zegasduy
N Axdart S¢9 45, of HEZE 12 245 YY
Z @ akdazr 09 A, 12 AAgyh
C: A7 28 4%, 12 AAF Y
ol A2 dH Z@d 2ol Blorrow) HIEZF glth= HdY o Blorrow) JEIE 213l



Al v EE A& uj= byt = Blorrow)7) @IS 49- C= 022
=

=207 sk A9 12 AAFH Y

3.4 Exception

@ Interrupt Disable Bits
ARM Z2MAe] 49 AHHES} AHF A XM (Exception)e IRQS}F FIQ F71A7}F
A W82 34785 FEsA 7] vy
[RQ/FIQ Exceptione &2tet#4] B=5 317] 93 HESJYTH
[ : IRQ Exceptions &#3tA =5 ot

F : FIQ Exceptiong §% 34 &== gyt

@ Mode Bits

A FHEETE of| REQIA il AE w, k9] 5hits ¢jo] AT = AFUT
Areg wAstaa & o, 8¢ Sbit gk WASHH REJE AR
el

10000 USER
10001 FIQ
10010 IRG
10011 SUPERVISOR
10111 ABORT
11011 UNDEFINED
11111 SYSTEM

] 5}ShsE

User REOAE REHEES o] &da U2 neg W7ol Erlsshyr)

tE Rl H3S 9= ofDA sfoF b0

B TP

User REdA] T2 m==o] Hss 93
SWI B& o5 AH&SFH, SWI exception©
A&y

e A3 3 AAH AYE Ei oE BT AIS AT

A
)
off
on
A
2}
o
(o]
[©]
=
=.
%)
o
=
td
Iy
fu

@ Exception

o]~
MAHE

ARM X 2ZAMo= & 7789 Exception®] &A1Yl dul 2 A M o= HXA] E3l=

7154 e,
JAHYERT 2 Adoleta AzstAm | 2 2a
ol ] HolE2 A9l (priority)E 7oz HHsE APt

o},



(1) Priority / Vector Address

Exception Priority Mode Vector
Reset 1 Supervisor 0x00000000
Data Abort 2 Abort 0x00000010
FIQ 3 FIQ 0x0000001¢
IRG 4 IRG 0x00000018
Prefetch Abort 5 Abort 0x0000000c
Undefined Instruction 6 Undef 0x00000004
SWI 7 Supervisor 0x00000008
. Exception WAA, % =2 W% obgel WEFa
(Vector Address)® 7]t} Iéggy 41 :EPSH

o5k Waystel AEH T T B
e,

« Exception?} #H¥ F=o] F 4 5 glelE A5
TYPEE BFL =223 A& CPSR =
PC
. Exceptionel g} AFZAQ1 Wj&o] x}o]l7} 5Tt

d s

Exceptione Vector Addressell wa} AAH3 12 ofget &

L J

CPSR update

SPSR
= LR(R14)

st ghitste] v

FUt #Hx 2A A Reset
Exception®| Service

yrth o] A
Yrthox14W A= vHE $18)

Exception®] =& ofof stu® Ox00H Aol f1x]stal 1o, FIQ
Routine Ox1c¥A] mf= ofefjo] A& = == 7} ofefii-tel A8t
AL A% AARAAE AASY) 18 weleta olsstAY =%
A A AR E A g ol ofE o]zl HAI Y
ox00) Branch to Handler | Reset
ox04 ] Branch to Handler Underfined Instruction
ox08 | Branch to Handlar Software Interrupt
Ox0e | Branch to Handler = Prefetch Memory Abort
ox10 Branch to Handler = Data Memory Abort
Ox14 | Branch to Handler Reserved
ox1s ] Branch to Handler Normal Interrupt
Oxic Branch to Handler Fast Interrupt

INterrupt riandier

317] W&ol data abort’} LA IAATH= A

i A 3HekE

FIQ7F 71 711938 A= olof st E5-3taL, 9 data abort”7} FIQE.Th
A=At E=L27ERY

B Taf

Case 1)

Data abort®} FIQ7} sAlel WAIsH -5, "ok FIQ7F WA A2 dvba:

FIQ A &% data abort7} &A% W& vt HHA|E 3

= A Hudh

Case 2)

Data abort®} FIQ7} sAle] @A gk 7-9- wheF data abort7} WA A 2]t

o) 2=
PO



At data abort 8] FE(0x10)2. % branch?d ¥ data abortoll A+ FIQ7}F

A HA e r® FIQ AeFdo] A utE Fag ),

% FIQAEE €% tA| data abortH 2] FE 02 EFSEE data abort’} AH o2 |7} 9]
Fo] Hut

@ Reset Exception
Aol Hx Fwol ® 43 S22 st=dofyd oz Aol A= 7 Reset Exception©]

AU o), 54 wAAAH W2 okl - o] AAH YT

+ R14_svc : Supervisor2 =049 # X~ R14E 9n]3Yr}. Reset ExceptionAl
A5 = (= grlgke]l A=A Yk

+ SPSR_svc : SupervisorZEo| A9 #A]2~¥ SPSRE ¢on ettt CPSRitY =d3t

Fhol AgE Y

. CPSRI[4:0] : X2 A X EZ+ Supervisor Mode®Z A3t}

. CPSR[5] : T=0, ARM ®== AA4gc},

« CPSR[7:6] : IRQ/FIQ IHHE K5 Aol FAg Ut

. PC 1 ARM ZR2ZAA= 0x00H A &2 23t}

BIAS06 [ Gl v
SPeRswe | e
50

@ Data Abort Exception
25 Fd MReol7t obd HelHE gloga U o5 59, LDR/STR %17}
AdE= A8 5 7 dFUTh o] wFo] sl S 45, Data Abort Exception©]

TAF

.

. R14_a bt : dlo]8 LDR/STR &2to] Aufjdt =4 + 8

« SPSR_a bt : Exception®] dojuytr] A< CPSRate] A& Yt}
. CPSR[4:0] : Abort === H3kgt}.

. CPSRI[5] : T=0, ARM 2=z AA=t},

. CPSR[7:6] : IRQ Disable, FIQ¥x WA= A &&

. PC : Ox10W1A 2 %=

- Return Sequence ||' @ ?‘FF ................................................................................



R14 : = Aborted Addr + 8

Abort —ae—| PC
(re-execute)
Abort+4 —m— PC

(not-execute)

Abort+8 —m— R14

Re-execure PC:=R14-8
Not-execure PC:=R14-4

Data Abort &2t A &A17F A8l U Y. R14(LR) #lA=Hol= HolBE ¢l HEole F4+38

o @ AYSAGUL. et dolE g Bl gad

F A%l (RI4-8)9) F22 BIlsioken, ol X71sta thg WaolE A% Agstuz

= (R14-4)9] Fa= 271

Aborifmode

IR=R1FSFER=Runchanged

SUB W&ol Aaddt Bdol= Al 7es duth
SUBSOIA Si= CPSRe] AH Ze1ol 9%S F=5 s AvAFIY T
SUBS PC, ... ¢ o] Zr2ags A 4%, 5§ WPol= SUBSolaL Zaprt AXE =

t
J N
>
it
T
o

A A ~E 7} PC(R15)¢] 7§ SPSR%ke] CPSR
olwl CPSR[5:0]¢] WA o] e TEAA RER HZo}o A Pt}

@ FIQ Exception
wlg- 7158 A glslol & JAHHES] AHEE s HEAfHSU
0S| A Context SwitchA] 283 =

« R14_fig : v 3 W MA+4
« SPSR_fiq : Exception®] dojyr] A2 CPSRake]l AU}
. CPSR[4:0] : FIQ =& A3g Ut}

g Eo17] f8 A& dAALHES 7HAL sy



. CPSR[5] : T=0, ARM ®=2 d4gy}.
« CPSR[7:6] : IRQ Disable, FIQ Disable
. PC 1 Ox1CHAIZ Hx
- Return Sequence "‘, @ ?ir ................................................................................
R14 : = Next + 4

Current —p—

Next — | PC

Next+4 ——m— R14

PC:=R14 - 4

RIS | 6diees o 6 @k houeion %0 |
S L - -
T %gw

0
S

3

8

retunn)

SUB W@ol= dbzdat Waojz Wil 7 2
FEZ 3= HAuALY 1 S 8.SUBS PC, ... & Zo] 2203 A4 49, = 3
o= SUBSO] A A 2B 7F PC(R15)21 79 SPSR#ke] CPSRZ EHAFH U}, o] uj
CPSR[5:0]0] H7A o] Qe TRAN REZ HEo}e A Hyr)

o
o
o
N

=
L
=
~
N
ol
Pl
rr

@ IRQ Exception
FIQ7} ol At QIHHEES A& uf A& YT].

p 4] 3}t
FIQ®} IRQ Exceptione] Aol WA S w, 52HS A3A L
B TP e

> FIQ Hrt} [IRQO A&7 7] wZel sAlo] s 49,

FIQ7F WA Agld 5, A A=z Sofet. tg IRQ7F Agg Y.
o] FIQ A ] FH oA AZE9 o4 o2 [RQ EnableAl7]H,

QPR E==>FIQ=>IRQE 2. & Exceptione] wHAgY T},

o ool Aol YY) AR B0l s Aol ErlsEA HUd



o]2 wFx|3}7] 984 FIQ ExceptionA] FIQ/IRQE X% disableA] YT},

« Rld_irq : OF 3 o] HA+4

« SPSR_irq : Exception®] ¥oju}7] e CPSR#te] At
. CPSR[4:0] : [RQ R=& A3g Ut}

. CPSR[5] : T=0, ARM R== A=},

. CPSRI[7:6] : IRQ Disable, FIQ o] A ezt

. PC:Ox18WA| = H=

- Return Sequence "‘, @ ?;? ................................................................................
R14 : = Next + 4

Current —m|

Next — PC

Next+4 —i— R14

PC:=R14 -4

CPSH
IRQEmode
IR F

unchanged

@ Prefetch Abort Exception
CPU= WHolE dlodil(prefetch) sh=tl, Al=go] wReloA HEHo] =5 ¢fo
S F v g A g A= exception@ Y.
HHolE ooy, FsHA| E3t= WHo]d ZH9-+= Undefined Instruction®d Yt}
2k oA 7] whg
p 4 3FoE
ARM7-& 3-stage pipeline, ARM9< 5-stage pipelineS A&}
Prefetch Abort Exception @A dfo]Ze}el Mo]Zo] Fad F AT



FETCH | DECODE [EXECUTE]
2%l DECODE EXECUTE]

FETCH DECODE EXECUTE I

£ 7HAaL 9= ARM79| wjolx EPC']O”/]‘:} A HA PEo7t AX A Hasd
HA AL JFHT (Ao w F #HA 5

31 7FA &4, prefetch abort exceptlonol wrAsthytt. 57t exceptions a3}t
/‘Esﬂ(execute)ﬂﬂ oro Astolmz TA|7} WA 4 gl wEka] o] g sk
% 1 HAl PEdol7t dafeo] 5% ® F exceptiono] WAAUT T3 T HA
ooi% Al A EEol= 9 el spojzelle] FEjel o] Al A H2 DA Huu

, o] Zefelo] H A= iy

« R14_abt : Prefecth7} Aujst Hado] HA+4

+ SPSR_abt : Exception®] dojv}r] A2 CPSR#te]l A&yt
« CPSR[4:0] : Abort == Mgy},

. CPSR[5] : T=0, ARM ®==& A5},

+ CPSR[7:6] : IRQ Disable, FIQ+= o] &A%k

. PC @ OxOCH A= A

- Return Sequence i @ Ti"' ................................................................................
R14 : = Abort + 4

Abort+4 —mm— R14

PC:=R14 -4

Abort $]XolH WHol= AestA] EomZ Abort 9 X ARE ThA]
gEoE Aok gt

waba R14o] AAE s FaoA 42 748 9, = (R14-4)Z PCY
Ay



@ Undefined Instruction Exception
HHoE ¢ldloy, ARMo] 3& = gle HE o
+ R14_und : Undefined & o] WHX]+4
« SPSR_und : Exception®] dojv}r] de] CPSRzke] A7 Yt}
. CPSR[4:0] : Undefined 2=2 Hggc},
. CPSR[5] : T=0, ARM ==& A4 r},
. CPSR[7:6] : IRQ Disable, FIQ¥ o] Azt
. PC @ OxO4WRA| 2 H3x

[-‘0
o,

Q- A& = exceptiond Y Tt

o Return Sequence b B Taf o
R14 : = Undefined + 4

Undefined —pm

Undefined+4 —m— R14/PC

PC:=R14 - 4

o esm

Undefinedfmode




A4 22 undefined instruction @Al ARM7TDMIONA A5 A] = WHAE S/WHo=Z
emulations}”] €3] AFgFH =4, o] 4% S/Woll 28] undefined instruction®] ©]v] g HPo ==
undefined instruction®] A= H a7} glHFUth & X YPH K] = gaojo|lmg Aashx] ¢
AR of AR ompeba] R14el AgE o] e FhoAFH W7t Addslojof stn= SUBS H
o5 AHET vt glsUth ol2d o]fF = MOVS WHEolE AbEshs Aol

Tk SUBS W# ol & o] AMg-3slaizl sttbd, SUBS PC, R14, #0 il AME3lE = AA L

o K

@ SWI(Software Interrupt) Exception
0S4 ol Lmase] FHaA Ages] HE FUS AXEde] AHAES ol s T2
AgRUT o8 dla AdHE A9y
OS7} &2 supervisor BE0A] F2st2 R, SWI 2AA] o] == Ay
. R14_svc : SWI H&Ho] HA + 4
. SPSR_svc : Exception®] ¥oju7] el CPSR#ke] AdE Yt}
. CPSR[4:0] : Supervisor =2 At}
. CPSR[5] : T=0, ARM RE==2 AAHYr}
. CPSR[7:6] : IRQ Disable, FIQ¥ ©]d gk
. PC : Ox08¥ A= >z

. Return Sequence iy @ Tif ................................................................................
R14 : = SWI + 4

SWI —

SWi+4 —im— R14/PC

PC:=R14 -4

o] oljn] Ago] Horma SWI+4 F27}



e | esm
IE=R1ESFR=-Runchanged

e | esg
jrofretunn]

3.5 Operation Mode

eARMO = F 709 T2 R=7F AdFUTh olEA oY e REE Y| A2 HEHAT 9
AE 93 AYYY. Exception} o] 771 ¥ oy}, &2 A] Ay Fio] 9o 238 H%

HEAUT) Exception®} Operating ModeE 2 FE3}o] o33t == At}

1. User @ dREARQI 2 asho] Faets B
2. System : % OS kernelol| 4 AF&E Yt}
APgEt R R ~ES o] gsfojof Y&t F Aol o] Fol ).

3. FIQ : IHHE FollA [RQETF ¥ ] Fafo] Hojof gf= & FIQE AAsdA Ay 7H%
T-AE97E =& JAHHPER osfstAd HAGFUT & Zpololetd wE A& ¢
st=flo] A9l Al o] Hrkar BWAE HA 8.

4. IRQ : FIQET 497 22 JAHHEYUTE drk 2 A XA AHHES} sdsirtal B
Al FAYth AZEdolR oy Jl9] IRQE A 4 AFyth AAg y&2 779
Isr_Irq %5 #Fx3HA7] vhgdoh

5. Supervisor: OSE 93k =4 Yt} SWI exception TAA] ALYt} HZE RESET exception

o

e},

. User®} System EEXE 5Y3 X228 WIS

oY

o ot

2], WEa Al sEe] Q1AL 2 2= 9rhal &

rr

59 B=4
[RA=
7. Undef : &S Fxdl o}, ARM7TDMIZ} 22 Wa#Ho]el A9-9 m=eyt)



4% Instructions

M)
1. ARM&THUMB Instruction
2. Data Processing Instruction
3. Data Transfer Instruction

4

5

. Flow Control Instruction

. 71EF HE o
4,1 ARM & THUMB Instruction

. ARM Z2AM|A = 16/32bit Z2AA s FUTh Ut ZZ A A oA 16/32bit HHEHAES
TE 7] WEIY) 32bitE FAAE HEHolE ARM HHo], 16bitE FAE HWHo]E THUMB
Haolgba gyt

. ARM HH)E AMgstE A9
ZRAA Y HEEEst SHA] Hojof sl 2 A AldlE THUMB #WEo]lHtlE ARM H#
o] o] Apgo] frElguct. ZEAA ] Qe H o] AE QL= wRE] 7} 32bit AR T U= A 5ol
= Zo] 16bite] THUMB H#Ho] = = < 8A XY =, 32bitE ¢
A 16bit THUMB W#Ho] 2715 AYPA7NA = Z5

. THUMB W#ol& Algals 249

AErRE FooF ol FU& Aliﬁﬂm 7]t = 16bit® T8 okt

75, oluli= ARM W& o]®t} THUMB H#Ho & A&t &401 S 3099 = A& o]
HEE freEl gyt

o A7 gl A =Elol A A Al (cache miss)dF g0 g3,
N+17F A= Al2=Fl(cache hite] A-)dlA HIEE7F 16bite]d 2t e ARM W o2 A4 3s=4l o
THUMB " ojrt} o33 w5yt
gl Ay 22adg frge a7s oF 3= 4§, olulol %= THUMB % H &
AHgsh= Aol FE Uk 4 ARM WHEo = Z}*é% Zg2 39S THUMB H#Hol2 2Adshd
0% == 27|17} Eo]FYTh



4.2 Data Processing Instruction

o JlExow Mye ARM BHolE AL T

b ol 32bite] AolE 7Y Lh

e Avtxow wEojol= 2709 1Y dHolE e 170 23 dolH= g Y

@ Data Processing Instructions Hlo]E 2] A glo] e HHER A&, =7, v
So AgEUT B TP

» OP-CODEY Data Processing Instruction

Mnemonic Operation Opcode
b 1 Move 1101
fd* Move Mot 1111
Zhil P Compare 1010
1 Compare Megated 1011
TET Test 1000
TEQ Test Equivelence 1001
ADD Add o100
ADC Add with Carry 0101
SLB Subtract oon
sSBC Suhbtract with Carry 0110
REHB Feverse Subtract oot
RSC Feverse Subtract with Carry 0111
AMD Logical ARD 0ono
ECOR Lagic al Exclusive OR oo
DRR Lagical {inclusive) OR 1100
BIC Bit Clear 1110

Mnemonic Action

h 0% Fd = operand2 (operand1 isignared)
hif Rd = MNOT operand2 {operand! isignored)
Zhil P update flags atter operandl - operand?

i update flags after operand1 + operand?2

TET update flags after operand1 AMND operand2
TEQ Update flags after operand1 EQOR operand2
ADD Fd = operandi + operand2

ADC Rd = operandl + operand2 + Carry Flag

S8 Fd = operand! - operandz2

SBRC Fd = operandi - operand2 - MOTCarry Flag)
REHB Fd = operandZ - operandl

RSC Rd = operand2 - operand! - NOTCarry Flag)
ARD Rd = operandl ARD operand2

EOR Fd = operand1 EQOR operand?2

ORR Fd = operandi OF operand2

BIC Fd = operand1 ARMD NOT operand2



Cond |0 O

Opcode | S | Rn|Rd Shifter Operand

Destination Register
Zource Regizster
Set Conditon Codes
Data Processing Operation

Shifter Cperand Specifer =1 Rotate Immediate
Condition code Specifier

Immediate Operand

=0 Register Shifted by Immediate Operand
Immediate | SHF | 0 | Rm

Reqgizter Shifted by Begister Operand
Rs | 0 |SHF| 1| Rm

4.2.1 Arithmetic Operation

o 54 Weol
« ADD regl, reg2, reg3 => regl:=reg2+regd :
reg2¢ reg3& gt ¥, 1 AHE reglol AP MYV EE ARESHA] FFU T

<Syntax>
ADD<cond>S <Rd>, <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = Rn + shiter_operand
if S ==1 and Rd == R15 then
CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]
7 Flag = if Rd == 0 then 1 else O
C Flag = CarryFrom(Rn + shifter_operand)
V Flag = OverflowFrom(Rn + shifter_operand)

<Description>

CIAl WEo]Ql "ADD" W o]2A 32 E QA 7]%S $tr). CPSR #lA2~E ] e Z1(N,Z,C,V)el
W2 2AAMS stz & ujoli= ADDE Ho] Hol| 2AAARES 13

<) ADDNE, ADDEQ, ADDGT %

"ADD" W#Eol= A E amelstA] &L, wed 32vE QA SekS 8 s
AMeES 18T A-ol= "ADC" HHo|E ALg-3hr},

r
=

ZIgHos il dibdabs CPSR elA 28 9] A S IINZC Vol HgsA] et ©f
7] Qe el Hol 'S'E Frheh 2AAMAY § 22 delt 2AARAH G 'S
t}.

d)) ADDS r0, rl, r2, ADDNES rO, rl, r2

of
ol
-

do i
N
-
r



CEA D EEOE

o
o) ADD rO, rl, r2 LSL #2

<Example>

1. 329 E dlolg SN aLefstA &, AeiEd 1ol whrdshA] &5)
MOV r0, #100

MOV rl1, #200

ADD r2, rO, rl

Result : r2 = 300, C=unaffected

o

2. 3241 E dloly SN L sHA
LDR r0, =0xf0000000

LDR r1, =0xffffffff

ADDS r2, r0, rl

&2

o
=281

EECEE

O:

2=
o2
N—

Result : r2 = 0x0eff0000, C=1

« ADC regl, reg2, reg3 => regl:=reg2+reg3+C :
CEEDhHIES} A reg29 reg3& Ylgh ¥, 71 AZE reglell A

ADC(Add with Carry)
<Syntax>
ADD<cond>S <Rd>, <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = Rn + shiter_operand + C Flag
if S ==1 and Rd == R15 then
CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]

Z Flag = if Rd == O then 1 else O
C Flag = CarryFrom(Rn + shifter_operand + C Flag)
V Flag = OverflowFrom(Rn + shifter_operand + C Flag)

<Description>

54 wedelel "ADD" Welolsh B 3201 54 71%-% X, B4l 94k CPSR ol X 2E o]
Qi CEAE MG 20 E o)) T 5 T A9, 59 320 EE "ADD BHelE 49
dolelE t& wjol= siElE aelsh= "ADC" W o & ARE-gT)

CPSR #@ A 2E 9 Ae) Z2L(N,Z,C,V)ol W& ZHAAAS stz & uoi=, ADCHHEo] Ho] 244
N E= S Sia=s
o)) ADCNE, ADCEQ, ADCGT %



AT CPSR A28 e FAINZCVIN B8 gk o2
7] A E geel Hel 'S'E FkaTh 2AdAMA G 29 o

o,

o)) ADCS r0, rl, r2, ADCNES r0, rl, r2

o
o
-

)
rO
2
N
41,
-9
5
o
o 2
N
N
ot

AEES dol8E Qelow Agstud & ol AL Rl AF doleE 911wk,
o)) ADC rO, rl, r2 LSL #2

Example

1. 32015 dole] QG mel s e, AeEe el wds 28
Condition : C=1

MOV r0, #100

MOV rl1, #200

ADD r2, rO, rl

Result : r2 = 301, C=1

2. 1284 E Hlo]H TIA
Condition : C=1

MOV r0, #0x78 ;LSB
MOV rl, #0x56
MOV r2, #0x34

r3, #0x12 ;MSB

MOV r4, #0xff ;LSB
MOV r5, #0x00

MOV r6, #Oxff

MOV r7, #0x00 ;MSB

s

ADDS 18, rO, r4 ; LSB #Ngaelsr Bagla, Je Fe1 wrgs)org
ADCS 19, rl, rb 5 FHE]areabar, AFe) Zef L whedaforst
ADCS  rl0, r2, r6 ; AN aelstar, e Za 1 vkl s ofst
ADC rll, r3, r7 ; MSB 7He]arddetar, e S vrdd agls

. SUB regl, reg2, reg3 => regl:=reg2-reg3 :
reg2°l A reg3& Wl A3}E reglell A%

SUB(Subtract)
<Syntax>

ADD<cond>S <Rd>, <Rn>, <shifter_operand>
<Operation>



if ConditionPassed(cond) then

Rd = Rn + shiter_operand

if S ==1 and Rd == R15 then
CPSR = SPSR

else if S == 1 then
N Flag = Rd[31]
7Z Flag = if Rd == 0O then 1 else O
C Flag = NOT BorrowFrom(Rn - shifter_operand)
V Flag = OverflowFrom(Rn - shifter_operand)

<Description>
wmAl ol 24 32 E WA 7]5S ot U 27| (Borrow) EH 1 WEPstA] et

CPSR @A 2E 2] Ae ZH2(N,Z,C, V)l WE ZAAAS slarxt & wjol =, SUB Wao] Holl 24
N E= S Sia=s
o)) SUBNE, SUBEQ, SUBGT %

e ow Wil dadstis CPSR dA2H ) e FHINZC V) e erh olg wga)
7] FAE Wee] R 'S'E FAhRTh A 3 29 delE 2AANA R SE FE

ot
o) SUBS rO, rl, r2, SUBNES r0, rl, r2

AEEG dolE S Qo Agstud 3 79l
o) SUB r0, rl, r2 LSL #2

A Sl g HolEE 94w,

i

<Example>

1. 320 E dloly WAz st &5, FHiEe 1ol 1)
rO, #100

rl, #200

r2, rO, rl

Result : r2 = -100(0xffffff9¢c), C=0(B=1)

2. 32¥|E dloly wWA(F g elstA] e, FEE el vhg)

rO, #100
MOV rl, #200
SUBS r2, rl, rO

Result : r2 = 100(0x00000064), C=1(B=0)
. SBC regl, reg?2, reg3 => regl:=reg2-reg3+(C-1) :

reg2o A4 reg3E ®W ZA3E (C-1)E 43 AFE reglell AT
C HE9 917} not borrowe] 22 (C-1)=BZ o]s|std Ht},



SBC(Subtract with Carry)
<Syntax>
SBC<cond>S <Rd>, <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = Rn - shiter_operand - NOT(C Flag)
if S ==1 and Rd == R15 then
CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]
Z Flag = if Rd == O then 1 else O
C Flag = NOT BorrowFrom(Rn - shifter_operand - NOT(C Flag))
V Flag = OverflowFrom(Rn - shifter_operand - NOT(C Flag))
<Description>

WA Weo] 2 A 328|E WA 7]5S ol 4d 27| (Borrow) S8 vk sth.CPSR d A A~E 9] AF

R T

H Zg2= B Z 17t ¢loh welA] "NOT(C Flag)"e] HEeEj= o] & AFg-sio),

=

32015 ol4bel & 4% W 4§, a9l 3295 'SUB WelolE Algala A9l delHE M woln
207 HES el "SBC WHolE AHE BT

« RSB regl, reg2, reg3 => regl:=reg3-reg?2 :
SUB W#ol9} HAU3dt reg2¢ reg3?] 47F vttt a(reverse) ©]dfsta Hu}.

RSB(Reverse Subtract)
<Syntax>
RSB<cond>S <Rd>, <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = shiter_operand - Rn
if S ==1 and Rd == R15 then
CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]
Z Flag = if Rd == O then 1 else O

C Flag = NOT BorrowFrom(shifter_operand-Rn)
V Flag

OverflowFrom(shifter_operand-Rn)

<Description>

BoME WAl QA5 s AEAL o
'SUB" ®eole} Qe A2l At ukd
o) SUB 10, rl, r2, RSB r0, r2, r12 5d3s}c}.



+ RSC regl, reg2, reg3 => regl:=reg3-reg2+ (C-1) :
SBC "W #olet sdaty reg29t regd3e] A7 vt AttaL olslistd Yt

RSC(Reverse Subtract with Carry)
<Syntax>
RSC<cond>S <Rd>, <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = shiter_operand - Rn - NOT(C Flag)
if S ==1 and Rd == R15 then
CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]

Z Flag = if Rd == O then 1 else O

C Flag = NOT BorrowFrom(shifter_operand—Rn-NOT(C Flag))

V Flag = OverflowFrom(shifter_operand-Rn-NOT(C Flag))
<Description>

320 E WAl A7) 5L FstE ALt ug%]o}o]];]_.
"SBC" ®WE#olel 9 PR ~E ] w47 5
o)) SBC r0, rl, r2, RSC r0, r2, r1& & ’8}

-
orﬂd
)J

. regl, reg2, reg3dl & X 2=E7} AT F dH5UGH
A 2~E 9] ARM ¥WHAE A&t 49 r0-r157hA F 16717 glom, g 28 7247

32bit A71E 7HA 3L dF5YH

. regl, reg2, reg3v Y HAXEHE AFEStlE T YT
o)) ADD r0.rO,rl

SUB W#oje} whde Fele] Reverse SUBEHo = EA8t=E], ADD ¥H ]9}
=

= At of 7] 7F H AR, ADD o] A reg2+red F& reg3+reg2d AUt sdstE=E I
27F 7] wjEol &£,

AHd RSB W ®ol= darde glo]
Aol vkEojxl Aol opd 7t A5y

YT} ojvhE 32bitE WHo S

l:L:I

& s}

rlr

g Slo] &3 A7t

4.2.2 Bit-wise Logical Operation

¢ =g A o]

+ AND regl, reg?2, reg3 => regl:=reg?2 AND reg3 :



<Syntax>
AND<cond>S <Rd>, <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = Rn AND shiter_operand
if S ==1 and Rd == R15 then

CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]
7 Flag = if Rd == O then 1 else O
C Flag = shifter_carry_out

V Flag = unaffected

<Description>

= dqk Wil "AND" 24 32H|E =S e ddelA &
O

shifter_operand®}] =2]5& Rde|l A3t} AAZA 7S CPSRHE| A 2~F o

7] glalN e Welo] Rl 'S'E Frha)

<Example>
LDR r0, =0x12345678
LDR r1, =0x0000ffff
AND r2, r0, rl

Result : r2 = 0x0000567

+« ORR regl, reg?2, reg3 => regl:=reg?2 OR reg3 :
reg29 reg3E = F(OR) A4k & 1 AFE reglol A},

ORR
<Syntax>
ORR<cond>S <Rd>, <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = Rd OR shifter_operand
if S ==1 and Rd == R15 then
CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]
Z Flag = if Rd == 0O then 1 else O
C Flag = shifter_carry_out



V Flag = unaffected
<Description>
ALk WEolQl "OR"2A 32HE =S etk Aol & 4 21%°] Rndt shifter_operand @}
o] =¥ %S Rdol 4Gttt QLA #E CPSREAZ=H = H Z8 1ol vkgstr] fsiAe B #
o Rel 'S'E FrHT.

Z9)

<Example>
LDR r0, =0x12345678
LDR r1, =0x0000ffff
ORR r2, r0, rl

Result : r2 = 0Ox1234ffff

« EOR regl, reg2, reg3 => regl:i=reg2 XOR reg3 :
reg29 reg3& WIE}F(XOR) AA4F ¥, 1 ZHE regloll AU}

EOR
<Syntax>
EOR<cond>S <Rd>, <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = Rn EOR shiter_operand
if S==1 and Rd == R15 then
CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]
7 Flag = if Rd == 0 then 1 else O
C Flag
V Flag

CarryFrom(Rn + shifter_operand)

OverflowFrom(Rn + shifter_operand)

<Description>

=g sk E o9l "XOR"=A] 32HIE HiERHS 3tk el A & 4 2l%ol Rn¥t shifter_operand
ofo] wjElES Rdoll A&ttt AxA IS CPSREA=H 9= el S0 vkedstr] faiad= =
ol ol 'S'E Frha.

<Example>
LDR r0, =0xffffffff
LDR r1, =0x0000ffff
EOR r2, rO, rl

Result : r2 = Ox{fffO000



. BIC regl, reg2, reg3 => regli=reg2 AND (NOT reg3) :

reg29 reg3® WHHHE 7S =g F(AND) A4 3 2 ARE reglel AAUC
% regd YA LH HIE FolA '1'9 #HS 2t A9 reg2 HIEZS '0'e2 vHEUT]

BIC(Bit Clear)
<Syntax>
BIC<cond>S <Rd>, <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = Rn AND (NOT shiter_operand)
if S ==1 and Rd == R15 then

CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]
Z Flag = if Rd == O then 1 else O
C Flag = shifter_carryout
V Flag = unaffected
<Description>
AHEA7E sk 54 R EER e "R dyt

= =0 s
olo} WHje] 7] S k= "BIS" WHo &= flHUth
Adukx o g Qerte] AP Ze 32 ]E Ei/ﬂl/\iOﬂHL B E

Aoy HE 2 AdetA] FHFUTE 8051 52 PICH & 8H|E mlo]la® FEZY FoA ol& & A
QJ%}X}

<Example>
LDR r0, =0x12345678
LDR r1, =0x0000ffff
BIC r2, r0O, rl

Result : r2 = 0x12340000

= MVN r2,r2 AND rO,rl1,r2

w H3ehE
BIC(Bit Clear)®# o]
uj&eld), o]d 7

Hd) 7} == BIS(Bit Set) W@ ol& flsUyth. 2871 §l7]
= @S Abgalor @7bar

L

—[o



o] 715 ORR ol Agald T8 4 A&yth

4.2.3 Register Movement Operation
¢ A 2=E7F Holg o5 flgk WHEodyrt. dAA~HE rO-r157kA] 167]2ar A 82
1670 HA 2=E7Ee] HolE] o]&& o|m|al= AYYTt.

« MOV regl, reg2 => regli=reg? :
reg22] HES reglo 2 HAFGHU L

MOV
<Syntax>
MOV<cond>S <Rd>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = shiter_operand
if S ==1 and Rd == R15 then

CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]
Z Flag = if Rd == O then 1 else O

C Flag
V Flag = unaffected

shifter_carry_out

<Description>
ARM o] #HAZ=EZE HolE e o] 5Al ARgate Eolduth Holg e o] F oA g, &4 m x|}
A A 2E ko] HolH o]Fo] ofym 2 o] W& o] "data processing instruction"dl & &gt

<Example>
1. oA} W#Eo] "NOP"E A3 45
MOV r0, rO, r0

2. AA 2] W8S WeE HZED Sug ¢ A4S
MOV r0, rO, LSL #2

3. dA=H SEANES gho] '1' A '0AAE It} 3 A5
(o= 0¥l HIE)
MOVS r0, r0, LSR #1
BCS LOOP_BIT1
BCC LOOP_BITO

. MVN regl, reg2 => regl:=NOT reg?2 :
reg29] WHAE 8-S reglo® HARg T



MVN
<Syntax>
MVN<cond>S <Rd>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
Rd = NOT shifter_operand
if S ==1 and Rd == R15 then
CPSR = SPSR
else if S == 1 then
N Flag = Rd[31]
Z Flag = if Rd == O then 1 else O
C Flag = shifter_carry_out
V Flag = unaffected

<Description>
ARM o] #A2=H7Ee] dolg o]Fel AHgEth o, HA2=H| =g
o

WA AnE Ageeh FAT e P, 49 ol REZ wASE Ae] ohieh Aotk

<Example>

LDR r1, =0x0000ffff
MVN rO, rl

Result : rO = OxffffO000

4.2.4 Comparison Operation

wreka 2719 dlely iEgkvke]l A

o

Fel &2 L(NLZ,C V)0l = 9@

« CMP regl, reg?2 => regl-reg?2 :

regloll A reg2E W AIgle we S 1E g
regl¥d reg23 o= gro] A4 2 #2A4 & Hlawsh=d AR EY Tk
B Taf

CMP

<Syntax>

CMP<cond> <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
alu_out = Rn - shifter_operand
N Flag = alu_out[31]
7 Flag = if alu_out == 0 then 1 else O
C Flag

CarryFrom(Rn + shifter_operand)

)}



V Flag = OverflowFrom(Rn + shifter_operand)

<Description>

F g vlwets Byelz 2d 4 delHE W Aed &,
I A3E CPSR #A2=EHel &= e (N, Z,C V)T &S
n] X},

<Example>

LDR r0O, =0x100
LDR rl, =0x200

Result : C=0(B=1)

. CMN regl, reg2 => regl+reg?2 :
reglel A reg2& Ugr A¥gte] W& FHZ 15 v g

CMN
<Syntax>
CMN<cond> <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
alu_out = Rn + shifter_operand
N Flag = alu_out[31]
Z Flag = if alu_out == O then 1 else O
C Flag = CarryFrom(Rn + shifter_operand)
V Flag = OverflowFrom(Rn + shifter_operand)

<Description>

T 4% Hashs gEe 29
1 A3E CPSR A ~Ho| =
u] 2,

A= diolgHE QA A &
A Z 81N, Z,C, V)l wk o 3kS

I

<Example>
LDR r0, =0x100
LDR r1, =0x200

Result : C=0(B=1)

« TST regl, reg2 => regl AND reg?2 :

regl®} reg229] = H(AND) A4S 3 Ayjglo] wE AeE1

TST
<Syntax>



TST<cond> <Rn>, <shifter_operand>
<Operation>

if ConditionPassed(cond) then
alu_out = Rn AND shifter_operand
N Flag = alu_out[31]
7Z Flag = if alu_out == O then 1 else O
C Flag
V Flag

shifter_carry_out

unaffected

<Description>

3201 E 2719 Ho|HE nwslE wWaolo|t}l, oAk
AHg-t,
<Example>

LDR r0O, =0x12345678
LDR r1, =0x000

Result : Z=1

+ TEQ regl, reg?2 => regl XOR reg?2 :

7)%2 "AND"Z

reglsh reg29] WELREe] Aughe] whE AulEds WYy

regl® reg27} 2 #S ZEEAE vush=d AR

TEQ
<Syntax>
TEQ<cond> <Rn>, <shifter_operand>
<Operation>
if ConditionPassed(cond) then
alu_out = Rn EOR shifter_operand
N Flag = alu_out[31]
7 Flag = if alu_out == O then 1 else O
C Flag = shifter_carry_out
V Flag = unaffected
<Description>
32°]E 2708 tlolg 7t sdIdAE
™, CPSR #AI=H 9] 'Z' ZH 15 o] &F

gl

r
kg

<Example>

LDR r0, =0x100

LDR r1, =0x100

TEQ rO, rl

BEQ TEST : &% #24%& vl

i
2
>
>
oo
rot
O

Shiztl ARE-E = Ml

gEololtt. AA7]e 2 "XOR"E AHE-8)



Result : Z=1

4.2.5 Immediate Operand
o WEA AANA FFRE AgSaA T A5, ol

}ol 7he gk ol th
HEO regl, reg2, regd

. regl, reg?2, reg3d & X 2EH ilo] AFiS ALE

o3 HolHE onlsty] flaiA # 7lsE ARSI T

d)) ADD r3, r3, #4

11 B 7

Rotate Immediate

. 35 dio]lHE & 12bitE, 4bite] ZE|o]E9} 8bite] 4
webd ZEO|EE 3814

JT2 A E A F Y
RS AT A dol"H e W= 0-255(8bit) Y T,
A HlolE Y WY s 0-40957F obd (0 — 255) x 22 n

JYtk (0 < n < 12)
p A 3FSsE
ok A4 dlolE F ule dolE @ 22X e @

5o PEEAL,
0x101, 0x104, Oxffl, 0xff00, 0xff000, Oxff, 0x102, 0xff0, Oxff04, OxffO03

= Valid Constants : Oxff, 0x102, 0x104, Oxff0O, O0xff00, OxffO00
= Invalid Constants @ Ox101, Oxffl, OxffO4, Oxff003
. 1045 dolEE A8
. 1675 HolH =
HolEdL &

o= _\J—}\] 6H T:Tq q

e

=

A%, wHo AR5 ol e
A

EEISIch
, '#0x123' =& '#&123'7} #o] '0x'

1

&7 EE o4

4.2.6 Shifted Register Operand

_4

¢ At A b= FY

2], ARM ol A 41ZE gyol be golote] 23 FaAR
Abgol ZHsEUL of| #AAA B BAsE Aol 5 S A, HZE gyolst e o
Wol7h 54 Ado] Fhsatrs a7 9% Ay

@ ADD W#ole} A2E Wyolso] FAd sa5E 4% nds) B

ADD regl, reg2, reg3

« ADD regl, reg2, reg3, LSL #2

> regli=reg2 + (reg3<<2) :
reg3E UEOE 2HE HAZES 3 reg2ét GAlS Fuyoh BiAS HE
A sy o

AHRE reglol

reg3E Yo

2 regdoll AFE FTF AZES F oreg2e QS ok
SAgE A 23S reglel AU

ADD regl, reg2, reg3, LSL reg4 => regli=reg2 + (reg3<<reg4)

3 3}eksE

=



©=3] r0 HA2E Y WES AXE A7) 2R FUth 54491 4 ZE geo]r)
EASHA ), oAl sfof 27h8?

= FZE ol 5Ader #3d 5 gyt w2k MOV gRolst =3l AR gyt
dE 50 r0 dA=E WES H5oR 2WE HAZEs A & A5, ofefjet 2ol 2
MOV r0O, r0O, LSL #2

e 99 Zo] FIPH FZTE WHold= e e HEolEo] Adsyr
B LSL (0] LSL #5) B LSR (M| LSR #5)
31 0 31 0

| 00000 I | 00000 I

B ASL

B ASR

31 0 31 0
0 1

| ﬂﬂﬂﬂﬂﬂll | 111111 I

ASR #5, positive operand ASR #5, negative operand

B ROR (0| ROR #5) B RRX (0] RRX)
31 0

LY LY

IN \
I

4.2.7 Multiplies
@ ARM7L 7]E-A o7 32X8 Booth Multiplier7} Eo] &Ytk wel 32bit 235 A+ MUL/MLA

Hgojo] Ag- FHu 49 wHEH oz A4S YT 64bit A¥E ¥& SMULL/SMLAL,
UMULL/UMLAL W#ole] A A 8 ukE AXS



w438t
r1=0x12345678, r2=0x127} A= AH5Y Tk
MUL 1O, rl, r22 23 A3 MUL 0, r2, rle 2 ZHA3 A F A4EEE o] Ao
W27h09 B Tif
= MUL r0, rl, r29] 5ol r29] u-&o] 8bit o]= 2 32X8 Booth Multiplier7} 1¥ A3t}
ey MUL r0, r2, r19] A9-ol= 49 Agsjojof str = Hdxte] A-5-7F 3xto]Z w51 Th

A}

@ MUL(Multiply)/MLA(Multiply accumulate) :32X32¢] A2 3} 32bitE F-&}+=d] AF&3 T},

el 28 27 22 21 20 19 16 15 12 11 8 76543 0
Cond | O0O0O0DO0O0| A | S Rn Rd Rs |1 001 )RBm

Destination
Register

Source Fegister
Set Conditon Codes
Accumulate Option

Condition code Specifier

« MUL regl, reg2, reg3 => regl:=reg2+*regd :
regds YFOE 20E HAZEZ ¥ reg29 SAlS FUTEIAG HF AAE reglel AU

MUL
<Syntax>
MUL{<cond>}S <Rd>, <Rm>, <Rs>
<Operation>
if ConditionPassed(cond) then
= (Rm * Rd)[31:0]
if S == 1 then
N Flag = Rd[31]
Z Flag = if Rd == 0O then 1 else O
C Flag = unaffected

V Flag = unaffected
< Description>
3201 dlolEle] B4l QS 98] ASRTh QAT 64N E F o) 320 B A3 <o
A4,
<Example>

LDR r0, =0x123
LDR r1, =0x100
MUL r3, rO, rl



Result : r3=0x12300

« MLA regl, reg2, reg3 => regl:=reg2+reg3

MLA
<Syntax>
MLA<cond>S <Rd>, <Rm>, <Rs>, <Rn>
<Operation>
if ConditionPassed(cond) then
Rd = (Rm * Rs + Rn)[31:0]
if S == 1 then
N Flag = Rd[31]
Z Flag = if Rd == 0O then 1 else O
C Flag
V Flag = unaffected

unaffected

<Description>
A G4 AkE Aol Falehe "MAC! WEoldUTth 32HE w4l A4bd SIS Fele §
39l 32H|E dloEvkS x| 2E ol A4t} 32+8bit Booth Multipliers AM&3dR =2 2 8A] of g

Aol EE ARFUT

2

<Example>

LDR r0, =0x123
LDR r1, =0x100
LDR r2, =0x50
MUL r3, rO, rl, r2

3 28 27 23 22 2 20 19 16 15 1211 B8 7 6 5 43 0
Cond |OODO01 U|A | S |RdHi |RdLo| Rs |1 00 1 |Rm

Destination Register Source Registers
Set Condition Codes
Accumulate Option

Unzigned/Signed Operands

Condition code Specifier

@ SMULL(Signed multiply long)/SMLAL(Signed multiply accumulate long) :
$357b Qi 32X329) AT 64bitE FaHzvl AHE I
« SMULL regl, reg?2, reg3, regd => (regl,reg?2):=reg3*regd



<Syntax>
SMLAL<cond>S <RdLo>, <RdHi>, <Rm>, <Rs>
<Operation>
if ConditionPassed(cond) then
RdLo = (Rm * Rs)[31:0]
RdHi = (Rm * Rs)[63:32]
if S == 1 then
N Flag = RdHi[31]
7 Flag = if (RdHi == 0) and (RdLo == 0) then 1 else O
C Flag
V Flag = unaffected

unaffected

<Description>
"MUL" H#Eol7} 32H|E do]H *‘“ﬁﬂr 6441 E F, 319 328 ENtS A st ¥ske] "SMULL"
G4H|E AE BT Ay 3 320 E A3E 9d& AFoe FEHET AL, o] HEoe

de delge] F5E s ARE 4T

. SMLAL regl, reg?, reg3, regd => (regl,reg?):=reg3*regd+ (regl,reg?)

SMLAL
<{Syntax>
SMLAL{<cond>}S <RdLo>, <RdHi>, <Rm>, <Rs>
<Operation>
if ConditionPassed(cond) then
RdLo = (Rm * Rs)[31:0] + RdLo
RdHi = (Rm * Rs)[63:32] + RdHi + CarryFrom(Rm * Rs)[31:0]

+ RdLo)

if S == 1 then
N Flag = RdHi[31]
Z Flag = if (RdHi == 0) and (RdLo == 0) then 1 else O
C Flag
V Flag = unaffected

unaffected

<Description>

Fo7b = 32HE HolHE A A, 640 E AaEs dux & A9 AREET "MUL" 9
dol7l Bx FAAATE et wale] "MLAT BHolsl AT AL SAeE A% FAat)
"SMLAL" W& % 64HE FAA} 640 E #A2E 9 Y&& 5Als: 4t
g,

@ UMULL(Unsigned multiply long)/UMLAL(Unsigned multiply accumulate long) :
F-57F gl 32X32¢] AA4HE ) 64bitE skl ARE T
. UMULL regl, reg2, reg3, regd => (regl,reg2):=reg3+reg4



UMULL
<Syntax>
UMULL{<cond>}S <RdLo>, <RdHi>, <Rm>, <Rs>
<Operation>
if ConditionPassed(cond) then
RdHi = (Rm * Rs)[63:32]
RdLo = (Rm * Rs)[31:0]
if S == 1 then
N Flag = RdHi[31]
7 Flag = if (RdHi == 0) and (RdLo == 0) then 1 else 0
C Flag = unaffected
V Flag = unaffected

<Description>

"MUL" W#ol7} 32v|E dlolg FAAMN 64HE S, 5}9] 32HERHS A s=t] wale] "SMULL"S
G4 E A¥E HF A

TSk 320 E AARE dE& Ao FEuEV HEA Y, o] gHEoje

e dlolee] REg wejs) 2 o},

i)
o

g &9

of

. UMLAL regl, reg2, reg3, regd => (regl,reg?):=reg3*regd+ (regl,reg?)

UMLAL
<Syntax>
UMLAL{<cond>}S <RdLo>, <RdHi>, <Rm>, <Rs>
<Operation>
if ConditionPassed(cond) then
RdLo = (Rm * Rs)[31:0] + RdLo
RdHi = (Rm * Rs)[63:32] + RdHi + CarryFrom((Rm * Rs)[31:0]
+ RdLo)
if S == 1 then
N Flag = RdHi[31]
Z Flag = if (RdHi == 0) and (RdLo == 0) then 1 else O
C Flag = unaffected
V Flag = unaffected

<Description>

B35k gl 3201 dolEE FAAA Aelstel, 64ME AWE A @
BFol7h A FAAANTS st vkete] "MLA" WE o7t Al QA
"UMLAL" W&ol 640 E FA A7} 640 E A 2H &S Qs daks A9

el gy,

2L

* oA} ==> regl : Lower Data / reg?2 : Higher Data



4.3 Data Transfer Instruction

@ HolE dES 9T opfe] WHAEE 2NEUT

. LDR

. STR

« LDMIA

« STMIA

« SWAP

@ HolE HAE2 ARM ZRAA 9o gl viEeEita - A AEe] o] FE ov gk
@ dolE WEHE AREA 7 fEd EREs AWEUTh

4.3.1 Single Register Load/Store Instruction

@ 32bit HolEE wreg T3t gAY £ AFgels W Ho] LDR/STRE &53-gyth.
LDR/STR " #o]= ofgfe] Aol A Hzo| regl, [reg2le] Fe= FU3, dlolH <]
olkakol wejel Aol frolalok gt

Eal 28 27 26 25 24 23 22 21 20 19 16 15 12 1 0

Cond JO 1 1|PJU|B|W]L Rn Rd Offset

Source’
Destination Register
Basze Regizter

Load/Store
Basze Register Writeback

ByteWord Transfer
Add/Subtract Offzet
Pre/Pozt Increment

Shifter Operand Specifier =0 Immediate Offset
Condition Code Specifier

Immediate Offzet

=1 Register Shifted by Immediate Offset

Immediate | SHF | 0 | BM

. LDR regl, [reg2] = regl:=mem32[reg2] :
reg27} 7FE71E W2 gl o] FagboAl 32bit HloJE S ¢lo]¢} reglol]l A A3t}
. STR regl, [reg2] => mem32[reg2]:=regl :
reglel A7F=o] Q= 32bit HIOIEE reg27t 7F2 7|+ wlEg o] FaAF ko] #43c).
. LDR/STR &0l AF&A] A& dolH o A7]= ol o] AAg T
. 8bit => LDRB/STRB, LDRSB, LDRBT
. 16bit => LDRH/STRH, LDRSH
: 32bit => LDR/STR, LDRT

LDR
<Syntax>
LDR{<cond>} <Rd>, <addressing_mode>



<Operation>
if ConditionPassed(cond) then
if address[1:0] == 0BOO then
value = Memory[address,4]
else if address[1:0] == 0ObO1 then
value = Memory[address,4] Rotate_Right 8
else if address[1:0] == 0b10 then
value = Memory[address,4] Rotate_Right 16
else /* if address[1:0] == Obl1l then */
value = Memory[address,4] Rotate_Right 24

<Description>
9| vl me ZRE] ARM o] 9] wlx2E2 320 0] dolEE gl eizul gtk T o
ATH.

SYy REg o gatel elHE golEd

<Example>
LDR r0, =0x100
LDR r1, =0x10
STR r1, [r0O]
LDR r0, =0x104
LDR r1, =0x20
STR r1, [r0O]

1.Pre-Indexed Addressing Mode
LDR rO, =0x100
LDR r2, [rO, #4]

Result : r0=0x100, r2=0x20
2.Post-Indexed Addressing Mode

LDR r0O, =0x100

LDR r2, [rO], #4

Result : r0=0x104, r2=0x10
3.Auto-Indexed Addressing Mode

LDR r0O, =0x100

LDR r2!, [rO, #4]

Result : r0=0x104, r2=0x2
4.3.2 Multiple Register Data Transfer

¢ o8 79 dolEHZE gAY &u AL&3tE M B o7} Multiple Register Data Transfer M & ¢
U t}. Single Register Load/Store Instructione ¥HE3jA ALE3t= AR w5 T}



<

@ LDR/STR W&ol E AH&E w9 vlo]g o] s aFa} whredel #o gyt
{..} kel dA =B o] Al BAQLe] Y F49] HolH7F v Mo o) x| AE ] Agy

Cond |0 00 |PIUS|W|L Rn Register List

Easze Register
Load/Store
Easze Regizter Writeback
Tranzfer User Register/Restore CPSR
Add/Subtract Offset
Pre/Pozt Increment
Condition Cade Zpecifier

4.3.3 Addressing Mode
¢ HlolH HE A AREHE o=dd R ol 37HA17F AFH
mp Pre—indexed Addressing Mode
LDR regl, [reg2, #4] ; regl:=mem32[reg2+4]
D (reg2+4)9] wlRe] FAEFIHAA HoHE o]}, reglel A3t
gejolo] Heo] regl2o YE WA ¥
mp Post—-indexed Addressing
LDR regl, [reg2], #4 ; regl:=mem32[reg2]
; reg2:=reg2+4
(reg2)e] Wwe] F2300lA olEE ¢lolst, reglel Agsh
o] Adol$ reg2e] W§S 4 F7HST
mp Auto-indexing Addressing Mode
LDR regl, [reg2, #4]1! ; regl:=mem32[reg2+4]
; reg2:=reg2+4
(reg2+4)°] W& FAggro A HolBE ¢lole} reglol A%t
gEgole] Aao]F reg2e W& 4 FUHeh

4.3.4 Stack Control Instruction

@ PCellA] =8 dlolel g #Eshes tﬂ AHg3E Mol PUSH/POP W& o]o]th.
ARMO A &= ~elo] #tEdg WEo7) Qth, e ~u3 %3 XYst7] Y o8 7h9
BEo7F =AY, 28 dgomRt A}ﬁﬂh Aol olyz}, Auk gloE e Ao AF&3h}
o=yl Rt wel ofgje 2 A A3 OPCODE7F A4 Htt.

LDM-1 / LDM-2 / LDM-3
STM-1 / STM-2




* The mapping between the stack and block copy

store multiple instructions.

Ascen
Full
STMIB
Bcl’ﬂnﬁ: STMFA
Increment
After
Before
Decrement
After LDMDA
LDMFA

ding
Empty

STMIA
STMEA

LDMDE
LDOMEA

o 2 Faol e 27 474K Feh A,
« Full Ascending

« Empty Ascending

« Full Descending

« Empty Descending

@ Ascending

selo] HolHE ¥e
= 59 o= 2ol A
a9l ol=ell 2z Fodol A

ks
REICEE BN
Al 2F g

@ Descending
D 2go] dolBE ¥e wvitl, ZEle] Zrhugrel

F oz N

9] o Eel ol 4] 3] g am seo] Aol
9 of=el ol M A gk ARMOIAE RE
F ol WA AbgE

=
| ft), o] 4
R

o, 28] Fohgage] oE ezt B
o] sl Htt. o

Descending
Full Empty
LDMIB
LDMED
LDMIA
LDMFD
STMDB
STMFD
STMDA
STMED
Fah= Wakelnt.
B zEe] AR Fa

views of the load and

rr



@ Full

D8] HolHE ¥e F, 28 FoEl exE Fad dolEst & dE 34 wa
|

SP |

|
;

@ Empty

D Eo] HolEE W F, 28 EAUI ARAE Fad dolert nelgt wAe e,

SP

|
I
I
é

o ~u Wuols BF
ARMOIA] 2|95l 28 @edoli ohel oA miFe] obF chgch
BE 29 el BYols LRRE(AVIADE Bal 1 FRE 44 FEY & sk

IB ( Increment & Before )
2" HolHE Y] H(before)o oJ=#|~E Z7Hincrement) A7 Yt}
IA ( Increment & After )

2" HolEHE Y8 I(after)d oJ=dHAE =7}(increment) AU o)

DB ( Decrement & Before )
DA ( Decrement & After )

EA (Empty & Ascending)

g oY avt STt WEe R AU IR increment9} 54T
2" HolEHE Y& F, 28 XYL 7FEA = 322 HlodFU T

=, aftere} Z54oh

ED (Empty & Descending)

FA (Full & Ascending)
FD(Full & Descending)

@ "o Wo] ARg5 = STMFD/LDMFD W&o sl 2 Ey).

STMFD r9!, {r0, r1, r2}

po] W= ko] delA HW, full APYT ofge] €S HW miA|vt 28 ¥IH 7}
7hEAlE Fael dHeolErt sy 3 HlolHE B A, FAE ANV ER
decrement & before’} Zt5Ut}l, A"lo] 319 42 F7182 =, descending #2144t}
oFe] FolA e o E Au sy



ro r9
r2

ri
rg’ ro

L

LDMFD r9!, {rO, rl1, r2}

D o] WEolE okel mellA wHl, full WYt} olee] a¥e PR
7hEA =T HolH7E dFUT B3 HolHE ¢S §, FAE %7} A7 B
increment & after’} @&yth ~do] &9 F4=2 =712 2, descending #A 4y ).

kel oMo oS AvEyth

H H
A |
c ] |
r9 A I r9 I
| |
S— S—
<Step1> <Step2>

@ 2B o]&el= ARTE oY sl HolHE gAY 2Ae A T2 ALY 55
"system management" F-&oll A wWo] Alg3hUt},
STMIA r9!, {r0, rl, r2}

o] 9ol el el el empty WA, o] A0S Rl A 29 AR}
A}

o g0l delH7E iyt B3 HolHE ¥ §, Fas dail
Yt} 2®o] A9 42 F7FSIE R, ascending WA Y

ore] ol A<l o|m & AbwHu.

ri

r9 r9 ro

|
r2 I
|
|
|

L

LDMIA r9!, {rO, rl, r2}
: o] H#ol= LDMFDS Hd3th. LDMFD &S #Fx&lA|7] utgyt).

STMIA 91, {r0, r1, r5} grmiB ro1, {r0, r1, r5}

r9’ 1018, r9’ r5 1018,
r5 r1
ri r0
r9 r0 100cs r9 100c s
1000, 1000,
. .

=]
2 increment & after’} @&



STMDA r9!, {r0, r1, r5} STMDB r9!, {r0, ri1, r5}

1018,, 1018,,
r9 r5 100c,s 9 100¢
ri r5
rQ r1
r9’ 1000, r9’ r0 1000,

. .

4.3.5 Swp Instruction

@ SWP "ol doly wEs 98] AUt oy Jd(sort)soll €8 AMEEA 4.
ARM W #gofell A o] "SWP" W@ ofx= ofelle] 47k4] B 7 2, 3wl Agol AT
AFH
1) register-register swp 2) register-memory Swp

3) memory-register swp 4) memory-memory Swp

3 28 27 23 22 21 2019 16 15 12 11 B 7 6 5 43 0
Cond |OO0010 B |00 Rn Rd 00001001 | Rm

De=stination Register Source Registers

EBasze Register
B yte o rd

Condition code Specifier

+ SWP regl, reg2, [reg3] => regl:=mem32[reg3]
mem32[reg3]:=reg?2

Rl HAIAHE, dALHAA HE R HolHE oleAld F sy
 regl reg27b 22 HAEHEHH, "SWAP"S] 7502 ARgo] JheFTh
B TP o

SWP

<{Syntax >

SWP{<cond>} <Rd>, <Rm>, [<Rd>]
< Operation>
if ConditionPassed(cond) then
if Rn[1:0] == 0b0O them
temp = Memory[Rn,4]
else if Rn[1:0] == 0b0O1 then
temp = Memory[Rn,4] Rotate_Right 8
else if Rn[1:0] == 0bl0 then
temp = Memory[Rn,4] Rotate_Right 16
else /* Rn[1:0] == Obl1 then */



temp = Memory[Rn,4] Rotate_Right 24

Memory[Rn,4] = Rm
Rd = temp

<Description>

o] @ol= ARM 1o #HA[=E 9] dolEjet o wliy] 4ol HolHE west=t] A
WH oS £2F "semaphore" WHO =

BEUT. ol WEEag oSl A A0 d@ AE Aojeiiv]

AHg-at7] w Y

<Example>
LDR r0O, =0x100
LDR r1, =0x200
LDR r2, =0x1000
STR r1, [r2]

SWP r0, r0, [r2]
Result : r0=0x200, [r2]=0x100

Result : r2 = 0x0eff0000, C=1

= HEHE AT OSol A Alntazol= glazol digh Afds ddstet
A& .
SWP WHolE A&l &2fdAE ol BlaFdA Mol Algsh=r
A& o
LDR/STR W #HAE 483 4%, exception®]Y interrupt’} A sH=
A AV A 4 glovm g SWP WEol S AREFu T

+ SWPB regl, reg2, [reg3] :
HEo] E(8bit) Tl e] dlolE o]sA] ARSEUTE

SWPB
<Syntax >
SWPB{<cond>}B <Rd>, <Rm>, [<Rn>]
< Operation>
if ConditionPassed(cond) then
temp = Memory[Rn,1]
Memory[Rn,1] = Rm[7:0]



Rd = temp
< Description>
"SWP" W#dojet Ul ARM ol Bl A 2E e o wlRe|zte] HolE ks ety 8H|E T
olH & A gttt

4.4 Flow Control Instruction

¢ oA EVIHHAES AaUT.
a1 28 27 26 25 24 23 ]
Cond | 101 L Branch Offset

Branch/Branch with Link
Condition code Specifier

. Branch Instruction
. Conditional Branch
. Branch and Link

+ Supervisor Call

4.4.1 Branch Instruction
¢ Tx7 E7] WHol PCoAAE "IMP'IYU T ARMelA &= Branch®| °FzF 'B'YiHth
o Fxi #r19Hel B F ohle] 4% Fol duEhin.

<Syntax >
BL<cond> <target_address>
< Operation>
if ConditionPassed(cond) then
if L == 1 then
LR = B718 "] thg WEole FA(F, HEoF & F4
PC = PC + (SignExtend(signed_immed_24) << 2)
< Description>
w7l ool = folA B upel o] B, BL 2719 H
Hol2 PCe| "IMP" H#Holet UG V|

Utk B el Fxd 2] 9
= e % =
o7k "BL" ®Eoldyt "BL" WHE

"CALL"dl @33}t
2~Eof| HEFL

<Example>
1 2 #7] BelE A% A4S

B TEST



TEST

A

2. %7 ¥7) HHolE e A
LDR r0O, =0x100
LDR r1, =0x200
CMP rO, rl
BGT TEST
TEST
3. B FES & AS
BL ARM_SUBR
SUBR

MOV PC, LR

. "B TEST" W&ol& whiwd, "TEST" #lo]&0] 3= fIA= ©]
AR o] Fo] #olEel oY A A& Aol ol EAEY

B TEST

TEST

L FEA BErEEe] "B, "%F?"E AUt 'B'e backe] 9uE A WEole RRE Q=
ZA glolg "01"Y] AAE ol YT <A #HolE "01"e] o A A= % <] o]
AE =2 HolER o] YT =, 54U o9 #HolEo] ol A& Aok delrt EAEHA
FE5YY 'F'e forwardd] vz dA) =

wejole] eptRel g 2Aa 9 SA dolR "02'el 9
SERD AR
01
01
B %B01
B %FO02
02

4.4.2 Conditional Branch
@ ARMOIA = thgst 2177 gHoE A

i

o
st
°
o

i



Branch

Interpretation

Normal uses

B Unconditional Always take this branch

BAL Always Always take this branch

BEQ Equal Comparison equal or non-zero result

BME Mot equal Comparison not equal or non-zero result

BPL Plus Result positive or zero

BMI Minus Result minus or negative

BCC Carry clear Arithmetic operation did not give carry-out

BLC Lower Unsigned comparison gave lower

BCS Carry set Arithmetic operation gave carry-out

BHS Higher or same Unsigned comparison gave higher or same

BvVC Overflow clear signed integer operation: no overflow occurred
BVS Overflow set Signed integer operation: overflow occurred
BGT Greater than Signed integer comparison gave greater than
BGE Greater or equal Signed integer comparison gave greater or egual
BLT Less than Signed integer comparison gave less than

BLE Less or equal Signed integer comparison gave less than or equal
BHI Higher Unsigned comparison gave higher

BLS Lower or same Unsigned comparison gave lower or same

@ 37)A 2748 PSR(Program Status Register)?] Condition Flag(N,Z,C, V)3t o]-&3t}.

Condition Flagell w&bA 712 A Ao}

27EE SrohitAln,

O:

Suffix Flags Meaning

EQ Z set equal

NE Z clear not equal

CS/HS C set higher or same(Unsigned >-)
CC/LO C clear lower(Unsigned <)

Ml N set MNegative

PL N clear Positive or zero

Vs V set Overflow

vC V clear No overflow

] C set and Z clear higher{Unsigned >)

LS C clear and Z set lower or same({Unsigned <-)
GE N and V the same signed >-

LT N and V differ signed <

GT Z clear, N and V the same signed >

LE Z set, N and V differ signed <-



4.4.3 Branch and Link
@ Fx1 7] HEojel
. "BL" U”:‘OJ~ 7 ®7] UéEﬂOi J "B"¢} H#o Atk o PC(r15)9 S R(rl4) #@lA2~
Els zho]Ho] dFyrholge] doA HBzo] "BL SUBROUTINE"2 "T1"9] 5=
A2 7}87]” "PC"«] S "LR"l A@sk 5 "SUBROUTINE" #lo]Eo] gl&= 94X & 27| r}. &)

25 U}‘J R ] %b &l fﬂﬂﬂoi "MOV PC, LR"S 7} A= oge g

SUBROOUTINE
MOV PC, LR
BL SUBROUTINE

T1

4.4.4 Supervisor Call
e HBTEe WQH
MEFEe shte] Zead bolq AAEEE
[e] hyA

=
2a8s e §

o AXEY O] AEYEA o Hulz FH
shutel A Sel A ole] Aol Zmadel FAsHE F9, ole Zaadd A ANEHEE ==
S ofgil Aslor Bh? SFAAE LA AN E ﬁz%;—% ol A4 slo} &7k
27 olg @ 9ol AuTe] 4ot A2 & fonD, Azt FUL APPE Aus T
219] 733l

o AFUTh AAE Frlo]l Bad ), o]F 2xEge] AHYE R 5F8

AArgol 7

FE Eﬂ-l
2 “”

@ /'\_LEO‘ﬂOi O]HFAEE }:ﬂ—}\go}_l‘z_

oi%

ol "SWI'guch,

« SWI <service_routine_id>

SWI
< Syntax >
SWI<cond> <immed_24>
< Operation>
if ConditionPassed(cond) then
R14_sve = "SWI" ®Ho] o3 ™
SPSR_svc = CPSR
CPSR[4:0] = 0b10011
CPSR[5] =
CPSR[7] =1
if high vectors configured then
PC = OxFFFF0008

ot
2
o
N



else
PC = 0x00000008

<Description>
A Eo] JAHHEE WA= AFEshs WEojdyrt. Ado] ¥H, SWI exception®] A3t}

4.5 718t %o
@ dukg =] YA 2HQl rO-r150]99 dA2H<Ql PSR(Program Status Register)E& $1AY 227]
AaME Sud gHolg Algstolol gk,
31 30 29 28 27 7 6 5 4 o
nlzlclv : : |F|T| Mode
Condition Code Flags Interrupt Disable bits
N = Megative result from ALU | = 1, disables the IRQ
Z = Zero result from ALU F = 1, disables the FIQ
C = ALU operation caused Carry
V = ALU operation oVerflowed Mode Bits

M[4:0] define the processor mode
7 modes are valid

@ MSR/MRS W #o]

31 28 27 23 22 21 20 19 16 15 12 11 0
Cond Do0O0O10|RjI0O)1111 RD 0O0000000O0O0O0O0

Destination Register
Source iz CPSR/SPER

Condition Code Specifier

« MRS regl, CPSR/SPSR => regl:=CPSR or SPSR :
CPSR(Current Program Status Register) & SPSR(Saved Program Status Register)2] W&& <
L %EP/] A 2~E (r0-r15)=2 ¢jo] &=t ARSIy

o A4 ZEAM 2=V} User -2 System =91 9ol SPSR dlA2E7F EA481A] o=
"MRS" W#EoE AMEEY A5 5 gl vv dHeolgrE .

# 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0
Cond |OOQJI|1 Q|R|1 O Mask 1111 Source Operand
Destination Bwte Mazk v
Destination CPSR/SPSR Immediate Operand

Zhifter Operand Specifier |= ] m— Rotate Immediate
Condition Code Specifier I

I Fegizter Shifted by Immediate Operand
O0D00DO0ODO0OO0ODO0O]| BM




MRS(Move PSR to General-purpose Register)
<{Syntax >
MRS<cond> <Rd>, CPSR
MRS<cond> <Rd>, SPSR
<Operation>
if ConditionPassed(cond) then
if R == 1 then
Rd = SPSR
else i
= CPSR

< Description>

"MOV" W&ol ARM Fo] #A|2E7te] Hlo]E o]F A AFgsh= Waoidyrt o, R
ZENHS A2 = 95Ut CPSR &8 SPSR HAIAHE oA 2387 Yafirs
ARgelloF sk "MRS" W@l 1% shubivtt. o] W@ oli= CPSR, SPSREH-H
delHE ¢lo] = AREFU T

R159] #A]

RO-
S Yelols

. MSR CPSR/SPSR, regl/Immediate Data => CPSR/SPSR:=regl/Immediate Data :
MSR(Move to Status register from ARM Register) W& o]&= "MRS" o] o= b=
574 dlolHE CPSR/SPSR #lA| 2B ol A%dk=t] AR&-H .

N/Z/C/V A E31s WA A, ﬁixﬂﬂ UE§ WAsAY, IRQ/FIQY F&H-&

W7 v AR Ytk CPSR/SPSRO| B HIEE WAsHA| ¢kal, 5AGS vh& WAstaat
@ Wol, B mad WES ol S,
B Tl
MSR(Move to Status Register from ARM Register)
<{Syntax >

MSR<cond> CPSR_<fields>, #<immediate>
MSR<cond> CPSR_<fields>, <Rm>
MSR<cond> SPSR_<fields>, #<immediate>
MSR<cond> SPSR_<fields>, <Rm>

< Operation>
if ConditionPassed(cond) then
if opcode[25] == 1
operand = 8_bit_immediate Rotate_Right (rotate_imm * 2)

else /* opcode[25] == 0 */
operand Rm
if R == 0 then
if field_mask[0O] == 1 and InAPrivilegedMode() then

CPSR[7:0] = operand[7:0]
if field_mask([1] == 1 and InAPrivilegedMode() then
CPSRI[15:8] = operand[15:8]



if field_mask[2] == 1 and InAPrivilegedMode() then
CPSR[23:16] = operand[23:16]

if field_mask[3] == 1 then
CPSR[31:24] = operand[31:24]

else /* R == 0 */

if field_mask[0] == 1 and CurrentModeHasSPSR( then
CPSR[7:0] = operand[7:0]

if field_mask[1] == 1 and CurrentModeHasSPSR() then
CPSR[15:8] = operand[15:8]

if field_mask[2] == 1 and CurrentModeHasSPSR() then
CPSR[23:16] = operand[23:16]

if field_mask[3] == 1 then
CPSR[31:24] = operand[31:24]

V Flag = OverflowFrom(Rn + shifter_operand)

< Description>

"MRS" W@ole}t tloly o]&o] WiFo] Wty th. ARM 310}
A 2=H 9] doly 22 44 Ho]HE CPSR, SPSR #lA2=H ]
A7gsh=dl AU

. _C : sets the control field mask bit(bit 0)

: CPSR/SPSR @l #| =¥ €] [0-7]bit%h& W7 gt
. _X . sets the extention field mask bit(bit 1)

: CPSR/SPSR @A~ 9] [8-15]bitRh-a W74 g,
. _s . sets the status field mask bit(bit 2)

: CPSR/SPSR #ll#|=F €] [16-23]bityte W73t
. _f ! sets the flags field mask bit(bit 3)

: CPSR/SPSR @l A =E]¢] [24-31]bitRts W3 ST

3 3hek
CPSR % SPSR #lA =¥ 54 Zefantg wAstws & 49 aes)

« MSR CPSR, reg ; CPSR[31:0]:=reg[31:0]
. MSR CPSR_all, reg ; CPSR[31:28]:=reg[31:28]

« MSR CPSR_flg ; CPSRI[31:28]:=reg[31:28]
« MSR CPSR_c ; CPSRI[7:0]:=reg[7:0]

« MSR CPSR_x ; CPSR[15:8]:=reg[15:8]

« MSR CPSR_s ; CPSRI[23:16]:=reg[23:16]
« MSR CPSR_f ; CPSRI[31:24]:=reg[31:24]

« MSR CPSR_cxsf ; CPSR[31:0]:=reg[31:0]



@ CoprocessorE ARM ZZA|A 9 F718lS A5, ZZZAA MMU 5o dolHE AU
A w AMSE = 5 g o]7 MCR/MRCE Y.
IZZANE = 1670174 AAT 5 d5Y T

A H

. LDC(Load Coprocessor Register)

D 5A o= I3t AAE] e EﬂolEi% I ZA A A 2Bl ¢lo] o= 3
otz o] o= ARM #A=E R27F 7FEX = T8 838 R2+ )04 HolE &
SZEAA 6H (6Ll Sl= A =H CR4(CP reg 4ol 2=3t= HHE U
example) LDC p6, CR4, [R2, #4]

gy,
10

K
o]
=1

LDC
<{Syntax >

LDC{<cond>}{L} <coproc>, <CRd>, <addressing_mode>
LDC2{L} <coproc>, <CRd>, <addressing_mode>

<Operation>
if ConditionPassed(cond) then
address = start_address
load Memoryladdress,4] for Coprocessorlcp_num]

while (NotFinished(Coprocessor[cp_num]))
address = address + 4

assert address == end address

<Description>

ol F wxzlol ARM o] o] x| 2E AlojollA dHlolE Aol dojuie H

ol2 AMEFIT olg} £ 448

A%, 53 dolEE gojot A9 AgEE Puolzh "LDC YU,

. STC(Store Coprocessor Register)

DAz EAA ] YA 2E AGE HelHE 54 o=l Fitel Adts HEdYTh
ofgfle] o= IEZZAA 8H (P8t = #A2E CRICP reg 9)9] vlo|E]E ARM
AA2=H R27F 7FEAE FAFIHA G = R2-16)0] A dstet= HE gyt
example) STC p&, CR9, [R2], #-16

STC

<{Syntax >

STCA{<cond>}{L} <coproc>, <CRd>, <addressing_mode>
STC2{L} <coproc>, <CRd>, <addressing_mode>

< Operation>
if ConditionPassed(cond) then
address = start_address

Memory[address,4] = value from Coprocessor[cp_num]

<, "LDR", "STR" &
SHAl @) wlEe| e} IEZAA HA2~FH Alolo A HolE HFS dojuhe=



while (NotFinished(coprocessor[cp_num]))
address = address + 4
Memory[address,4] = value from Coprocessor[cp_num]

assert address == end address

< Description>

"LDC" BHolst dlolel o] o] Fuate] wtjel mzmm A BPofolth. 'STR™YH I fatsht ZzZm A
A-goletal olslstH Hlslth ZZZAA T B A 2E Y WE&E o v AAst=d ARggh
.

. MCR(Move to Coprocessor from ARM Register)

© ARM #lA 2ol AFE HolHE AT 2AA ] HALHE 5ALE off AR
919l LDC/STCE ZEZZAAME 913 LDR/STR WHojo]a, o] WHoE AZZAANE 9]
5338 MOV WHolz olafstAld Hut

MCR

<Syntax >
MCR{<cond>} <coproc>, <opcode_1>, <Rd>, <CRn>, <CRm>
{, <opcode_2>}

MCR2 <coproc>, <opcode_1>, <Rd>, <CRn>, <CRm>
{, <opcode_2>}

<Operation>
if ConditionPassed(cond) then

send Rd value to Coprocessor[cp_num]

<Description>
ARM Fo] HA2=Ho &S IZZAXNE o]Fstd AFSH e B8
2AA A 2Eske] A5S 9aAE "LDC", "STC" WeolE A&

-9 = "undefined instruction exception"o] A gt}.

ojolt}, 9| W ZEE FHE
Yl sld ZZ2AM7F 8le 7

. MRC(Move to ARM Register from Coprocessor)
TR HA2He AAE dgolHE ARM @A ~Eo| EAFs ] A}-&-Fu )
MCR3} Hlo]E] ¢] o] &wake] W Yt}

MRC

<Syntax >
MRCA{<cond>} <coproc>, <opcode_1>, <Rd>, <CRn>, <CRm>
{, <opcode_2>}

MCR2 <coproc>, <opcode_1>, <Rd>, <CRn>, <CRm>
{, <opcode_2>}



<Operation>
if ConditionPassed(cond) then
data = value from Coprocessor[cp_num]
if Rd is R15 then
N flag = data[31]
7 flag = datal[30]
C flag = data[29]
V flag = data[28]
else /+* Rd is not R15 #/
Rd = data

<Description>
S oA 2B 2RE ARM 20] X AE R doleE o] Bahis
HEoldyh. "MCR" W& oje} Holy o]F9] Wako] wigeju )

. CDP(Coprocessor Data Operation)

D AEZZAA A HlolE HElE FasEE sk WE oYUt
ot o] o= ZEZ =AM SHPELHAA Heoly AHes F3st e st Widoild],
g dolHE A dE dAXEE c103 c30la, 1 AWE AFseE gAx
FEZZAA Heoly HEE $3 OPCODE+ 27 OPCODE1=2, OPCODE2=4¢]
Aol whet Ao
example) CDP p5, 2, cl12, c10, c3, 4

ol AA ¢
B cl2giyr
SRR LY

CDP
<Syntax >
CDP{<cond>} <coproc>, <opcode_1>, <CRd>, <CRn>, <CRm>, <opcode_2>

<Operation>
if ConditionPassed(cond) then
Coprocessor[cp_num]-dependent operation
<Description>
ARM @428 %& vues 59502 amadi 54 498
AAehE EEololty, I RAA HMF el 2AS AAFA HAPAIT



5% Psedo Instruction

OF L}
[l

AT

B A s
5% = ARM 9AE #Ho(pseudo instruction)®t WA 2, =74 A9Y = Ho] tfsle]
A Yo
o5 Folo] 2 #A Al e 2718 T e HIAdS =R
0 3dsE%
oA Bl iz, 24 AsAel olshse S wFTITh
O SEule
1. Pseudo Instruction
2. Directive
3. Data Definition
4. Macro
5. Symbol Definition
5.1 Pseudo Instruction
¢ A HE = & OglE "E‘Zﬂ o7t ol gt} oAl E ol E AMESte] TR IOS
Zgshi, el A AA WHEAR gix s Aadg Y}
@ oAtEHEol= ool A HE vhel o] ARM/THUMB W& ojof wa} 2kgtke] ol &
7HY), sy AR EE o
ARM Instruction Thumb Instruction
ADR/ADRL ADR
LDFD/LDFS LDR
LDR NOP
NOP MOV
@ ADR

ADR{condition} register, expression
: ADR SIAbg ol g ALgShH, B7lshe
< SUB W#o= gixgyrt. dA PC
FUth olnt o el gAse Fom

QA ojEY Ao ghE TolEeRelS

A7h 7 ol AR olFAd] weh weAle] ADD &
NFoE WMHT F ot Fao WlE ofds 2

713 wel = ADRL W#el& Algalof Fch.

#3te] ZgaoF Pt

©
=

MHHHN

: non word-aligned address (=<255 bytes)

: word-aligned address(=<1020 bytes)



. example

start MOV rO, #10
ADR r4, start ; SUB r4, pc, #0x0c% thx| ¥t}
. example
start MOV r0,  #10
ADR 4, test ; ADD r4, pc, #0x04 = o= ¥t}

MOV rl1, #0
MOV r2, #0
test

@ ADRL
ADRL{condition} register, expression
© ADR @09t Tt A oj=g 2o Wt BEYTh
ADDY SUB™ 7} 2704 Ab&ste] @Al o=~ HeE sREUH
: non word-aligned address(=<64KB)
: word-aligned address(=<256KB)

@ LDR
LDR{condition} register, expression / label-expression
cobge] 27FA] 9ol 9lof, LDR W#E o= oAbEE o s EEy

1) 320 E A= ico}“ 45
2) AEYAE B2ESHE A

U s mrdds MOV MVN or LDR& thx|€lttar v A9k, AA2E 34 LDR
HEol2 X% 2 word(64bit)7} FHuU T}

. example
LDR r0, =0x12345678
LDR rO, =test
test
@ NOP
NOP ; MOV r0, r0

P NOPi= ol 71k 8hx| @ oJAbg R ol gyt AAl ofdd W@o7k EAskA] o,
ok 2ol MOV ®@olz thalgytt.

@ LDFD
LDFD{condition} fp-register, =expression
D ERY AR dAZE6 flo] & o AbgshE ARl
DA Al okdlet Zom, Akt PCokel Apol= 4KB minteolojof gt
© Max 1.79769313486231571e+ 308
© Min 2.225073858507201382-308



¢ MOV
: THUMB H#Ho]E ALE-

fei3
=

Aol ut A oAgHol gL,

D9 dA2=He 3E e okl dAEHE olsstauxt & i, o] s|gsl= AAl WEH}t
EASA om o] 79 ADD BHel= tixHU
. example
MOV Rd, Rs ADD Rd, Rs, #0
5.2 Directives
@ AREA
AME slof & A2 ZE ol dlolE IS, oAAAEHdA <8 = o o]&F Yt AREA
= 9AV 9FE FHA d9elnz vzt £S5 VM7 area”lE] HAE AESEY FE 4 AdHFUTh
o & E°], Example ©]&9] read-only code 995 thad #Zo] #dE F 5
AREA Example, CODE, READONLY
a2, o] o]Fo] o= FTEELS ROM <ol HolE 99 oto] S ougyr}
(34 ]
AREA name, attr, attr, ...
- name @ 7% GG o]FS Y|t} o= 2wyt do=2 AT & JdFUY
o, 3k S A2 AlF S e o] bar(1)9 A AFgsfokgtu )
o & &9, |1_ DataAreal, |C$$codel,
® AREA AAJoj&= HAad AL ARt oF FYt,
- {attr} : AREAS] E4& A4St A7]d & 5 Jd= HEELS U5 25Uy
@ ALIGN=expression
AOF 992 7240 = 4-byte G0l = AdFHT
expression®| = 2914 31 Alo]e] A4 gho] 2 4= 7] witol], o] GO 2 byte HFS
shal 4= QlFUTE o & E9] expressiono] 10°]gH4, o] 99 &= 1KB7F SdgE Yt}
@ CODE
o] 7lolli= 714 o7t &= =t 7]++& READONLY Yt}
@ COMDEF
ddo YE&s AYdYrt o] g9e= =y dolgrt x3kd 5yt
@ COMMON
AukAQl doly d9& P
@ DATA
gEol7t obd dHolHE YT} 7] READWRITEY YT}



@ INTERWORK
F= defo] ARM @R14] Thumb G1AE TeFEV,

@ CODEI16
o] AAlo]E thgol| 2= M#EHo]E 16-bit Thumb M2 34 stets <)
2k 3w AR YTE wpEpA] o] AAJolE ARGSThaL A RETE A 3E A
BX W#ol& Ab&aloof &b, Thumb HH=E &7]& uf o] AAE A AH&3Y
o]= ojAl &g ool Al ARM W#Holet Thumb MEE &3kate] AME3H7] 93] =A%

=
=
L
L

EEEE 711 @%‘6}
obos

=}

fo K

T

th59] el= ARM W Eofell A Thumb W= 713 wf, CODE16°] of€A AL JE=AE B
w4y

£

<)
AREA ThumbEX, CODE, READONLY

ADR rO, start+ 1
BX r0 ;7] & EEo] s kgt
CODE16 ; ofgle] M#EolE2 Thumb % #Hoolt},
start MOV ril, #10
@ CODE32

% 32-bit ARM WHAR st & H
Hol g Attt ARM W Hols ARESEL A&

o] AAjol= gl &= W ol
12k & w ARE-3tYt). Thumb ™
A ARE-R T
o)

CODE16

g ol Al st
m BX T ofet

D o ® = Thumb HE o7t AH&E Aot
AREA ThumbEX, CODE

MOV rl, #10 o] A& Thumb ™ #of!

ADR r0, go0ARM

BX r0 CE7] F EEe] S dEdi
CODE32 D ool 2= WEol: ARM WEojolt),
go0ARM

MOV rd, #15 ;o] 21 ARM W H !

@ END

Do) AA e A Ao BS on| gt}
RE oA ET o) WA o] AR g Hojof



@ ENTRY

of Aoz ofwl =Rl o] A MRY FHzo AT s ueyn
of A= Z2IaH el A w FURE ARS-Hofof gt

<)

AREA  ARMEX, CODE, READONLY

ENTRY

; IR A A9 A
5.3 Data Definition

@ ALIGN
D ALIGN AAJol= dAl A& 4utolE W 9tol Al FHAIZIYUY, ARM 2=l 7 -5-o+= "word
align"g THUMB ==¢1 7 %o+ "half-word align"& <=8t}
© ARM 940T¢} #Zo] ANA7F 4-word B2 528 A g0l 1610 E HeollA HHS AlZ
a7t 5yt o] Aol "ALIGN 16"¢F 2ol #Ade = sy Th

@ DCB/DCW/DCD
CHEe ] 9ol 17
D 8HIER] AVE 4T
D16V EQ] A=
32V EQ]l A7|& 3
. example
DCD 1, 5, 20 ; 10x5* dlo]H7} 320 E @9l= s wne

o =

DCD memO6 ; memO06 #o]E2] F47F Agd U

ol

Zhel A7t

@ %
s EE Fghel 09 @S e e gEgY T
. example
AREA MyData, DATA, READWRITE
datal % 255 0 09] #he Zhs 266MPOlE kS FE UL
- #
DAlgEE ouEYaRE dA g IS FRFYLh AN AAR F3ro] FYEHA = gon
= Foletof gtk ek A AR UY %ot g 09 #tom x7VIstHA FEyth

c#oR FHI Wy S ST AU dE S0 Adyth

=

: example 1)
~ 0x100
DCD 1, 5, 20

st e A9 delErt Agsl AAFAT 0x100%8 Adgtta odstr] Aed, 4

hE

ddf 1
A gFowm =z Fofstofof Furt, o] 75 DCDE OxlOO‘ﬂxloﬂ FolA g al, linker7} ~ W&ol &

1S5 DCDS! HlelElS A A4S Faich, oA ARE ARD o) wAd) FBE Wi
Ae #o 7 Aoate wny T gyt



: example 2)
~ 0x100
LABEL1 # 0x100
LABELZ2 # 0x200

LABEL3 # 0x100
99} e A% LABEL1S 0x100, LABEL2=
o}, A9k

0x200, LABEL3% 0x4009] HA S 7HAA ®Y
LABEL1,2,3o] AA= W&y F7to] gHyojz AL ofyz} %] LABEL1,2,3¢] #kwt
AR Aolgt= AR fFolsteok gyt

5.4 Macro
@ "MI2E HIHT

S

bl A8
azE i 98 At 9

)

oft rr

o}
o]

i)
M oo

1o

= =
oo it

o2 AEE

Al %

=

fr

B
=

5
.
T3

nﬂ ¥

¢ IE=

otz e} o] 2709 A A& AR YT "MACRO"E v 29| A ZHS onjsla
"MEND"&= w29 #& yERd U
MACRO
macro_prototype
; code
MEND

¢ MARE Holsd et ES 7M. dsyH

$ label} macroname {$ parameterl{,$ parameter2}...}
. o T

ol#f o] o= exception HEE Y3 A E oYYt "$HandlerLabel"e "HandlerFIQ" &} |
o] 57 AlgIE 1 9o "$HandleLabel"e IE}HE Z "HandleFIQ"

NN

28 2y,
MACRO

$HandlerLabel HANDLER $HandleLabel
$HandlerLabel

MEND

HandlerFIQ HANDLER HandleFIQ

5.5 Symbol Definition

¢ GET/INCULDE

Dol Aol ofE Tl gle] T UE ojAlE dede AYd uf AREdUH
@ GBLL/A/S

AgNSR 2422 AAFY
7} gu

|A}+= Logical/Arithmatic/String AFES 9wyt
@ SETL/A/S



AN e Aduse) kg At AHEF T
FAFI,

: example(GBLL, SETL)
GBLL Debug
Debug SETL {TRUE}
: example(GBLA, SETA)
GBLA VersionNumber

VersionNumber SETA 21

. example(GBLS, SETS)
GBLS VersionString
o] & A WEE FEs
= Bol] AR AFYTH
pVersion DCB $VersionString

Aol 3)

R ai

z}

HuAk= GBLL/A/S¢}

=

Abgetel 2AHAAA ARESIAY thaat 2ol $E Sl

¢ IMPORT/EXPORT

{ "IMPORT":= @A) o] 418 o] AAH A

AZHE o]EL Te ou 5

e [, ,]
e | =t S 2 R e B S )
DU EE B A E AL
"ELSE" A|Alo]& A}
"ENDIF" A|A]o]& ALE-
: example(GBLL, SETL)
[ Version = "1.0" ; IF ...
; code and/or
; directives
| ; ELSE
; code and/or
; directives
1 ; ENDIF

ofo
o

Q)
=

oF O
jEon

ol &

& o qEelel AT P

o] 4 "EXPORT"Z A olxo] glojof gc}.

71 e ol Aol Al ArgHU T





