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LT 4 E

o ILYRINIES: TARMILRIES B, A —Lefhpkis S mhics,
WA XN RN (BREEXMNIES) o BEMIX LR
LB fFANTES, EATPT S BE v e, A4S FE
FEEFF PERRANTRICRIETFESMES T/E. XEhiE
SNEI I EREEH, —BILRmER, g 5Emk.
e ADR: /N RhhE 2B TR 4
o ADRIEARETPCHXMRB R E XA FFEa+ . £
ICmgm IR Ty, ADRBIRFSR BN —FAERES
(ADD or SUB) .,

o EA#Z\: ADR{cond} register, expr

o Zfjl:  start MOV rl, #10

o ADR r4, start




JLEH R ya<

e AREA: iEFEMA. AREA B4, Bl BiE2, ...
o AREADNTES H T & X — IS B BB B .
o HHIEM:
CODEJEM:: AT & XAEE, ERINIREADONLY:;
DATAJEM: FHTE XE#EE, BRIANREADWRITE;

o ~MNMLIwESREFELERE B, BEFAKE, A
T RZBANBE BRI EL -
o ffM~H: AREA Init, CODE, READONLY
E X —MUBBE, B Anit, BN RIE.




JLEH R ya<

o ENTRY: iE¥#IN ENTRY
o ENTRYATESHTREILHEEFPIALDR. E£— 5
AN wAETFH 2 /0 BF — 1 ENTRY, {HE —NEX
H &2 A H — 1 ENTRY.,
o 1HHHI: AREA Init, CODE, READONLY
o ENTRY

e END: &M, END
o ENDIVTESH THEMILHwmas L3 JTIRERFRISERE.
o MBI AREA Init, CODE, READONLY

© END




JLEH R ya<

o EQU: EVEMI KW EQU RiAA{, KA

o EQUITESHTHHERFRFHIEER. B 5HFEN—INF
M ZIFER, RUTCESHFH “#define”

o HHANEQUINTE S E X HIZZRTF 2 FR

o HRIAFA NN HEER, TIeERIERFIEIERA,
HLULF=F2k%. CODE16. CODE32fIDATA

o MHREI: Test EQU 50 ;& N#r5TestiI{E N50

o Addr EQU 0x55, CODE32 :

o ALIGN:

o ALIGN{yTEQEEAIER TR, AN E
i A2 — RE HIXS 5T 5 2.




JLKH

AREA Example, CODE, READONLY

name this block of code

ENTRY
stary
f MOV r0, #15
MOV rl, #20
BL firstfunc
SWI 0x11
firstfunc
ADD r0, r0, «X¥
MOV pe, 1
ENI;\ \
\ operands
label opcode

mark first instruction
to execute

Set up parameters

Call subroutine

terminate
Subroutine firstfunc
r0 = rO + ril

Return from subroutine
with result in roO0
mark end of file

\

comment




Fevkia Hig4 — MUL, MLA

e MUL r4, r3, r2 ; r4:=(r3Xr2)p.q
o FBIBARKMASHFILANH I (AJEHFFASIFTUED
o HRFHAB/ARTHE FETFHMHE, HIETF A EAF
o WRMEH S, NVIRSHARE, CREMIEE X

o MLA r4, r3, r2, rl; rd:=(r3xr2 +rl)y;;.q
o FINFES

e rOXx35
e ADD r0,r0,r0 LSL#2 ;r0Q :=r0Ox5
e RSB r0,r0,r0 LSL#3 ;r0":=r0’x7(=r0x35)




ARMY

iR (1)

AREA
SWI_WriteC
SWI_Exit

ENTRY
START ADR
LOOP LDRB

CMP

SWINE

BNE

SWI
TEXT =

END

helloW, CODE, READONLY ; declare code area

EQU &0 ; output character in r0
EQU &11 ; finish program

; code entry point
r1, TEXT ; r1 -> "Hello World!"
ro, [r1], #1 ; get the next byte
r0, #0 ; check for 'null' character
SWI_WriteC ; if not end, print ....
LOOP ; ... and loop back
SWI_Exit ; end of execution

"Hello World!", &0a, &0d, 0 ; string + CR + LF + null




ARMY

IR

> _a

¥

il (2)

AREA
SWI_WriteC
SWI_Exit
ENTRY
START ADR
ADR
ADR
LOOP1 LDR
STR
CMP
BLT
ADR
LOOP2 LDRB
CMP
SWINE
BNE
SWI
TABLE1 =
T1END
ALIGN
TABLE2 =

END

BlkCpy, CODE, READONLY ; declare code area

EQU
EQU

&0
&11

r1, TABLE1
r2, TABLE2
r3, TIEND
r0, [r1], #4
ro, [r2], #4
r1, r3
LOOP1

r1, TABLEZ2
r0, [r1], #1
ro, #0
SWI_WriteC
LOOP2
SWI_Exit

output character in r0
finish program

; code entry point

; r1 -> TABLE1

12 -> TABLE2

: r3 -> end of TABLE1

; get TABLE1 1st word

; copy into TABLE?2

: finished?

; if not, do more, else print

; 11 -> TABLE2

; load the 15' byte of copied string
; check for end of text string
; if not end, print ...

.... and loop back
finish

"This is the right string!”, &0a, &0d. 0

"This is the wrong string!”, 0

ensure word alignment




> (1) . BMEIER]

o CHE&fF: x=(a+Db)-c;
o ILmiEfF: 227




> (1) . BMEIER] 22

e CIEFF: x=(a+b)-c;
o ILIwIET:

o ADRTr4, a , get address for a

e LDR O, [r4] , get value of a

o ADRTr4, b , get address for b, reusing r4
e LDR 1, [r4] , get value of b

e ADD 3, 10, rl , compute a+b

e ADR T4, c , get address for c

e LDR 2, [r4] , get value of c

e SUBTI3, r3, r2 , complete computation of X
o ADR 4, X , get address for x

o STR 3, [r4] , store value of x



%> (2) . BMHIEA]

e CIEfr: y=a* (b +c);
o ILEEF: 2727




%> (2) . BMHIEA]

o CFEFF: y=a*(b+c);
o ILZwmiESr:

e ADR 14, b , get address for b

e LDR 10, [r4] , get value of b

e ADR 14, c , get address for c

e LDR rl, [r4] , get value of c

e ADD r2, rO, rl , compute partial result

e ADR r4, a ; get address for a

e LDR r0, [r4] , get value of a

e MUL r2, r2, r0O , compute final value fory
o ADR 4, vy , get address fory

o STR r2, [r4] , storey



o C’

#4.>] (3) : BMHIEA]

o L

EFF: z=(a<<2)| (b & 15);
dRIEF: 2?7




%3 (3) : TRIEIEA E

o CiEFF: z=(a<<2)| (b & 15);
o L R/IEFF: 2?27

o ADR r4, a , get address for a
e LDR r0, [r4] ; get value of a

e MOV IO, rO LSL 2 , perform shift

e ADR r4, b , get address for b
e LDR rl, [r4] , get value of b

e AND rl, rl, #15 , perform AND

e ORR 11, r0, ri1 , perform OR

e ADR r4, z , get address for z

e STR rl, [r4] , store value for z



> (4) . ifiEf]

o CIEFF: if(a>b){x=5;y=c+d;}elsex=c-d;
o ILImIEFr: 277




%3] (4) . ifiBf] 2

o CIEF: if(a<b){x=5y=c+d;}elsex=c-d;
o ILIIEST:

o , compute and test condition
e ADR r4, a , get address for a

e LDR 10, [r4] , get value of a

e ADR r4, b , get address for b

e LDR rl, [r4] , get value for b

o CMP r0, ri1 , comparea<b

e BGE fblock - If a>=Db, branch to false block



gt

/A

A

® 6 6 6 ¢ 6 6 o6 & o o o

5 (4) : ifiEH] E

MOV
ADR
STR
ADR
LDR
ADR
LDR
ADD
ADR
STR
B

, true block
ro, #5 ; generate value for x
r4, X , get address for x
ro, [r4] , store x
rd, c , get address for c
ro, [r4] , get value of c
r4, d , get address for d
rl, [r4] , get value of d
ro, r0, rl , compute y
r4, y , get address fory
ro, [r4] , storey
after , branch around false block



> (4) . ifiEf]

o , false block

o fblock ADR r4, c , get address for c
o LDR rO, [r4] , get value of c

o ADR r4, d , get address for d
o LDR r1, [r4] , get value for d

o SUB r0, r0, rl ; compute a-b

o ADR r4, x , get address for x
o STR r0, [r4] , store value of x



g

/A

A

® 6 6 6 6 6 66 & &6 o o

> (4) . ifiER)-FAPATIES
, true block

MOVLT r0O, #5 , generate value for x

ADRLT r4, x , get address for x

STRLT rO, [r4] , store X

ADRLT r4, c , get address for c

LDRLT rO, [r4] , get value of c

ADRLT r4, d , get address for d

LDRLT rl, [r4] ; get value of d

ADDLT r0O, r0, rl ; computey

ADRLT r4, y ; get address fory

STRLT rO, [r4] , storey



%3] (5) . switchi&A]

e CIEF: switch (test) { case O: ... break; case 1: ... }
o ILmiEfF: 227




%3] (5) . switchi&A] :

o CHEFF: switch (test) { case O: ... break; case 1: ... }
o LIRIEFT:

) ADR r2, test , get address for test

o LDR rO, [r2] ; load value for test

° ADR rl, switchtab ;load address for switch table
o LDR r15, [r1, r0 LSL #2] ; index switch table

e switchtab DCD caseO

o DCD casel

o

e case0 ;. code for case 0

o

e casel : code for case 1

DCD{y < M T orfic— AL i) A o i Dy e < 18
EHIRIEANIEW . H, RIEAW UUNEFIRS BB TREN.




%> (6) FIRJES

® Ci%?: |
o for (1=0, f=0; I<N; i++)
® f =1+ c[i]*x[i];

o ILRIEF: 72?7

Ly

A




$35s
.\ 0oo

%> (6) FIRJEW: 28 :
o CIEF:

o for (1=0, f=0; I<N; i++)

® f =1+ c[i]*x[i];
o ILImIEF:

o , loop initiation code

e MOV r0, #0 ; use r0 for |

e MOV r8, #0 ; use separate index for arrays

o ADR r2, N , get address for N

e LDR r1, [r2] , get value of N

e MOV r2, #0 ‘use r2 for f



g

/A

A

L 4

000
0000
( X XX
TR eo0
>] (6) FIRJEE S :
ADR r3, c  load r3 with base of ¢
ADR r5, x : load r5 with base of x
, loop body

loop LDR r4, [r3,r8] ; get c|[i]
LDR r6, [r5,r8] ; get X[i]
MUL r4, r4, r6 ; compute c[i]*x[i]
ADD r2, r2, r4 ; add into running sum
ADD r8, r8, #4 ; add one word offset
ADD r0, r0, #1;add 1to
CMP 10, rl , exit?
BLT loop ; If 1 <N, continue



5

5T

o LDRHMSTRIES X

BEload/store— 32\ F
o ARMTJ UL —2k3ES Hload/store 16 175"

=

MEEHHEHBTE.
LDMIA r1, {r0, r2, r4} ; 10 := mem,,[r1]
; I2 1= mem,,[r1+4]
; 14 1= mem,,[r1+8]
LDMIA 11, {rO, r2, r4} memory
r4 < S
r3 \
—_| 4
r2 base_addr + 8 [T~
r1 base_addr base_addr + 4 A
ro — base_addr )

.\

/




ZHAELIEER

o L2 # ] LAt fe e N2 BB fEIX. (HE, WR
fEFHr15(PC), NIEREBERE T B .
e LDMIARIE XMES2ZSTMIATES .

STMIA r1, {r0, r2, r4} ; mem,,[r1] :=r0
, mem,,[r1 + 4] :=r2
; memg,[r1 + 8] :=r4

STMIA r1, {10, r2, r4}

. memory
r3 Y

r2 — I:}ase_acldT:B‘-"\

r1 base_addr base_addr + 4 X

ro L » base_addr 7

\ /




2 BHEAR IR T8 EHT b7 748

AUV “I 2 B E R A TR 2 F bt B 3h 3R 0t .

LDMIA 1!, {r2-r9}

|

\

; 12 1= mem,,[r1]

; 19 1= mem,,[r1+28]
;1 =r1+32

[

load multiple

\

| - iIncrement
base address

A - base address is
iIncremented after it is

used

\

e meaning of LDMIA
after used , _
\ Instruction

load registers r2 to r9




(R

2B IE TR RAE

1 2 B AR 18 8 T N IR btk A% X 21 H L

ADR r0, src_addr » initialize src addr
ADR r1, dest_addr : initialize dest addr
LDMIA rO!, {r2-r9} ; fetch 8 words from mem
; ... and update r0 :=r0 + 32
STMIA r1, {r2-r9} ; copy 8 words to mem, r1 unchanged

o HBEFHLDMIAFISTMIATEAKS, Hulk#E D (Increment) |,
HEMMSAERHE (After) 30,

1|I|‘I'I|

LB, SHIEEERELSA]

—

Pzt

% Increment - After

“* Increment - Before
+* Decrement - After
“+ Decrement - Before

LDMIA and STMIA
LDMIB and STMIB
LDMDA and STMDA
LDMDB and STMDB



1 ZL

STM#E R I
rg’ —-
ro
r1
rQ —i r0
STMIA r9!, {ro
g — r5
r1
r0
rQ =

STMDA r9!,

{ T  a |
el el

101844

100c+g

10004

100016

10004

STMDB r9!,

/,
J P
./
rg' — rs 101846
r1
r0
rQ —- 100c+g
100044
STMIB {ro,r1,rs)}
101844
rg _b 100C16
ro
r1
Q' = r0 100044

{r0,r1,r5}




7[% (Stack) H’J’I‘%u

o 1% (Stack) fEFELHURIHRIRE N ERRBULTIHAR

M ERBRAE I L2 1SR

o RRE—MAEEFZE TN FREENBIEN, ZRE

12t 76 1 R W A B

o HKBAE (Push) fER SN FFH/RFHEARE.

PUSH {rl, r3-r5, r14}

memory BEFORE PUSH
high

M3=——>"

low

memory AFTER PUSH

13—

ri4

s

r4

r3

r1

low



R (PUSH) H#E

o PUSH#EAEHIFF /.-

o r131E%# HEHELFEEL, #EFRNERTEET (Stack
Pointer, SP) . &AW A HHEMMEF TS (r158R90)
EERAEEEIFREE, #EFEMEHrL3,

o ARIE I Jal /Nl A L HE R P

o FEMNEFFAFIRMARR B AT & A7 A
HHIBIEAE, SPTELEH Ja BB/ 2T AL

o ARM¥EPUSH¥84, {HT]LIEHSTMFE 4 58 BER1E

STMDA r13!, {r1, r3-r5, r14} » Push r1, r3-r5, r14 onto stack
; Stack grows down in mem
; 113 points to next empty loc.




STM#§4
o EARMAKIEH, PATIRBRAIEFRISTMIES ] IE A

) B % T . a, | FISTMDAZE[E] T STMED$8 4.

STMED r13!

M'\‘\

, {r1, r3-r5, r14}

; push r1,r3,r4,r5,r14 onto stack
; stack descending in mem
; 113 points to next empty loc.

store multiple

update r13
after used

storer1,r3,r4,r5 & r14

E- SP points to
empty location

in

D - Stack grows down

memory




HEE (POP) #fE 2

o 5PUSHEAKIEAMERPOP., POP {rl,r3-r5, r14}

memory BEFORE POP memory AFTER POP
high
ri4 rM3——» (r14)
ro (rd)
r4 (r4)
r3 (r3)
ri (r1)
rMm3——"
low low

ARMEHEPOPHE4, HIIRAMER:

‘ LDMIB r13!, {r1, r3-r5, r14} ; Pop r1, r3-r5, r14 from stack I

5LDMIBZ R It E1ETR £

‘ LDMED r13!, {r1, r3-r5, r14} ; Pop r1, r3-r5, r14 from stack I




wevH B B PO Fh AN R 7 2

o Ascending/Descending: HIIAZIERT, EHim L3
KAFEE CGERE) BLE T3 RFEM R G
.Hwamw'&FﬁuﬁﬁﬁﬁwﬁﬁMﬂm,bFﬁ

B a IENRKAREYE itk SR ENT—
BIEHITHLL ()

#HHuch onto a Mull@nscending Stack
; @gp gfxom a Full@liSceng@ging Stack
; Pudh“Ontge JFul M Des@nding Stack
; Pop from a Full Descending Stack
; Push onto anWEMpLY AscendiNg Stack
; Pop from an ERMpyRscending Stack
; Push onto Empty DEs@_@ding Stack
; Pop from an Empty Descending Stack

{
{
{
{
{
{
{
{




RERAIEHIFTR 182 53R

B R Stack{g4 | Z%FE4S
pre-increment load LDMED LDMIB
post-increment load LDMFD LDMIA
pre-decrement load LDMEA LDMDB
post-decrement load LDMFA LDMDA
pre-increment store STMFA STMIB
post-increment store STMEA STMIA
pre-decrement store STMFED STMDB
post-decrement store STMED STMDA




Tiz

o fEMT

call

A |

N

¥ (subroutine)

| FAE Fr ml Ase A RS AT E H 1
T, BERTERFESHAT:

main program

BL SUB1 . calftclhdutine SUB1
ADD r0,r1,r2

UB1

; body of the subroutine

MOV pc,r14 ; return to calling program

return




TR (22)

e BL subroutine_name (Branch and Link) &—2&Bk
HRFEFPRESY. BRIT LT #AE:
o RIFPCHMAMHE (F—FKfaHib) Blridwgrds.
IX A2 IR A He bk .
o ﬁ?iﬁiﬁ%t&m%ﬁéwcﬁﬁ%ﬁtﬁo X AT B
o BL/KZfEHrl4&F Fas RIRAFR B H0E, Ktbr144d
WRREEEE S S (link register, I or r14) .

o THEFRFEIRMEH. EEEKr14KEKEIRIPCHFESS

AR




TEFRE

TR b RS A esr14d, MRAEHLRE
r 1AM R e BV TR

- %Eiﬂflﬁ_‘?iﬁ'bkﬁm%'ﬁ TEFREADATF AT
T iE, BRIETFTESHHAEREBIEER.

o%ﬁ%ﬁmﬂw.ﬁgﬁﬂ,éﬁ%ﬁ¥@$%%ﬁ
D,

o ¥ FHERARLI:
o R1Fri14,

o REFTAE FREFMEHTHEASHE, FHRERKE.




B ARSI FHE,

T N B R PR

BL

SUB1

SUB1 STMED r13}, {r0-r2, r14}

BL

SUB2

LDMED r13!, {r0-r2, r14}

; push work & link registers

; jump to a nested subroutine

; pop work & link registers

MOV  pc, ri4 ; return to calling program
on entry to SUB1 when return from SUB1h' :
: , 'g
13— r14 high 13— (r14)
SP moves 2 (r2)
down r1 (r1)
ro (r0)
13— r13=——>"
low low
STMED r13!, {r0-r2, r14} LDMED r13!, {r0-r2, r14}



gy

%%gl_‘? - 55: 5‘&

R

e SUBLEHTH

ﬁn N E s

initial SP
position

SP when
inside SUB1

SP when
inside SUB2

AT

J /

HEEFHER (114) MTESERAR, WIS

2% SUB2, ﬁ&suszmﬁﬁ'—

||

—_—— |

stack memory

SUB1 linkreg ||
stack for
SUB1
. |
SUB?2 link reg I
stack for
SUB2




000
000
000
... ~, 0oo
TR A R 52861 :
; Subroutine HexOut - Output 32-bit word as 8 hex digits as ASCII characters
; Input parameters: r1 contains the 32-bit word to output
; Return parameters: none
HexOut STMED r13!, {r0-r2} ; save working registers on stack
MOV r2, #8 ; 12 has nibble (4-bit digit) count =8
Loop MOV ro, r1, LSR #28 ; get top nibble by shifting right 28 bits
CMP r0, #9 ; if nibble <=9, then
ADDLE rO, 1O, #"0" ’ convert to ASCIlI numeric char
ADDGT r0, r0, #A"-10 ; else convert to ASCII alphabet char
SWI SWI_WriteC ; print character
MOV r1, r1, LSL #4 ; shift left 4 bits to get to next nibble
SUBS r2, r2, #1 : decrement nibble count
BNE Loop ; if more, do next nibble
LDMED r13!, {r0-r2} ; retrieve working registers from stack
MOV pc,r14 ; ... and return to calling program

END




EIER(

o F>]{FFKeil MDK-ARM
o ffFHKeill 445 1R L2551 R 5 2>






