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L “(omputer Organization ond Design™ - Pakercon, Hennessey,
5% edition

2. “ARM Syttem on o Unip" - $teve Furbur | ™ edidion

Proarummer

Oymﬁina Ssdsh’.m

Comp'\ler

Hardware ( Processer, (/o, Memorud

F o B -~

* Single Chip implemertotion of CPV

Not all wicroprocessors are CPUs
- 4PV Gmoge processing)
- TPU Chengors, madrix multiplitation for imosg  procecsing)
- NPV (neural nets, ML)

Multipurpose pro%mmmab\e Devices

» Mulki-core processor : tore hos Processing unid, reyisters, cache
receivet inttructions from singje co u’rins Yos



Motherboard

tvolution of Tntel MicropyoLegsuve

Intel Pentium Dual-Core 2006 - 2009

Intel Pentium (2009) 2009—present
Intel Core 2006 - 2008

Intel Core 2 2006 - 2011

Intel Core i3 2010-present
Intel Core i5 2009—-present
Intel Core i7 2008—present
Intel Core i7 (Extreme Edition) |2011-present
Intel Core i9 2018-present
Intel Core i9 (Extreme Edition) |Q3 2017—present

Micro\arocetw
Qs specinl purpsse
RICS
inte( NWDIA

ARM (eberee



 Differences in

D Tnstyuckion seb: sek of intrcuctiont twat MOiLYOprocesseY
can  execute

) Bandwidth: no. of ‘oits ‘xoceueo\ in thch ingtruction

2) Clode tpeed: ingrructiont per second

Ingtcuckion Setr Acchwtecture CISA)

I CISC - Complex Twthruckion Sek (om\m)rer
* (4705 — computer MEMory - Lxpentive.
* eath inSrruction WW\P\M)‘ code ic ghort but (_om‘;\ex

‘o reduce memory usage

mov ax, 10
mov bx, 5
mul bx, ax

2. RISC- Reduced Inst(uckion Set (omputer
+ Simple  ingtuctions far Single , timple tasks
* Sepacate intrruckions for lond and Store

namberg of lines of code increaged

mov ax, 0
mov bx, 10
mov cx, 5
Begin add ax, bx
loop Begin



R\CC wve CISC

RISC cisc

* Simple instructions, few in number. o Manycomplexinstrictions

* Fixed length instructions.
6 » Variable length instructions.

* Multiple register sets. ) )
* Single register set.

* Three operands per instruction.
* One or two register operands per

* Parameter passing through register windows. . .
instruction.

* Single-cycle instructions.
* Parameter passing through memory.

* Hardwired control.
* Multiple cycle instructions.

* Highly pipelined.

— . * Microprogrammed control.

* Complexity in compiler.

Ll ipelined.

* Only LOAD/STORE instructions access SR B SIS

memory. * Many instructions can access memory.

* Few addressing modes. * Many addressing modes.

ARM (ACWRN RISC MACHINE — ADVANCED RISC MACHINED

32-bit embedded RISC

. Hiah Per{-’o(mame

« low Powcr

3

Low sgﬂ—em (/34

Licensed ond fabricated

L3



. Ras?hcrrﬁ Pi — ARM Cortex-p12

¢ ARM Archirecture verSiong

Version 1 (ARM1): 26 bit addressing, no coprocessor.

Version 2 (ARM2): Includes a 32 bit result multiply coprocessor
Version 2as (ARM3 & 250):

Version 3 (ARM®6 ,7,8): 32 bit addressing

Version 4 (Strong ARM, ARM9): Half word load/store instructions
were provided.

Version 4T: Thumbing: 16 bit instructions can be compressed in a 32 bit
processor, thus enabling more instructions to be packed in the same
memory, thereby increasing the code density.

Version 5T and 5TE (ARM10): 5TE: thumb extension- built for powerful
computations.

CORTEX-M, CORTEX-R, CORTEX-A (32 Bit and 64 bit), NEOVERSE



ARMT7 TDM I Procestor

* low-end ARM core for wobile phones

« TOml
+humbin% , lobit inthruction set
on-chip debu mp?oﬂ
enhaneed wu ’rip\ier

ewbedded (CE wardware

* Von Neumann PAcdnitecture Cunlive Harvard; common memory for
dota ond inStruttions)

* b-stope pipeline (feith, decode, exeuste)

4 3l'b\." Aa‘\'a bus A[31:0)
© 32-bit oddrest bus _Atwws:newfer
B
el
¢ D1 3t 725“‘\"1'3 PC
—| REGISTER [
e 32- bit ARM instruction f A ,
tex 3 =1 Bl
gd-b Multiptier § E é
* 1b-bir THUMB inttyuckion - =N
set ;
¢ 22x8 mulﬁP\\'cr ‘ akoiea
—"1 T e
+ Baorrel ‘h'lﬂ'!f Wmﬂiwﬂw- FloadDaftaReg‘ AR;A

D[31:0]



* 3l-bit avchitecture 5 byte- addresible

. E\o\'e: §-t
Halbword: b-lbit 50\;31\241 on 2-byte \oouno\nr(d
Word: 32-bit;, aligned on 4-bit boundory

* Two instcuction sets:
- 22-bit ARM inStruttion Set
- 16-bit Thumb inskruction Cet

3) U 2> 16 1S $ 7 (v)
I 8-t Io\J\'e—I
— lb-bit half word —
f 32-bit word —
. unpr‘wi(esed mode Clow priority) ; most tacks

high priority (foth) interrupt raiced

low priority Cnormal) interrupt raised

. enteved on recet ond when ¢oftware interrupt instruction
exewdted

. memory occess violationg

hondle undefined instructions

. Privileged mode using Came vegisterc ag ucer modes



interrupt service routines for each Interrupt
PI&[I1R8 pine on microprocesse’

C procecsof exew’cinﬁ programs

vser vser uer
Pfog Pf 05 proa
# #2 #3
protessel
vser uger vser
preg prog Pro9
#2 #3 #
protessel
vser vser vser
Py prog Pre
# #3 #2
processel

vser P‘O?) + |
exe Lu+in3

user proas H2
and #3 wmh‘ng

vser P(Og +L
e cu{'if\s

context :wi’rchin(a

between vsey
prog#1 and veer

‘;ro% H2



user Pros +#32
exe cu{'it\s
vser vser L
prog proy Py context Switching
# #2 #3 between vsey
prog #2 and veer
prpeeset prog #3
vioritu 90
notwall | vser user | gco Wt éw{:uted
priocidy proy prog prog
P;'l’a # #2 #3
proeessef
prioridy progs
executed with
user vser vter nofwal context Switdning
prog prog prog (’fi:;“s
# #2 #3 &.3 hiﬁh ?n'ost prog o
be executed
protessel
notwal vser vser user
prioridy pro9y preg pog
P;"’G # #2 #3
processef




Repister Bank

* ARM has 37 rey\cters of 32 ut \engyth
- | dedicated
- U deditated Current Progfom Shodus Regicter

- 5 deditared taved  Prograw Stotuc R%'\Sﬂrs
- 30 ogneral purpote vegitters

* Processor wode Qoverns wohith bonk ef several banks of vegickers
K oaccessilde
- sk of 70-7\2 reg\sms
- ¥ 13 (stock pointer, SPY and  v\u Clink m%\s\—u, LR)
- %15 Cprogram couner, PO
- urrent program tratus rub\sH,r(CPSR)

Renister Ovpanisodion Summri
J \J

totally
¢ some colour Cbgd: ome regs 3 common for modes / 37 regs

User FlQ IRQ SvC Undef Abort

User

mode mode Thumb State
0 +12 ro-ri2 -2, Low registers
7 ( 5 ,
= wii [ i v v s s svwas
9 9
r10 0 Thumb state
ri1 11 High registers
r12 ri2
r13 (sp) 13 (sp) r13 (sp) 13 (sp) 13 (sp
r14 (Ir) r14 (Ir) r14 (Ir)
[M15 (pc) D)
[ 5 iper vep
5 el . | - ] coneler iy
mode)

Note: System mode uses the User mode register set



Visibe and Qownked Outr Repicters

SVC Mode
User Mode
User FiQ IRQ Undef  Abort
"
Ir
| Current Visive Registers | ey
FIQ Mode
User FIQ SVC Undef  Abort
IRQ svC Undef  Abort R
o
" i
- 238
1o n2
it 13 lspi 15 (=81
1 —
13 il 113 gl [#5 Tegd
4 ) Bl Uy
I £

it

SvC Undef

Undef Mode
User IRQ svC Abert L i
] ) m ESENEEN S3 el Tt
Ak Ti6 Az ) il
=0




Stotus Reojsrer

« decision ma\r.ina um\% shodus nﬁit\-er

31 28 27 24 23 16 15 878654 0
T T

N|Z|C|V| _ undefined L mode

— —>|<— s —>|<— x ——P——— —>

£: ¢ bits

8 stofus it
X! exkension bite
¢ Cowvtvrpl bits

. N: n%um sek to | i resut- of prev. inthruetion ic ne%u’rive
2: 2evo set 4o | if vesulk of prev. inghvuction & zevo
C: carryy get to | if vesut- of arith or dhifter Fmdutec a carry-out
V: overflow | if peev. neY ruttion Produces an overflon into &‘\ﬂn bit
+ Mode bite
10000 User
10001 FIQ
10010 IRQ
10011 Supervisor
10111 Abort
11011 Undefined
11111 System

. In+erru|>-\' Ditable bite
ditables RS,
dicables Fis,

© T Bix (arth with Thumb mode only)

procescor i ARM thate
processor in Thumb state



* Thumb is lb-loit inthruckion setr
- optimited for tode density from Crode
- tubtet of ARM Pundciom\ths
- onla low rca\c\'m Y0 ro v7 used

« I qF bits

I F

11 FIQisserved, IRQ and FIQ is disabled

10 IRQisserved, IRQ is disabled & FIQ is enabled

01 FIQisserved, IRQ is enabled & FIQ is disabled (Not Allowed)
00 USER program is served, IRQ and FIQ both are enabled

PRM  Progcom  Shyuctuve

Instruction & Data

text
Address of Instruction 1 ARM Instruction_1
Address of Instruction 2 ARM Instruction_3
Address of Instruction 3 ARM Instruction_3
Address of Instruction n ARM Instruction_n
.data
Address of Datal Declaration of variable 1
Address of Data2 Declaration of variable 2
Address of Data n Declaration of variable n

Note: Blue color depict the code written by the programmer
Red color depict the address assigned during execution



onlb JEXT

pl.s o
. TEXT

MOV RO, #10

MOV R1, #20

ADD R2, RO, R1

ARM  Simlador

5“"? info https://webhome.cs.uvic.ca/~nigelh/ARMSim-V2.1/index.html
BB 2rrASim® - The ARM Simulator Dept, of Campurer Scence = cC X
\ Tile  View Cache  Debug  Wewen  lelp oddf ’('\ ‘hd’
== m »m o
RegistersView BX | CodeView - x| Stackfies &%




Doda @ Ters
pl.s

. TEXT
MOV RO, #10
MOV R1l, #20
ADD R2, RO, R1

.DATA
A: .WORD 0X12

E aRMsime - The 420 Sineuater Depr, af Computar Sripten = a X
Fle View Cahe Debug  Weich  Helo

‘sx[Zmr @3

Regleiiow AR Coasiew |

firreral Furpece | Soatng Publ e

‘ livkle endion



Stokus stoved n (PSR -odd $ 4o end of Tngtruction

pl.s

.DATA
A: .WORD 0X12

. TEXT
MOV RO, #10
MOV R1, #20
SUBS R2, RO, R1

stores n CPCR

T akiMsim# - 1he AM Sinulator Degt of Lomsuter Seience - ) X

Flle View Cache [Debug  Wmch  Help
(Efz ey o0
Registera¥iew X

Gened Pupus haseng Sont

|/ sy iend | - %

(o o

fioas veflecked
W R



00001000:EFSF0014
00001004:EFSF1014
00001008:EF9F3014
0000100C:E5D14000
00001010:E5D05000
00001014:E0846005
00001018:E00360B0

00001028:
00001029:
0000102A:

Instruction

text
LDR RO, =a
LDR R1,=b
LDR R3, =¢
LDR R4, [r1]
LDR RS, [r0]
Add R6, R4, RS
STRR6, [r3]

.data
a:.word 100
b: word 200
c:word 0

Features of AWM  Tastructions

* 1 bit instrucions

lond- store arcwhiredure

wmotr intfrudkiovs ave - oddress

Load the Address of a to RO

Load the Address of b to R1

Load the Address of c to R3

Load the value (100) to R4

Load the value (200) to R5

Add R4 & R5

Store the result( 300) in the address
specified in R3

Variable a of data type word aladal'ﬂpe
Variable b of data type word wn be
) Werd, byte
Variable ¢ of data type word | 4,0 do0 )
ageiz

intheueiong

condkitiona] erecution of esth inthuckion

can lood [ store mu\k‘.v\e. (1) at ownce

n  combng ALY and shifk  operotion

no mewmory- mewory operations



Tnsrruction Format

MNEMONIC{condition}{S} {Rd}, Operandl, Operand2

MNEMONIC - Short name of the instruction. Eg: ADD,SUB....

{condition} - Condition that is needed to be met in order for the
instruction to be executed EG: EQ, MI,GT,LT,LE,AL,NE

{S} - An optional suffix. If S is specified, the condition flags are updated on
the result of the operation . Eg: To set N,O, C, V of CPSR

{Rd} - Register (destination) for storing the result of the instruction

Suntax ercot
Operand1 - First operand. Either a register or an immediate value p f 2 imwm
oC Mw
Operand2 - Second (flexible) operand. Can be an immediate value befove
(number) or a register with an optional shift ﬂ-ﬁ
ARM  Cowdikional Codes
Code Meaning (for cmp or subs) Flags Tested

eq Equal. Z==1

ne Not equal. Z==0

cs or hs Unsigned higher or same (or carry set). C==1

cc or lo Unsigned lower (or carry clear). C==0

mi Negative. The mnemonic stands for "minus”. N==1

pl Positive or zero. The mnemonic stands for “plus”. N==0

vs Signed overflow. The mnemonic stands for "V set". V==1

ve No signed overflow. The mnemonic stands for "V clear". | V==0

hi Unsigned higher. (C==1) && (Z==0)

1s Unsigned lower or same. (C==0) || (2==1)

ge Signed greater than or equal. N==V

1t Signed less than. Ni=V

gt Signed greater than. (2==0) && (N==V)

le Signed less than or equal. (zZ==1) || (N!=V)

al (or omitted) | Always executed. None tested.




Dok Processing  Tneruckions
v

. laraeﬂ' family of PRM intrructions

* Confaing: aritmadic, comparione, logled) , dota,  movement

lood [ store architecture
* Specific inthruttions

« fiesk operond ¢ olways 0 vegistec- &n, second operand s
sent to AW via bovrel Swifrer

=

‘7 Rn =y Rm

% =

= 2 | Barrel shifter

v =

2 b

a P2

o & Result N
Zz

Arithmetic logic unit

Data Movement

Rd

* MoV — oPemM?.
« MVN -gperand 2

(N
\ move neao!r.‘on

s no o?emndl

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



RO :0000000a

R1 :0000000a
R2 : 00000000
- TEXT R3 :00000000
MOV RO, #10 \ R4 100000000
RS :00000000
MOV R1, #10 D Be 100000000
CMP R@, R1 &——roft ttoved, R7 100000000
R8 100000000
onlyy PSR R9 100000000
.DATA R10 (s1) : 00000000
R11 (£p) : 00000000
A: .WORD 0X12 R12 (ip) : 00000000
R13 (sp) : 00011400
R14 (1r) : 00000000
* MoV ¥0, ¥y R15 (pe) : 0000100c
¢« MOVS 12, #10 ;;;;—;;—;—; ———————
gister
MVNER "\; #D Negative (N) : 0
Zero (Z) S
] text Carry (C) -3 °

Overflow(V) : 0
. IRQ Disable:1
;ADD 2 numbers loaded from register FiQ pisable:1

MOV ro, #0x80 zm ::ystem
MOV r1, #20 e
0x6000004f

ADD r2, ro, ri

;Sub 2 numbers loaded from register
SUB r4, rl1, ro

SUB r3, ro, ril

.end

Ar dhamodic Oyem’rions

ADD : operand | + opevand -
« 308 : optrand\ - opecand 2
» R$B: operand2 —opecand| < reverse SubWachon

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



« With wnry
* ADC: Operandl + Operand 2 + CPSR.c
* SBC: Operand 1 - Operand2 —NOT(CPSR.c)
Operandl -ocl;perandz +carry -1
* RSC: Operand2-Operand 1 - NOT(CPSR.c)

or
Operand2 — Operandl + carry -1

« for $BC and RSC

Opeand2 and Cavey w1 are inveced and fed 4o adder or Trvert
Operand 2 Bt ond twetiack camry loder

V\)ror\e Ps??\icafhon of SBC

. text
MOV ro, #4
MOV rl, #2 showld wge Svegc
(SuB r3,ro,ri
SBC r2, ro, ri
.end
RegistersView B x
General Purpose Floating Point
" t e X t Un::na:e;:?ri\al
MOV ro, #4 Signed Decimal
MOV rl1, #2 ¥ s
SUBS r3,r0,rl R2 .4
SBC r2, ro, rl S
.end R
R7 :0



Mulkiword  Prrivhwadic

+ operatimg for Wwore ian 2 Wt opevande , ADC, 8BC, RSC Ove
vsed

b4-bit wovd

22 bixy MR wad | 22 bk LSB wod

- odd 2 6l4-bit wovds

ADDS R4, RO, R2 & RO

ADC R5, R1, R3

Sublvoct one Q6-bit word fom pnother

SUBS R3, R6, R9
SBCS R4, R7, R10
SBC R5, R8, R1l1



Barrel Shifter
’ 3—sb3o. szz\me
» fetth, decode, execute

© no octual SWEE instruchen; inttead only lonrrel nifter with  shifk
ot par’r of other Inthyudims

A[31:0]
Address Register |
f wh B
a3
(&)
o v
PC

- REGISTER
BANK

| I INSTRUCCTION

DECODER

ALU bus

Control Lines

r 3
\ 4

Multiplier

&
\ 4

B bus

=TT

Abus

Instruction Reg.
| A
; Thumb to
ARM
Write Data Reg. Read Data Reg.
eg & eg ol

D[31:0]



Barrel St Opeantiong

S-bit 8-bit
Operand 1 Operand 2
1 Possible Shift Operations:
Barrel Shifter LSL: Left Shift
LSR: Right Shift
1 ASR: Arithmetic Right Shift

ROR: Rotate Right
RRX: Rotate Right Extended

Result

defoult: LSLHO

¢+ LSL

CP'SK % C R s T ARG register PR 0
Sores w“\o

&br\‘\'a\x
. TEXT

MOV R2, #0X00000030

MOV RO, R2, LSL #3—//2an—\4*&ﬁ}bgl biks

.TEXT
MOV R2, #0X00000030
MOV R3, #0X00000002 i
MOV R@, R2, LSL R3 \
-———t:,/”w0



before

00000000 00000000 00000000 00110000

afrer
00000000 00000000 00000000 11000000

» mukiplied ba a

[ ARMSim# - The ARM Simulator Dept. of Computer Science - o X

File View Cache Debug Watch Help
z(Zm » @ @

R X | CodeView

p2.0




* LS8R

not .
& V\ @_. ......... > reglster ......... > b— C

ex wded

Syndax

. TEXT
MOV R2, #OXFFFFFFDO
MOV R@, R2, LSR #2

vefore

131131131 1311131111 131311731 11010000

afker
00111111 11111111 11111111 11110100

* divided b‘d an

OUL’(‘)\A\—
. text
MOV RO, #3 3+ 256 - >1L
MOV R1, #256 R = 1l
ADD R3, RO, R1, LSR #5
.end

Before R1: 00000000 00000000 000000 1000 0001
After Right Shift R1:00000000 00000000 000000 0000 1000 (8)



* ASR

sian — —
exkended

MSB ....register ......... » —|C
E— '

Sgwb%

. text
MOV R2, #Oxffffffdo
MOV R1, R2, ASR #2

before

11111111 11111111 11111111 11010000

abrer
11111111 11111111 11111111 11110100

+ RoR

LS8 o : _J
MSB [ | e > reg] Ste [oeeemeenes >

Swﬁux

MOV R2, #oxffffffd5
MOV R@, R2, ROR #2

before

11111111 111111171 11111111 11010101

abkes
(01111111 11111111 11111111 11110101)



© RRX

+ fototes number right by |Gk, woves LSB 4o arry bk ond
moves carry bir o MEg

Cl|— | e » register ... - — | C

S\on’ro\x
MOV RO, R2, RRX

Multiplication by 27n (1,2,4,8,16,32..)
MOV Ra, Rb, LSL #n
Multiplication by 2~n+1 (3,5,9,17..)
ADD Ra,Ra,Ra,LSL #n
Multiplication by 2~n-1 (3,7,15..)
RSB Ra,Ra,Ra,LSL #n
Multiplication by 6
ADD Ra,Ra,Ra,LSL#1 ; multiply by 3
MOV Ra,Ra,LSL#1 ; and then by 2
Multiply by 10 and add in extra number
ADD Ra,Ra,Ra,LSL#2 ; multiply by 5
ADD Ra,Rc,Ra,LSL#1 ; multiply by 2 and add in next digit



Com?ariéon Instruckions

%phm

<Operation> {<cond>} Rn, Operand2

CMP R1, R2
CMN R1, R2
TST R1, R2
TEQ R1, R2

Emw\g\c 1

. TEXT
MOV RO, #25
MOV R1, #256

» M MM MM

set cc

set cc

set cc

set cc

CPSR  reflecks

on R1-R2

on R1+R2

on R1 and R2

on R1 xor R2
RO : 00000019
R1 : 00000100
R2 : 00000000
o e
ke éonsngse
R7 :00000000
RS : 00000000
R9 : 00000000

CMP RO, R1 —— R0-Rl 1
n%whn

. END

R10(sl) : 00000000

R13(sp) : 00011400
R14(1r) : 00000000
R15 (pc) : 0000100c

CPSR Register
Negative(N) :1
Zero(Z) :0
carry (C) :0
Overflow (V) : 0
IRQ Disable:1
FIQ Disable:1
Thumb (T) :0
CPU Mode :System

nqpﬂm



Example

. TEXT
MOV RO, #256
MOV R1, #25
CMP RO, R1
. END
Q56 = 00O0DO|DD
A5 <= Opop0oO(9
~as5 = FERCfCeT
ase - 'oé)c‘oé ¢'>100
- ag feeeeLe]
(D poo000 e

Example 3

. TEXT

. END

MOV RO, #256
MOV R1, #256
CMP RO, R1

RO :00000100

R1 :00000019
R2 :00000000
RrR3 :00000000
R4 200000000
RS :00000000
R6 :00000000
R7 200000000
R8 100000000
R9 :00000000

R10 (s1) :00000000
R11 (£p) :00000000
R12 (ip) : 00000000
R13 (sp) :00011400
R14 (1r) :00000000
R15 (pe) :0000100c

CPSR Register
Negative(N) : 0
Zero (Z) :0
Carry(C) 1
Overflow(V) : 0
IRQ Disable:1l
FIQ Disable:1
Thumb (T) 0
CPU Mode Sy

: 00000100
:00000100
: 00000000
:00000000
: 00000000
: 00000000
: 00000000
:00000000
: 00000000
:00000000
00000000
R11 (£p) : 00000000
R12 (ip) : 00000000
R13(sp) : 00011400
R14(1r) : 00000000
R15 (pe) : 0000100¢

CREBGABRRE

2
o
-~
w
=
N

:
:
;

Negative (N) :
Zero(Z)
Carry (C)
Overflow (V) :
IRQ Disable:
FIQ Disable:
Thumb (T)
CPU Mode

12 OHMORMS



— T8T % TEQ

o 4est and test eqMivalence

Cromple 4

. TEXT
MOV RO, #-5
MOV R1, #5
TEQ RO, R1
ADDEQ R3, R@, R1
. END

Example 2

. TEXT
MOV RO, #-5
MOV R1, #-5
TEQ RO, R1
ADDEQ R3, RO, R1
. END




Eﬂnmyeis

theck if even

. TEXT
MOV RO, #12
TST RO, #1
. END

Log\ux\ Opcmh‘ms

+ AND
* EOR
* ORR
* BIC
Swam

<Operation> {<cond>}{S}

AND RO, R1, R2
ORR RO, R1l, R2
EOR RO, R1, R2

BIC R@, R1l, R2

@ RO
@ RO
@ RO

@ RO

RO :0000000¢

R1 :00000000
R2 : 00000000
R3 : 00000000
R4 ;00000000
RS : 00000000
R6 : 00000000
R7 : 00000000
R8 :00000000
R9 : 00000000

R10(s1) : 00000000
R11(£p) : 00000000
R12(ip) : 00000000
R13(sp) : 00011400
R14(1r) : 00000000
R15 (pec) : 00001008

CPSR Register
Negative (N) : 0

Zezolz) 1
Carry (C) :0
Overflow(V) :0
IRQ Disable:1
FIQ Disable:1
Thumb (T) :0
CPU Mode :System

Rd, Rn, Operand2

= R1 and R2
= R1 or R2
= R1 xor R2

= R1 and (~R2)

R W zero=),
no. (s even



Emmg\e, 1

MOV R1, #0x11111111
MOV R2, #0x01100101 — mactk for whidy
BIC RO, R1l, R2 bits  showld get cleared

> Ox looltov0

tomplementz

. TEXT RO (.ooooooos
MOV RO, #5 R1 100000006
MOV R1, #6 & | lGaedmos

AND R2, RO, R1 @ Logical AND ra :00000003
: RS cfffffffa
ORR R3, RO, R1 @ Log}cal OR L6 50000000
EOR R4, RO, R1 @ Logical XOR :; ::ggggggg
MVN R5, RO @ Complement &g :00000000
. END R10 (s1) : 00000000
R11 (£fp) : 00000000
R12 (ip) : 00000000
R13(sp) : 00011400
R14(1r) : 00000000
R15 (pe) : 00001018
CPSR Register
Negative (N) : 0
Zero(2) :0
Carry (C) :0
Overflow (V) : 0
IRQ Disable:1
FIQ Disable:1
Thumb (T) :0
CPU Mode :System




How (onvol Tagtruchme

« B{<cond>} Label
+ BL{<cond>} Label
+ BX{<cond>} Rm

* BLX{<cond>} Rm

Reference:

https://developer.arm.com/documentation/dui0040/d/
interworking-arm-and-thumb/basic-assembly-language-
interworking/the-branch-exchange-instruction

B Branch

Program Counter = Label

BL |Branch & Link

Stepl: PC will be copied to R14 the
Link Register (LR) before branch is
taken.

Step2: Program Counter = Label

BX |Branch Exchange

BLX | Branch Exchange with
link

Used for changing ARM to Thumb
mode or from Thumb mode to ARM
mode.

Uncondiiona) Branch

Conditional Beanch

B label MOV RO, #0
: baccwoand ,)10 op:
] loranchy ADD RO, RO, #1

(?@9 loop
\> branch i not equal



« BL in&vuction Saves feturn oddvess 4o R\4 (Lr) from PC

_ PC srores adde of cwmp, moves to Ly

BL sub @ call sub
CMP R1, #5 @ return to here
MOVEQ R1l, #0

e— would have been bypasted
in rag)ular B ingkcucHm

sub: ... @ sub entry point

MOV PC, L% @ return

N\
move LR tontends ack +o PC  Lreturn)

RO : 00000005
R1 : 00000005
R2 :00000000
rample | R3 100000000
R4 :00000000
R5 :00000000
R6 :00000000
R7 100000000
- TEXT RSB 100000000
MOV RO, #5 RO 100000000
R10 (s1) : 00000000
MOV R1, #5 R11 (£p) : 00000000
CMP_RO, R1 R13(ap) 100011400
BEQ label R14(1r): 00000000
MOV R2 #6 R15 (pe) : 00001014
’ —
CPSR Register
Negative (N) : 0
-l.abel: Zero (Z) i
Carry (C) D |
MOV R3, #20 i Ll

IRQ Disable:1
FIQ Disable:1
Thumb (T) :0
CPU Mode :System



rample

. TEXT
MOV RO, #5
MOV R1, #5
CMP RO, R1
BLEQ label
MOV R2, #06

label: o Bl Pc contents in LR

MOV R3, #20
MOV PC, LR

Dodo. Transkec Tnetcuckions

0x00000000[ oo
0x00000001| 10
0x00000002 20
* Load-Store archirecture 0x00000003| 30
0x00000004|  FF
0x00000005| __FF
werd, half- word, byre 0x00000006|  FF

/./\7/
OXFFFFFFFG] 00~

OXFFFFFFFE | 00
OXFFFFFFFF | 00

. W,mora Yo register
Kebimr ‘o memeTy

J Mew\ma: AU of Do -

\




Big Endian and Uivle endian

Big-Endian Little-Endian
Ox 87 65 43 21 Ox 87 65 43 21
|€—— 32-bit value —>| |€«—— 32-bit value —>
Memory Memory
|8 7]6 5]4 32 1] |8 7[6 54 3|2 1]

10| & 21 |10
L » 43 |10
] 48 65 103
o 87 103

€|
1 byte

Load ZS{—we,

« Move dofa between memw "y ond rebic\'erx
. Siqb\c r%lmr lood | yere: LDR, STR

* Muliple repitter lood [stere o Bloce Trowder: LDM, STM

SST\"‘N ¢ \V\QW‘G‘B
<LDR/STR>{<cond>}{B} Rd, (Addressing addess
LDR: wmem 4o v

$TR: (2_8 o ™m



LDR Load word into register
STR Save byte or word from register
LDRB Load byte into register
STRB Save byte from Register
Na\E-werds
ralf werd

LDR{<cond>}SB/HySH Rd, Addressing
STR{<cond>}H Rd, Addressing

LDRH Load half word into register

STRH Save half word from a register
LDRSB Load signed byte into register
LDRSH Load signed halfword into a Register

No STRSB/STRSH since STRB/STRH stores both
signed/unsigned ones



example |
Lopy =%

NMewmevy

0x010 10
letB —| 0x014
0x018 30
letA —| 0x01C 40
0x020 50
0x024 60

LDR RO) =A
LDR RS, [RO1

RO = Ox4C — addresc of A
Lopy data from RO into RS (40D

@
@

LDR, R3,=-B') @ f3- Oxiy —oddress of B
@

STR RS > [R3]Y

¢« The [ opcrw\'or € similar o Cfett's

oeveference) and the = opemtor & Similar 4o

© nt %¥Rp= LA, ) timilar Yo 4his
it RG = RO ) ou¥r wnot hiﬂh leve]

Copy  tontente of RS (4% imto R3's dain

opcra’rv( Lpom%-e,r

Coddcess of)



. TEXT

LDR RO, =

LDR R5, [RO]
LDR R3, =

STR R5, [R3]

.DATA
A: .WORD 10
B: .WORD
RegistersView o x / CodeView - X

General Purpose  Floating Point

§15 (po) 00001010

,// MemoryViewd [ > X
Word Size
> Qe

oeuo:.oab 81818181 m::sm 81818181 axna:an aa.miei
00001044 81818181 81818181 81818181 81818181 81818181




gxomple 2

B=H¥q

. TEXT operatoy oh# Swpportyg
LDR RO, =A bg; LDRiS insfcuchions,
LDR R1, @) ng-mo
ADD R2, R1, #9
LDR R3, =B
STR R2, [R3]

. DATA
A: .WORD 10
B: .WORD

RegistersView gx//m] —

General Purpose | Floating Point

pl.o

Hexadecimal |

|

|

i

R2 00001010 :E5832000

R7

RO

F J/’Memqukwol - X
Word Size

Erm—r - ] [5m]
0001020) 00000013 81818181 81818181 81818181 81818181
.81 81818181 sma.w:. 81818181 81818181
81818181 81818181 81818181 81818181

: Joie .
mﬁn’ 00000000
:us(pn) 00001014




exwggm.z

C=-A+tR

(wa¥ wavd)

- TEXT

LDR RO, =A

LDR R1, =B

LDR R3, =C
LDRH R4, [RO]
LDRH R5, [R1]
ADD R6, R4, R5
STRH R6, [R3]

.DATA

A: .HWORD 10
B: .HWORD 20

C: .HWORD
. END

RegistersView & X | “CodeView ] v X
General Purpose  Floating Point 1.0
[ vookow ]

Signed Decimal ]
RO : 00001028 A
R1 :0000102a
R2 :00000000
R3 :0000102¢c 00001018 :E1C360B0
R4 :0000000a
R5 100000014
R6 :0000001e
R7 : 00000000
R8 :00000000
R9 100000000
R10(=s1) : 00000000 /— .
R11(£p) 00000000 | MemorVerl|  jitHe ehdian v x
R12 (ip) : 00000000 Word Size :
R13 (sp) :00011400 L et | 32t |
:i;:llzfggggggg” 00001028 000A 0014 001E 8181 8181

Rt - 00001032 8181 8181 8181 8181 8181

Csee
2-bib)



_W

Da\w\a\)e Asclz v~ " on&’e)

sm% mugk WS be loanded inko RO

* SWT : Software interrupt —— calle intecruph sevvice  coukine
Lstored n o Yavle)
+ SWt Oxo0a
Ox\1
. TEXT
LDR R@, =MYSTR
SWI 0X02
SWI 0X11
.DATA
MYSTR: .ASCIZ "HELLO WORLD"
RegistersView nx _//MI v X | OutputView I x
General Purpose  Floating Point =7 5 Console
I Hexadeamal ] | |Loading assembly language
Unsigned Decimal mt';g:l;tarting R
Signed Decimal N 00001008 : EF000011 Execution ending, Instruct
RO 100001010 & Instructions per second:63
R1 : 00000000
R2 :00000000
R3 B
B
= :
R6 5
R7 100000000
R8 : 00000000
R9
( | PluginUIView 3 x

14 yiad 2 Word Size
~ = =
R15 (pe) : uooomas i 1eat | | 3t
" 00001010 48 45 AC 4C 4F 20 57 4F 52 AC HELLO WORL
"’s“ﬁ“’gi’“; 0000101A 44 00 81 81 81 81 81 81 81 81 D.........
= “m 00001024 81 81 81 81 81 81 81 81 81 81 ..........



* P('lfwbs

L Prefindu.ir\% Wirhour Wateback

o~ Mem loc firtk increment
LDR Rd, [Rn, OFFSET] ¢ P then store
intremented

2. Prefwexir\a With Writebatk

LDR Rd, [Rn, OFFSET]!

y. Post ~Indexiv\%

LDR Rd, [Rn], OFFSET e—— firtt stwred in Pd,
Yhen Rn incremented

* Twwmediate:
LDR, RO, [R1, #4] @mem [R1+4]

. R%'\S‘I’ﬂ':

LDR, RO, [R1, R2] @mem [R1+R2]



* Scaled Ro.ais\—a hopo,

LDR, RO,

[R1, R2, LSL #2]

PRE-INDEXING

witwour W RITEBACK

LDR RO,

LDR RO,

[R1, #4]

ofFget

00001008 :EF000011

little endian 7 x

Word Size

/ [soe ]| | somt | |3t

@mem [R1+4%R2]

#4: kbysres

(#2: useless
valued



AUTO INDENNG | [PRE-INDEXING wiv WRITEBACK

LDR RO, [R1, #4]!

LDR RO, [R1, H]!

—(+)

Dase\'

RegistersView B X | CodeView | v X
General Purpose  Floating Point E

Hexadecmal | |
Unsigned Decimal J
Signed Decimal \

00001014
100000014

00001008:EF000011

MMOHM ‘

IBBAEBEEREE [ |

R14(1%) 00000000 E—— —

R15 (pe) 00001008 wordsae
"fji - 00001010 % esit | | 1eait | | 328t |
Iﬂg’ﬁi"ﬂm=n 00001010 m 00000014 O0000001E 00000028

Zero (Z) :0 00001020 00000032 81818181 81818181 81818181



POST INDEXING

LDR R0, [R1], #4

LDR RO, [R1],H

RegistersView ax

General Purpose  Floating Point

Hexadedmal

100001014
:0000000a
100000000

EEREAZEREREZ

-

_/GodeView - X

pl.o

00001008 :EF000011

Word Size

A el e
o] ] (53]
00001020 00000032 81818181 81818181 81818181



BLOCUK TRANSFER

* Multiple reﬁis’rer load | store
© Transfer 10,20, 30 4o repisters
S'\NO\C rubi ttee load - steve

. text
LDR R4, =A
LDR R1, [R4], #4
LDR R2, [R4], #4
LDR R3, [R4], #4

LDR R4, =B

STR R1, [R4], #4
STR R2, [R4], #4
STR R3, [R4], #4

.dat
A: .word 10, 20, 30, 40, 50
B: .word
Quite tedious

LDM and SDM instruchions

S\A\M’ax

<LDM/STM> {cond} <Addressing Mode>Rn {!},Registers

A

| Addr | data |

\9 0x1014 10

0x1018 20

0x101C 30

0x1010 40

0x1020 50

0x1024 60
diceckion of

/ davgfer & Aifferent




Addressing  Mode

Addressing Meaning
Mode
IA Increase after
IB Increase before
DA Decrease after
DB Decrease before

Kggi sters

LDM <IA/IB/DA/DB> Rn, {R1,R2,R3}
or
LDMIA <IA/IB/DA/DB> Rn, {R1-R3}

Loodd ot once
.TEXT
LDR RS, =A i aeboere
LDR R9, =B 25 ioesecns
R4 : 00000000
LDMIA R8, {R@, R1, R2} T
STMIA R9, {R0-R2} e
e Ao
.DATA :
A: .WORD 10, 20, 30, 40, 50 §§f§f§§§§§§§§§
B . . WO RD R14(1r) : 00000000

R15 (pc) : 0000100



Store of Onee

RegistersView 2 X | CodeView > %

General Purpose  Floating Point |

pPl.o

Hexadedmal
Unsigned Decimal
Signed Decimal |
:0000000a
:00000014 0000100C:E8890007
:0000001e
100000000
:00000000
;00000000
00000000
;00000000
;100001018
:0000102¢
R10 (s1) : 00000000
R11 (£p) : 00000000
R12 (ip) : 00000000
R13 (sp) : 00011400
R14 (1r) : 00000000
R15 (pe) : 00001010

CEEZRLRAEREES

CPSR Register joooosory | ° 'gait | | 16ait | [328t |
Negative (N) :0 00001018 0000000A 00000014 0000001E 00000028
Zero (2) :0 00001028 00000032 0000000A 00000014 0000001E
Carry (C) :0 00001038 81818181 81818181 81818181 81818181
Overflow(V) :0 00001048 81818181 81818181 81818181 81818181
IRQ Disable:1l 00001058 81818181 81818181 81818181 81818181
FIQ Disable:1 00001068 81818181 81818181 81818181 81818181

Thumb (T) :0

‘ : Syatem 00001078 81818181 81818181 81818181 81818181

00001088 81818181 81818181 81818181 81818181

Wi Writeb
4 thoacy R8: (024 (wio)

. TEXT RO :0000000a
LDR R , =A R1 :0000001:

| A R4 100000000

R5 100000000

LDMIA R8!, {R@, R1, R2} Xf  -coa08609
STMIA R9!, {RO-R2} 2 sioeiie-

R10 (s1) :00000000

R11 (£p) : 00000000

. DATA R12 (ip) :00000000
A: .WORD 10, 20, 30, 40, 50 i :oouo0ouo

B: .WORD R15 (pe) :0000100c



RegistersView B X | “CodeView | X
General Purpose  Floating Point R
S|
Signed Decimal |
:0000000a
:00000014 0000100C:EBA90007
:0000001e
00&00000‘
:00000000
:00000000
:00000000
:00000000
:00001024
00001038
210 (tl) 00000060

CERBHABRES

< >

R14(1r) : 00000000 N o
R15 (pc) :00001010 —e

CPSR Register [oocowzs |7 8Bt | | teBt
Negative (N) : 0 00001018 0000000A 00000014 0000001E 00000028
Zero (Z) :0 00001028 00000032 0000000A 00000014 0000001E
carry(c)  :0 00001038 81818181 81818181 81818181 81818181
Overflow (V) : 0 00001048 81818181 81818181 81818181 81818181
IRQ Disable:1 00001058 81818181 81818181 81818181 81818181
FIQ Disable:1 00001068 81818181 81818181 81818181 81818181
Thumb (1) = =0 00001078 81818181 81818181 81818181 81818181

CPU Mode  :System  ;,,91088 81818181 81818181 81818181 81818181

« increment  before stere ond load

RO 100000014
LTEXT o onauncde
LDR R8, =A R3 100000000

_ R4 100000000

LDR R9, =B RS :oooo,gooo

R6 :00000000

LDMIB R8!, {R@, R1, R2} i
STMIB R9!, {R0-R2} R9 :0000102¢

R10(s1) : 00000000
R11 (£p) : 00000000
.DATA R12 :ff.} :ogoooooo
[ Rl H r &
A: .WORD 10, 20, 30, 40, 50  Ri3(=m):0001400
B: .WORD R15 (pe) :0000100c



d t 2y x|

General Pwpose Floating Point F
\
|
\

 CodeView | - x

Hexadecmal |
Unsigned Decimal
Signed Decimal
:00000014
:0000001e

: 00000028
:00000000

0000100C:ESAS0007 STMIB R9!, {RO-R2}

100000000
:00000000 |
:00001024 ‘
:00001038
R10(sl) : 00000000
R11 (£p) : 00000000
R12 (ip) : 00000000 |

ERLBRRERER

R13 (sp) :00011400 [L€ =

R14 (1r) : 00000000 MemonViewd g
R15 (pc) : 00001010 oo

CPSR Register LT S8t | | 166t
Negative (N) :0 00001018 0000000A 00000014 O0000001E 00000028
Zero(2) :0 00001028 00000032 81818181 00000014 0000001E
Carry (C) 10 00001038 00000029 81818181 81818181 81818181
Overflow (V) : 0 00001048 81818181 81818181 81818181 81818181
IRQ Disable:1 00001058 81818181 81818181 81818181 81818181
FIQ Disable:l 00001068 81818181 81818181 81818181 81818181
Thumb(T)  :0 00001078 81818181 81818181 81818181 81818181

iS5y 00001088 81818181 81818181 81818181 81818181

decrement ofter
- wWovh: #4  (h loytes)

. TEXT

RO :0000001e 30
LDR R8, =A R1 :00000028 &0
LDR R9, =B R2 :00000032 S0
so R3 100000000
R4 :00000000
LDR R6, [R8], #16 4 hioher :56 ;gggggggg
LDR R7, [R9], #12 / addr: RZ :81818181
W \,\U R8 100001024
LDMDA R6!, {R0, R1, R2} R9 100001040

R10(sl1) : 00000000

Y
STMDA R7!, {R0-R2} La R11 (£p) : 00000000
R12 (ip) : 00000000

R13(sp) : 00011400
. DATA R14 (1r) : 00000000

A: .WORD 10, 20, 30, 40, 50 R15 (pe) : 00001014
B: .WORD



Signed Decimal
RO :0000001e
R1 :00000028
R2 : 00000032
R3 : 00000000
R4 :00000000
RS :00000000
R6 :00000000
R7 :81818181
R8 100001024
R9 : 00001034
R10(s1) : 00000000
R11 (£p) : 00000000
R12 (ip) : 00000000
R13(sp) : 00011400

R14 (1r) : 00000000
R15 (pe) 00001018 Vel

Negative (N) :0 00001018

:0 00001028
:0 00001038

00001018 |

. decrement vefove

IRQ Disabic:rl
FIQ Disable:1
Thumb (T) :0

00001048
00001058
00001068
00001078
00001088

cowWovlh: #4 (y loytes)

. TEXT
LDR R8, =A
LDR R9, =B
LDR R7,
LDR R7,

LDMDB R8!, {R@, R1, R2}
STMDB R9!, {R0O-R2}

. DATA
A
B

[R8], #16
[RO], #12

)

v
00001020

00001034

ax

Word Size
| 53]
00000032 81818181

1E
81818181
81818181
81818181

81818181

81818181

028

81818181

81818181
81818181
81818181

81818181

.WORD 10, 20, 30, 40, 50

.WORD

32 81818181
81818181 81818181
81818181 81818181
81818181 81818181
81818181 81818181
81818181 81818181

: 00000014 2p
:0000001e 20
200000028 40
:00000000
:00000000
:00000000
:00000000
:81818181
:00001024
:00001040
R10 (s1) : 00000000
R11 (fp) : 00000000
R12 (ip) : 00000000
R13 (sp) : 00011400
R14(1r) : 00000000
R15 (pe) : 00001014

CREBBABREE



Without

RegistersView

7 x

General Purpose  Floating Point

Hexadecimal

thignedDecinul

100000000

:00001024
H 00001034

: 00900000,
00000000

:81818181

R12 (ip) : 00000000
R13(sp) : 00011400
R14 (1) : 00000000

R15 (pc) :00001018

/ —CodeView |

L~

00001014:E9290007

MemoryViewd

00001018 ®.

v
00001018 00001020
00001028 0000001E
0000 938

i ; 81818181
00001058 81818181
00001068 81818181
00001078 81818181
00001088 81818181

Moving RR . R4
\Y}

RegistersView a4 x
General Purpose  Figating Point I
[ _ Hexadeamal _ |
| Unsigned Decimal

\ Signed Decimal

RO 129290007

Rr1 :00001018

Rr2

R3 xMWOOOD

R4

RS

R6

R7 ¢

R8 ,o»oemoc

5"!_9 -WOGlO?O

R14 (1x) :00000000

CodeView |

00000018

00000028
81818181
81818181
81818181
81818181
81818181

1 x

Word Size

00000032
81818181
81818181
81818181
81818181
81818181

1eait | 38t |
00000014
00000014
81818181
81818181
81818181
81818181
81818181
81818181

pl.oc

R15 (pe) : 00001010 M/ e =k saarn Hin
= -~

CPSR Register [ovoorosl | 2 son | [z | 8

Negative (N) : 0 00001008 E9380007 E9290007 00001018 00001020

Zero (Z) :0 00001018 0000000A 00000014 ®2290007 00001018

carry (C) :0 00001028 0000102c 81818181 81818181 81818181

Overflow (V) :0 00001038 81818181 81818181 81818181

IRQ Disable:1 00001048 81818181 81818181 81

PIQ Disable:1 00001058 B1818181 81818181

Toemife) 58 00001068 81818181 :

CPU Mode  :System (4001078 81818181 81818181




ADDRESSING  MODES

Addressing

mode Description Start address End address Rn!

IA increment after Rn Rn+4*N —4 Rn+ 4*N
IB increment before Rn+4 Rn+4*N Rn+ 4*N
DA decrement after Rn—4*N + 4 Rn Rn — 4*N
DB decrement before Rn —4*N Rn—4 Rn—4*N

BLOOK TRANSFER - STRCK BT

© FILO fashion 0x1010
0x1014
© RiB: Stace fointer Crop oF Statk) 0x1018 10
0x101C 20
*vainly used in procedunal aalle 0x1010 30
0x1020 40
© Mack can grow  upwad f 0x1024 50
downward (oosed tn moded 0x1028 60
0x102C
0x1030
0x1034

33\!\\'0&%

<LDM/STM> <Addressing Mode>R13{!}, Registers

STMm: pu.s.h owto stack
LDM:  pop om stack



mode POP =LDM | PUSH | =STM
Full ascending (FA) LDMFA | LDMDA | STMFA | STMIB

Full descending (FD) LDMFD | LDMIA | STMFD | STMDB

Empty ascending (EA) | LDMEA | LDMDB | STMEA | STMIA
Empty descending (ED)| LDMED | LDMIB | STMED | STMDA

« wse R} - stack ?oini-ev (\ e .
\ C WOY

unchimally equivalent)

Example |

« TEXT
MOV RO, #1 puch, inc
MOV R1, #2
MOV R2, #3
STMEA R13, {R@, R1, R2}
SWI 0X11
RegistersView 1 x ﬁ| « X | StackView
General Purpose  Floating Paint mnzm 81818181
[ Hexadecimal :
L Unsigned Decimal
Signed Decmal 000013C4:81818181
RO 00000001 000013C8:81818181
Rl : 00000002 00001010:EF000011 = 000013€C: 81818181
Rr2 : 00000003
R3 100000000
R4 :00000000
RS :00000000
R6 :00000000
R7 : 00000000
R8 oeooonuo
‘ 000013F8: 81818181
= ~ |oooo13rc:s1818181
R13 (sp) : 00001400 |/ MemoryView | vix mgiiﬁﬂ,m
R14 (1r) : 00000000 Word Size 00001408 : 00000003

R15 (pc) 100001010 " ‘et | [ 18t | m ' 0000140C: 81818181
=g == el TS v

'|00001410:81818181




%mmﬂel

. TEXT

MOV RO, #1

MOV R1, #2

MOV R2, #3

STMEA R13!, {R@0, R1l, R2}

SWI 0X11
RegistersView B X | CodeView | v x| StackView R x
[ Hexadecmal

00000063

EEEBEBERERES

(1) o : 00001414:81818181
R15 00001010 A : Ea 00001418:81818181
(pe) : _ S EAECIET )] oo naig

'Z;Lowgle 3

. TEXT
MOV RO, #1
MOV R1, #2
MOV R2, #3

STMEA R13!, {R@, R1l, R2}
LDMEA R13!, {R3, R4, R5}
SWI 0X11



RegistersView
General PLrpose  Foating Paint

Hexadecmal

——Unmel PaoNe

Signed D2cmal
100000001
00000002
200000003

;00000001
00000002

CEERGEERES

R13 (sp) : WOMIGB
R14 (1r) : 00000000
R15 (pe) 100001014

. TEXT

x| -

ax

| 7 Memoniew! |

00001028 o
v

MOV RO, #1
MOV R1, #2
MOV R2, #3

STMFA R13!,
LDMFA R13!,

SWI

0X11

{RO,
{R3,

R1,
R4,

VWord Size

@t | ot | [3mn] |[0000LA

inc,

pop, dec

R2}
R5}

push

(i®)
(DR)

00001014 :EFO00011

FRegistersView X | “CodeView
General Pumpose  Floating Pant
[ Hexadecinal |
Unsgned Decimal
Signed Decmal
RO : 00000001
R1 100000002
R2 : 00000003
RrR3 100000001
R4 H 00000002
RS H 00000003
R6

(fp) :
R12(ip) :moaaoe
R13 (sp) : 00001400
R14(1r) : 00000000
R15(pe) : 00001014

MPED Reamiatoar

/" MemoryView1 |

~x oo

00001028 o
v

00001028 81818181 81818181

Word See

it | | seat| 320 ] |08

81818181 81818181

000013FC: 81818181
0:81818181
3




— (Lo™ [STM) €D

Example |

. TEXT
MOV RO, #1
MOV R1, #2
MOV R2, #3
STMED R13!, {R@, R1l, R2}
LDMED R13!, {R3, R4, R5}
SWI 0X11

RegistersView B | /CodeView v X | StackView o x
General Purpose  Floating Point e e
[ Hexadecmal ]
| Sgedpeamal _
RO :00000001
R1 : 00000002
R2 :00000003 00001014 :EF000011
R3 100000001
R4 =
R7
R8
=
/" MemoryView! | i oonqupfgggggg:g
Word Size 0 31818181
" == W ==y |
oo ] (o | s | ]




— (Lom [STM)FD

* mostly uted

. TEXT

MOV RO, #1

MOV R1, #2

MOV R2, #3

STMFD R13!', {R@, R1, R2}
LDMFD R13!, {R3, R4, R5}
SWI 0X11

|

RO 200000001
R1 200000002
R2 200000003
R3 200000001
R4 200000002
RS 200000003
R6 200000000
R7 200000000
R8 200000000
RO 100000000

R13 (sp) :00001400
R14 (1) : 00000000
R15 (pe) : 00001014

|
|/~ MemoryView1 | X
Word Size

ocoszzs | ¢ ] ] [ |}




Stack Load [ Stove Instruchons

STMFD sp!, STMED sp!,

{0, rl, x3-r5} {r0,rl,r3-r5}

Old SP—> oldsP— [ &

— PROCEDURE .cald

STMFE sp!,
{r0, rl, x3~r5}

Old Sp —=

STMEA sp!,

{#0,r1, r3-r5}

Old sp

0x418

0x400

0x3e8

by BL inttruckien)

Lke o funckion

foorm tink operation before bmnehiv\a (eL)

Gucrent PC value (RIS stored in R\ before the branch is faken Gimplicity

Remmina bock : MOV RIS, R\g 6 MOV PC,LR 6 BX LR



Main Procedure

0x0000 Instruction 1

0x0004 Instruction 2 Called Procedure

0x0008 Instruction 3 0x0020 Procedure: Instruction 1

0x000C BL Procedure 0x0024 Instruction 2

0x0010 Instruction 4 0x0028 Instruction 3

0x0014 Instruction 5 OXXXXX MOV PCLR
AR or

Instruction Last BX LR
Example 1
. TEXT
MOV RO, #10 unparameterisel

ADD R1, RO, #20
BL FUNCTION
MOV R2, #50
SWI 0X11

FUNCTION:
MOV R5, #8
SUB R2, R5, #3
MOV PC, LR

General Prpose  Fipating Pont
Hexadeomsal |

10000001
100000000

R | |

7/ il'lemory\/tewl ] - X
Viord Size
b 2

00001028 i [smt | 1smt]




RegistersView 2 Xx

General Purpose  Foating Point

[ Hexacecimal |
Signed Dacimal

R3

R7

uf

 Coddie | - x

00001014 :E3A05008

Z~ MemoryView! - X

Word Size

Emmple A

¢ [t [ [3m0]

!_/ /~ MemeryVien - X
[ Word Sz

Corem—, | L[]

porometericed: push patameters v stak



. TEXT

MOV RO, #1
MOV R1, #2

STMFD R13!,

BL ADDFUNC

LDR
STR

ADDFUNC:

LDMFD R13!,
ADD R3, R4,

R2,
R3, I

=A

R2]

MOV PC, LR

. DATA
A:

.WORD

0

{RO, R1}

{R4, R5}
R5

RegistersView 3 X | Codeview | - X | StackVisw
seners urpose  Flosting Point
r&xa&dmal
ungredl:!eunﬂ ‘ SRS
Syhe! Decinal | it
RO 200000001 8
R’ :00000002 3
R2 00001028 13D0 :
R4 : 000! e
RE 0000 =
R7 000 1380 =
RY 200000000 1IV081;
R10(=l) :00000000 ASF4-ta
R11 (£p) : 00000000 Z
R12(ip) : 00 = = 00001400:81818181
R13(sp) : 00001400 L MemonView! * X |oooorane:sisisisr
R14(1r):00001010 Viord Sz ||DOOD1408:81818181
ris 00001018 [pooor02s ] = 'DO0D140C: 81818181
MSe) 00001038 | [ | ey
00001028 00000003 81818181 81818181 81818181 0 X 28
m_u,:’&f': 00001033 B1818171 81818161 81818181 81818181 :
Zero (2) 10 00001048 61818161 81618161 B1816181 81818181
Carry(C)  :0 00001058 81818181 81818181 81818181 81818181
overflow(v):0 00001068 51818161 81818181 81818181 RAIBIB161
IRQ Disable:1 00001078 ©1818181 81618181 81818181 1818181
FIQ Disable:l 00001088 81818161 81818181 81818181 81818181
Thumb(T)  :0 00001095 £1918151 61918181 61618181 61810181
CPU Mode  :System  DO0OL0AS 81818181 81818181 B1818181 BIBIBIBL |oonosaar atarosne



@UL (ADD(A, B), C) (PrB)*C

- TEXT
MOV RO, #1
MOV R1, #2
MOV R2, #3

STMFD R13!, {R@, R1l, R2}
BL MULFUNC

LDR R6, =A
STR R7, [R6]
SWI 0X11

MULFUNC:
LDMFD R13!, {R3, R4, R5}
STMFD R13!, {R3, R4, LR}
BL ADDFUNC
LDMFD R13!, {LR}
MUL R7, R8, R5
MOV PC, LR

ADDFUNC:
LDMFD R13!, {R6, R7}
ADD R8, R6, R7
MOV PC, LR

.DATA
A: .WORD 0



RegistersView 1 x

General Purpose  Floating Point
Ursigned Decmal ‘

RO 100000001

R1 : 00000002

R2 :00000003

R3 00000001

R4 100000002

RS :00000003

R6 : 00001048

R7 : 00000009

RE ;00000003

R9 :00000000

R10 (s1) : 00000000

R11 (£p) : 00000000
R12 (ip) :00000000

0000101C:EF000011

SWI 0X11

_\I

R13(sp) :00001400 /" MemonyView1 »:X
R14 (1x) :00001014 Word Size
R15 (pe) :0000101c pooowcss |2 a6t | | seit |
d?SR iegisber 8 81818181 81818181 81818181
Negative (N) :0 00001058 81818181 81818181 81818181 81818181
Zero(z)  :0 00001068 81818181 81818181 61818181 61818181
Carry(c) :0 00001078 81818181 81818181 81818181 81818181
Overflow (V) : 0 81818181 81818181 81818181 81818181
Q Disable:1 1818181 81818181 81818181 81818181
) Disab] 1 81818181 81818181
mmb (T =0 00 38 ¢ £ 7 Blﬂﬂlﬂ'l i;ﬁiin
CPU Mode :System  (000010C8 81818181 81818181 81818181
MULTIPLICATION INSTRUCTIONS
MUL Multiply 32-bit result
MLA Multiply accumulate 32-bit result
UMULL Unsigned multiply 64-bit result
UMLAL Unsigned multiply accumulate 64-bit result
SMULL Signed multiply 64-bit result
SMLAL Signed multiply accumulate 64-bit result -

2 resi&-}erx



— MUL

MUL{<cond>}{S}@ Rs) @ Rd = (Rf x RS)csnzoJ

Must be reg only
difeerent o+ immed ate

feaisnrs
Emmgle 1

. TEXT
MOV RO, #3
MOV R1, #2
MUL R2, RO, R1
SWI 0X11

_// CodeView e

General Purpose  Fioating Point

pl.o




Example 2

c=ct alil¥bli]

. TEXT —
K| Code v x

LDR R@ ) = G‘-‘";“'Nm Fhatng Poi-t
LDR Rl, = [ Unsigned Deamal
LDR R2, = ===

100000000
100001058
000060000
0000001
00000003
<H00D0006
+00000012
:00000000.
:00000000

mtn) 100000000
50

00

i

MOV R3, #3
MOV R4, #0

882 FRACREE

R11 (£p) : 00000000

212 tip) 00000000
LOOP: gr e

LDR R5, [RQ], #4 e iwe =

CPSR Registor Wor Sie

LDR R6, [R1], #4 @l e o el
0001040 00000001 00060002 00000DN  DOOOOOO2
MUL R7 ’ R5 ’ R6 ::.':ﬁ:im': 00001050 00000004 »Dﬁom‘ 0000001 “"-'»“( g
ADD RA. RA. R7  homin e END NGHE MIAN AR
’ ’ Thumb (T)  :0 00001080 81818181 8181818l 81818181 81818181

P Made :Swxtem 00001090 B1B18181 81818181 81818181 81818181

SUB R3, R3, #1
CMP R3, #0
BNE LOOP

STR R4, [R2]

.DATA
A: .WORD 1
B: .WORD 2
C: .WORD

’

3
, 0

- -

£~ N



<MLA> Rd, Rf, Rn, Rm @ Rd = RfxRn + Rm

. TEXT
LDR RO, =
LDR R1, =B
LDR R2, =
MOV R3, #3
MOV R4, #0
LOOP:

LDR R5, [RO], #4
LDR R6, [R1], #4
MLA R4, R5, R6, R4
SUB R3, R3, #1

CMP R3, #0

BNE LOOP

STR R4, [R2]

.DATA
A: .WORD 1, 2, 3
B: .WORD 2, 4, 6
C: .WORD



— SMLAL [SMULL | UMLAL | uMULL

SxAV\\'M

RegistersView 4 x /‘thWaN|

General Purpose  Fleating Paint
Hexadecimal |
Unsgned Decmal
Signed Dedmé

100000000
100000000
100001054
=00000000
200000010
100000003
=ooauoooc

pl.o

EBBRRGENREE

Rl!t1z1 00000000

R1S (pe) 00011400

<SMLAL/SMULL/UMLAL/UMULL>{cond}{S} RdLo, RdHi, Rm, Rs

SMLAL Signed multiply accumulate Long [Rdhi, RdLo]=[RdHi,RdLo]+(Rm*Rs)
SMULL Signed multiply Long [Rdhi, RdLo]= (Rm*Rs)
UMLAL Unsigned Multiply accumulate Long | [Rdhi, RdLo]=[RdHi,RdLo]+(Rm*Rs)
UMULL Unsigned Multiply Long [Rdhi, RdLo]= (Rm*Rs)




PSR Tngrruchons

—— MRS

move o ﬂﬂ Bromn Stotus *q&“ﬂ'

MRS RO, CPSR
MRS R1, SPSR

Exomple 4

. TEXT
MOVS RO, #0
MRS R1, CPSR
SWI 0X11

‘RegistersView ax
General Pumose  Floatng Pont

et |

a0 1040 &
v




MOV to Stodus  vegjtker from )

_field
Example:

MSR CPSR_field, RO _c: Control Field (0:7)

. _f: Flag Field(24:31)
MSR SPSR_field, R1 _x: Extension (8:15)

_s:Status (16:23)

31 28 27 24 23 16 15 87 65 4 0
T T
N|(Z(C|V undefined I. mode

‘_f_’k_s_’l‘_x_"_c_’

wode*
EXQVV\ le 4 10000 _usai
VLLLL =Sy en)
- TEXT Cpage [k))

MOVS RO, #0XF0000000
MSR CPSR_f, RO
SWI 0X11

Gereral Pupose  Hoating Foint

00001008 : EFO00011

e " MemanyViewd [ - X

CPSR Register o —

=ga £ 0000109 (o7 m§‘m-: ot
Oxf =1l { ' 00001040 1916101 G1EAOTAL 1816101 GIBTOTOL
vo: 200 BLEL S E1910161 S1810161 - B1A16151
o000t 8 : 1 8181 1 81818181 81818181

00001070 §1810181 81810181 01816181 81818181
00001080 81818, 8181 81818181 81818181
00001090 81818181 1 81818181 B18181A1
00001040 81818181 181 01618181 010818101
touqol_ogib' 8181818 181 81818181 81818181




—— Swp

SWop  memory ond mai:’rer value

Syntax

SWP <Swap Destination>, <Original>, [<address>]

)

de,prw\hd m
PRMVE and v

tawmgl e

. TEXT
MOV RO, #5
LDR R1, =A
SWP RO, RO, [R1]

.DATA
A: .WORD 6

RegistersView 2 x| pl.s
General Purpose Floating Point

BEBEZBBEEREE

R14(1r) 00
R15(pc) : 00001004




AXx pl.s

General Purpose  Floating Point
Hexadecimal ]
Unsigned Decimal 00001008:E1010090

Signed Decimal

8RERBEEREE [

— ENCODING
st

OPcode{condition}{S} Rd, Operandl, Operand2

TndhrucHon  Format

31 28 27 2019 1615 1211 4 3 0

Condition OP code Rn | Rd Other info : Rm
|




(ondiHion Fietd

31 28 24

L I F
Cond

‘_,_‘—‘—14

0000 = EQ - Z set (equal)
0001 = NE - Z clear (not equal)

0010 =HS /CS - C set (unsigned
higher or same)

0011 =LO /CC - C clear (unsigned
lower)

0100 = MI -N set (negative)

0101 = PL - N clear (positive or
Zero)

0110=VS -V set (overflow)
0111 =VC -V clear (no overflow)

1000 = HI - C set and Z clear
(unsigned higher)

— DATA PROCESSING INSTRVLTION

1001 = LS - C clear or Z (set unsigned
lower or same)

1010 = GE - N set and V set, or N clear
and V clear (>or =)

1011 = LT - N set and V clear, or N clear
and Vset (>)

1100 = GT - Z clear, and either N set and
V set, or N clear and V set (>)

1101 = LE - Z set, or N set and V clear,or
N clear and V set (<, or =)

1110 = AL - always
1111 = NV - reserved.

31 2827262624 212012 1615 1211 0 Opcode  Mnemonic
cond #| opcode |[S| Rn Rd operand 2 E [24:21]
| e ROpfrovmnls] v | pa | ez ] W
. 0001 EOR [
‘/ . I— destination register : 0010 SUB O‘)Cm‘htw\s
' first operand register ' 0011 RSB
D?::CS G '\O : set condition codes . 0100 ADD
: arithmetic/logic function 0101 ADC
Y \J - \j 0110 SBC
25 1" 87 0 0111 RSC
MM —a|1] - mrm e + | #ot [ 8bitimmediate | 1000 TST
i 1001 TEQ
opevarnd 2
1t ™ immediate alignment — H 1010 CMP
Lus¢ 0000d 4 Sp—— L 1011 CMN
. ! 1100 ORR
i W L £y - | S [Sh]of Rm l 1101 MOV
1 ' 1 1110 BIC
immediate shift length MVN

second operand register

shift type

| 1111

11




Example 1
ADD RO, RI, R2

3l 8 272095 2% 2 20 19 18 \S 12 1) 705 43 0
tond |00 [#] Oplode [S[ Ra | R4 [ #shift [ 0] Re

L Ly, Lo

wo tond 00000 o
= AL
> llo 5

kL

1o o ) 000D 0000

| l L L l I { l

4 o g ( o o ° 2

Ox €08t 0002

ARM sim

00001000:E0810002 ADD RO, R1, R2



Shift +ypPe g amount

— IMMEDIATE
u 72 6 5§ &
)
00 — loaical left
5-bit umianed ol — looncal ot
lo — oarithmahic rlah\'
It — rotate riah%—
— REWSTER
u 8§ 72 6 5 &
0 \
00 — logical left
shft amount 01 — loancal right
specified n ) lo — arithwmadic rlak\'

I — rotate riah\-



Examg\eD\
ADDS R\, Ro, R2, LSR R4

3| A 272095 A% 2 0 19 18 \S 12 1\ 72605 43 0
tond Joo [#] optode[s] Ra | R4 [ Ry Josn [I] R

l v | |

0
nwo wnd O\oo 0 \
= AL
=1l\o \
Lo o | 0100 00|
[ R e S O O Y AR
€ 0 9 0 I 4 2 2
Oieoqolq'zz 00001000:E0901432 ADDS R1, RO, R2, LSR R4
Example 3

ADDS R\, Ro, R2, LSR #2

3l 8 272095 A% U 19 16 \$ 12 1 705 43 0
tond [ 00 [#] optode [S] Ra [ R4 [ #shift [sn]o] Rm

L LN Lo

wo wnd 00010 0
= AL
=1lto \
lito o | 000\ OD|D
l I
€ 0 q O | l 2 2

Ox.ED40(122 00001000:E0901122 ADDS R1, RO, R2, LSR #2




Example 4
MOVNES RS, Ré, ROR RO

31 B 7 n95 A 2019 [T T Y R\ 745 43 0
tond [ oo |#] oplode || Ra R4 Re [ofsh[1] Rm

Lo} o ocbo & ¥ |

000\ (o) { 0000 O\t

| R AR RN RS R A
S

b i b

Ox (1 BOS0TL

00001000:11B0O5076 MOVNES R5, R6, ROR RO
31 28 27 2354 B
Cond 101 L offset
Link bit
beanch Ocbumch branch offset
Condition field

BL , B



Mu\HP\( ahon
/

31 28 27 22 21 20 19 16 15 12 11

8 7 /43 0

Cond 0 00O0OOJALS Rd Rn Rs 100 1 Rm

1 ] L T — T | L
E =
Operand registers

Destination register

Set condition code
0 = do not alter condition codes
1 = set condition codes

Accumulate
0 = multiply only
1 = multiply and accumulate

Condition Field

MUL{<cond>}{S} Rd, Rm, Rs @ Rd = (Rm * Rs)

MLA{<cond>}{S} Rd, Rm, Rs, Rn @ Rd = RmxRs+Rn

LARWE MULTIPLI CATIONS

nnquPHLaan
31 28 27 23 22 21 20 19 18 15 12 1 8 7 Z 4 3 0
Cond 00 0O0 1JUlALS RdHi RdLo Rs 1 g 'S Rm

Source destination registers

Set condition code

0 = do not alter condition codes

1 = set condition codes
Accumulate

0 = multiply only

1 = multiply and accumulats
Unsigned

0 = unsigned

1 = signed

Condition Field

M | L (| T | ﬁ_‘
[L Operand registers

<SMLAL/SMULL/UMLAL/UMULL>{cond}{S} RdLo, RdHi, Rm, Rs



SMLAL | signed multiply accumulate long | [RdHi, RdLe] = [RdHi, RdLo] + (Rm *Rs)

SMULL | signed multiply long [RdHi, RdLo] = Rm™*Rs

UMLAL | unsigned multiply accumulate [RdHi, RdLe] = [RdHi, RdLo] + (Rm *Rs)
long

UMULL | unsigned multiply long [RdHi, RdLo] = Rm*Rs

Example 4

MUL  R2, R3,RY

3 a8 27 a2 2 20 14 1§ \S 12 1 g 7 43 0
Cnd |000000 [A|S| R4 Rn Re [lool| Rm

| R l l

Qol 0(00 001
Lo ¢ ? !
Ox & 00&0%13
00001000: E0020493 MUOL R2, R3, R4




31 28271265 MNMBN2AND 16 13 1211 0

Cond 01 JIPJUIBEW]L Rn Rd Offset

| I L 1 L I J

I
L Source/Destination register
Baseregister —> R, CRaJ

Load/Store bit
0 = Store to memary
1 = Load from memory

Wrkte-back bit | = wWriteback
1 = w2 33oress o base

Byte/Word bit
0 = transfer word quantty
1 = transfer byte quaniity

Up/Down bit 2
trqmrmm—— wy $ign of offeef

Pre/Post indexing bit
0 = post. 30d ofMset aner

1= mmmmm - rm k“m‘“—’ 1=0
Immediate offset

13 0=0Meet s an Immedate valve .

Immediate offset —

I
| Unsigned 12 bit immediate offset

n 1 = offset ks 2 register 43 0
Shift Rm =
| || J
| |
Offset register
shift applied to Rm

Condition field like data Pornal

$TR RO, ([RY default:pre increment no Wb

3 2% 2726 aS 3423 22 A 20 9 1 \S 12 () 0
Cond |of |T[P|ole[w[L] RA R4 offset
) (R A !
l\\o ol loos ooot 0000 0000 OO0

O e5810000 00001000:E5810000 STR RO, [R1]




LDR RO, CRIJ, RL

3l 28 2726 3 3493 22 A 2 19 16 \S 12 1) 43 0
Cond |o| |I|Pio|s WNiL] Rn Rq shift

} ULl ) )

g

o loloo ooo\ 0000 0000
m\thlg
defined in
ost
Oxeb4100017
00001000:E6910002 LDR RO, [R1], R2

Valueg
Name Stack Other Lbit | Pbit | Ubit
pre-increment load LDMED LDMIB 1 1 1
post-increment load LDMFD LDMIA 1 0 1
pre-decrement load LDMEA LDMDB 1 1 0
post-decrement load LDMFA LDMDA 1 0 0
pre-increment store STMFA STMIB 0 1 1
post-increment store STMEA STMIA 0 0 1
pre-decrement store STMFD STMDB 0 1 0
post-decrement store STMED STMDA 0 0 0

<LDM/STM> {cond} <Addressing Mode>Rn {!},Registers



b rens
31 2827 25242322212019 1615 0
| cond [100][plu[sL| rn | register list |

base register
load/store

write-back (auto-index) )

restore PSR and force user bit $tvYe CP§R
up/down

1 °

pre-/post-index

| o)

LDMERIA Rzl {R&,Rs-Rg, Riz, R2}

3| 227  aS a3 2221 A 19 16 \S 0
Cond |I00|PIO|SN Rn vegitter ligy

| L vl L

€Q posk o | 1 000l o000l 1\l o\0O
0000 0
QL))

Ox08BD L1 F Uy

00001000:08BD11F4 LDMEQIA R13!, {R4, R5-R8, R12, R2}




INTERRUPTS

© normal program  Flow s olisvupt

- intereupt service voukine CISR)

Reset
(or power up)

Triggered by
power_up/
reset_key

Serving  Interrupts
al |

Interrupts

|

. \mm —baw\
- all devices cthe
- slow process

Software
Interrupt

Triggered by the
software instruction
SWI x

hardware sources

I

Timer

‘Xo\\m{)

I
External
Interrupt

EINT

9 Shored

mewmsY? 8



Main Memory

User stack *
6\0\)0\ T
variaves - ;
cap 1=
4
Code
Interrupt stack v
infkervupk: -
oddces ’ ‘Gw&—— Vector Table
AR PING
\SRs
ARM Exception Wandling
' v
° C?SK - SPSR DF ei(.ePHon Mode User mode
‘/ CPSR |
- PL— LR of exceprion mode —
PC.

+ CPSR set 4to exception mode

- PC — oddcess of exceprion handler

local
varwWes

namicall
allocated

Exception mode

J

| cpsr
C

SPSR.exp

|




FSM

31

M= UVSER
CPSR-1=0

CPSR.F=0

1RQ. intevrupt

CPSR.1=1
CPSR.F=|

2R 27 24 23

Mf—lkq
CPSR-1=]
CPSR.F=0

0

T

Co

S S e s s s B e s B B B B B B s s |

nd 111 Comment field (ignored by Processor)

(-

N (3

Condition Field




Opcode |Description and Action Inputs Outputs EQU
swi 0x00 |Display Characteron  |r0: the character SWI_PrChr
Stdout
swi 0x02 [Display String on r0: address of a null ter-  |(see also 0x69
Stdout minated ASCII string below)
swi 0x11 |Halt Execution SWI_Exit
swi 0x12 |Allocate Block of Mem- |r0: block size in bytes r0:address of block [SWI_MeAlloc
ory on Heap
swi 0x13 |Deallocate All Heap SWI_DAlloc
Blocks
swi 0x66 |Open File r0: file name, i.e. address of |r0:file handle SWI_Open
(mode values in rl are: 0 |a null terminated ASCII If the file does not
for input, 1 for output, 2 |string containing the name |open, a result of -1
for appending) rl: mode is returned
swi 0x68 |Close File r0: file handle SWI_Close
swi 0x69 |Write String to a File or |r0: file handleor Stdout SWI_PrStr
to Stdout rl: address of a null termi-
nated ASCII string
Opcode |Description and Action Inputs Qutpuls EQU
swi Ox6a [Read String from a File |r0: file handle 0: number of SWI_RdStr
rl: destination address bytes stored
r2: max bytes to store
swi Ox6b |Write Integer to aFile  |r0: file handle SWI_PriInt
rl: integer
swi Ox6c Read Integer from a File |r0: file handle 10: the integer SWI_RdInt
swi O0x6d |Get the current time 0: the number of |SWI Timer
(ticks) ticks (milliseconds)




