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Abstract

This project is designing Microprocessor 32 bit, working similar with ARM7 which sturcture is
RISC (Reduced Instruction Set Computer) by using VHDL hardware description language. The process
of designing start with study ARM?7 architecture, using decomposition method to design and verify

correctness by testing each component with V-System. Then combine all component and testing until to

obtain Soft Core of Microprocessor that can simulate.
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NIAU, YAATTIANY YD ARM7 ﬂTﬂiaa1uu%zﬂaqw1ﬂwseammu‘luTﬂﬂﬂiwmmanauuuuumi

i WA

2.1 MWIIWYBI ARM 7
ArM7 uluTns Tsawed 32 Ta Aldwdanud fvwadn Fagmith14lu asics
(Application-specific integrated circuits) N30 CSICs ( Customer-specific integrated circuits) Taseada
99 ARM 7 11y RISC (Reduced Instruction Set Computer) fie figadidaiiiie hisudoumion
UYL CISC MIADUAUDITYYMUDUNDTTUT (Interrupt Respond) 110191 (Real Time) (M1
dmiunnh U9 fugnsaifidesms I ivinadn dsenfandanu waz anusiada
Feature Summary : 32 bit RISC (data & address bus)
: 25 MHz (25 MIPS) , 3 V
- 191 0.6 mA/MHz , 3 V fabric 0.8 m CMOS
- mfumuAs AR UAUBIEULBUMBS UV (Interrupt System Support)
- evfuayums Tosunsulaun1¥1szAUY (High Level Language Support)

: gamdadie uatszansam

ARM7 gavir T 14 ludua e mnne sndaediusu

Telecommunication GSM terminal controller

Data communication Protocol conversion

Portable computing Palmtop computer

Portable instrument Handhold data acquisition unit
Automotive Engine management unit
Information System Smart cards

Imaging JPEG controlier



2.2 ARM7 Architecture

a . o < o 9 u’: Qy o v 1Y
ARMT 1 Block Diagram 1ilusiagal 2-1 deaunsaron1didu 6 Tnuanisdnudieiu

o

) 9 ) I 4
Taof Inssautiaziimssenuuylulas Tlswames naunsoiiauldinnie User Mode iy

L3

[

Tnuanshinuiined
1. User (Unprivileged mode)  iiluTnuamsiwudng
L o dy A a R A ot .. a dy
2. FIQ sudg Tuuansdhaiuil iiedumess1n (Interrupt) NN priority gaqa 1NAYY
¥ ) v v ¥
3. IRQ vzidng Tnuamshauil diedumes SUNAT priority fga indi

4. Supervisor LﬁﬂLﬁﬂﬂ‘ligl‘vﬂ (Reset) H?ﬂﬁmﬂ‘ff’ﬁﬁ#\i Software Interrupt ﬁ%l‘l’ﬁq
Tnuamsvhaond

5. Abort Inuﬂnﬁﬁnmffvz"l%’sﬁmﬁﬂmsmmﬁﬂwam‘lumi%ﬂms%’ayaﬁwﬁaﬂmm
1 19y SudedumialumboanusuAudumisgage dludy

6. Undefined §Tmuamsianiiiiofianisidded arm7 Tidsn

saa . o’: ‘Qy u [ a a & 1

ARM7 i133e1005 (Register) Madu 37 72 TaoithiSvaansvuna 32 Ia Faluudas Tvuans
° 9ot L'd 1 o oa o o’: o oo dy
MauannsalestaasiuanA1Nu S3amoiNe 37 @9 UAH
® Program Counter 1 e
®  Current Program Status Register (CPSR) 1 )
®  Saved Program Status Register (SPSR) 5 A2
e Simmesnall 30

[ . [ 1 4

swazBuavesiames i luudas Tuuaeunso ¥ dTudgy 22 Fafudiduionuasu

fu'ldidu 37 6

Condition Flag
P o’l’ Qy o 9 as o dy
ARMY il Flag M198TU 4 @adnefiu fad]
Flag Logical-lstruction Arithmetic Instruction
Negative N = 1) | Hitldountlass fiaf 31 voawadwin la
Zero (Z="1") iienadniugud wadwif iaiiugud
g . 1 4 Y o el ¥ 1 a
Carry (C=*1") waams Shift udaldm 1° 1y Canry | madninldunni 32 da
Out 90AIN
Overflow (V = 1) | lirJaouuassn padnn Idunnd 31 g sudluda
venIunan1sAananly Sign bit
Y94 Signed number

#1314 2-1 Condition Flag
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(31*32 bit registers)
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=
L0

b :D Booth’s

u Multiplier

Shifter

Bus

Instruction
Decoder
&
Control

Logic

I

Write Data Register

U

DOUTI31:0]

il

11

Instruction Pipeline

& Read Data Register

ﬁ

DATA[31:0]

3 1AM 2-1 Block Diagram 489 ARM7 Microprocessor
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General Registers and Program Counter

User FIQ Supervisor Abort IRQ Undefined

RO RO RO RO RO
R1 R1 R1 Rl R1
R2 R2 R2 R2 R2

R3

R3

R15 (PC) R15 (PC) R15 (PC) R15 (PC) R15 (PC)

Program Status Registers

CPSR.

3 nw 2-2 Register Configuration

Instruction Pipeline
ARM7 Simsviauduiunuy i 1ed Pipeline) ierinanuis1lums lvaveadidaly

4 o o o Q'I é

THadnlszurana (Processor) fin TuvmziMAninsIOngAad (Execute) Mdanilang Avziing
aBATIE (Decode) Ardadmmnanddniu uazfimsidide (Fetch) t‘\”ﬂMﬂf’iﬁW”;ﬁﬁmamﬁaﬂtj
10 1A ARM7 vzuanaieluidntles fie TavmAoududazirdenz 19 mdmalumsdndand 1n
A 1 lmida dnfuszdeaiamsta i lad uioRiEonfudt « M3 Store Pipeline » #4111 lariveq

ARM7 111l 3 maa (State) Arofiugagal 2-3



RIN15DIUAITINIIANUIY
PC FETCH

AU

MmsoeasiamduiNenIsnIy
PC-4 DECODE

AuMINaY

g ° d'

Aoy TWUUNAIY MU
PC-8 EXECUTE it

AU ABIN3

3NN 2-3 Instruction Pipeline

2.3 YA (Instruction Set)

TRLTY | 38 o S35 | ad
frdainmsldauly ARM7 winguily 6 gamde Fuwazgadidiannsoiiouly

v v . C 4
(condition) 'I& Taw Condition Field iNaiu 16 N3l uazlisvazidoaveunazidinail

Condition Field

31 28 27

I——V Condition Field

31N 2-4 Condition Field

“0000” = EQ : Z set (equal)

“0001” = NE : Z clear (not equal)

“0010” = CS : C set (unsigned higher or same)
“0011” = 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)

“1001”=LS : C clear or Z set (unsigned lower or same)



“1010” = GE : N setand V set ,or N clear and V clear (greater or equal)
“1011”=LT :Nsetand V clear ,or N clear and V set (less than)
“1100” = GT : Z clear and either N set and V set ,or N clear and V clear (Greater
than)
“1101” =LE :Z set,or N set and V clear ,or N clear and V set (less than)
“1110" = AL : Always 1fufie fdaszihauTaelifiiaden flag o
“l1111” =NV :Never

Huuve

Tufrda NOP azmilounuf1dea MOV Ro,Ro Bit condition field 9z15/u “AL”

1. Branch and Branch with link
annsonszlanaluianula +- 32 Mbytes

Ll 28 27 252423 0

COND |1 0o 1 |1 OFFSET

3 1710 2-5 Branch Instruction

o o o ' 1 ° < ' 4 3 ' 1
mamidds BL  aumlu pe szgmirliifiulu R14 deudt PC sznlaouliduslmin
dpamsnszlaaldvnu Tashmwes OFFSET ifudnoy Indmosszimmsiiaaninnmsinm
. v v
dumuandaamsnszlaa’ll audsdumusvesiidaniy udraveendn 8 @wmnualni — dumus

L% ' A ' Y o Ao TR ] d Be : Yo o
flagiiu - 8) daumsauandyldaidwmisduiieduiida BL iuezlddids MOV PCR14

2. Multiply and Multiply-accumulate

31 28 27 22212019 16=lb=12 Jd* 87 4 3 0

Cond 000000 |A |S Rd Rn Rs 1001 | Rm

31N 2-6 Multiply Instruction

A : Accumulate

“0” = multiply only
“1” = multiply and accumulate
S : Set condition code
“0” = do not alter cor;dition codes
“»

= set condition code

Rd : Destination Register



Rn ,Rs ,Rm : Operand Register

° ° o d =
HumniTenlesiaud Rs vviimsguiulenlesuaud Rm ud1wndas Ra mndluns
. . E 4 .
WM& Multiply-accumulate ¥1 ARM7 Wuldn15qua1675 Booth's Algorithm fvznanilasiy

=) o
sioualun1enag

3. Data Operation
31 2827 26 2524 2120 19 16 15 12 11 0

Cond 0 0 {I] Opcode | S Rn Rd Operand 2

3 1/n1W 2-7 Data Operation Instruction

I: Immediate Operand
“0” = operand 2 is a register value
13 1 ki

= operand 2 is an immediate value

Opcode : operation Code

“0000” AND
“0001” EOR
“0010” SUB
“0011” RSB
“0100” ADD
“0101” ADC
“0110” SBC
“0111” RSC
“1000” TST
“1001” TEQ
“1010” CMP
“1011” CMN
“1190™ ORR
“1101” MOV
“1110” BIC
“1111” MVN

S : Set condition codes

“0” = do not alter condition codes
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“1” = set condition codes
Rn: 1% operand register
Rd : Destination register
] b4 .
iflunsi Arithmetic & Logic Operation 1A6# Operand2 WuaNsaMIMs Shift 38
. 1 A o ° ° t 9 & 9 o & A ] a o <& o w 1 4
Rotate Right ADUNUIUTRINITATUINUATIC "lﬂ 39z [ FReemdaasnmnsanoei 2 ﬂ'|’d\1“lﬂ

0 q & 0 d & gy
Mmldnmlumsiausiasdule

QOperand2 (ARM Shift Operation)

11 76 5 4 11 87 6 5 4
0 0 |
Shift amount —-Shift type Shift register Shift type

3 171" 2-8 ARM Shift Operations

Shift amount : (U 1MIANVIN 5 Ta
Shift type :
“00” logical left
“01” logical right
“10”  arithmetic right
“11”  rotate right
Shift register : snuanaalums Shift n50 Rotate 191 8 ﬁmthwmfhiu?%maﬁfuq

L d
51002180AU04 Shift type TALT

1. Logical Shift Left (LSL)

31 Content of Rm 0

Carry Out €¢———] /

Value of Operand2  0..0

311N 2-9 Logical Shift Left



4.

31

2. Logical Shift Right (LSR)

31

Content of Rm

\

0

.0

Value of Operand 2

317 W 2-10 Logical Shift Right

3. Arithmetic Shift Right (ASR)

4. Rotate Right

3130

Content of Rm

B

Value of Operand 2

3Un W 2-11 Arithmetic Shift Right

0
g—‘b Carry Out

0
Q—‘—V Carry Out

31 Content of Rm 0
|\[A

» Carry Out
Value of Operand 2
710 2-12 Rotate Right
Single Data Transfer
28 2625 24 23 22 212019 1615 1211
Cond [O1| I | P|U[(B|W]|L Rn| Rd Offset

gﬂmw 2-13 Single Data Transfer

Rd : Source/Destination register

Rn : Base register

L :Load/Store bit

“0” = Store

“1” = Load

11
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W : Write-back hit
“0” = no write-back
“1” = write address into base
B : Byte/Word bit
“0” = transfer word quantity
“1” = transfer byte quantity
U : Up/Down bit
“0” = down ;subtract offset from base
“1” = up ; add offset before transfer
P : Pre/Post indexing bit
“0” = post ; add offset after transfer
“1” = Pre ; add offset to base
I :Immediate offset
“0” = offset is an immediate value

uln

= offset is a register

E . v

dumsthedoyaszningdimmestum lumirganuswiniy  Tagicunsofivzhmsi
1 [ ° o Ao L4 \ A o o o a [
smnnmieanui ldifvaslusimnes (Load Instruction) w3ethAInnIvames llifuasianioe

) b [}
A71U%7 (Store Instruction) TAETA1YDL OFFSET Wufezimiloufuna1ued Operand2 fio a1nsanee
i) y
lums Shift ¥5o Rotate Right Tdneuiivzimsiwadoyalifidumisveswadniii uadinsl
¥

A11150IMT Shift 130 Rotate Right Tl 1maunsalums Shift (Shift amount) 91041 8 iAa
yoar luSvaines

mindums Load uuudhulud frfiluasnldoiamieaniudizgmi’llldiluy 8 da
1 Ao o a o & a § v o ¥ . N PR o
anvesiimany uazinfimdeszgriandlomigud-daumnadiunms store nunilulud arfiezily
g o ' ° v a Ha’ 7o a o 1 ci6 4 H 4
wudanissanuinzdium 8 Snarwesiimaesiiu Tavhezihaiildac]yi 4 1Tudves Data Out
o o o y| =y v 3 : o
Fahfe Mmsnodla 8 Gaarail 113 Tus 4 ludue Data Out 1iulea

y g a A ° = o ' A v 1y
msthedeyaansoiszdiunuy PreIndex i dhimsnlasusumisdeuiizinonidoya

a 4 o aa o [l o CYA <
nnsdames niohemnidmansliifiu daudauuuffe Post-Index sziffumsihadoyaliify

ISl

E 4 ]
famuseanud usorhavnanuleanusidumuniunBlussames nounsziimsu/aous
o [ a o i ! o 1 v 1 I~{
dumds Tasnmnsaszdlumslasundumdauesondsadll @an) wiedhuwuiiami
5’ a 1 <oy ¥ a o o 1 o 1 { i a P
uly iua) A1 uazmuisonszdvualdiedumuanndounlawdl @ suasssmaesh

[~ o d’lo [] [ [] o
Wudrmdumianse lua 1dd i
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5. Block Data Transfer
31 28 27 2524 23 22 21 2019 16 15 0

Cond 100 {PIUIS|WIL| Rn Register list

3UnM 2-14 Block Data Transfer

Rn : Base register
L :Load/Store bit
“0” = Store to memory
“1” = Load from memory
W : write-back bit
“0” = no write-back
“1” = write address into base
S : PSR & Force user bit
“0” = do not load PSR or force user mode
“1” = load PSR or force user mode
U : Up/Down bit
“0” = down ;subtract offset from base
“1” = up ; add offset to base
P : Pre/Post indexing bit
“0” = post ; add offset after transfer

“1” = pre ; add offset before transfer

b d
dAumstodeyasznidimans uazmizoanuduiniuruiu udszansammséold

' Aa s A ° ' -~ P - P oa o o Y '
N 1 58maes w3e 1 Awmde TaseumsanezdimsiealuStamesnanda T 13 lumine

o ° -5 ) o o a9y Y . A o
ANNE1 o AuruanAsams lauSoon sunsziansusIuNABINITEY (Load Multiple) 130
msthomninlumizsnnudr 13 hiE Smnosidesms launiFes aunseiansy (Store Multiple) A

| o ;Y a o a o’: . . g o t o

TAudiu Taomindesns1453aansala dadug u Register List AvzgavinliTiandhu 1

o o d"o ¥ 9 -3 ' b4 ' o v A v o
mdaih Itmunsahinsdhea ldnaing savludrdafeonsuin dumsiszudanad

Tumsinuadld unufivedesdadids Load n3e Store lanisoss suniazasy
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6. Data Swap
31 28 27 232221 2019 16 15 1211 87 43 0
Cond 00010 |B| 00 Rn Rd 0000 1001 Rm

31N 2-15 Data Swap

B : Byte/Word bit
“0” = transfer word quantity

“1” = transfer byte quantity

] v 1 4
Humsaduardoyasznineiimmesiumissanudr Tashsznitamsinudadall
P 1 o ar v [] o 9 ° Y a Py
gunsaidug azlimunsamnsdanislan (Access) Aumirsnnuinld mszezilidannuie
wa1e'ld Tno ARM7 2zlimsdadana LOCK liven dan1ugumiiien1us1 (Memory Controller)
1 * k4 [ . 3 ¥
Gafdaiifumsmifide Load udanudaomida Store 1ume daiumadiumsiims Swap uuy

< o )
Fulud Sezmilousums Load Whi'lud udraudiens Store uludriuies

2.4 Multiply Booth

Booth’s Algorithm (Hugdiuuvesmsgaiil¥nsadin Booth Digit 31ndIgn i
Booth 2 Encoding 1Agneseuvesnsqaiimniigaaziidy snnuiiavesdagu ms 2 §alu ARM7
dlu 32 1ia ﬁa&uaaiaumiﬂmﬁmnv”iqmztﬁﬁu 16 $wmnsseuiilfesulsiumusivosiane
AINTI N 22

M3 Booth Digit szldmsdadguiiaz 3 Salaslundusneziimsiudaiiudhly
aendediadigauas Idaudiugud 3 Sadalisedamdnnmesmssuadusmndudndn uave
flufevaunidafimiediuguinuansedansy 16 afa Taoluusiar 3 dafidanlfeziin

MUUAIRITN 2-3



Min Max Speed
0 1 1S+ 11
2 7 1S+ 21
8 31 1S +31
32 127 1S +41
128 511 1S + 51
512 2047 1S + 61
2048 8191 iIS+71
8192 32767 1S + 81
32768 131071 1S +91
131072 524287 1S+ 101
524288 2097151 1S+ 111
2097152 8388607 IS+ 121
8388608 33554431 1S + 131
33554432 134217727 1S + 141
134217728 536870911 1S + 151
536870912 2147483648 1S + 161

' < Aq 9
A5 22 AANUEIN 1F UM

Multiplier Bits Selection

000 +0

001 + Multiplicand
010 + Multiplicand
011 + 2 x Multiplicand
100 - 2 x Multiplicand
101 - Multiplicand
110 - Multiplicand
111 -0

159 2-3 Multiplier bit HAZANUUUTY

15
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2.5 Pipeline Hazards
v 1 4 ' '
HaymAatusumssuaumsiauves il lal 5192650071 Pipeline Hazards 151 M3
a ° Ay a E) v ° 1 o w A o o  dal) ¥ 1 o
Aammduiuidetin ldmizsanuin lusveamsiasids odunadnshn ldningamsiy
3 y . . 1
mlunanfeatu srnuanugnadmadiidvedadivuegivimidwenadndidaniia nsems
o o o a s o o 4 ¢
aseTaadumsiiany s ududesinmsdunessu (nterrupt) ms navesiidalulylland uay

waoulhauvessidanings Taadwla Pipeline Hazards uia 1813 3 wiin

' [ 4 [ v
251  Stuctural Hazard : dhuflgmifiediuiie lannsemiveumsihamvesiidalu

naudeaiuld

v ¥
ar

252 Data Hazard : emdsdusunavessidedalyl oreswuneenldidhu (ddmde i e

AOUAAY j)
P { M ™

1. RAW — Read After Write f1874 j Wone1u9z81u Source AOUNTINAIF i 921diou

2. WAR - Write After Read f144 j wenowizifounsludagmineunmidaszgneu

3. WAW — Write After Write find4 j wonenufzid@suasluleosuaus (Operand) Aou

v ) o o d a =~ a ; a
wihiiszgn@ouTaoida i (quidomsi@ow) Feitmunsafia
H ] o (] ]
AWl lminiins @susgnnni 1 mas dunsaudly

ladreyana Minams@oulusrvesms@oudeyandum

¥
o

HU

253 Control Hazard : fidalaqaimasnemsilasusmidalulddlad wiemsidrdanis
o a (-] L] 4 é U =) ) L] o
sz laaliaudedumiadu (Branch 50 Jump) Feezae Iialynuiteanind mshiauuuy
°o_ o n'l o t [ : @ o & o Q
T1ad sziimaiiidedaundin Baramth dafumnlinsnizlaalidsdumiadu fecneld
a 9 a 4 Y &2 aa 9 oy o) ac A
adorAananiiuld FAtmsudlynmiuiidionu 3 35Ae

¥ v )
1. Branch Prediction  IHUNASUIIANIaNszmmsmanziudumiineense laa'ly

v
o

° 9 o " [ o ° & o ]
wowld sndediugy matlumsinuuuuiugy (Loop) Fdumiinisznszlaa
o a o A s Y o 2 o4 ¥ .
Tihnudnasulionsugd Aedumuasuduvesgl duiuyng adsszdesimsg
© -3 : o 1 0 ] 3 ,’1 ° [
aszlaalilion Aaunsefeedldnuiidunmisiinznse Taa lihudluduoniala
3 E 4 +

sndudiodiumsuduinugl uazdugamsmauvesgleinfuiio licunse
A 18 fudu

2. Branch History Humsiuadan madusumiaRui idhmsnszTaal uds
lunfaron M?anmﬁmmiai{g‘nnizTﬂﬂ'lﬂﬁmuﬁmiaﬁuwmﬂq af1 uda e

o o ] dy n’:’ { °
wludumdsiidnasiieensy Taa T dudu



3.

o @ .-~ —
adninvemianan 'ﬂ!&"oﬂlﬂfﬁh‘lﬂﬂﬁﬂ# 17

t 4 ]
Delay Branch asraunuy Wi ety IddamsihdmdadarudinBuda

v ]
s

wn’: 9 10 (Y A & an do o o A4 dA o o AR Yo ¥

muu%xﬂm"lummiaaﬂiﬁﬁ HIDONYAITATTINANT Hiﬂﬂﬂﬂﬂ']ﬂQﬂvlﬂu'll‘U'lu'ﬁﬂ
. v da a &,
f

ABNITAANTONIMT

o

o & Ao ° g aa d ‘o o 0%
"l".l} ﬂ’lﬂﬂ‘lfﬁﬁﬂ']ﬁﬂ‘/l'm'lilﬂﬂ“ﬁﬂ?ﬁﬂguulﬂuﬂ?ﬁﬂ Branch Uy

' o’: A A = ' o
maniuly nienisionat « ms Store Pipeline ” HWIDY
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unii 3

HANNITDONUVUTEUUADALA (digital) AI8AH1 VHDL

My a s o ¥ A ayyvaqg o o
1”Uﬂu1ﬂﬂﬁu‘]ﬂﬂ~1ﬂu@SUﬂ'ﬁ@ﬂﬂll‘UUizUUﬂ'}ﬂﬂTB'] VHDL LWﬂiHL‘llﬂWlME]l&ﬂ]iﬂ'mu

- . ; ' y
sufagUuunMsou Test Bench Tiunldnaaoussuuiildesnuuy ieasvaounnugndes

3.1 MIBOAIULIZUUAIADA
as a L4 .
3.1.1 szuvRIseansunNunes (Digital Computer Systems)
o d” o _Aaa 1 o a Y v
TuTanilegtiuiiisnidsaeaungrslumssrnsanuasain waziuanuilaeasdislv
fuayudinnne 1y
® 3TUUAIIAVNILIU (Aircraft Control)
L4 Iﬂﬂuwﬁ‘dﬂuﬁ’lmaﬂif (Nuclear Plants)
® 1A509M59TUNISIAUVBY2 10 (Heart Pacemakers)
® 5zuuMNeINUS1YE (Weapon Systems)
o msinulusinas uaziszou (Banking and Insurance Operations)
Y o o (-1 ] s Y o dy
Taseadnvesnoununes uuaduarundng ladail
® wu1glszurana ( Control Process Unit(CPU) , or Processor)
&  FTUVNUWAIUI (Memory System)

of o ;g .
¢ ginsalfuuazuanINavoya (VO Devices)

CPU

MEMORY <:> <:> I/O Devices

- Data path

N

- Control Unit

sUnm 3-1 Tassadevesssuuneuiames

fd i 19 lunsdaliddszunana  (Processor) ﬁnmﬂzunzmﬁuafj"lumi'mmw‘h
(Memory) Wiaufudoia (data items) vz 19 Tumsian (operate)

ludmveanilsdszananalsenoudae

1. daweamsiansdoya (Data Path)

aaan s A o 9
®  IWUIIAADT INDLNUYDYA
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o il lumshaunefiudeyasu ALU

2. MUWAIAY (Control Unit)

e 1hidna ldsinnuleanus

o o w o 5 4
o aeasva MdldduanumneinTesansodlsld

e szyrananids

[T o [4 4
o awdyanaluaugumsiiauyesnon Tnuus (Component) du9

312 nanmslunsesnuui9esasin (Logic Design Methodologies)

[~ q’; o o z.:y
wuutudunounanaan

3.1.2.1 MSMIMUATIVALUDIASEYY(System Specification)

711 (language),n3 ¥ (graph)
L4

MsMAUATUNOANTIN (Behavioral Specification)
¥

M AIMUATUNIS N1 (Functional Specification)

3
mstmualudulasaadry (Structural Specification)

3.1.2.2 msueszyydidudadau (System Partitioning)

3.1.2.3 MINaeIMSiNILYeITZUY (Simulation)

M3$1889M 391U ¥8N T (Functional Simulation)
msdaesmamanluiuitaaed (Register Transfer Simulation)
n15$1809M5MIUTUTLALINR (Gate Level Simulation)
mM3$1809M15911911TUAINYNABAVBIST VY (Fault Simulation)
A15A1LH98T (Circuit Analysis)
m3$raeamInaILeuatediie (Device Simulationy

MIsIaeIMIMInuYed Iysiard (Process Simulation)

3.1.2.4 msiiaunsonaaeussyy I (Testability)

nsnaaou lagon lula (Automatic Test Generation)
MIAATIEHMINATOY (Testability Analysis)

ponuuusz U l¥nawov'ld (Testable Design Rule Enforcement)

3.1.2.5 MIFUATIEHIZUY (System Synthesis)

aa o a
MUt ludaod¥n(Logic minization)

3.1.2.6 msmelassadnssdumeonin (Physical Layout)

dumesuennvinsad (Interactive Graphics)

Tasaad1eon Tuiia (Automated Layout)
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3127 ﬂ?iﬁi?‘Dﬁ't)Uﬂingnﬁlad‘i/i’)dﬂ?iaﬂﬂuﬂll(Design Verification)
®  @A9AIUNTITOONLUUU (Design Rule Check (DRC))
e  a519a0un1W#h (Electrical Rule Check (ERC))
® a379ADUMSIFONAD (Connectivity Check)
L mnﬁamﬂ?aaﬁa (Device Recognition)
e msweimalnihesn (Electrical Parameter Extraction)
3.1.2.8 MsNuena1s (Documentation)
3129 ﬂ‘liﬁ’ﬂﬂ?‘i‘lfaya (Data Management)
o 3 11‘!'{1‘81_4@ (Database)
®  52UUMSIIANIS T2UUS mi’fmg,a (Database Management System)
o msSamsneuAnAas$u (Configuration) ¥edoya (Data Configuration
Management)
o nisWawWARS U (Production Development)

®  STUUNMTIANIS %’anua ( Management Information Systems)

313 NISAUUATIEaIDEAU952 1 (System Specifications)

3.1.3.1 M5aTLIeTI0asBeaveen Iyl 19 1unN1500AUYY (Language Description)
14 +
MIMmuATIwazBeAYeITEUUITUAUEIMYEINTDBNUULTEULIND Y
o s/ a de v oA ° a o [] A 9
ild150u (Implement) Asfidngiigalumsihasuiiuessmgisesnuuuszuuie desanse

vy Lol - 4 g ¥ aa =t ' & 4 a w
5$Uﬂﬂéﬁ1ﬂ131ﬁﬁﬂ1uﬂ15i\lﬂ1~3‘]‘lﬂ ﬂ'lH'Wli‘le)E]ﬂ!.lUUiz‘]JUﬂﬁﬂﬂaﬁﬂﬂﬁ’l F19ALIT_ IATATHYU

UaNI%¥ (Hardware Description Language (HDL)) uialdilu 2 s z':mw‘lnnjﬁaﬁy
3.1.3.1.1 p11seaulnsaashe (Srructural Language) Wumsszydullseneuystanin
(Logic Elements)tagmsigouaovedinnlsznoy
1. m}!‘lﬁtﬂui’l’ﬂﬂ’l‘m('fexmral Description Language)

9/ & ] 1 ' =Y St o
® szumaga‘lumswanﬂwEN’mumqq“lmmma:msmmasmﬂm

2. ﬂ1H1ﬁlﬂu§ﬂﬂ1W (Graphical Language)

® udanIsERNIULAIZUN N

3.1.3.1.2 MMILAUNGANTIY_(Behavioral languages) $¥YMIMAIUYDAARZTIU
o = o o sa .. J t
(Element) luressuaziimuasiwazidoaneafy Iniiia(Timing)vedunazdiu
Tuaes
A g . a .
uuufiduns vl : aaalaozunsu (State Diagram),a03n laozunsu(Logic

Diagram), 4993 aa%ﬂ(Logic Schematics) 208 1UFY
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1. ludaieauuTy (Finite State Machine (FSM)) U52noudien131

o . s o '
UBIAIAR (State table), 139A13IOAFNTAHU (Regular Expression), INA I3 A(Flowchart) (34
s ¢ o ' a a4 v v . Y <
sgmsiendmsadutiu 1101)* winganud wavewuymidudude 11 azilsznoudas o1 A
faf 1@, S={ 11,1101,110101,... }
2. 38mslinguiivednsiW (Graph-theoretic methods) BAAIBLNITY

N5 TUAYY (Transition Graph), mnsund {Petri Nets)

—

c|O|lwm|»>
gli» | O|lw|o
oOlo|lo|lo

f13519 3-1 19 1N9a01UL (State Table)

0‘,@00

Fl 1IN 3-2 State Machine

3.1.3.2 m3e5u1w luseAUNGANT Y (Behavioral Description) - M3 Inavevioya
(Information Flow)
szuvzgauouaiounsiFoudovssiladsunuaTuga(Dunctional
Modules)ignszy Tnogaieniivesdunnioninm
3.1.3.3 35w huseAUTASY (Functional Description) - M5 1navea1d (Data Flow)
szvuvzgauiiuiiuszuudou(Subsystem)azSanoi fiuveasindise
wamdaqezegugilvesmsinfeufuaumsydiu (Boolean Equations), AITNTTYANAA  (State
Tables), "lwﬁf]q"lﬂﬂzuﬂsn(Timing Diagrams) Lmsiﬂﬁ’jﬂﬂ?{ﬂ(ﬂowcham)
3.1.3.4 msesueluszaums Inseas - msih 119 implementation)

+05110520v luswazidoaveuna(Gate), Tumaiiia(Bistables) (Hudu



3.1.4  113591894M5NIIUYD95SVY (Simulation)

dumsldneufiaee Singrinnoravesmsmanuazdsziniamluluga i

o [ 1 q [ 4 ° N I~ a
Mmusadseudanal uazmldoelunisesnuuuld Wewnn diorilUnaasenyuiudn

[ o ] o L4 o
(Chip) fezlidowfly mswannsaiuleldi mshaugndesauyseidr vamsdaems

o & Y dyy o
NN L'W?)ﬁi'Ji)ﬁ'ﬂi]ﬂ’]'ll!gﬂﬂﬂﬂﬂllﬂﬂixwlln

Input Signals Output Signals
—P Model —>

@ 1 A 4 a
gﬂmw 33 ﬂmuﬂuwuﬁswmaauvgwuazmmwﬂmﬂuua

Toyaau(Signal) : dygyrau v — Taaviias, nszua'ldldly, UszyIndh dudu
a9In -0,1,X
Hafduua(Functional) - griautlA, unainavesdoya (Data
o
Packet), RAIADS (Tudu
3.1.4.1 n591a09msiN usZauYeNsSUY(System level)
- erlszliuguautiAvesTuy
q Y a oA A 0
- e ez Ingdia (Timing Analysis)
3.1.4.2 msSaesmsare loudoyaseninsimnes (Register Transfer Level)
d'l a £ ~
- odsziliumsesnuuunThivesssuy
9 o q’: J 1) 1 Aa o
- s InavesdeyavzgnfmualudunisaisToudeyaseniimans
3.1.4.3 mshaesmsinuluseaunanioasin (Gates or Logic Level)
- WensaeLANINgNABIYBIanin uas Inifi
a A Y a A ' Y o '3
- aolNINANUARTS Laznsdeude tagnThezgnimua
¥y
- dvalidyanaudiulumns Binary Signal) iniu
- WM ﬁWH‘uﬂiﬂﬂalag(Gate-Propagation Delays)
3.1.4.4 mM391809015NI U EAYT (Circuit Level)

- WeasvaoulssAnininueanses

[} 1 o d Aa o, A
- ﬁauﬂsznaﬂmam (l‘lfuvlﬂi'ﬂﬂ, NITUBNADT, TIWADIUALATITOU

Ed ¥
AvesdulsznoumMaN LIz g MM Ui

& o I's d’
- vavuneveslanae taznszua I A ey
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Ed
3.2 TUADUMSDONUUY

¥
321  YuAdUMITIEU RTL source code

a4 ¥ °o q ¥ a o 1%
i)'lﬂﬂ'liﬂ’t)ﬂll‘lj‘]ﬁ’]"lﬂll'lﬁ:‘ﬂﬂﬂlﬁ']’d')lﬂii’lWﬂuﬂ'ﬁVI'N'IU‘U'ENiz‘]JU"lﬂIﬂUﬂ'ﬁHﬂQ

& o & a )y = ad . ° '
Wdludnyazvoanon Tnuuy Famsi@outiszldmsdsemaiiupeua® (Entity), M5IOUYDER

b 4
az Tdsisa (Process) n5oms 15unainn (Package) Tagazligiuyuuoamsivsuaail

1.
2.
3.
4.

Package
mslsemeison1¥Library
Entity

9 ° ) =t R
Tasqas 'Nﬂ’li?’]’N’luﬂ'IU‘lu‘lf\?‘l)zgﬂWUuﬂ']U'lu Architecture

v 9 v 3
Tt 1 1dsunsu Code Wright lunms@ouldsunsy dinannrevinsdiilinnu

t4
annsalumsasnaeuguuumsiFnuvesnwVEDLIA venniniidalianuansalumsiion

TUsUNTUMEIBUY U BAUFUV] (Assembly) NTDAHIF (C)



Gate-Level Optimization

Gate-Level Simulation

Speed &
Function

RTL VHDL Source ———
RTL Simulation
Translation to Gates —

ok?

Gate-Level Sign-Off

s
sUnn 3-4 Jumeumiseenuuy iy HDL

24
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v
322 Yuspulums $1aean1siiny

dommsnening dawllsunsuiden V-System udafvziSumsasivdoums
Mauvesszuy Tasldmssiasamsiian vuldsunsy V-System @aReIiu Taofidunoums
s

1. idfeldd T sunsuiildnnms@ousoudesudrnziiimsnoning Taomsldm

@31 Veom w305 onldyninndhvevealusunsy

@Transcnpt ‘ E=1E3

V-System>vcom

A g o ® 9 a v ¢ =& a v A YA o
Foavesgiuuunexiims $raeamsiham TaemsiGenld Vsim Faznaniveie1vieno1d

Ed
I

¥V .
(DUAR (Entity) N131809M15 Tunsazdianeamsniau angail

# Loading d:/vsystem/std.standard
# Loading d./vsystemfieee.std_logic_1164
# Loading d:fvsystem/work.clk(rtl)

[VSIM>vsim R r—
4 ! 7 l : B L " SRR

‘Now:0ns Delta: 0 OnstoOns

sinm 3-6 wainldninmsldsida vsim
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: 3 o 1w 1 a9 Y o Ay Y o
3. mnuunmmiﬁaumatyiymmm‘vmmmmmﬂwaaww"lmmianumm

¥ .
=< A

doamsuazmshanuvesszuusanio i Tasmsilouarnzi@ouTisunsy VHDL dununeshiam
wnumstleumdminideianaadesiimandvunlaslusunsulmi udasumsaenlndlnisn
adouningldivedyanuniidesns

4. fmsnageumanauvesamdeiinmi ldauly ARM7 Taomsidou
Tilsunsumanoul Wasouaquunmidaiions anuieasvaeulildmnnsdiniduly | dvestida
Wanua 1uﬁ§w1qntju"lﬁ'mﬁanmiﬁmmmmnf'iﬁaTﬂu‘nzuﬁmwaﬁ’wﬁaaﬁ"qmpm*?itﬁﬂi‘iyu‘lu

uaazirdaluunae 11

3.3 M158319 Test Bench
Test bench 1¥asavcoundugndeslumsiauvesszyuiiaiialay VHDL msnaaoy
. ¥

VHDL code Masuau Iaona'11i 2 3570

1. fimsdaesmsiiaulasnisfnnuan

Fnavalimsimuam Idnudyaia (force input signal) NARTIMINIIMIi1ana
1 & ) A g o o Aq W o °
MIMa ¥31u113 tool oyl EI13 macro file ioiNuIIVTIWAIFN 1F lumsdraeamsihau
0o q ¥ o i v Yo &
mldansanugduuuve input RE1du 1318 nazluna ool oyaal¥iiins test pattern file tio
o 9 ° o Y K
hmnlslsznoumsiiassmsiinu'ld uaiindlu tool s1071WS
ya A QY ° ° AY A4 A Y R a o 2 -

M3 157N ool AR lumssraesmsmnuiidodoio deataanny tool MUy

l1lilidans test A6 tool DU ©19@DIUA 19 1M3T09910 UAAZ tool TATAMIULANAIIFU

' v ¥
2. MIMI$1aeansnIuA8 VHDL code NAouduionaaoy Iaommnis

daiinna tool Timiloufudie #8951 VDL code 1860111 test program Riard 1989z
wosszuviafriudiuney TnuuviviisluTsunsuagwihives Tulsunsuiomstlon test pattern
TdsneuTnuusiiinsnagenudins e output fieemnifimaseiuiinsezidiunie’l
331  31unnYes test programIauiia 11l
3.3.1.1 Entity
Test program Tiswiludead vo port ﬁ'u%u entity ﬁaﬁﬁnymzﬁaﬁy
Entity testbench is
End ;
3.3.1.2 Architecture
3.3.1.3 Declarative region
3.3.0.4 nou Ty #8095 test 191
Component
port(clk : in std_ulogic;

mul inl  :instd logic vector(31 downto 0);
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mul_in2  :instd_logic_vector(31 downto 0);
work :in std_ulogic;

done : out std_ulogic;

mul out  :outstd logic vector(31 downto 0));

end component;

332 Input/Output Signal fiineds
Hudyanueieg fidesmsIFsunen Tnuuriideamsnaaeudmsiy
aouTwuyt T 3.3.2 923 signal fail

signal clk : std_ulogic :="0";

signal mul inl :std logic vector(31 downto 0);

signal mul in2 :std logic vector(31 downto 0);

signal work : std_ulogic;

signal done : std_ulogic;

signal mul out :std logic vector(31 downto 0);

333 Inssad1avoyaves Test pattern
a 4 1 4
14t (type) oyaunu record ¥89 VHDL lumsidumidaanah 141 test pattern

dm3u new Tt Tude 3,32 0214 record fafi
type test_record is record
mul inl :std_logic_vector(31 downto 0);
mul_in2 : std_logic vector(31 downto 0);
mul_out :std logic vector(31 downto 0);

end record;

334 Test Pattern

@ 4

W1dTaons IHAITuRY (Gnitial value) Audgyanuaieg Wuuesd (Amay)ly
record 115 record 1w 3.3.3 914 test pattern ﬁd‘f:
type test_array is array(positive range<>) of test_record;
constant test_pattern : test_array := (
(mul_in1 => "00000000000000000000000000000000",
mul_in2 =>"00000000000000000000000000000000",
mul_out => "00000000000000000000000000000000"),
(mul_in1 =>"00000000000000111111111111000000",

mul_in2 => "00000000000000000000000000000000",
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mul_out => "00000000000000000000000000000000"),
(mul_in1 =>"00000000000000000000000000000000",
mul_in2 => "00000110000000000011000001100001",
mul_out => "00000000000000000000000000000000"),
mul_in] => "00000000000000000000000000000000",
mul_in2 =>"00000000000000000000000000000000",
mul_out => "00000000000000000000000000000000"),
(mul_in1 =>"00000000000000000000000000000000",
mul_in2 => "00000000000000000000000000000000",
mul_out => "00000000000000000000000000000000"));

8.3.5 Architecture contents

3.3.5.1 Instantiate component F‘T\Jﬁy
use_m:mul port map(clk => clk,
mul_inl =>mul inl,
mul_in2 =>mul_in2,
work => work,
done => done,
mul_out =>mul out);
3.3.5.2 Testing process
lﬁm%m test pattern Lfluualsff*uaq record =§amsﬁaud1mﬂ Test pattern
T e Twnust '1d1au1% for loop FaT for loop 1 totlovsimds Hasnso output PBANN
910 AewTwnd 1dIfimsasIIreuIIN output pattern M3l MaswaUAIgNADIVBIHA
aws v1'14@16 Function assert Y94 VHDL f3A19819
test : process
variable vector : test_record,;
variable ferror : boolean := false;
begin
for i in test_pattern'range loop
work <="1";
vector := test_pattern(i);
-- apply the simuls
mul_inl <= vector.mul_inl;
mul_in2 <= vector.mul_in2;

-- wait for the outputs to settle



wait until done ="'1";
-- check the results
if (mul_out /= vector.mul_out) then
assert false
report "Result not true.";
ferror := true;
end if;
wait for 10 ns;
work <='0";
wait for 20 ns;
end loop;
assert not ferror
report "There were ERRORS in the test."
severity note;
assert ferror
report "Test complete with no errors."
severity note;
wait;

end process;
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- Design Specification 3£1J310a2106AU0INIZOBNUUU(ARM7)

Test Plan

- Test Strategy 7NNUNUNITATIVADUY

RTL Block Coding
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- 198U code M¥1 VHDL ¥03taag block 1 lamimsuiaen 1aneumniii

Test Program Design

- 1@yu Code N1 VHDL A51980ULUAA Block 1A% Subsystem

Subsystem Simulation

- /M5 Simulate 1azA529%0 Block 311011 1d0d19gndeg

Project Development Process

- Preliminary Design

- Objective Specification 321 AHI1EY0a 1A 11

- Design & Analysis ANFIZHUAZNIUUNUNTODALLIL

- Design Partition utsaulumseenuuuoeniiluaiug
-  Test Plan

- Test Strategy TNUHUNITATINAD L

- Test Description 95110I5MIATINADY

30

v

be



Preliminary Design

Objective Specification

Design & Analysis
Design & Partition

Preliminary
Design

Report

Test Plan

Test Strategy

Test Board Design

Test Plan Report

3 Unn4-1 Project Development process
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Block Simulation Process

RTL Block Coding

_ Interface Specification
Architecture Modeling ‘

| VHDL Coding |

Test Bench Coding

Test Condition Modeling

Test Bench Program

Coding

3 1/7 W 4-2 Block Simulation Process
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® RTL Block Coding

- Interface Specification TEYANUABINTVOIN I FOUAD
- Architecture Modeling ANTIEH uazeonuuULAaZ block 115EA Architecture
- VHDL Coding 1WoU Code N1¥1 VHDL

® Test Bench Coding
- Test Condition Modeling poRLUVAMIUMIel lumIasaeu ludnyua1e

- Test Bench Program Coding 1384 Code #26a111 VHDL tie 13 lumsasivaeu

Subsystem Simulation Process

Integration of each partition block

(ARM core in VHDL)

Test Condition Modeling

\

Test Program Coding

Subsystem Simulation

Subsystem Validation & Verification — [€——

;

Functionality Complete

3 Unn 4-3 Subsystem Simulation Process
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510aZ10UAVDIAIAIA1IY

ﬁ”l’c%ﬂ Source 1 Source 2 Shift Execute Write-back
B . - - r #Jump>Pc
BL = - = E #Jump>Pc
AND W W OP2 SHIFT,AND W
EOR W W OoP2 SHIFT,XOR w
SUB W W OP2 SHIFT,SUB w
RSB W AW OP2 SHIFT,RSB W
ADD W W OP2 SHIFT,ADD W
ADC W W OP2 SHIFT,ADC W
SBC W W OP2 SHIFT,SBC WY
RSC % W OP2 SHIFT,RSC W
TST 3 . OP2 SHIFT,TST =
TEQ - - OR2 SHIFT,TEQ -
CMP 2 = OP2 SHIFT,CMP -
CMN 2 ~ OP2 SHIFT,CMN .
ORR W W OP2 SHIFT,ORR W
MOV < W OP2 SHIFT, MOV W
BIC A W OP2 SHIFT,0P2 AND NOT OP1 W
MVN w W OP2 SHIFT,NOT OP2 W
MUL W W - MUL w
MLA W W - MUL,ADD W
LDR W,B W.B OP2 SHIFT,LOAD W.B
STR W.B W.B OP2 SHIFT,STORE W.,B
SWP W,B W.,B OP2 LOAD,STORE W.B
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1. Arithmetic & Logic (ALU)

2. Register File Block

3. Multiplier

nmmsgu

4, Shifter Block

Shift Yeyamuduauiidesnisnioruaoenuisssum

5. Control Unit

4 o’.: I’ o oy { o
diosaunia 5 aowTwmu Widreiuudaee 10l ARM 7 fia$1afl Data Pathdagy)

Program Counter
Bus Switch and Multiplexer
Clock generator Unit

Instruction Decoder Unit
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4.2.20.3 Shifter
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EOR => Rd:=Opl EOR Op2 (xor)
SUB => Rd:=Opl - Op2

RSB => Rd:=0p2 - Opl

ADD => Rd:=Opl + Op2

ADC = Rd:=0pl +Op2 +C

SBC = Rd=0p1-0p2+C-1

RSC = Rd:=0p2-0pl +C-1

ST = set condition on Op1 and Op2
TEQ = set condition on Opl EOR Op2
CMP => set condition on Opl — Op2
CMN => set condition on Opl + Op2
ORR => Rd:=Opl or Op2

MOV = Rd:=Op2

BIC => Rd:=0Op1 and not Op2

MVN => Rd:=not Op2

4.2.2.5 Control Unit
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3 1NN 4-9 ARM7 Microprocessor
4.3 LuIMInaaou (Test Strategy)
Test bench
- memory
ARM 7 fildoinmsesnuyy
(RTL CODE)

3UMN 4-10 3UUUVYDININATDY Test Bench



44

1 4

] ' 3
1Whuiegalseasriaie Tl

MInAaoUL

[
=

¥ 5
e asvasuNMINIIUY ARM 7 i lAhTuinilliguauidgndes
) b4 )

® 3§13 Test Bench 48AasAAIUNINDI18ADNINATOL

9Y a n:i o dg
® wyrvanTIRANAIA lUATERALULNNATY

Sa 4
Tﬂﬂnﬂﬁﬁn%aemﬂ‘nﬂmﬁumﬁl (Features) faae lUidufiugu
43.1 Instruction Set
[ {c; G’I, d' ° J o c:l
asvaaun 1w las Tsaesneonuuuiiy annsansziinuluunaziridaves

1 4 14 A o o a A ]
ARM7 "l.ﬂgnmmmuauﬂnmimam%ia ﬁiﬂvlll

4.3.2  Instruction Pipelining
[~ 9/ A o 1 a o @ [ & o A
LljUﬂ'liﬂi’)i]ﬂﬂUﬂ'J'liJQﬂﬁﬂQ WWDUIADZAITIWINNUADIUBDINU Lummmﬂu

msviamnny e ewszifams idnonTmunidudontuld @uasdids auasidamsnan
ureglulafaifersu) mldnnudehdmdadadhaudesy
43.3  Pipeline Hazards
asvaeuh lulas Tsawosn Ideonuuutiy Hnmsudludy Pipeline Hazard

5ol nazdriimwisoud ledlym 1dgnde el

£ 4
4.4 YUABUNISNATOU (Test Plan)

Y Yo Yo o Y A ° A 9y o
53U'U‘V|‘1ﬂ7nfniﬂaﬂllUU‘l'ﬁ]‘HﬂUﬂﬁlqnﬂ-ﬁﬁi'ﬁ]ﬂﬂnﬂ’ﬁﬂ‘]ﬁ’lu WOATUYNABILAZNINIG

=

91 Y a v o o ﬂ Y v & 9

uflvdoranarn duiumsnaaeuSesuiludodimsnawuauBime aaunsonsounguaiy
a1 18 lumshaunansdl Faddguesszuuildinseenuuuie msvnueslyuilan

= o 1 + 4 o 9 @ 9 1 @ o Ya 9 a 3
msweziimshiunawediandeuiu fmamsiaassnisldauhindrhbiifaderanain’ld
Y

03 o & dg Y 9 o A kY P} °
1. nageumsmauvesmdii lFlumsnsz Taadhwmsian disanndealimsdivua
4 1 .
iy pc Tmidaiusr pc 1lAdeagndewazisiudr isunsaiidefanainldias ienisviiau
] L4
Tuduwesms W sidadalddunsemsiauluduse’ld uadmindimsaszlaadhwmsiau
a 1 o A ' o o 9 o o o K] S o a
Aademusosnunnndi 1 afwasdimsdoundulddidumisneuiissdunsiaullennifailym
t ) v
18183 eclinisnaaeunnugndsinsgaiitienuszinss Salumstmshauvesdided
td
1y dregneae il
MOVS R2,R1S
BL funcl

MOVS R3,RI15



45

funcl BL func2
ADD R3,R2RI
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Address Opcode Byte Code
0 LDR RO,[R15,#44] ES59R002C h
4 ANDS RI1L#0 E21BB000 h
8 SWPEQ RO,R0,[R2 01020090 h
12 ORR R11,[#A000] E38BBCAOh
16 ADDEQS R12,R9,R10 00B9CO0A h
20 MLAS R6,RO,RI,R2 E0332091 h
24 SUBCS R7,R6,R5,LSR R4 20567435 h
28 SWPB  RO,R1,[R2] E1420091 h
32 STRB R7,[R3],R2,LSL #1 E6E37082 h
36 CMP R3,#3B E353003B h
40 BLNE 35 I1BFFFFFC h
a1 42 msnldsunsuildlumsveansy ()
Address Opcode Byte Code
0 MOV RO,#d E3A0000D h
4 MOV R2,#5 E3A02005 h
8 MOV 16,#5 E3A06000 h
12 SUB R1,R6,#1 E2461001 h
16 MOV R4 #0 E3A04000 h
20 RSBS R3,R1,R2 E0713002 h
24 BMI FUNC 4A000000 h
28 MLA R4,R2,RO,R1 E0241092 h
32 SWP R5,R3,[R4] E1045093 h

"1319 4-3 ms1aldsunsuinlFlunsnaaey ()
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Address Opecode Byte Code

0 MOV R5RI1 E1A05001 h
4 SUB R1,RL,R2 E0411002 h
8 ADD R3,R3,#1 E2833001 h
12 CMP R1L#0 E3510000 h
16 BNE LOOP IAFFFFFB h
20 MOV R4,R1,LSR #3 E1A041A5h
24 CMP R3,R4 E1530004 h
28 | BEQ KEEP 0A000000 h
32 MOV R3,#XFF0 E3A03EFF h
36 STRB R3,[R2],R1 E6C23001 h
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Address Instruction Byte code No.
0 LDR RO,[R15,#2C] ES9FCC2C 1
4 ANDS R11,#0 E21BB000 2
8 SWPEQ RO,R0,[R2] 01020090 3
12 ORR R11,#A00 E38BBCA0 4
16 ADDEQS R12,R9,R10 00B9CO0A 5
20 MLAS R3,RO,R1,R2 E0332091 6
24 SUBCS R7,R6,R5,LSR #1 20567435 7
28 SWPB RO,R1,[R2] E1420091 8
32 STRB R7,[R3]!,R2,LSR #1 EGE37082 9
36 CMP R3,#3B E353003B 10
40 BLNE 35 1BFFFFFC 11
44 4123FC84
48 00000000
52 00000000
56 00000000->®00000001
60 01010101>®4123FC84->®

4123FCFF

A15194-5 M luniteanusiaieg Wesauldsunsunsian 42
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0 FFOOFF00 > ®4123FC84->®01010101
1 000000FF ->®00000001

2 0000003C

3 FFOOFF00 > ®0000003B ->®000000B3
4 F72A1102

5 121EBC33

6 0487AF0D

7 00000022->@00000001

8 FFOOFF00

9 456789AB

10 BA987655

11 FFOOFF00 ->® 00000000 > ®0000A000
12 000000FF ->®00000000

13 FFFFFFFF

14 00000022->(11)0000002C

a15194-6 MluSiaaes alusaizididaauarsad 4-2
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0 00000010
1 00000010 -> 200000008 00000000
2 00000008

3 00000000 ->®@00000001 >@00000002
4 F72A1102 = ®00000002

5 121EBC33 > @00000010

6 0487AF0D

7 00000022

8 FFOOFFO00

9 456789AB

10 BA987655

11 FFOOFF00

12 000000FF

13 FFFFFFFF

14 00000022

151 4-7 mamsasuladldamsildsunsuaisan 4-4
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5.1.1  Arithmetic & Logic (ALU)

Entity alu is

Port (alu_inl : in std_logic_vector(31 downto 0);
alu_in2 : in std_logic_vector(31 downto 0);
sh_flag :in std_logic;
over_flag : in std_logic;
alu_mode :in std_logic_vector(3 downto 0);
alu_out :out std_logic_vector(31 downto 0);
cflag 3 O;Jt std_logic;
vflag :out std_logic);

end alu;
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5.1.2  Multiply
Entity mul is
Port (clk . in std_logic;

mul_inl :instd_logic_vector(31 downto 0);
mul_in2 :instd_logic_vector(31 downto 0);
work :instd logic; -- mul

done :outstd_logic;

mul_out: out std_logic_vector(31 downto 0));

end mul;
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Multiptier fioanuuuidalai'ld143% Booth’s Algorithm (fivevndalaitdlaluns
o Aot = o 3 o q ¥ LY MY 2 yas
Wnunane misdonaninnudhls swildmseenuuuarin’d 39181 msguuuysssum
' A & 4 H a ya o P v g o
lufiou fim MIRAUUUY Combination (M3Aguiis 1FAany) uazmndesmsudin/ou Amusah
1% 1 o o o & Ao W . ooa d ¥
18 Taehinsznusumsianuvesdidu Taonisudluiina Multiplier 82 Control Unit tisaaniiey
} 4 1
iy et Tumsesnuun ldnson 1 1ndiRvaiun1s 1935 Booth’s Algorithm Btiud)
{ ° ar a [ o 1
Multiplier fivenuuusuiiudesl¥dyanauim (Clock) vuiludamizwa’ll

] . » v b4 )
AeunezImsaanadnsoonlild ALU deasunal diesninitnmsgaiildin annsofivzdham

°

- ~ ‘é o L] as ° o= 1
wisldnwlulmfafor Famniimsdanaanseanlios swildmsyinuianaia uazlilnd

o

y + . )
Aoafu ARM7 19 1iagda Muttiplier WiuaziFurhanuiie lasudaana work Ne4u191n Control Unit

172

1az Control Unit Mmsaadayanal work Midlugudlil® Multiplier iRovenlfugamsiiau idie 14

.Y

Uty done



53

5.1.3  Register File
entity reg_file is

port  (f inl :instd logic_vector(3 downto 0);
rf in2 :instd_logic_vector(3 downto 0);
rf des :instd logic_vector(3 downto 0);
if_dataw : in std_logic_vector(31 downto 0);
rf_write : in std_logic;
rf_dinl : outstd_logic_vector(31 downto 0);
if_din2 : outstd_logic_vector(31 downto 0));

end reg_file;

L4 ¥ v
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v . ¥ ¥
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5.1.4  Shifter
Entity shifter is
Port  (reset : in std_logic;

sh_inl : in std_logic_vector(31 downto 0);
sh_in2 :in std_logic_vector(31 downto 0);
sh_in3 : in std_logic_vector(12 downto 0);
sh_mode : in std_logic_vector(1 downto 0);
op_regs :in std_logic_vector(1 downto 0);
sh_flag : out std_logic;
shift_out : out std_logic_vector(31 downto 0));

end shifter;

Shifter &uﬁgn“l%’amnmunﬂﬁﬁwﬁulﬁmﬁu ALU Tasminlivhims shit u5e
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Opregs (fuduen Shifter 1oz1dTomlosuaudvin sh_inl, sh_in2 ¥38910 sh_inl, sh_in3 #38910
sh_in3 uaz I8l duanafifumvendaoil shifier iimsritust ¥ ALU uaz Shifter vx¥hins
dedyanes sh_flag T ALU Fees 1 ¥danailifiu Camy In
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5.1.5  Control Unit

Entity ctl is

Port (reset : in std_logic;
clk : in std_logic;
phl :in std_logic;
ph2 : in std_logic;
data_in s in std_logic_vector(31 downto 0);
lock : out std_logic;
data_out :out std_logic_vector(31 downto 0);
mem_addr : out std_logic_vector(31 downto 0);
nRW : out std_logic;
nBW : out std_logic;
mreq : out std_logic;
seq : out std_logic);

end ctl;
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5.1.6  Memo
Entity memory is
Port (rw :instd logic; -- nRW
bw :instd logic; -- nBW
din :instd logic vector(31 downto 0);
addr :instd logic vector(31 downto 0);
dout : out std_logic_vector(31 downto 0));

end memory;
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Instruction Set - Summary

4.0 Instruction Set

4.1 Instruction Set Summary

A summary of the ARMYT instruction set is shown in Figure 7: Instruction Set Summary.

e mrmy G wmmers

mom mwe mem o T o ——

= s

Note: some instruction codes are not defined but do not cause the Undefined instruction trap to be taken,
for instance a Multiply instruction with bit 6 changed to a 1. These instructions shall not be used,
as their action may change in future ARM implementations.

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 8 7 5 4 3 0

| cod s R ad o e Data Processing
Cond 00 Opcode n peran PSR Transfer
Cond 000000 AlS Rd Rn Rs 1001 Rm Muitiply
Cond 00010 B| 00 Rn Rd 0000 1001 Rm Single Data Swap
Cond o1 {i|PJu|B|wW|L Rn Rd offset Single Data Transfer
Cond 011 XXX XX XXXXKXX 1 XXXX Undefined
Cond 100 [PJU|SIW]L Rn Register List Block Data Transfer
Cond 101 |L offset Branch
Cond 110 |PJUINIWI]L Rn CRd CP# offset Coproc Data Transfer
Cond 1110 CP Opc CRn CRd CP# CP 0 CRm Coproc Data Operation
Cond 1110 §CPOpc|L CRn Rd CP# CP 1 CRm Coproc Register Transfer
Cond 1111 ignored by processor Software Interrupt

Figure 7: Instruction Set Summary
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4.2 The Condition Field

31 28 27 0

Cond

[

Condition field

0000 = EQ - Z set (equal)

0001 = NE - Z clear (not equal)

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

0011 = 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)

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

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

1011 = LT - N set and V clear, or N clear and V set {less than)

1100 = GT - Z clear, and either N set and V set, or N clear and V clear (greater than)
1101 = LE - Z set, or N set and V clear, or N clear and V set (less than or equal)
1110 = AL - always

1111 = NV - never

Figure 8: Condition Codes

PRS- —— B - Crpn — m_———:[

All ARMT instructions are conditionally executed, which means that their execution may or may not take
placé depending on the values of the N, Z, C and V flags in the CPSR. The condition encoding is shown in
Figu}e 8: Condition Codes.

If théB always (AL) condition is specified, the instruction will be executed irrespective of the flags. The never
(NV), class of condition codes shall not be used as they will be redefined in future variants of the ARM
architecture. If a NOP is required it is suggested that MOV R0,R0 be used. The assembler treats the absence
ofa iondition code as though always had been specified.

The other condition codes have meanings as detailed in Figure 8: Condition Codes, for instance code 0000
(EQual) causes the instruction to be executed only if the Z flag is set. This would correspond to the case
wher'e a compare (CMP) instruction had found the two operands to be equal. If the two operands were
different, the compare instruction would have cleared the Z flag and the instruction will not be executed.

T AT W[l IO ERCE, TS ) T — ——— e i

- W
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Instruction Set - B, BL

4.3 Branch and Branch with link (B, BL)

The instruction is only executed if the condition is true. The various conditions are defined at the beginning
of this chapter. The instruction encoding is shown in Figure 9: Branch Instructions.

Branch instructions contain a signed 2's complement 24 bit offset. This is shifted left two bits, sign extended
to 32 bits, and added to the PC. The instruction can therefore specify a branch of +/- 32Mbytes. The branch
offset must take account of the prefetch operation, which causes the PC to be 2 words (8 bytes) ahead of the
current instruction.

31 28 27 25 24 23 0
Cond 101 L offset
L 1 l
Link bit
0 = Branch
1 = Branch with Link
Condition field

Figure 9: Branch Instructions

Branches beyond +/- 32Mbytes must use an offset or absolute destination which has been previously
loaded into a register. In this case the PC should be manually saved in R14 if a Branch with Link type
operation is required.

4.3.1 The link bit

Branch with Link (BL) writes the old PC into the link register (R14) of the current bank. The PC value
written into R14 is adjusted to allow for the prefetch, and contains the address of the instruction following
the branch and link instruction. Note that the CPSR is not saved with the PC.

To return from a routine called by Branch with Link use MOV PC,R14 if the link register is still valid or
LDM Rnl,{..PC} if the link register has been saved onto a stack pointed to by Rn.

4.3.2 Instruction Cycle Times

Branch and Branch with Link instructions take 2S + 1N incremental cycles, where S and N are as defined in
section 5.1 Cycle types on page 65.

4.3.3 Assembler syntax

B{L}{cond} <expression>

{L} is used to request the Branch with Link form of the instruction. If absent, R14 will not be affected by the
instruction.

{cond} is a two-char mnemonic as shown in Figure 8: Condition Codes {EQ, NE, VS etc). If absent then AL
(ALways) will be used.
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]
<expression> is the destination. The assembler calculates the offset.
!

Item:s in {} are optional. Items in <> must be present.

I
4.3.4 Examples
her; BAL here ; assembles to OXEAFFFFFE (note effect of PC offset)
i B there ; ALways condition used as default
t
i CMP R1,#0 ; compare Rl with zero and branch to fred if R1
{ BEQ fred ; was zero otherwise continue to next instruction
[
{ BL sub+ROM ; call subroutine at computed address
;
i ADDS R1, #1 ; add 1 to register 1, setting CPSR flags on the
BLCC sub ; result then call subroutine if the C flag is clear,

; ; which will be the case unless R1 held OxFFFFFFFF

-
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Instruction Set - Data processing

4.4 Data processing

The instruction is only executed if the condition is true, defined at the beginning of this chapter. The
instruction encoding is shown in Figure 10: Data Processing Instructions.

The instruction produces a result by performing a specified arithmetic or logical operation on one or two
operands. The first operand is always a register (Rn). The second operand may be a shifted register (Rm) or
a rotated 8 bit immediate value (Imm) according to the value of the I bit in the instruction. The condition
codes in the CPSR may be preserved or updated as a result of this instruction, according to the value of the
S bit in the instruction. Certain operations (TST, TEQ, CMP, CMN) do not write the result to Rd. They are
used only to perform tests and to set the condition codes on the result and always have the S bit set. The
instructions and their effects are listed in Table 4: ARM Data Processing Instructions.

31 28 27 26 25 24 21 20 19 16 15 12 11 0

Cond 00 JI§ OpCode |S Rn Rd Operand 2
L | I [ ] 1 &) T

l—- Destination register
1st operand register
Set condition codes

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

Operation Code

0000 = AND - Rd:= Op1 AND Op2

0001 = EOR - Rd:= Op1 EOR Op2

0010 = SUB - Rd:= Op1 - Op2

0011 = RSB - Rd:= Op2 - Op1

0100 = ADD - Rd:= Op1 + Op2

0101 =ADC-Ad:=0p1+Op2 +C

0110 = SBC - Rd:=0p1 - Op2+C - 1

0111 = RSC - Rd:= Op2- Op1 + C- 1

1000 = TST - set condition codes on Op1 AND Op2
1001 = TEQ - set condition codes on Op1 EOR Op2
1010 = CMP - set condition codes on Op1 - Op2
1011 = CMN - set condition codes on Op1 + Op2
1100 = ORR - Ad:= Op1 OR Op2

1101 = MOV - Rd:= Op2

1110 = BIC - Rd:= Op1 AND NOT Op2

1111 = MVN - Rdi= NOT Op2

Immediate Operand

1 0 = operand 2 is a register 4 3 °

Shift Rm —

I 1 J
I

2nd operand register

shift applied to Rm

1 = operand 2 is an immediate value
1l 8 7 0

Rotate Imm [

l It J

1
Unsigned 8 bit immediate value

shift applied to Imm
Condition field

Figure 10: Data Processing Instructions
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4.4.1 CPSR flags

The data processing operations may be classified as logical or arithmetic. The logical operations (AND,
EOR TST, TEQ, ORR, MOV, BIC, MVN) perform the logical action on all corresponding bits of the operand
or c:}p:rands to produce the result. If the S bit is set (and Rd is not R15, see below) the V flag in the CPSR will
be unaffected, the C flag will be set to the carry out from the barrel shifter (or preserved when the shift
operation is LSL #0), the Z flag will be set if and only if the result is all zeros, and the N flag will be set to
the logical value of bit 31 of the result.

i

' AND 0000 operand1 AND operand2

g EOR 0001 operand1 EOR operand2

E SUB 0010 operandl - operand2

i RSB 0011 operand?2 - operand}

j ADD 0100 operand] + operand2

E ADC 0101 operand] + operand2 + carry

' SBC 0110 operand] - operand? + carry - 1

] RSC 0111 operand? - operandl + carry - 1

| TST 1000 as AND, but result is not written

g TEQ 1001 as EOR, but result is not written
CMP 1010 as SUB, but result is not written
CMN 1011 as ADD, but result is not written

l ORR 1100 operandl OR operand2

' MOV 1101 operand?2 (operandl is ignored)
BIC 1110 operandl AND NOT operand2 (Bit clear)
MVN 1111 NOT operand2 (operand1 is ignored)

E
i
g Table 4: ARM Data Processing Instructions

The ‘arithmetic operations (SUB, RSB, ADD, ADC, SBC, RSC, CMP, CMN) treat each operand as a 32 bit
integer (either unsigned or 2's complement signed, the two are equivalent). If the S bt is set (and Rd is not
R15)i the V flag in the CPSR will be set if an overflow occurs into bit 31 of the result; this may be ignored if
the riperands were considered unsigned, but warns of a possible error if the operands were 2's complement
signed. The C flag will be set to the carry out of bit 31 of the ALU, the Z flag will be set if and only if the
result was zero, and the N flag will be set to the value of bit 31 of the result (indicating a negative result if
the ?perands are considered to be 2's complement signed).

[

]
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Instruction Set - Shifts

4.4.2 Shifts

When the second operand is specified to be a shifted register, the operation of the barrel shifter is controlled
by the Shift field in the instruction. This field indicates the type of shift to be performed (logical left or right,
arithmetic right or rotate right). The amount by which the register should be shifted may be contained in
an immediate field in the instruction, or in the bottom byte of another register (other than R15). The
encoding for the different shift types is shown in Figure 11: ARM Shift Operations.

11 76 5 4 11 8 7 6 5 4
] Rs 0 1
Shift type Shift type
00 = logical left 00 = logical left
01 =logical right 01 = logical right
10 = arithmetic right 10 = arithmetic right
11 = rotate right 11 = rotate right
Shift amount ——— —  Shift register
§ bit unsigned integer Shift amount specified in

bottom byte of Rs

Figure 11: ARM Shift Operations

Instruction specified shift amount

When the shift amount is specified in the instruction, it is contained in a 5 bit field which may take any value
from 0 to 31. A logical shift left (LSL) takes the contents of Rm and moves each bit by the specified amount
to a more significant position. The least significant bits of the result are filled with zeros, and the high bits
of Rm which do not map into the result are discarded, except that the least significant discarded bit becomes
the shifter carry output which may be latched into the C bit of the CPSR when the ALU operation is in the
logical class (see above). For example, the effect of LSL #5 is shown in Figure 12: Logical Shift Left.

31 27 26 0

cargxo_ut/

contents of Rm

value of operand 2 . o 00000

Figure 12: Logical Shift Left
Note that LSL #0 is a special case, where the shifter carry out is the old value of the CPSR C flag. The
contents of Rm are used directly as the second operand.

A logical shift right (LSR) is similar, but the contents of Rm are moved to less significant positions in the
result. LSR #5 has the effect shown in Figure 13: Logical Shift Right.
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contents of Rm

Nﬂout

06 00006O0 value of operand 2

Figure 13: Logical Shift Right

The :form of the shift field which might be expected to correspond to LSR #0 is used to encode LSR #32,
which has a zero result with bit 31 of Rm as the carry output. Logical shift right zero is redundant as it is
the same as logical shift left zero, so the assembler will convert LSR #0 (and ASR #0 and ROR #0) into LSL
#0, alnd allow LSR #32 to be specified.
8

An dgrithmetic shift right (ASR) is similar to logical shift right, except that the high bits are filled with bit 31
of R instead of zeros. This preserves the sign in 2's complement notation. For example, ASR #5 is shown
in Figure 14: Arithmetic Shift Right.

31 30 5 4 0

§ contents of Rm

o =

value of operand 2

|

The form of the shift field which might be expected to give ASR #0 is used to encode ASR #32. Bit 31 of Rm
is again used as the carry output, and each bit of operand 2 is also equal to bit 31 of Rm. The result is
thert:afore all ones or all zeros, according to the value of bit 31 of Rm.

Figure 14: Arithmetic Shift Right

Rotate right (ROR) operations reuse the bits which 'overshoot' in a logical shift right operation by
reint:roducing them at the high end of the result, in place of the zeros used to fill the high end in logical right
oper!ations. For example, ROR #5 is shown in Figure 15: Rotate Right.

ST Y
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Instruction Set - Shifts

contents of Rm

carry out

value of operand 2

Figure 15: Rotate Right

The form of the shift field which might be expected to give ROR #0 is used to encode a special function of
the barrel shifter, rotate right extended (RRX). This is a rotate right by one bit position of the 33 bit quantity
formed by appending the CPSR C flag to the most significant end of the contents of Rm as shown in Figure
16: Rotate Right Extended.

31 1 0

contents of Rm

i\ \&

value of operand 2

Figure 16: Rotate Right Extended

Register specified shift amount

Only the least significant byte of the contents of Rs is used to determine the shift amount. Rs can be any
general register other than R15.

If this byte is zero, the unchanged contents of Rm will be used as the second operand, and the old value of
the CPSR C flag will be passed on as the shifter carry output.

If the byte has a value between 1 and 31, the shifted result will exactly match that of an instruction specified
shift with the same value and shift operation.

If the value in the byte is 32 or more, the result will be a logical extension of the shift described above:

(1) LSL by 32 has result zero, carry out equal to bit 0 of Rm.

2 LSL by more than 32 has result zero, carry out zero.

3 LSR by 32 has result zero, carry out equal to bit 31 of Rm.

(4) LSR by more than 32 has result zero, carry out zero.

5) ASR by 32 or more has result filled with and carry out equal to bit 31 of Rm.
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(6) |
(7) I ROR by n where n is greater than 32 will give the same result and carry out as ROR by n-32;
| therefore repeatedly subtract 32 from n until the amount is in the range 1 to 32 and see above.

Notel that the zero in bit 7 of an instruction with a register controlled shift is compulsory; a one in this bit
will éause the instruction to be a multiply or undefined instruction.

ROR by 32 has result equal to Rm, carry out equal to bit 31 of Rm.

4.4.3 Immediate operand rotates

The immediate operand rotate field is a 4 bit unsigned integer which specifies a shift operation on the 8 bit
immediate value. This value is zero extended to 32 bits, and then subject to a rotate right by twice the value
in the rotate field. This enables many common constants to be generated, for example all powers of 2.

444 Writing to R15

Wheh Rd is a register other than R15, the condition code flags in the CPSR may be updated from the ALU
flags'as described above.

When Rd is R15 and the S flag in the instruction is not set the result of the operation is placed in R15 and
the CiPSR is unaffected.

Wheh Rd is R15 and the S flag is set the result of the operation is placed in R15 and the SPSR corresponding
to the current mode is moved to the CPSR. This allows state changes which atomically restore both PC and
CPSR. This form of instruction shall not be used in User mode.

1
4.4.5 Using R135 as an operand

If R15 (the PC) is used as an operand in a data processing instruction the register is used directly.

B
The PC value will be the address of the instruction, plus 8 or 12 bytes due to instruction prefetching. If the
shift amount is specified in the instruction, the PC will be 8 bytes ahead. If a register is used to specify the
shift ‘amount the PC will be 12 bytes ahead.

§

i
4.4.6 TEQ, TST, CMP & CMN opcodes

L.
Thesg instructions do not write the result of their operation but do set flags in the CPSR. An assembler shall
always set the S flag for these instructions even if it is not specified in the mnemonic.

The TEQP form of the instruction used in earlier processors shall not be used in the 32 bit modes, the PSR
transfer operations should be used instead. If used in these modes, its effect is to move SPSR_<mode> to
CPSR if the processor is in a privileged mode and to do nothing if in User mode.

4.4.7 Instruction Cycle Times
Data,Processing instructions vary in the number of incremental cycles taken as follows:
Normal Data Processing 1S5

Data Processing with register specified shift 1S + 1IData Processing with PC written2S + 1N

Data Processing with register secified shift and PC written 2S5+ IN+11

a
]
i
]
|
H
i
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Instruction Set - TEQ, TST, CMP & CMN

S, N and I are as defined in section 5.1 Cycle types on page 65.

4.4.8 Assembler syntax

(1) MOV MVN - single operand instructions

<opcode>{cond}{S} Rd,<Op2>

2) CMP,CMN,TEQ,TST - instructions which do not produce a result.

<opcode>{cond} Rn,<Op2>

3 AND,EOR,SUB,RSB,ADD,ADC,SBC,RSC,ORR,BIC

<opcode>{cond}{S} Rd,Rn,<Op2>

where <Op2> is Rm{,<shift>} or,<#expression>

{cond} - two-character condition mnemonic, see Figure 8: Condition Codes

{S} - set condition codes if S present (implied for CMP, CMN, TEQ, TST).

Rd, Rn and Rm are expressions evaluating to a register number.

If <#expression> is used, the assembler will attempt to generate a shifted immediate 8-bit field to match the
expression. If this is impossible, it will give an error.

<shift> is <shiftname> <register> or <shiftname> #expression, or RRX (rotate right one bit with extend).

<shiftname>s are: ASL, LSL, LSR, ASR, ROR. (ASL is a synonym for LSL, they assemble to the same code.)

4.4.9 Examples

ADDEQ R2,R4,R5

TEQS R4, #3

SUB R4,R5,R7,LSR R2
MOV PC,R14

MOVS PC,R14

; 1f the Z flag is set make R2:=R4+R5

; test R4 for equality with 3

(the S is in fact redundant as the

; assembler inserts it automatically)

logical right shift R7 by the number in

; the bottom byte of R2, subtract result

from R5, and put the answer into R4

; return from subroutine

; return from exception and restore CPSR

from SPSR_mode
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4.5EPSR Transfer (MRS, MSR)

]
The instruction is only executed if the condition is true. The various conditions are defined at the beginning
of this chapter.

]
TheEMRS and MSR instructions are formed from a subset of the Data Processing operations and are
imp!emented using the TEQ, TST, CMN and CMP instructions without the S flag set. The encoding is
sho%vp in Figure 17: PSR Transfer.

Theée instructions allow access to the CPSR and SPSR registers. The MRS instruction allows the contents of
the €PSR or SPSR_<mode> to be moved to a general register. The MSR instruction allows the contents of a
general register to be moved to the CPSR or SPSR_<mode> register.

The MSR instruction also allows an immediate value or register contents to be transferred to the condition
codé flags (N,Z,C and V) of CPSR or SPSR_<mode> without affecting the control bits. In this case, the top
four bits of the specified register contents or 32 bit immediate value are written to the top four bits of the
releyant PSR.

4.5.1 Operand restrictions

In User mode, the control bits of the CPSR are protected from change, so only the condition code flags of
the €PSR can be changed. In other (privileged) modes the entire CPSR can be changed.

I
The :SPSR register which is accessed depends on the mode at the time of execution. For example, only
SPS}?__ﬁq is accessible when the processor is in FIQ mode.

|
R15 shall not be specified as the source or destination register.
i

A further restriction is that no attempt shall be made to access an SPSR in User mode, since no such register
o 4
exists.
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Instruction Set - MRS, MSR

MRS (transfer PSR contents to a register)

31 28 27 23 22 21 16 15 12 11 0
Cond 00010 R 001111 Rd 000000000000
N — l—E'
Destination register
Source PSR
0=CPSR
1= SPSR_<current mode>
Condition field

MSR (transfer register contents to PSR)
31 28 27 23 22 21 12 11 43 0

Cond 00010 Py 1010011111 00000000 Rm

L l___.r_l

[— Source register

Destination PSR
0=CPSR
1 = SPSR_<current mode>

Condition field

MSR (transfer register contents or immediate value to PSR flag bits only)
31 28 27 23 22 21 12 11 0

Cond 00 |1I] 10 |F 1010001111 Source operand

L L ]

Destination PSR
0=CPSR
1 = SPSR_<current mode>

Immediate Operand
1 0 = Source operand is a register

1 4 3 0

00000000 Rm —

Source register

1 = Source operand is an immediate value
11 8 7 0

Rotate Imm —

L P I 1
Unsigned 8 bit immediate value

shift applied to Imm

Condition field

Figure 17: PSR Transfer
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4.5.2 Reserved bits

Only eleven bits of the PSR are defined in ARM7 (N,Z,C,V,LF & M[4:0]); the remaining bits (= PSR[27:8,5])
are feserved for use in future versions of the processor. To ensure the maximum compatibility between
ARMYT programs and future processors, the following rules should be observed:

(1) The reserved bits shall be preserved when changing the value in a PSR.

2 Programs shall not rely on specific values from the reserved bits when checking the PSR status,
since they may read as one or zero in future processors.

A re?ad -modify-write strategy should therefore be used when altering the control bits of any PSR register;
this involves transferring the appropriate PSR register to a general register using the MRS instruction,
charigmg only the relevant bits and then transferring the modified value back to the PSR register using the
MSK instruction.

e.g. The following sequence performs a mode change:

i MRS RO, CPSR ; take a copy of the CPSR
BIC RO,RO, #0x1F ; clear the mode bits
ORR RO, RO, #new_mode ; select new mode
MSR CPSR, RO ; write back the modified CPSR

Whefn the aim is simply to change the condition code flags in a PSR, a value can be written directly to the
flag ibits without disturbing the control bits. e.g. The following instruction sets the N,Z,C & V flags:

]

i MSR  CPSR_flg,#0xF0000000 ; set all the flags regardless of

i ; their previous state (does not
i ; affect any control bits)

i
No attempt shall be made to write an 8 bit immediate value into the whole PSR since such an operation
canviot preserve the reserved bits.

Instruction Cycle Times

PSR 5T ransfers take 1S incremental cycles, where S is as defined in section 5.1 Cycle types on page 65.

]
4.5.4 Assembler syntax

1) MRS - transfer PSR contents to a register
MRS{cond} Rd,<psr>

(2) MSR - transfer register contents to PSR
MSR{cond} <psr>,Rm

3 MSR - transfer register contents to PSR flag bits only
MSR{cond} <psrf>,Rm

The most significant four bits of the register contents are written to the N,Z,C & V flags respectively.

i [ s o e B
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Instruction Set - MRS, MSR

4 MSR - transfer immediate value to PSR flag bits only
MSR{cond} <psrf>,<#expression>

The expression should symbolise a 32 bit value of which the most significant four bits are written
to the N,Z,C & V flags respectively.

{cond} - two-character condition mnemonic, see Figure 8: Condition Codes

Rd and Rm are expressions evaluating to a register number other than R15

<psr> is CPSR, CPSR_all, SPSR or SPSR_all. (CPSR and CPSR_all are synonyms as are SPSR and SPSR_all)
<psrf> is CPSR_flg or SPSR_flg

Where <#expression> is used, the assembler will attempt to generate a shifted immediate 8-bit field to
match the expression. If this is impossible, it will give an error.

4.5.5 Examples

In User mode the instructions behave as follows:

MSR CPSR_all,Rm ; CPSR[31:28] <- Rm[31:28]
MSR CPSR_£flg,Rm ; CPSR[31:28] <- Rm{31:28]
MSR CPSR_f1lg, #0xA0000000 ; CPSR[31:28] <- 0OxA

- (i.e. set N,C; clear 7Z,V)
MRS Rd, CPSR ; RA[31:0] <- CPSR{31:0]

In privileged modes the instructions behave as follows:

MSR CPSR_all,Rm ; CPSR{31:0] <- Rm[31:0]
MSR CPSR_flg,Rm ; CPSR([31:28] <- Rm[31:28]
MSR CPSR_flg, #0x50000000 ; CPSR{31:28] <- 0x5

i (i.e. set Z,V; clear N,C)
MRS Rd,CPSR ; RA{31:01 <~ CPSR[31:0]
MSR SPSR_all,Rm ; SPSR_<mode>[31:0] <- Rm{31:0])
MSR SPSR_flg,Rm ; SPSR_<mode>[31:28] <- Rm[31:28]
MSR SPSR_flg, #0xC0000000 ; SPSR_<mode>[31:28] <- 0xC

; (i.e. set N,Z; clear C,V)
MRS Rd, SPSR ; RA[31:0] <- SPSR_<mode>[31:0]

33
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4.6 Multiply and Multiply-Accumulate (MUL, MLA)

The instruction is only executed if the condition is true. The various conditions are defined at the beginning
of this chapter. The instruction encoding is shown in Figure 18: Multiply Instructions.

The multiply and multiply-accumulate instructions use a 2 bit Booth's algorithm to perform integer
multiplication. They give the least significant 32 bits of the product of two 32 bit operands, and may be used
to sypthesize higher precision multiplications.

i 31 28 27 22 21 20 19 16 15 12 11 8 7 4 3 0
Cond 0 0O0O0O0 O0JA]S Rd Rn Rs 100 1 Rm

|| L I It | L |
___E Operand registers

Destination register

Set condition code

0 = do not alter condition codes
4 1 = set condition codes
Accumulate
y 0 = multiply only
i 1 = multiply and accumulate

Condition Field

i
§
H
i

Figure 18: Multiply Instructions

The imultiply form of the instruction gives Rd:=Rm*Rs. Rn is ignored, and should be set to zero for
coméatibility with possible future upgrades to the instruction set.

The multiply-accumulate form gives Rd:=Rm*Rs+Rn, which can save an explicit ADD instruction in some
circuimstances.

The results of a signed multiply and of an unsigned multiply of 32 bit operands differ only in the upper 32
bits - the low 32 bits of the signed and unsigned results are identical. As these instructions only produce the
low 32 bits of a multiply, they can be used for both signed and unsigned multiplies.

For example consider the multiplication of the operands:
: Operand A Operand B Result
] OxFFFFFFF6  0x00000014  OxFFFFFF38
I

If the, operands are interpreted as signed, operand A has the value -10, operand B has the value 20, and the
result is -200 which is correctly represented as OxFFFFFF38

8

[}
If the;operands are interpreted as unsigned, operand A has the value 4294967286, operand B has the value
20 and the result is 85899345720, which is represented as 0x13FFFFFF38, so the least significant 32 bits are
OxFFFFFF38.

£
i
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Instruction Set - MUL, MLA

4.6.1 Operand restrictions

Due to the way multiplication was implemented in other ARM processors, certain combinations of operand
registers should be avoided. The ARMT’s advanced multiplier can handle all operand combinations but by
observing these restrictions code written for the ARM7 will be more compatible with other ARM
processors. (The assembler will issue a warning if these restrictions are overlooked.)

The destination register Rd shall not be the same as the operand register Rm. R15 shall not be used as an
operand or as the destination register.

All other register combinations will give correct results, and Rd, Rn and Rs may use the same register when
required.

4.6.2 CPSR flags

Setting the CPSR flags is optional, and is controlled by the S bit in the instruction. The N (Negative) and Z
(Zero) flags are set correctly on the result (N is made equal to bit 31 of the result, and Z is set if and only if
the result is zero). The C (Carry) flag is set to a meaningless value and the V (oVerflow) flag is unaffected.

4.6.3 Instruction Cycle Times

The Multiply instructions take 1S + ml cycles to execute, where S and I are as defined in section 5.1 Cycle
types on page 65.

m is the number of cycles required by the multiply algorithm, which is determined by the contents of
Rs. Multiplication by any number between 2(2m-3) and 2*(2m-1)-1 takes 1S+ml m cycles for
1<m>16. Multiplication by 0 or 1 takes 15+11 cycles, and multiplication by any number greater than
or equal to 2(29) takes 1S+16I cycles. The maximum time for any multiply is thus 1S+16I cycles.

4.6.4 Assembler syntax
MUL{cond}{S} Rd,Rm,Rs

MLA{cond}{S} Rd,Rm,Rs,Rn
{cond} - two-character condition mnemonic, see Figure 8: Condition Codes
{S} - setcondition codes if S present

Rd, Rm, Rs and Rn are expressions evaluating to a register number other than R15.

4.6.5 Examples
MUL R1,R2,R3 ; R1:=R2*R3
MLAEQS  R1,R2,R3,R4 ; conditionally R1:=R2*R3+R4,

; setting condition codes
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4.7 Single data transfer (LDR, STR)
i

The instruction is only executed if the condition is true. The various conditions are defined at the beginning
of this chapter. The instruction encoding is shown in Figure 19: Single Data Transfer Instructions.

i
The isingle data transfer instructions are used to load or store single bytes or words of data. The memory
addf;ess used in the transfer is calculated by adding an offset to or subtracting an offset from a base register.
The {esult of this calculation may be written back into the base register if “auto-indexing' is required.

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0

Cond 01 |1 {PjU|BIW]L Rn Rd Offset

» o w

—  Source/Destination register
Base register
Load/Store bit

0 = Store to memory
1 = Load from memory

Write-back bit

0 = no write-back
1 = write address into base

Byte/Word bit
0 = transfer word quantity
1 = transfer byte quantity

Up/Down bit
0 = down; subtract offset from base
1 = up; add offset to base

EL

-

v

PR

Pre/Post indexing bit
0 = post; add offset after transfer
1 = pre; add offset before transfer

Immediate offset
1 0 = offset Is an immediate value

e v

-e W o s

Immediate offset 1

I | )
[
' Unsigned 12 bit immediate offset
i 1 = offset is a register 43 0
Shift Rm |
i L E ]
Offset register

shift applied to Rm

Condition field

Figure 19: Single Data Transfer Instructions

s w2

PR
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Instruction Set - LDR, STR

4.7.1 Offsets and auto-indexing

The offset from the base may be either a 12 bit unsigned binary immediate value in the instruction, or a
second register (possibly shifted in some way). The offset may be added to (U=1) or subtracted from (U=0)
the base register Rn. The offset modification may be performed either before (pre-indexed, P=1) or after
(post-indexed, P=0) the base is used as the transfer address.

The W bit gives optional auto increment and decrement addressing modes. The modified base value may
be written back into the base (W=1), or the old base value may be kept (W=0). In the case of post-indexed
addressing, the write back bit is redundant and is always set to zero, since the old base value can be retained
by setting the offset to zero. Therefore post-indexed data transfers always write back the modified base. The
only use of the W bit in a post-indexed data transfer is in privileged mode code, where setting the W bit
forces non-privileged mode for the transfer, allowing the operating system to generate a user address in a
system where the memory management hardware makes suitable use of this hardware.

4.7.2 Shifted register offset

The 8 shift control bits are described in the data processing instructions section. However, the register
specified shift amounts are not available in this instruction class. See 4.4.2 Shifts.

4.7.3 Bytes and words

This instruction class may be used to transfer a byte (B=1) or a word (B=0) between an ARM?T register and
memory.

The action of LDR(B) and STR(B) instructions is influenced by the BIGEND control signal. The two possible
configurations are described below.

Little Endian Configuration

A byte load (LDRB) expects the data on data bus inputs 7 through 0 if the supplied address is on a word
boundary, on data bus inputs 15 through 8 if it is a word address plus one byte, and so on. The selected byte
is placed in the bottom 8 bits of the destination register, and the remaining bits of the register are filled with
zeros. Please see Figure 3: Little Endian addresses of bytes within words.

A byte store (STRB) repeats the bottom 8 bits of the source register four times across data bus outputs 31
through 0. The external memory system should activate the appropriate byte subsystem to store the data.

A word load (LDR) will normally use a word aligned address. However, an address offset from a word
boundary will cause the data to be rotated into the register so that the addressed byte occupies bits 0 to 7.
This means that half-words accessed at offsets 0 and 2 from the word boundary will be correctly loaded into
bits 0 through 15 of the register. Two shift operations are then required to clear or to sign extend the upper
16 bits. This is illustrated in Figure 20: Little Endian Offset Addressing.
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memory register
A > | A
A+3 24 24
B » | B
A+2 16 16
C > | C
! A+1 8 8
' D +> 1 D
A 0] 0
E LDR from word aligned address
i
' A A
A+3 24 24
B B
A+2 16 16
! C C
A+1 8 8
I D D
A 0] (0]

LDR from address offset by 2

Figure 20: Little Endian Offset Addressing

}
A word store (STR) should generate a word aligned address. The word presented to the data bus is not

affected if the address is not word aligned. That is, bit 31 of the register being stored always appears on data
bus output 31.

Big :Endian Configuration

A bjte load (LDRB) expects the data on data bus inputs 31 through 24 if the supplied address is on a word
bouhdary, on data bus inputs 23 through 16 if it is a word address plus one byte, and so on. The selected
byte is placed in the bottom 8 bits of the destination register and the remaining bits of the register are filled
with zeros. Please see Figure 4: Big Endian addresses of bytes within words.

i
A b)!rte store (STRB) repeats the bottom 8 bits of the source register four times across data bus outputs 31
through 0. The external memory system should activate the appropriate byte subsystem to store the data.

A word load (LDR) should generate a word aligned address. An address offset of 0 or 2 from a word
boull'ldary will cause the data to be rotated into the register so that the addressed byte occupies bits 31
through 24. This means that half-words accessed at these offsets will be correctly loaded into bits 16 through
31 of the register. A shift operation is then required to move (and optionally sign extend) the data into the
bottom 16 bits. An address offset of 1 or 3 from a word boundary will cause the data to be rotated into the
regi?ter so that the addressed byte occupies bits 15 through 8.
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Instruction Set - LDR, STR

A word store (STR) should generate a word aligned address. The word presented to the data bus is not
affected if the address is not word aligned. That is, bit 31 of the register being stored always appears on data
bus output 31.

4.7.4 Use of R15

Write-back shall not be specified if R15 is specified as the base register (Rn). When using R15 as the base
register you must remember it contains an address 8 bytes on from the address of the current instruction.

R15 shall not be specified as the register offset (Rm).

When R15 is the source register (Rd) of a register store (STR) instruction, the stored value will be address
of the instruction plus 12.

4.7.5 Restriction on the use of base register

When configured for late aborts, the following example code is difficult to unwind as the base register, Rn,
gets updated before the abort handler starts. Sometimes it may be impossible to calculate the initial value.

For example:
LDR RO, [R1],R1
<LDR|STR> Rd, [Rn},{+/-}Rn{,<shift>}
Therefore a post-indexed LDR | STR where Rm is the same register as Rn shall not be used.

4.7.6 Data Aborts

A transfer to or from a legal address may cause problems for a memory management system. For instance,
in a system which uses virtual memory the required data may be absent from main memory. The memory
manager can signal a problem by taking the processor ABORT input HIGH whereupon the Data Abort trap
will be taken. It is up to the system software to resolve the cause of the problem, then the instruction can be
restarted and the original program continued.

4.7.7 Instruction Cycle Times

Normal LDR instructions take 1S + 1N + 1l and LDR PC take 2S + 2N +1I incremental cycles, where S,N
and [ are as defined in section 5.1 Cycle types on page 65.

STR instructions take 2N incremental cycles to execute.

4.7.8 Assembler syntax
<LDR | STR>{cond}{B}{T} Rd,<Address>

LDR - load from memory into a register

STR - store from a register into memory
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{conci} - two-character condition mnemonic, see Figure 8: Condition Codes
{B} - if B is present then byte transfer, otherwise word transfer

{T} - if Tis present the W bit will be set in a post-indexed instruction, forcing non-privileged mode for the
transfer cycle. T is not allowed when a pre-indexed addressing mode is specified or implied.

4
Rd is‘an expression evaluating to a valid register number.

<Address> can be:

(i) An expression which generates an address:
<expression>

The assembler will attempt to generate an instruction using the PC as a base and a corrected
immediate offset to address the location given by evaluating the expression. This will be a PC
relative, pre-indexed address. If the address is out of range, an error will be generated.

(ii) A pre-indexed addressing specification:
[Rn] offset of zero

[Rn,<#expression>]{!} offset of <expression> bytes

Teer porer wR WoW W

[Rn,{+/-}Rm{,<shift>}]{!} offset of +/- contents of index register, shifted by <shift>

o se R

(iii) A post-indexed addressing specification:
[Rn],<#expression> offset of <expression> bytes

[Rn],{+/-}Rm{,<shift>} offset of +/- contents of index register, shifted as by <shift>.

. UANIIEET

Rn arid Rm are expressions evaluating to a register number. If Rn is R15 then the assembler will subtract 8
from the offset value to allow for ARMT7 pipelining. In this case base write-back shall not be specified.

<shift> is a general shift operation (see section on data processing instructions) but note that the shift
amount may not be specified by a register.

i
{1} writes back the base register (set the W bit) if | is present.

|
4.7.9: Examples

| sTR R1, [R2,R4]! ; store Rl at R2+R4 (both of which are
! ; registers) and write back address to R2
|
i STR R1, [R2],R4 ; store R1 at R2 and write back
; R2+R4 to R2

{

LDR R1, [R2, #16] ; load R1 from contents of R2+16
g ; Don't write back
+ LDR R1, [R2,R3,LSL#2] ; load Rl from contents of R2+R3*4

0 |
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Instruction Set - LDR, STR

LDREQB

STR

PLACE

R1l, [R6, #5]

R1, PLACE

’

’

’

’

’

conditionally load byte at R6+5 into

Rl bits 0 to 7,
with zeros

filling bits 8 to 31

generate PC relative offset to address

PLACE
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4.8 Block data transfer (LDM, STM)

The Instruction is only executed if the condition is true. The various conditions are defined at the beginning
of this chapter. The instruction encoding is shown in Figure 21: Block Data Transfer Instructions.

|
Blocl,'( data transfer instructions are used to load (LDM) or store (STM) any subset of the currently visible
registers. They support all possible stacking modes, maintaining full or empty stacks which can grow up or
dowh memory, and are very efficient instructions for saving or restoring context, or for moving large blocks
of dz}ta around main memory.

t
4.8.* The register list

The jnstruction can cause the transfer of any registers in the current bank (and non-user mode programs
can ;}lso transfer to and from the user bank, see below). The register list is a 16 bit field in the instruction,
with, ‘each bit corresponding to a register. A 1 in bit 0 of the register field will cause R0 to be transferred, a
0 will cause it not to be transferred; similarly bit 1 controls the transfer of R1, and so on.

'
Any subset of the registers, or all the registers, may be specified. The only restriction is that the register list

should not be empty.

i
H

Whenever R15 is stored to memory the stored value is the address of the STM instruction plus 12.

31 28 27 25 24 23 22 21 20 19 16 15 0
3

} Cond 100 |PJUJS{WIL Rn Register list

]

| | __Ly

: Base register

: Load/Store bit

0 = Store to memory
1 = Load from memory

Write-back bit
0 = no write-back
1 = write address into base

PSR & force user bit

0 = do not load PSR or force user mode
1 = load PSR or force user mode

Up/Down bit
0 = down; subtract offset from base
1 = up; add offset to base

Pre/Post indexing bit

0 = post; add offset after transfer
1 = pre; add offset before transfer

Condition field
Figure 21: Block Data Transfer Instructions

S ——

4.8.; Addressing modes

The tBransfer addresses are determined by the contents of the base register (Rn), the pre/post bit (P) and the
up/ down bit (U). The registers are transferred in the order lowest to highest, so R15 (if in the list) will
always be transferred last. The lowest register also gets transferred to/from the lowest memory address. By
way of illustration, consider the transfer of R1, R5 and R7 in the case where Rn=0x1000 and write back of
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Instruction Set - LDM, STM

the modified base is required (W=1). Figure 22: Post-increment addressing, Figure 23: Pre-increment addressing,
Figure 24: Post-decrement addressing and Figure 25: Pre-decrement addressing show the sequence of register
transfers, the addresses used, and the value of Rn after the instruction has completed.

In all cases, had write back of the modified base not been required (W=0), Rn would have retained its initial
value of 0x1000 unless it was also in the transfer list of a load multiple register instruction, when it would
have been overwritten with the loaded value.

4.8.3 Address Alignment

The address should normally be a word aligned quantity and non-word aligned addresses do not affect the
instruction. However, the bottom 2 bits of the address will appear on A[1:0] and might be interpreted by
the memory system.

0x100C 0x100C
Rn —» 0x1000 R1 0x1000
OxOFF4 OxOFF4
1 2
0x100C Rn =& 0x100C
R7
R5 R5
R1 0x1000 R1 0x1000
OxXOFF4 OxOFF4
3 4

Figure 22: Post-increment addressing
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Rn —»

R1

R7

R5

R1

4

Figure 23: Pre-increment addressing

0x100C
Rn —» 0x1000
OxOFF4
1
0x100C
R5
R1
0x1000
0x0FF4
3
0x100C
Rn —» 0x1000
0xOFF4
1
0x100C
0x1000
R5
R1
0OxOFF4
3

R1

R7

R5

R1

Rn —»

4

Figure 24: Post-decrement addressing

0x100C

0x1000

OxOFF4

0x100C

0x1000

OxOFF4

0x100C

0x1000

OxOFF4

0x100C

0x1000

OxOFF4

44
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Instruction Set - LDM, STM

0x100C 0x100C
Rn —» 0x1000 0x1000
Ox0FF4 R1 OxOFF4

1 2
0x100C 0x100C
0x1000 0x1000

R7

R5 R5
Rt OxOFF4 Rn » R1 OxOFF4

3 4

Figure 25: Pre-decrement addressing

4.8.4 Use of the S bit

When the S bit is set ina LDM/STM instruction its meaning depends on whether or not R15 is in the transfer

list and on the type of instruction. The S bit should only be set if the instruction is to execute in a privileged
mode.

LDM with R15 in transfer list and S bit set (Mode changes)

If the instruction is a LDM then SPSR_<mode> is transferred to CPSR at the same time as R15 is loaded.
STM with R15 in transfer list and S bit set (User bank transfer)

The registers transferred are taken from the User bank rather than the bank corresponding to the current
mode. This is useful for saving the user state on process switches. Base write-back shall not be used when
this mechanism is employed.

R15 not in list and S bit set (User bank transfer)

For both LDM and STM instructions, the User bank registers are transferred rather than the register bank
corresponding to the current mode. This is useful for saving the user state on process switches. Base write-

back shall not be used when this mechanism is employed.

When the instruction is LDM, care must be taken not to read from a banked register during the following
cycle (inserting a NOP after the LDM will ensure safety).
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4.8.1f Use of R15 as the base

R15 s:hall not be used as the base register in any LDM or STM instruction.

4.8.6 Inclusion of the base in the register list

Whergl write-back is specified, the base is written back at the end of the second cycle of the instruction.
During a STM, the first register is written out at the start of the second cycle. A STM which includes storing
the base, with the base as the first register to be stored, will therefore store the unchanged value, whereas
with the base second or later in the transfer order, will store the modified value. A LDM will always
overwrite the updated base if the base is in the list.

. 4.8.7 Data Aborts

Someé legal addresses may be unacceptable to a memory management system, and the memory manager
can indicate a problem with an address by taking the ABORT signal HIGH. This can happen on any
trans{)er during a multiple register load or store, and must be recoverable if ARM7 is to be used in a virtual
mempry system.

Aborts during STM instructions

If the abort occurs during a store multiple instruction, ARM7 takes little action until the instruction
completes whereupon it enters the data abort trap. The memory manager is responsible for preventing
erroneous writes to the memory. The only change to the internal state of the processor will be the
modification of the base register if write-back was specified, and this must be reversed by software (and the
caus%f of the abort resolved) before the instruction may be retried.

|
Aborts during LDM instructions
i

When ‘ARMT detects a data abort during a load multiple instruction, it modifies the operation of the
instr?ction to ensure that recovery is possible.

(i) ; Overwriting of registers stops when the abort happens. The aborting load will not take place but
earlier ones may have overwritten registers. The PC is always the last register to be written and so
will always be preserved.

(ii) The base register is restored, to its modified value if write-back was requested. This ensures
recoverability in the case where the base register is also in the transfer list, and may have been
overwritten before the abort occurred.

o

The data abort trap is taken when the load multiple has completed, and the system software must undo any
base modification (and resolve the cause of the abort) before restarting the instruction.

4.8. éfnstructlon Cycle Times

Normal LDM instructions take nS + 1N + 1l and LDM PC takes (n+1)S + 2N + 1I incremental cycles, where
SN and I are as defined in section 5.1 Cycle types on page 65.

f
STM i mstructlons take (n-1)S + 2N incremental cycles to execute.

. n is the number of words transferred.

f

i
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Instruction Set - LDM, STM

4.8.9 Assembler syntax

<LDM | STM>{cond}<FD | ED | FA | EA | IA | IB | DA | DB> Rn{!},<Rlist>{*}
{cond} - two character condition mnemonic, see Figure 8: Condition Codes

Rn is an expression evaluating to a valid register number

<Rlist> is a list of registers and register ranges enclosed in {} (eg {R0,R2-R7,R10}).
{1} if present requests write-back (W=1), otherwise W=0

{*} if present set S bit to load the CPSR along with the PC, or force transfer of user bank when in privileged
mode

Addréssing mode names
There are different assembler mnemonics for each of the addressing modes, depending on whether the

instruction is being used to support stacks or for other purposes. The equivalences between the names and
the values of the bits in the instruction are shown in the following table:

pre-increment load LDMED LDMIB 1 1 1
post-increment load LDMED LDMIA 1 0 1
pre-decrement load LDMEA LDMDB 1 1 0
post-dccrement 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

Table 5: Addressing Mode Names

FD,ED, FA, EA define pre/post indexing and the up/down bit by reference to the form of stack required.
The F and E refer to a “full” or “empty” stack, i.e. whether a pre-index has to be done (full) before storing
to the stack. The A and D refer to whether the stack is ascending or descending. If ascending, a STM will go
up and LDM down, if descending, vice-versa.

IA, IB, DA, DB allow control when LDM/STM are not being used for stacks and simply mean Increment
After, Increment Before, Decrement After, Decrement Before.
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4.8%10 Examples

ﬁ LDMFD SPt, {RO,R1,R2}

; unstack 3 registers

i STMIA RO, {RO~-R15} ; save all registers

| LomrDp  sP!, (R15) ; R15 <- (SP),CPSR unchanged

5 LDMFD Sp!, {R15}" ; R15 <- (SP), CPSR <- SPSR_mode (allowed
; only in privileged modes)

STMFD R13, {RO-R14}" ; Save user mode regs on stack (allowed

i ; only in privileged modes)

These instructions may be used to save state on subroutine entry, and restore it efficiently on return to the
calling routine:

E STMED sP!, {RO-R3,R14} ; save RO to R3 to use as workspace
L)

; and R14 for returning

i BL somewhere ; this nested call will overwrite R14

LDMED SP!, {RO-R3,R15} ; restore workspace and return

N

-

compasn

e -

— R T Re—

e —— A T il i

i iR, T 0
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Instruction Set - SWP

4.9 Single data swap (SWP)

31 28 27 23 22 21 20 19 16 15 12 11 8 7 4 3 0

Cond 00010 B} 00 Rn Rd 0000 1001 Rm

[ L b1 | I

‘— Source register
—— Destination register
Base register
Byte/Word bit

0 = swap word quantity

1 = swap byte quantity

Condition field

Figure 26: Swap Instruction

The instruction is only executed if the condition is true. The various conditions are defined at the beginning
of this chapter. The instruction encoding is shown in Figure 26: Swap Instruction.

The data swap instruction is used to swap a byte or word quantity between a register and external memory.
This instruction is implemented as a memory read followed by a memory write which are “locked”
together (the processor cannot be interrupted until both operations have completed, and the memory
manager is warned to treat them as inseparable). This class of instruction is particularly useful for
implementing software semaphores.

The swap address is determined by the contents of the base register (Rn). The processor first reads the
contents of the swap address. Then it writes the contents of the source register (Rm) to the swap address,
and stores the old memory contents in the destination register (Rd). The same register may be specified as
both the source and destination.

The LOCK output goes HIGH for the duration of the read and write operations to signal to the external
memory manager that they are locked together, and should be allowed to complete without interruption.
This is important in multi-processor systems where the swap instruction is the only indivisible instruction
which may be used to implement semaphores; control of the memory must not be removed from a
processor while it is performing a locked operation.

4.9.1 Bytes and words

This instruction class may be used to swap a byte (B=1) or a word (B=0) between an ARM?7 register and
memory. The SWP instruction is implemented as a LDR followed by a STR and the action of these is as
described in the section on single data transfers. In particular, the description of Big and Little Endian
configuration applies to the SWP instruction.

4.9.2 Use of R15

R15 shall not be used as an operand (Rd, Rn or Rs) in a SWP instruction.
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4.9.3 Data Aborts

If thé 4ddress used for the swap is unacceptable to a memory management system, the internal MMU or
exter"nal memory manager can flag the problem by driving ABORT HIGH. This can happen on either the
reador the write cycle (or both), and in either case, the Data Abort trap will be taken. It is up to the system
software to resolve the cause of the problem, then the instruction can be restarted and the original program

J
continued.
i

4.9.4 Instruction Cycle Times

i
Swap instructions take 1S + 2N +1I incremental cycles to execute, where SN and [ are as defined in section

5.1 Cycle types on page 65.

4.9.5 Assembler syntax
<SV\?P>{cond}{B} Rd,Rm,[Rn]

{cona} - two-character condition mnemonic, see Figure 8: Condition Codes
{B} -,if B is present then byte transfer, otherwise word transfer

Rd,Rm,Rn are expressions evaluating to valid register numbers

4.9.6 Examples
]

SWP RO,R1, {R2] ; load RO with the word addressed by R2, and
; store R1 at R2

SWPB R2,R3, [R4] ; load R2 with the byte addressed by R4, and
; store bits 0 to 7 of R3 at R4

SWPEQ RO, RO, [R1] ; conditionally swap the contents of R1
; with RO

ETSUST (RAIETIED M SRR RO NKEGCT mm W wws wE mEowm TS m m

mow mn o mE m
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Instruction Set - SWI

4.10 Software interrupt (SWI)

31 28 27 24 23 0

Cond 1111 Comment field (ignored by Processor)

Condition field
Figure 27: Software Interrupt Instruction

The instruction is only executed if the condition is true. The various conditions are defined at the beginning
of this chapter. The instruction encoding is shown in Figure 27: Software Interrupt Instruction.

The software interrupt instruction is used to enter Supervisor mode in a controlled manner. The instruction
causes the software interrupt trap to be taken, which effects the mode change. The PC is then forced to a
fixed value (0x08) and the CPSR is saved in SPSR_svc. If the SWI vector address is suitably protected (by
external memory management hardware) from modification by the user, a fully protected operating system

may be constructed.

4.10.1 Return from the supervisor

The PC is saved in R14_svc upon entering the software interrupt trap, with the PC adjusted to point to the
word after the SWl instruction. MOVS PC,R14_svc will return to the calling program and restore the CPSR.

Note that the link mechanism is not re-entrant, so if the supervisor code wishes to use software interrupts
within itself it must first save a copy of the return address and SPSR.

4.10.2 Comment field

The bottom 24 bits of the instruction are ignored by the processor, and may be used to communicate
information to the supervisor code. For instance, the supervisor may look at this field and use it to index
into an array of entry points for routines which perform the various supervisor functions.

4.10.3 Instruction Cycle Times

Software interrupt instructions take 2S + 1N incremental cycles to execute, where S and N are as defined
in section 5.1 Cycle types on page 65.

4.10.4 Assembler syntax
SWI{cond} <expression>
{cond} - two character condition mnemonic, see Figure 8: Condition Codes

<expression> is evaluated and placed in the comment field (which is ignored by ARM?7).
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4.10.5 Examples

[
3
r

|

SWI ReadC
SWI WriteI+“k"
SWINE 0

-~

get next character from read stream
output a “*k” to the write stream
conditionally call supervisor

with 0 in comment field

The above examples assume that suitable supervisor code exists, for instance:

e w3

0x08 B Supervisor

EntryTable
DCD ZeroRtn

DCD ReadCRtn
DCD WriteIRtn

Zero EQU O
ReadC EQU 256
WriteI  EQU 512

|3 »
Sup?rv1sor

’

'

’

SWI entry point

addresses of supervisor routines

SWI has routine required in bits 8-23 and data (if any) in bits 0-7.
; A?sumes R13_svc points to a suitable stack

b

e

—

=

STMFD R13, {RO-R2,R14}

LDR RO, [R14, #-4]

BIC RO, RO, #0xXFF000000
MOV R1,R0,LSR#8

ADR R2,EntryTable
LDR R15, [R2,R1,LSL#2]
WriteIRtn

- - - - - .

LDMFD R13, {RO-R2,R15}"

r
r
’

’
’

2

~

’

save work registers and return address
get SWI instruction

clear top 8 bits

get routine offset

get start address of entry table
branch to appropriate routine

enter with character in RO bits 0-7

restore workspace and return
restoring processor mode and flags
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Instruction Set - CDP

4.11 Coprocessor data operations (CDP)

The instruction is only executed if the condition is true. The various conditions are defined at the beginning
of this chapter. The instruction encoding is shown in Figure 28: Coprocessor Data Operation Instruction.

This class of instruction is used to tell a coprocessor to perform some internal operation. No result is
communicated back to ARM7, and it will not wait for the operation to complete. The coprocessor could
contain a queue of such instructions awaiting execution, and their execution can overlap other ARM72S +
IN incremental cycles, where S and N are as defined in section 5.1 Cycle types on page 65. activity allowing
the coprocessor and ARM7 to perform independent tasks in parallel.

31 28 27 24 23 20 19 16 15 12 11 8 7 5 4 3 0

Cond 1110 CP Opc CRn CRd CP# CP 10 CRm

[ L f) =\ |l o o1
R~

I— Coprocessor operand register
—— Coprocessor information

—— Coprocessor number

—— Coprocessor destination register
Coprocessor operand register
Coprocessor operation code
Condition field

Figure 28: Coprocessor Data Operation Instruction

4.11.1 The Coprocessor fields

Only bit 4 and bits 24 to 31 are significant to ARMT; the remaining bits are used by coprocessors. The above
field names are used by convention, and particular coprocessors may redefine the use of all fields except
CP# as appropriate. The CP# field is used to contain an identifying number (in the range 0 to 15) for each
coprocessor, and a coprocessor will ignore any instruction which does not contain its number in the CP#

field.

The conventional interpretation of the instruction is that the coprocessor should perform an operation
specified in the CP Opc field (and possibly in the CP field) on the contents of CRn and CRm, and place the

result in CRd.

4.11.2 Instruction Cycle Times

Coprocessor data operations take 1S + bl incremental cycles to execute, where S and I are as defined in
section 5.1 Cycle types on page 65.

b is the number of cycles spent in the coprocessor busy-wait loop.
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4.11.3 Assembler syntax

CDP{cond} p#,<expressionl>,cd,cn,cm{,<expression2>}
{cond} - two character condition mnemonic, see Figure 8: Condition Codes

p#- the unique number of the required coprocessor
L]
<expressionl> - evaluated to a constant and placed in the CP Opc field

cd, c%r and cm evaluate to the valid coprocessor register numbers CRd, CRn and CRm respectively

<exp§‘ession2> - where present is evaluated to a constant and placed in the CP field
i

4.11.4 Examples
!
]

i
|4

CDP pl,10,cl,c2,c3 ; request coproc 1 to do operation 10
; on CR2 and CR3, and put the result in CR1

CDPEQ p2,5,cl,c2,c3,2 ; 1if 2 flag is set request coproc 2 to do
; operation 5 (type 2) on CR2 and CR3,
; and put the result in CR1

T Crmem UM R MW W % pwom

-

= wr e
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Instruction Set - LDC, STC

4.12 Coprocessor data transfers (LDC, STC)

The instruction is only executed if the condition is true. The various conditions are defined at the beginning
of this chapter. The instruction encoding is shown in Figure 29: Coprocessor Data Transfer Instructions.

This class of instruction is used to load (LDC) or store (STC) a subset of a coprocessors'’s registers directly
to memory. ARM?7 is responsible for supplying the memory address, and the coprocessor supplies or
accepts the data and controls the number of words transferred.

31 28 27 25 24 23 22 21 20 19 16 15 12 11 8 7 0

Cond 110 JPJUINJW]L Rn CRd CP# Offset
o1 - J

L L 1 L
=

L Unsigned 8 bit immediate offset
—— Coprocessor number
Coprocessor source/destination register
Base register
Load/Store bit

0 = Store to memory
1 = Load from memory

Write-back bit

0 = no write-back
1 = write address Into base

Transfer length
Up/Down bit

0 = down; subtract offset from base
1 = up; add offset to base

Pre/Post indexing bit
0 = post; add offset after transfer
1 = pre; add offset before transfer

Condition field

Figure 29: Coprocessor Data Transfer Instructions

4.12.1 The Coprocessor fields

The CP# field is used to identify the coprocessor which is required to supply or accept the data, and a
coprocessor will only respond if its number matches the contents of this field.

The CRd field and the N bit contain information for the coprocessor which may be interpreted in different
ways by different coprocessors, but by convention CRd is the register to be transferred (or the first register
where more than one is to be transferred), and the N bit is used to choose one of two transfer length options.
For instance N=0 could select the transfer of a single register, and N=1 could select the transfer of all the

registers for context switching.
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4.12;2 Addressing modes

ARMT is responsible for providing the address used by the memory system for the transfer, and the
addrgssing modes available are a subset of those used in single data transfer instructions. Note, however,
that the immediate offsets are 8 bits wide and specify word offsets for coprocessor data transfers, whereas
they are 12 bits wide and specify byte offsets for single data transfers.

The 8' bit unsigned immediate offset is shifted left 2 bits and either added to (U=1) or subtracted from (U=0)
the base register (Rn); this calculation may be performed either before (P=1) or after (P=0) the base is used
as the transfer address. The modified base value may be overwritten back into the base register (if W=1), or
the old value of the base may be preserved (W=0). Note that post-indexed addressing modes require
explicit setting of the W bit, unlike LDR and STR which always write-back when post-indexed.

The value of the base register, modified by the offset in a pre-indexed instruction, is used as the address for
the tfansfer of the first word. The second word (if more than one is transferred) will go to or come from an
addréss one word (4 bytes) higher than the first transfer, and the address will be incremented by one word
for each subsequent transfer.

4.12:3 Address Alignment

The b‘ase address should normally be a word aligned quantity. The bottom 2 bits of the address will appear
on AP:O] and might be interpreted by the memory system.

4.12?4 Use of R15

If Rn s R15, the value used will be the address of the instruction plus 8 bytes. Base write-back to R15 shall
not be specified.

4.12.55 Data aborts

If thd address is legal but the memory manager generates an abort, the data trap will be taken. The write-
back of the modified base will take place, but all other processor state will be preserved. The coprocessor is
partlﬁr responsible for ensuring that the data transfer can be restarted after the cause of the abort has been
resolyed, and must ensure that any subsequent actions it undertakes can be repeated when the instruction
is retfied.

4.12.6 Instruction Cycle Times

All LbC instructions are emulated in software: the number of cycles taken will depend on the coprocessor
suppbrt software,

Coprocessor data transfer instructions take (n-1)S + 2N + bl incremental cycles to execute, where S, N and
I are &s defined in section 5.1 Cycle types on page 65.

P,
n + is the number of words transferred.
i

b | isthe number of cycles spent in the coprocessor busy-wait loop.

4.12.7 Assembler syntax
<LDG | STC>{cond}{L} p#,cd,<Address>
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Instruction Set - LDC, STC

LDC - load from memory to coprocessor

STC - store from coprocessor to memory

{L} - when present perform long transfer (N=1), otherwise perform short transfer (N=0)

{cond} - two character condition mnemonic, see Figure 8: Condition Codes

p# - the unique number of the required coprocessor

cd is an expression evaluating to a valid coprocessor register number that is placed in the CRd field
<Address> can be:

(i) An expression which generates an address:
<expression>

The assembler will attempt to generate an instruction using the PC as a base and a corrected
immediate offset to address the location given by evaluating the expression. This will be a PC
relative, pre-indexed address. If the address is out of range, an error will be generated.

(i) A pre-indexed addressing specification:
[Rn] offset of zero

[Rn,<#expression>]{!} offset of <expression> bytes

(iii) A post-indexed addressing specification:

[Rn],<#expression> offset of <expression> bytes

Rn is an expression evaluating to a valid ARMT7 register number. Note, if Rn is R15 then the assembler will
subtract 8 from the offset value to allow for ARM7 pipelining.

{1} write back the base register (set the W bit) if ! is present

4.12.8 Examples

LDC pl,c2, table ; load c2 of coproc 1 from address table,
; using a PC relative address.
STCEQL p2,c3, [R5, #24]! ; conditionally store c3 of coproc 2 into

; an address 24 bytes up from R5, write this
; address back to R5, and use long transfer
; option (probably to store multiple words)

Note that though the address offset is expressed in bytes, the instruction offset field is in words. The
assembler will adjust the offset appropriately.
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4.13‘:C0processor register transfers (MRC, MCR)

The i$ only executed if the condition is true. The various conditions are defined at the beginning of this
chapter. The instruction encoding is shown in Figure 30: Coprocessor Register Transfer Instructions.

This class of instruction is used to communicate information directly between ARM7 and a coprocessor. An
example of a coprocessor to ARM7 register transfer (MRC) instruction would be a FIX of a floating point
value. held in a coprocessor, where the floating point number is converted into a 32 bit integer within the
coprocessor, and the result is then transferred to ARM7 register. A FLOAT of a 32 bit value in ARM7
register into a floating point value within the coprocessor illustrates the use of ARM?7 register to coprocessor
transf'er (MCR).

An imiportant use of this instruction is to communicate control information directly from the coprocessor
into the ARM7 CPSR flags. As an example, the result of a comparison of two floating point values within a

coprogessor can be moved to the CPSR to control the subsequent flow of execution.

i
31 28 27 24 23 21 20 19 16 15 12 11 8 7 5 4 3 0

¢t Cond 1110 JCPOpcjL CRn Rd CP# cP |1 CRm

I ] L f

¥

k

’ Coprocessor operand register

' —— Coprocessor information

; ——— Coprocessor number

i —— ARM source/destination register
g ———— Coprocessor source/destination register
i

i

t

Load/Store bit

0 = Store to Co-Processor
1 = Load from Co-Processor

Coprocessor operation mode
Condition field

i Figure 30: Coprocessor Register Transfer Instructions

4.13.1 The Coprocessor fields

The CP# field is used, as for all coprocessor instructions, to specify which coprocessor is being called upon.
¥

The CP Opc, CRn, CP and CRm fields are used only by the coprocessor, and the interpretation presented
here 1s derived from convention only. Other interpretations are allowed where the coprocessor
functipnality is incompatible with this one. The conventional interpretation is that the CP Opc and CP fields
specify the operation the coprocessor is required to perform, CRn is the coprocessor register which is the
sourcé or destination of the transferred information, and CRm is a second coprocessor register which may
be involved in some way which depends on the particular operation specified.
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Instruction Set - MRC, MCR

4.13.2 Transfers to R15

When a coprocessor register transfer to ARM7 has R15 as the destination, bits 31, 30, 29 and 28 of the
transferred word are copied into the N, Z, C and V flags respectively. The other bits of the transferred word
are ignored, and the PC and other CPSR bits are unaffected by the transfer.

4.13.3 Transfers from R15

A coprocessor register transfer from ARM7 with R15 as the source register will store the PC+12.

4.13.4 Instruction Cycle Times

MRC instructions take 1S + (b+1)I +1C incremental cycles to execute, where S, I and C are as defined in
section 5.1 Cycle types on page 65.

MCR instructions take 1S + bl +1C incremental cycles to execute.

b is the number of cycles spent in the coprocessor busy-wait loop.

4.13.5 Assembler syntax
<MCR | MRC>{cond} p#,<expressionl>,Rd,cn,cm{,<expression2>}

MRC - move from coprocessor to ARM7 register (L=1)

MCR - move from ARMT register to coprocessor (L=0)

{cond} - two character condition mnemonic, see Figure 8: Condition Codes

p# - the unique number of the required coprocessor

<expressionl> - evaluated to a constant and placed in the CP Opc field

Rd is an expression evaluating to a valid ARM7 register number

cn and cm are expressions evaluating to the valid coprocessor register numbers CRn and CRm respectively

<expression2> - where present is evaluated to a constant and placed in the CP field

4.13.6 Examples

MRC 2,5,R3,c5,c6 ; request coproc 2 to perform operation 5
; on c5 and c6, and transfer the (single
; 32 bit word) result back to R3

MCR 6,0,R4,c6 ; request coproc 6 to perform operation 0
; on R4 and place the result in cé6

MRCEQ 3,9,R3,c5,c6,2 ; conditionally request coproc 2 to perform
; operation 9 (type 2) on ¢5 and c6, and
; transfer the result back to R3
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4.121 Undefined instruction

"

3] 2827 2524 5 43 0
Cond 011 XXXXXXXXXXKXXXXKXXXX 1 XXXX
i Figure 31: Undefined Instruction
The instruction is only executed if the condition is true. The various conditions are defined at the beginning

of this chapter. The instruction format is shown in Figure 31: Undefined Instruction.

]
If the condition is true, the undefined instruction trap will be taken.

Note that the undefined instruction mechanism involves offering this instruction to any coprocessors which
maysbe present, and all coprocessors must refuse to accept it by driving CPA and CPB HIGH.

4.142.1 Assembler syntax

At present the assembler has no mnemonics for generating this instruction. If it is adopted in the future for
some specified use, suitable mnemonics will be added to the assembler. Until such time, this instruction
shall not be used.

I p——
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60 !



g —————————————rl B

Tl ww AU RSN FOCTRN ST WO T 1§ TR

» - e —

[

e T TR

4.15 Instruction Set Examples

Instruction Set - Examples

The following examples show ways in which the basic ARM7 instructions can combine to give efficient
code. None of these methods saves a great deal of execution time (although they may save some), mostly

they just save code.

4.15.1 Using the conditional instructions

1) using conditionals for logical OR
CMP Rn, #p
BEQ Label
CMP Rm, #qg
BEQ Label
can be replaced by
CMP Rn, #p
CMPNE Rm, #q
BEQ Label
2 absolute value
TEQ Rn, #0
RSBMI Rn,Rn, #0
() multiplication by 4, 5 or 6 (run time)
MOV Rc,Ra,LSL#2
CMP Rb, #5
ADDCS Rc,Rc,Ra
ADDHI Rc,Rc,Ra
4) combining discrete and range tests
TEQ Rc, #127
CMPNE Rc, #7 -1
MOVLS Rc, #"7."
(5) division and remainder

if Rn=p OR Rm=qg THEN GOTO Label

; 1f condition not satisfied try other test

test sign

; and 2's complement if necessary

; multiply by 4

test wvalue
complete multiply by 5
complete multiply by 6

; discrete test
; range test

IF Rc<=" " OR Rc=ASCII(127)

; THEN Rc:="."

A number of divide routines for specific applications are provided in source form as part of the ANSI C
library provided with the ARM Cross Development Toolkit, available from your supplier. A short general

pupose divide routine follows.
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enter with numbers in Ra and Rb

i MOV Rent, #1 ; bit to control the division
Divl: CMP Rb, #0x80000000 ; move Rb until greater than Ra
I cuecc Rb,Ra
MOVCC Rb,Rb,ASL#1
: MOVCC Rcnt, Rent, ASLi#l
BCC Divl
' MoV Rec, #0
Div2 CMP Ra,Rb ; test for possible subtraction
SUBCS Ra,Ra,Rb ; subtract if ok
E ADDCS Rc,Rc,Rent ; put relevant bit into result
, Movs Rent, Rent, LSR#1 ; shift control bit
MOVNE Rb,Rb, LSR#1 ; halve unless finished
BNE Div2

i

i 4=, -

i ; divide result in Rc
E ; remainder in Ra

4.15.2 Pseudo random binary sequence generator

It is often necessary to generate (pseudo-) random numbers and the most efficient algorithms are based on
shift generators with exclusive-OR feedback rather like a cyclic redundancy check generator. Unfortunately
the sequence of a 32 bit generator needs more than one feedback tap to be maximal length (i.e. 2432-1 cycles
before repetition), so this example uses a 33 bit register with taps at bits 33 and 20. The basic algorithm is
newbit:=bit 33 eor bit 20, shift left the 33 bit number and put in newbit at the bottom; this operation is
performed for all the newbits needed (i.e. 32 bits). The entire operation can be done in 5 S cycles:

1

. ; enter with seed in Ra (32 bits),

¥ Rb (1 bit in Rb lsb), uses Rc

TST Rb,Rb, LSR#1 ; top bit into carry
MOVS Rc,Ra,RRX ; 33 bit rotate right
ADC Rb,Rb,Rb ; carry into lsb of Rb
EOR Rc,Rc,Ra,LSL#12 ; (involved!)

EOR Ra,Rc,Rc, LSR#20 ; (similarly involved!)

; new seed in Ra, Rb as before

G % R TRCT SRRADE AT TR

4153 Multiplication by constant using the barrel shifter
(1) * Multiplication by 2*n (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
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Instruction Set - Examples

(3) Multiplication by 2”*n-1 (3,7,15..)
RSB Ra,Ra,Ra,LSL #n
4 Multiplication by 6

ADD Ra,Ra,Ra,LSL #1 ; multiply by 3
MOV Ra,Ra, LSLi#l ; 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, LSLi#1 ; multiply by 2 and add in next digit
(6) General recursive method for Rb := Ra*C, C a constant:

(@ IfCeven,say C=2"n*D,D odd:

D=1: MOV Rb,Ra,LSL #n
D<>1: {Rb := Ra*D}
MOV Rb,Rb,LSL #n

(b) IfCMOD 4 =1,sayC=2%n*D+1,D odd, n>1:

D=1: ADD Rb,Ra,Ra,LSL #n
D<>1: {Rb := Ra*D}
ADD Rb,Ra,Rb,LSL #n

() IfCMOD 4 =3, sayC=2n*D-1, D odd, n>1:

D=1: RSB Rb,Ra,Ra,LSL #n
D<>1: {Rb := Ra*D}
RSB Rb,Ra,Rb,LSL #n

This is not quite optimal, but close. An example of its non-optimality is multiply by 45 which is done by:

RSB Rb,Ra,Ra, LSL#2 ; multiply by 3

RSB Rb,Ra,Rb, LSL#2 ; multiply by 4*3-1 = 11

ADD Rb,Ra,Rb,LSL# 2 ; multiply by 4*11+1 = 45
rather than by:

ADD Rb,Ra,Ra,LSL#3 ; multiply by 9

ADD Rb,Rb,Rb,LSL#2 ; multiply by 5*9 = 45
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4.15

BIC Rb,Ra, #3

LDMIA Rb, {Rd,Rc}

AND Rb,Ra, #3

MOVS Rb,Rb, LSL#3
MOVNE Rd,Rd,LSR Rb
RSBNE Rb,Rb, #32

ORRNE Rd,Rd,Rc,LSL RDb

o ETANCRImOINE CHEDY WSS UENLI VE SHR D NN GE  RmAn

4.15.5 Loading a halfword (Little Endian)

I LDR Ra, [Rb, #2]
. MOV Ra,Ra,LSL #16
% MOV Ra,Ra,LSR #16

|
4.15.6 Loading a halfword (Big Endian)
4

Ra, [Rb,#2]
Ra,Ra,LSR #16

LDR
MOV

Gm MO BeowTTmD  SATRTSWEERY MUTTOMEST SO TROMRE  CROTOMMSMTS TOMGET G Sy

omo s TEom R

I

'

7

4 Loading a word from an unknown alignment

enter with address in Ra (32 bits)
uses Rb, Rc; result in RAd.
Note d must be less than ¢ e.g. 0,1

get word aligned address

get 64 bits containing answer
correction factor in bytes

...now in bits and test if aligned
produce bottom of result word

(if not aligned)

get other shift amount

combine two halves to get result

Get halfword to bits 15:0

move to top

and back to bottom

use ASR to get sign extended version

Get halfword to bits 31:16
and back to bottom
use ASR to get sign extended version

[*2]
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