w2 ARMIES RS (1)

RARRG BTSN

G 2SO 2 Ha (2
. M

I%
AR B4

L9 =

I—A
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JOoooeoeo
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NCFEZE?

NPT S T IR A BRIRESHL (FSMD .

HIARA f g AL E R TF AR HIEHEE L. FFREL
e 73, TR B EPITHERTER -

Computer

Processor Memory

Control

Datapathl




HFEES
a=a+b;
a=axb;
a=a+b-c;

AT EERTES

Add a b
Mul a b
Add a'b
Sub a ¢




MUO — — /M B AL FE 58

address bus

T

Y
‘ | t |I \
PC \ conlro R
¥ memory
ALU ‘ ACC
Y J

data bus



MUO F) A4

o TEFAT &R (PC) Firas: RAFZHITE S bk
o ZEJNAF (ACC), T rsas: TRiFIEFEMCERIEIE
o BEARZBHEITT (ALY £XF =i B BT HAE
o 184 HFFS (IR) RAFHETHITHIFES

TR RSl mb I U

o TR FIATMIERIZE.

FEAETRERIE R



— AN
J8

address bus

”@ =




MUO0}5 4

o MU0 B A 1207 Hhht 2 5] 1167 H1. -

4096 DI F-HE 16467 K I TEAE B TT .

o WM FEIR, W& REIEN (opcode) , Ja
1247 kIR (S) 4 R BER KAt Hubt

SRIBFF TR <, EEIH

o ERIAALEE S MATAiE 2% RO HEFT
ITREBHPCHITE 4 N IE,

447

1243z

(3

S Hihiki

MUOHK 548 =

BB —FTHEIE RS AR

—: FIJER

M
==

KAk A AT 2R

—ISA



=
C
()
o
&
Ny
AWM

B HRAEW R
Instruction Effect
LDA S 0000 ACC := mem|[S]
STO S 0001 mem[S] := ACC
ADD S 0010 ACC = ACC + mem[S]
SUB S 0011 ACC :=ACC -s-mem[S]
JMP S 0100 PC:=S
JGE S 0101 if ACC>0,PC:=S
JNE S 0110 ifACC+0,PC:=S
STP 0111 stop




—NINEFF

o BNBURA
B AN B EER N ESERFER I, kg
B oN2EF12F <
R E 2 AR H b 7% 8] 30,

BATT ERHE N BERHFIACC, A7 — A
Ja, BEEEGELS.

Opcode

0000 LDA O02E
ooilo ADD O2F
0001 STO 030
ol STP

BN




ILEEINEY

MUO

PC

ALU

ACC

shguppe

control

snq ejep

MIEIRAS, PCETFRERE A0

000
001
002
003
go4
005
006
02E
02F
030

o000
o000
Y XK
o000
(Y )
o
. machine
mnemonic
code
LDA 02E 0 02E
ADD 02F 2 02F
STO 030 1 030
STP 7 000
/ . -
7 Z.
AA AA
11 11




Cycle 1

A
b

A
b

A
b

A5

@_‘%TE['/‘\
N SR
5= 2k182:

b

e

LDA 02E
ADD 02F
STO 030
[ 2%15%: STP

MUO

ALU

control

snq Jppe

| snq ejep

000
001
002
003
004
8Q5
006

02E
02F
030

machine
code

0 02E

2 02F

1 030

7 000




¥4 2% (Instruction Set)

o TERARAGEIES RG4E M (Instruction Set Architecture,
ISA) R iIHEIE REWF S5EF BT —E45, &
FEHERA Y 1S, FAe. FHUEANFEENE.

o HYRGRMENT FWMAHED.

N F
ey BERS
L RGLM
MERRGEW | WARH RS
Bt

BT




200 ADD r3.rl1.r3 ADD r5,r1.r3




program memory

AL IR P A B AR 1 DS, AN E 5 b
RO TEERERE, FIEAHE 2 DSPAK IS ik R 451 .



M- G2 vs. I PR R G 3

o H-iEIKBIKRLE M : X86. ARM7. MIPS

o THOMBIEE RS — ik, FHOMRTE, W RKAR
JEE R F B IR

o BETERKN. EFUTRIMAANRS. . Fil
AT EBRE & mH, NARH 2 R TR E
AW AR BT AT ARSI N 2, SRR i 5
OB 5 AR BE1T BB e

o ik RGN 8051. MSP430. ARM9< TIDSP
o HAMBHEE @@¢ﬁﬁ,ﬁ%7ﬁ%ﬁDMR%
o BEATHEEFBEIL. SN ERKBARREL.
o NERE HIBHIER, HIES SEEETMHTT, 4.




CISC vs. RISC

e CISC-(Complex Instruction Set Compuer) &4
= T-201H 2 704R4K,

144

:T«'I"ﬁ:m

144

i'a?%

ST E,Jﬂ

FEL

EEES

?ijt
Intelf{x86 % 51/CPUZ CISCHIfF .
e RISC (Reduced Instruction Set Computer) % ]

1544

<ﬂ‘ﬁ1ﬂ

Z.

AL PE A5 EE S

FEL

= T1980%

AR R
I RERZRKEARAFES

S

19804 H]

, TRLPITHAER

& H 2 B IR RS




CISC vs. RISC




RISC/E& R 4514 22

o RISTs [EEH (32bit) HESKE, FHLSRBIRD,
o CISC/ /AKIESHE, HIRAURZ.

e RISC: Load-Store4:ifhl, HiEAb e R ihn #1723,
515 g es K178 PP

o CISC: —RuVF R AR HHIZE RN EE AL HEL 182 1)
(S

e RISC: KKEHTFA#EM, PlffiLoad-Store 3 T1E.
e CISC: HHEH| MR/, HEZHEBRHRAIE,

e RISC: HI/KEZMAT HAHHAT



RISCHIME mi 58k & 2

o WY HIFH/N: RISC CPUETTHaj B, HLERIMAE /N,

o JT I [l Fg O] BRI AL FR A% 5 H Bt A B, X
T K.

o MEAEE: W/KLR AT/ a8

JHHAT

pialsy

o BEBEEK: BYEREKE, HHEXRFIFMHE
BIRM A 5, &EE SR ThEE.

o RISCAREPATX86/ S : FE—ERETHE, BT
xseaﬁﬁmf:ﬁﬂiﬁ RISCEEN ,E*xssﬂ*
AT b




K ¥

)

(&) 5/hm UEF)
o Nk TEF BB PR ARAL 7

)

>
A
=

o N¥mt&i\: ETFHIT A B RIKALF .
e ARMELT] DLED

Sivp

bit 31

BN/ umpgal, Ha] Bl

bit0 bit 0

byte 3

BRI

bit 31

byte 2 [byte 1 |byte 0 byte 0 [byte 1

little-endian

AN i

byte 2-|byte3

big-endian

R 2



2N S ESE Y )

o MIEA AT A B IR M P25 IRFE -
o HARH/ (single-issue) :

o ZKH (multi-issue)

PITZHKIER

§ A
BRI N
e = Y

o i@IFE (Superscalar) ALELEF: (fi ?I]E'JE

(ZBRE -

o HBKIELSF (VLIW) AbE
R L +E 4 2H 6 R] PA—7

B AL AR TE IS AT I AT AR B 30T 2 2R 98 2

TIAT

145 KFEEIRIFARIRE



AR VS. KIS F oo

o ﬁﬁ%%ﬂﬁﬁ?ﬁ/\?%ﬂzﬁ TSR FATANE . W
RCPUREIHATHATZ % TES CPUW?%” Rl
AR, {HQBJ&?W\IEHT 6 HH I

o BIREALEAY: ERFHAT FIN MRTMER, EHA LLIF
THITHIIER RS URFEELEBERZEER) .

o %E#Aiﬁiiﬂﬁ% WREE 2 B 25 IRA A LI FAT $AT B9 98

o EBIFEMIEAT: BEMMNAR, FHTREIAES, EiR
A A FHTEE /).

o BKIESTFMHEE: FTHTEEHRBBRARXTE, WHFEE
SEAEDSP




ARM, Advanced RISC Machine

o 19804 R 5 H1—IiAb 2
IR CRISC)
o H7IHAE (Stanford) KX
2 > MIPS

o fH7HF] (Berkeley) X
= > ARM

o ARMﬁﬁ400%}§J\ i

/J\/A\ =]

o “f‘éﬁﬁﬁ” o) J5R ) 0 2
SR T ARM.




ARMIE R AR &

e Classic
ARM Processors

173G DR

Embedded
Cortex Processors

2p
{8

S



ARMERL M RERRE (2) | &

Classic Application

ARM Processors SOTTEX FrOCEs50rs

ARMI176]Z(F)-5
ARM1136](F)-5

ARMY2BEE]-5




ARM A 3 28 1] =

o XFLoad-StoreZ#j
o FHEKE (B2bit) ¥4
o —FAEHFE M
o FHPATHTEIES

o —k1E M AR T EIF 2N a7 e
o ALUZRAESCFRELH Win-bitBE L

Lil

TR

Ul




ARMTEfE a8 R 5t

o *T@B’JARM?;EBZ@{/: Iy~ bit 31 bit 0 |
o TN AN 8L FT, 23 | 22 | 21 | 20
B2 M6 5

o FERAFIIRAIIE |2 e 1

M DA BT B34 5] 44 | 13 | 1
BN half*‘word 14 half-word12

11 10 O 8
. RV, A | S

HhER N — AN, T 7 6 T 5 -2
AR—ANFE, byte6 half-word4

3 [T 2T 11T o | =+
byte3 byte2 byte1 byteO inth




ARMZRFEREE! Programming Model | ::
o MERIIRNAH I LEFHEHES.

Cafrent Visible Registers

Abort Mode

Banked out Registers

User FIQ IRQ SvC Undef

r8

r9
r10
ri

r1i2

r13 (sp) r13 (sp) r13(s
r14 (Ir) ri4 (Ir) 1

r13 (sp)
r14 (Ir)




ARMZs FE Al

o HFEFER: 15N EH32ML & F4%. 7
LETRASF % (CPSR, Current Program Status

Register) .
o CPSRTEH F &%

P AR (r15) A

T AR (B3IRE)

N: . S nEAPRE~IRALUBIERZ R A,
Z: . SR EMPIERE —IRALUBIERSZ R A0,
C: . M EM &G —IRALUBIEF=AR AL
V: BRI, BORAREAL B E — IREARALUERAEP £ 55 47 v H

IF: Hrirfige.

T: BREHE.

Mode: % i s 3 28 FU A
31 28 27 8 76 5 4
NZCV unused |E 1] mode




ARMZg 2R R g

28 27 B 716 54 0

NZCVL@m unused |F |T| mode
o N: HAWNAIMER NI SHGHITI2ERN, N=1%K
TNIBHE ) EE BT N=0R R EER %2 RN EHEE.
o Z: ZARRNIBHAERAE; Z=0ReHGERNEE,
o C: TJUIHAMTILKECHE
o IEEHE (BFCMN) : FEAHEAC=1,. B NIC=0.
o WEBHE (BFFECMP) : FFE{E{IC=0{ FNIC=1,
o BERRXHIFEMNRIZEIES: CABRBENEE L.
o XTHEAIEMBIZHFIES, CEHBERFIE.

o V: Y TINEMREEHE, HAREEFEHFSHBR, V-
1, HNV=0, VHEEERFAZ.




A~ ARMHURSALRIHHE

o ARMFK K32f7., FECIEES R P, — /Aot
B IR CLOXTTIE /),  U0OXFFEFFFFF, & 7E—~32
R S EIAME R .

N

o -1+1=0; Oxffffffff+0x1=0x0;" NZCV=0110.

o 0-1=-1; 0x0-0x1=0xffffffff; NZCV=1000.

o 231141 = -231; Ox7fffffff+0x1=0x80000000;
NZCV = 1001.



ARM[]Load-Storefk R 4514

o IHYEMNRMHEFFHRTHIME, MWHE 2
R AR5 AR B B A A
o X FF AR HIBRVE U RE R A7l 45 HU(E 5 TL 2
%?%’%m Bk R A A PME #5 T B4k 48

b

o ARMTiT* “TAEa-TEfEas 7 BRAR.




ARMH]Load-Storeik R4 s

o ARMIEL#RJE T T3 =FpRAZ —:

m

&Jﬂ-
ﬁnﬂﬁiﬁ"ﬁﬁﬁi

YW EIRS: EFEHEFR

N

35 A BT A4 HIE.

5 N B & 7 4%

- ji%‘*ﬁﬁ
Load Store. FfEsfIHF e

B (RS

FHEIRIES: FHESPUT U2 [F Fiht

PR 3%1%5@%2%&5@)\%%&6—%



B b #E e <

o N ARMEHE AR B 15 < B R U

o FTABRIEHAR 232/

5 HISLENE

o FRWAEI2MIE, BUE N HFFART;

M, BORB®FFEE, BUIERSH

o 3INERIEEL: 2MEABIN, 1/\1’57'3’4?&';
o #-F: ADD r0, r1, r2 <70:=r1+r2

o W LATHHEIRF 5 BEEA 75 BAHI 2 HNEE;
o WRERTAEMMEST S, HEN R,

o GRTAH/T UNBRIELF /M.




G /EL

4 —

HAREBH

ADD
ADC
SUB
SBC
RSB
RSC

ro, r1, r2
ro, r1, r2
ro;r1i,.r2
ro, ri, r2
ro, r1, r2
ro, r1, r2

s r0:=r1+r2
;r0:=r1+r2+C

s r0:=r1-r2

s r0:=r1-r2+C-1
r0:=r2-r1

10 =r2-r1+C -1

e RSBE XA IES

o BAFKATURTR
o “CTRIHPRSHFIFACPSRY KIHAL
e ADC, SBCHIRSCH:

SH, BEAR

TR EId321

LAY A g ;N

2735 %M

\

DADA

VAR



ADC, SBCHIRSC

o ZMl., BG4I X, YAEID, &R NZ.
o BT HFEERNFFE:
BEXTEAEZErTr0, YAEr3:r2, &R ZEr5:14.
ADDS r4, «0,, r2
ADC r5 r1,;r3
o “S”RIFFEICPSRPICTE YT ERIBRASHIIRE
rji: C) V, N%DZO
o RN, WIEMITHHEWT:
SUBS r4, r0, r2
SBC r5 r1, r3

N




ﬁﬁ%ﬁl‘_i?ﬁ'é\ — 1% Z@ﬁ

AND/ /x0,r1, r2
ORR" 10, r1,r2
EOR 1r0,r1,r2
BIC ro, r1, r2

; 10 :=r1 and r2 (bit-by-bit for 32 bits)
;r0:=r1orr2

;. r0 :=r1 xor r2

;’r0:=r1 and not r2

o BICERENIBEZS. B _HIEHHEN ‘1"BXTEH

~— ¥ 1 »

— NIRRT MBIRALFE
r1: 0101 0011 1010 1111 1101 1010 6410/10 11
r2: 1111 1111 1111 1111 0000 0000 0000 000

r0: 0000 0000 0000 0000 1101 1010 0110 1011



I THIE S — FAREL

MOV _ rO0, r2 ' r0 :=r2
MVN + 10, r2 : r0 := not r2
o 7 7T 77\

o FHMMERIRSAMA-BRIEH, H2MW R sE —
BRAEM (FTRERAALEUR) H235 3] HINZF 1R a8

o MVNBIERHFEAN “BfEE” , EtiiFFalsE
VEUR, BERIFMEBENG REFHFeS.

r2: 0101 0011 1010 1111 1101 1010 0110 1011
r0: 1010 1100 0101 0000 0010 0101 1001 0100

~—

\




000
0000
o000
" | o 4
HHEALTTE S — LhBERAE :
CMP r1,r2 :setcconrl-r2
CMN, r1,r2 rsetcconrl +r2
TST /rt r2 : setcconrland r2
TEQ r1,r2 : setcconr1 xorr2
TC 77 o
o W L “W, N, EMRE NERAFM TR EFF
oy
® 31 28 27 8B JIG S5 0
NZCV unused IF |T] ™ mode

“* N=1 if MSB of (r1 -r2) is "1’

o Z=11f (r1-r2)=0

 C =1 if carry-out of addition is 1

V=1 Iif carry-out of addition is different to carry-in to previous stage



FH e I HE &L B F- 1k 2
o FEAEF: ADD r0, r1, r2
o VT EIFH:) ADD r3, r3, #1 ‘r3:=r3+1
AND:\r8, r7, #&ff  ;r8:=r7.
o MNRAHETFFAHAMNE LA MARHNFIFa
FEIR, BT AR AL BB SR A (R IN#)
o &FRINUA163EH FITE e LB %L
o SENEHIVEEE: 7E32/ 5L F NG
o MEI¥ = (oezss)xzzn HF10sn <12




BHRILIATHRQ -

o ARMFE SEFH3IFE

Bzt Lload/Storetg &
PRI ] PR T - 1661 F 3207 7.,

% H 7 asLoad/Storefs 4
RIEHRAG, BT M RESRIEFREE.
HTF#EREAMBY, REMKEIT/ETFRE, UK
s P — R R e . R AASEUEID)

TR BIiES
— %54 F W58 Load FStore 1k .

F 7 297

EIRADER, A

AEFAEELISTR R
A BB A 14

EAMER_—PIT R




B AFar 8] 2 -0k "
o FAFARIEZETUL: FMAH—IFHESHE (FEikwF
a5 ) VENfF el BE izt BUER R 5 —
MR, BERL .
| DR 10 Irl] > 10 = mem,,[r1]
s FRe W8 [ ; mem,,[r1] :=r0
LDR rO, [r1] memory
ro DDDD DDDD = ~—
—p  AAAA AAAA EEETDDDD

r1

AAAA AAAA




BEfeiim< — wimieshitrash

o W{EARMB 2 &4 B A2 S Ju i bt 2
o EAADRD S : FEILHIEARDH, Py uiR—M
FIE4, RRBRAE %XT;_H:’%%%E'JARMTW\

5 F B /E%%%%Bﬁ—%mﬂwﬂ%%ﬁém‘“dz
JL&AH 4. ADR->ADD/SUB

copy ADR r1, TABLE1 ; r1 points/to TABLE1
ADR r2, TABLE2 ; r2 pointsto'TABLE?2
LDR ro, [r1] : load first value-<...
STR ro, [r2] ; and store itin TABLE2
TABLE1  ...... : <source of data>

TABLE2  ...... : <destination of data>




HEfex98 < — ADRIyTES

0000/8000
0000 8004

— 0000 8090

— 0000 809C

real

pseudo _ _
/ instructions mstnictlons
ADR r1,table1 —> ADD 1, pc, #0x88
ADR r2.table2 — ADD r2, pc, #0x90
XXXXX
%, NPCA OHbhEZ0x80907
YYYVYY

----------

o ADRINMA[SEZEN? 321 HubtfR 3 & s it & .

o BFFITHES (PCO r15H) NS H L B F HE Ik
e ADR 1, table1###PC (r15) g —/M &4,

o EFiTH BN T4 (PC-relative addressing)



BEfeix9a< - ADRIyIES :

e Example:

start MOV r0, #10

ADR r4, start

=>SUB r4, pc, #0x0c



TS T

ik A% Sk

copy

ADR
ADR
LDR
STR
ADD
ADD
LDR
STR

r1, TABLE1
r2, TABLE2
ro, [r1]

ro, [r2]
r1,r1, #4
r2,/r2/#4
ro, [r]

ro, [r2]

; r1 points to TABLE1

; r2 points to TABLE2

: load first value ....

- and store itin TABLE2
; step r1 onto next word

; step r2 onto next word

; load second value ...

-/ and store it

& ¥ T =

o FiZEHt (pre-indexed) F-hEEZ

LDR

base
address

r0, [r1, #4]

offset

g

; 10 == mems, [r1 + 4]

\

effective
address




00
T
T
4
M2 A A WA , —
LU T ZUN T
HIELETE S - TR UE& H 3R ¢
copy ADR r1, TABLE1 ; 1 points to TABLE1
ADR r2, TABLE2 ; r2 points to TABLE2
LDR ro, [r1] ; load first value ....
STR r0, [r2] - and store it in TABLE2
LDR r04 [rd, #4] : load second value ...
STR r0,. [r2, #4] : and store it
y
o AITHIAN T FAAHEIE, FEREFEILTAFE,

o S “! ” BV CAR VAL N B BhAT L .

LDR 0, [r1, #4] , r0:=memg, [r1 + 4]
, r:=r1+4




Example: STR r0, [r1,#12]

ro
Memory Source

/ for STR

Offset I

E———)— 0x20c 0x5 Memory
element Offset

A - : :
Base

Pointer to 2 8
1 start ofarray 1

4
O s ;
To store to location 0x1f4 instead use: STR r0, [r1,#-12]

To auto-increment base pointer to 0x20c use: STR r0, [r1, #12]!

If r2 contains 3, access 0x20c by multiplying this by 4:
STR 10, [r1, r2, LSL #2]




BEfRiE8< — JAAE

o J5A&HL -(post-indexed) Fik: B ARGFEHIEA
Iniwmes EWEAfE X b, T H B33k,

LDR rO, [r1],#4 ; 0 :=mem,, [r1]
‘rv=r1+4
| Y AV S )

copy ADR r1, TABLE1 ; r'~points to. TABLE1

ADR r2, TABLE2 ; r2 points to TABLE2
loop LDR ro, [r1], #4 ; get TABLE1 1st'word.....

STR ro, [r2], #4 ; copyitto TABLE?2

??7? ; if more, go back to loop

TABLE1

: <source of data >




“Example: STRr0, [r1], #12

Updated
Base
Register

Original
Base
Register

ri

0x20c

r1

Offset

— ) o
A

—— 0x200

Memory

0x5

ro
Source

/

0x5 Register

for STR

To auto-increment the base register to location 0x1f4 instead use:
STRrO, [r1], #-12

If r2 contains 3, auto-increment base register to 0x20c by multiplying this by

4:

STRrO, [r1], r2, LSL #2



B

o TRIEAHL:
HYH i OO R AL 7T, r0S

ERIETRR)

S

ER/NA AR TCRF 58
fEIEHAE T DLSTHES

(

\

T, TIAR32MLF

ERT, MARFIAT 254,

LARTTHETO.

LDRB 10, [r1]

; r0 : =memg [r1]

PRlAXIR (BF) /Me (1KF ) B/ XIRRIFRESEER ?
LDR ro, [r1] ; register-indirect addressing
LDR ro, [r1 , # offset] ; pre-indexed addressing
LDR ro, [r1, # offset]! ; pre-indexed, auto-indexing
LDR ro, [r1], # offset ; post-indexed, auto-indexing
ADR r0, address_label ; PC relative addressing




Nim (BF) 5/0him (KF) 22

r0 = 0x11223344

31 2423 1615 87 0

11 l 22 | 33 | 44

31 2423 1615 87 0 3 2423 J1615 87 0

rl = 0x100 Memory 14 53 V2 D | k= ox100

Little-endian \ @

31 2423 ]6 [Es]

Big-endian

31 2423 1615 87

00 l 00 | 00 | 11

2 = 0x44 r2 = 0xl11

0




PR 4

o BBV STE TS IITRALE S
o BB (FAMEBHS)

B label yunconditionally branch to label

label .......

< ¥ ¥ >

o FHEEHIRS: W LA RZERIIEIA

MOV ro, #10 ; intialize loop counted r0
loop ....... ; start of body of loop

SUB ro, r0, #1 ; decrement loop counter

CMP ro, #0 ; Is it zero yet?

BNE loop ; branchifr0=0




FrERES (TREF

BL <subroutine>
Stores.return address in LR
Returning implemented by restoring the PC from LR
For non-leaf functions, LR will have to be stacked

lu>

funcl func2

: S\MFD ‘4/] :
BL funct / BL func2 A / :
LDMFD sp!,{regs,pc} )l

| ~ s,
|

We will examine the STMFD/LDMFD shortly



St

o BRI KIBF AT AR AN .

MOV / r0:#10

SUBS r0, r0, #
BNE loop

; intialize loop counted r0

; start of body of loop

y branch ifrO =0

e SUBS5SUBAIH, /\xe*fr%E%TCPSRE'mu

; decrement loop counter

e SUBS#4 /5, ZIRSMIZRITTHSES R !
o TAYIEIEIES (ADD,ADC) #A LANST- 2H]

Bl

o (R TBNEXZSt, EHIRZ KM

DAN

MALY &k

ﬁ/

V

AN

EBTER .

VEIEE

M



S AT AR
o AR REHR BT SAE AR 5 10 2 PEIT 40

for (i-10; i!=0; i--){
do, something();
}

mov r4, #10
loop label:

bl do somthing
sub rd, r4, #1 _‘
cmp r4, #0

bne loop label

mowyr4, #10
loop " label:

bl do somthing
subs r4, r4, #1
bne loop label

cmpiE 2= E L& FPR subs#E4 S RIEHAT
HAL, bne@idirHAL BAINESR T E SR
AW o phi% FAL, bnei@idbrEANL

vallip eyt



0000
[ X XN
, H
FEBIR 2 :
% B R — AR A
B/BAL To sk L 2 BRPITER
BEQ FH%E FER 25 RONFHEEE
BNE 7N LR S RAAFEHIEF
BPL iE GERAEHEF
BMI il LR NI
BCC/BLO TN T HEARBRIERFAILFRF SEELR, SR APMT
BCS/BHS BOLE T A HARBIEHOILR S HLER, ERATET
BVC To it AR5 B, R PR H
BVS A AR5 BYRE, I
BGT XF BRSBELE, ERANKT
BGE KT HAHE BERSEBEHELR, ERAKRTET
BLT INF BERSEBELLE, ER AN
BLE INTFEAHSE BERSBHELE, FZRNDTHFT
BHI = LRFSHE, &R AT
BLS KT B TR SHE, SRMETHRMEE




Conditional Branches

Branch Interpretation Normal uses

B Unconditional Always take this branch

BAL Always Always take this branch

BEQ Equal Comparison equal or zero result

BNE Not 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

BLO Lower Unsigned comparison gave lower

BCS Carry set Arithmetic operation gave carry-out

BHS Higher or same Unsigned comparison gave higher or same

BVC Overflow clear Signed integer operation; no overflow oceurred
BVS Overflow set Signed integer operation; overflow occurréd
BGT Greater than Signed integer comparison gave greater than
BGE Greater or equal Signed integer comparison gave greater or equal
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 Unsighed comparison gave lower or same



FHHATIER 3

o FHHITIES: FTEKARMIE AT DA AT
J qMﬁo #5 . if (0 != 5) then

S
ADD 1, 1 r@ . =l +r0-r2
SUB ri,r1,r /’q

BYPASS .....

SUBNE r1,r1, r2

CMP 10, #5 ;ifﬁ#f:}%e
ADDNE r1, r1, r0 T 1+ﬁ?@z

BYPASS

ADDNEFfISUBNE R BZ=‘0'4 1T, BICMPH LS RERIFZLE R,



S PEATIR S
o AN I HbE KM, AR AeE HARHE R rIAY

; if ((a==b) ‘&& (c==d))thene :=e +1;
CMP ro, rd »r0 hasa,r1 has b
CMPEQTr2,r3 : 12 has ¢, r3 has d
ADDEQ r4, r4, #1 ren= e+
TIOINSE 7 IS

o HIRF—AHBRIBIEHAFE, WP —XMBE=
FaHE gk .

o HTH-ANHBIRLMH 7 &MFPAT, NSy
ifiEa) T HEE “5” .

o FMPATIES RAEAEFMFFI/NTET 3NN frA
SIKRBER, BJKRTH, EERAFFEBES.




A S M ERAE

o ARM~—-T5004F: HIREAETES RFE - NFF
R ERIERE R

Al — A ERIEBUE S i e B AL R AE .

ADD

r3, r2,r1, LSL #3

'r3:=r2+8xr1

¥ ¥ 7 o~ N\

o LSLIKKREZEEBLR

o ERER—KARMIEZ,

o X ALFES KA HIFE S 1
A HALURES F

BABATI =

Ci

=]

LA

1B A EE N3

%/

TERAN 1 A BN AT

7RS4

DR (=S LARM

S (S Y ANV

ADD

19,15, 13, LSL 12

15 :=r5 +r3 x 2**rd




ARM# /i #4/E — LSL and LSR

00000

LSL #5

e LSL (Logical Shift Left) : &

B iR A

i A #50~31/6%

JO3E 7T ;

e LSR (Logical Shift Right) : &1

H B 5 =R A

DA

03T

LSR #5

A £0~32%




ARM# /e — ASL and ASR | ¢

31

0

0

0
00000 0 ‘ 11111 1 |

ASR #5, positive operand ASR__# 5+ negative operand
e ASL (Arithmetic Shift Left) : B RAEZH; 5LSL
i )(

e ASR (Arithmetic Shift Right) : HAR%#0~32{

W RIRERES R IER, F'U”*&Eﬁ%m:ﬁ?&’ JOIE 7R ;
WREE, WH1ERE.




ARM# i #:/E — ROR and RRX |°

34 0 31 0
C

\
|_c__|_ C

ROR #5 RRX

e ROR (Rotate Right) : TEHA#0~324L; B H )
FHIBARAE WALAIRIEAN T H 5 m A AL

e RRX (Rotate Right Extended by 1) : ¥ FB1/47H]
HH AR, A (31) Z2RAERKGEACER, #
YEEA BN .




REE/NG

SRR RS : RITENARGH T 5REF T
RKEH D, BREMERE. B, FFH.
FHAR A NUFRE S5 1 55

ARMIES R HIFF S

ARMIE S HY=Fh2SHY .

N

R

15 Rl H R T AR HE

#

BRI

MK .
FRBISRAE S [E18 4 HUTYIH B F i Huht

EFF A BESS T 2 FF Ay B



(Y X
'YX X
'YX
e00
o0
<
Arithmetic Operations
Operations are:
ADD operandl + operand2 ; Add
ADC operandl + operand2 + carry ; Add with carry
SUB operandl - operand2 ; Subtract
SBC operandl - operand2/+€arry-1. ; Subtract with carry
RSB operand2 - operandl ; Reverse subtract
RSC operand2 - operandl + carry-1 _-Reverse subtract with carry
Syntax:

<Operation>{<cond>}{S} Rd, Rn, Operand2

Examples
ADDrO, rl, r2
SUBGT r3, r3, #1
RSBLES r4, r5, #5



Comparisons

The only/effect of the comparisons is to update the condition
flags. Thus no need-to set S bit.

Operations are:

CMP operandl - operand2 ;. Compare

CMN operandl + operand2 ;~Compare negative

TST operandl AND operand2 ; Test

TEQ operandl EOR operand2 ; Test equivalence
Syntax:

<Operation>{<cond>} Rn, Operand2
Examples:

CMP ro, rl

TSTEQ r2, #5



Logical Operations

/ Operations are:
AND yoperandl AND operand2
EOR operandl EOR operand2
ORR operand1/OR operand2
ORN operandl NOR operand2
BIC operandl AND NOT operand? [ie bit clear]

Syntax:
<Operation>{<cond>}{S} Rd, Rn, Operand2

Examples:
AND rO,rl,r2
BICEQTr2, r3, #7
EORS rl,r3,r0



Data Movement

“/Operations are:
MOV operand2
MVN NOT operand2

Note that these make/no use of operandl.

Syntax:
<Operation>{<cond>}S} Rd, Operand2
Examples:
MOV ro, rl
MOVS r2, #10

MVNEQ r1,#0





