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Thumb

From the programmer’ s point of view, the
ARMT7TDMI can bein one of two states:

ARM state which executes 32-bit, word-aligned ARM
instructions.

THUMB state which operates with 16-bit, halfword-
aligned THUMB instructions. In this state, the PC
uses bit 1 to select between alternate halfwords.

Note Transition between these two states does not
affect the processor mode or the contents of the
registers.

Entering THUMB state

m Entry into THUMB state can be achieved by
executing a BX instruction with the state
m bit (bit 0) set in the operand register.

m Transition to THUMB state will also occur
automatically on return from an exception
(IRQ, FIQ, UNDEF, ABORT, SWI etc.), if the

exception was entered with the processor

in THUMB state.




Entering ARM state

m Entry into ARM state happens:
m 1 On execution of the BX instruction with the
state bit clear in the operand register.

m 2 On the processor taking an exception (IRQ,
FIQ, RESET, UNDEF, ABORT,SWI etc.).

m In this case, the PC is placed in the exception
mode’s link register, and execution commences
at the exception’s vector address.

Thumb

THUME State General Registers and Program Counter

System & User Fl2 Supervisor Abort IRQ Undefined
RO RO RO RO RO RO
R R1 R1 R1 Ri R1
Rz R2 R2 R2 R2 R2
R R3 R3 R3 R3 R3
R4 Rd Rd R4 R4 R4
RS RS RS RS RS RS
RE RE RE RE RE RE
AT AT R7 RT RT RT
=P SP_fig SP_svo SP_abt SP_im SP_und
LR LR_fig LR_swz LR_abt LR_irg LR_und
PG po PG PC PC PC
THUMB State Program Status Registers
| CPSR | CPsSR | CPsR CPSR CPSR CPSR
SPSR_fig RSPSR_S\C SPSR_abt SPSR_ing SPSR_und

b= banked register




Thumb

THUMB state ARM state

RO —_ RO

R1 —_ R1

R2 —_— R2Z "

R3 —_— R3 g
5

R4 —_— R4 )
2

RS —_— R5 s

R6 E— R6 =~

R7 —_— R7

RS
R
R10
R11
R12

Stack Pointer (SP) —efip | Stack Pointer (R13)
Link Register (LR} ——»| Link Register (R14)
Program Counter (PC)| == |Program Counter (R15)|
CPSR E— CPSR
SPSR E— SPSR

Hi registers

Thumb

m In THUMB state, registers R8-R15 (the Hi registers)
are not part of the standard register set. However, the
assembly language programmer has limited access to
them, and can use them for fast temporary storage.

m A value may be transferred from aregister in the
range RO-R7 (a Lo register) to a Hi register, and
from a Hi register to a Lo register, using special
variants of the MOV instruction. Hi register values
can also be compared against or added to Lo register
values with the CMP and ADD instructions.




o014 1 12 " o8 B T B & 4 3 2 1

1 ofo|o op Offsats Rs Rd Move shifted rogi

2 |ofofal1 | 1] |0p| Rnioffseta Rs Rd Auidsubtract

3 ofo|1 ap Rd Offsetd Movecompare/add

4 g|1|jojojojo Op Rs Rd

5 oj1jojojol1 Cp [H1 ‘HZ Rs/Hs RdHd

& glt1|jojo]1 Rd Wordd

7 gf1]of1|L|[E|O Ro Rb Rd Load'store with register
offset

g (o1 fo]1|H|S([1 Ro Rb Rd Loadstore sign-exten ded
by jord

9 oj1|1|B|L Offsats Rb Rd o with immediste

0 |1|(0jojofL Offsats Rb Rd Loadstare haifword

o1 fofoj1]L Rd Wordd SP-relative oadstore

2 [1(0of1]0]|5P Rd Wardd Load address

21|01 (1(0ofojojo|s SWordy Add offset to stack pointer

4 (1|01 (1|[L[f1T]O]|R Rlist

5 (1|1 |o|ofL Rb Rlist Muitiple load/store

6 [1[1(0]1 Cond Soffsetd Conditional branch

SRR ERE | 1 | 1 Valued Softwar

® 1|1 |1|of0 Offset11 Unconditional bra

w111 |1[H Offset Long br

14 1 12 " o8 B T B &5 4 3 2 1
15 14 12 12 11 10 E] 8 7 5 4 3 2 1
ololol op Offsets Rs Rd

[ Destination registar

— Source ragister

Immediate value

Opcode




Thumb Format 1. move shifted register

QP THUME assambler ARM aquivalent Action

oo LSL Rd, Rs, #0ffsets MOVS Rd, Rs, LSL #0ffsets | Shift Rs left by a 5-bit immediate value
and store the result in Rd.

01 LSR Rd, Rs, #O0ffsets MOWVS Rd, Rs, LER #0ffsets | Perform logical shift right on Rs by a 5-
bit immediate value and store the result
inRd.

10 ASR Rd, Rs, #0ffsets MOWS Rd, Rs, ASR #0ffsets | Perform arithmetic shift ighton Rs by a
5-bit immediate value and store the
result in Rd.

Examples

LSR R2, R5, #27 ; Logical shift right the contents
; of R5 by 27 and store the result in R2.
; Set condition codes on the resullt.

Format 2: add/subtract

Rn/Offsatd Rs Rd

[=1
-
-
o
=

E Destination register

Scurce register

Register/
Immediate value

Opecode
0-ADD
1-5UB

Immediate flag
0 - Reqister operand
1 - Immediate operand




Format 2: add/subtract

Op | THUME assembler ARM equivalent Action

a a ADD Rd, Rs, Rn ADDS Rd, Rs, Rn Add contents of Rn to contents of Rs. Place
result in Rd.

a 1 ADD Rd, Rs, #0ffset3 ADDS Rd, Rs, #0ffset3 | Add 3-bit immediate value to contents of
Rs. Place result in Rd.

1 [i] SUE Rd, Rs, Rn SUES Rd, Rs, Rn Subtract contents of Rn from contents of
Rs. Place result in Rd.

1 1 SUE Rd, Rs, #Offset3 SUBS Rd, Rs, #Cffset3 | Subtract 3-bit immediate value from
contents of Rs. Place result in Rd.

Examples

ADD RO, R3, R4 ; RO := R3 + R4 and set condition codes on the result.
SUB R6, R2, #6 ; R6 := R2 - 6 and set condition codes.

move/compare/add/subtract immediate

1 Op

Rd

Offsetd

[ Immediate valua

Source/dastination register

Opcode

The instructions in this group perform operations between a
Lo register and an 8-bit immediate value.




move/compare/add/subtract immediate

Op THUME assembler ARM equivalent Action

a0 MOV Rd, #Offsetd MOWS Rd, #Offsetd Mowe &-bit immediate value into Rd.

o1 CMP Rd, #0ffs=ts CMP Rd, #0ffsetd Compare contents of Rd with 8-bit
immediate value.

10 ADD Rd, #0ffsetd ADDS Rd, Rd, #0ffset® | Add &-bitimmediate value to contents of Rd
and place the result in Rd.

1 SUE Rd, #Offseta SUES Rd, Rd, #0ffset8 | Subtract 8-bit immediate value from
contents of Rd and place the result in Rd.

Examples

MOV RO, #128 ; RO := 128 and set condition codes
CMP R2, #62 ; Set condition codes on R2 - 62

ADD R1, #255 ; R1 := R1 + 255 and set condition codes
SUB R6, #145 ; R6 := R6 - 145 and set condition codes

ALU operations

0

e
(]
L=l
—

Rd

[ Source/destination

register

Source register 2

Opcode




ALU operations

ap THUMBE assambler ARM aquivalent Action
0000 | ANDRd, Rs AMDS Rd, Rd, Rs Rd:= Rd AND Rs
0oo1 | ECR Rd, Rs ECQRS Rd, Rd, Rs Rd:= Rd ECR. Rs
0010 | LSLRd, Rs MOWS Rd, Rd, LSL Rs Rd = Rd <= Rs
0011 | LSR Rd, Rs MOWS Rd, Rd, LSR Rs Rd = Rd == Rs
0100 | ASRRd, Rs MOVS Rd, Rd, ASR Rs Rd := Rd ASR Rs
0101 | ADC Rd, Rs ADCS Rd, Rd, Rs Rd := Rd + Rs + C-bit
0110 | SBC Rd, Rs SBCSRd, Rd, Rs Rd:=Rd - Rs - NOT C-bit
0111 | RORRd, Rs MOWS Rd, Rd, ROR Rs Rd = Rd ROR Rs
1000 | TST Rd, Rs TST Rd, Rs Set condition codes on Rd AMD Rs
1001 | MEG Rd, Rs RSES Rd, Rs, #0 Rd = -Rs
ALU operations
oP THUNMB assambler ARM aguivalent Action
1010 | CMP Rd, Rs CMP Rd, Rs Set condition codes on Rd - Rs
1011 | CMN Rd, Rs CHM Rd, Rs Set condition codes on Rd + Rs
1100 | ORRRd, Rs CRRSRd, Rd, Rs Rd :=Rd OR Rs
1101 | MUL Rd, Rs MULS Rd, Rs, Rd Rd:=Rs*Rd
1110 | BIC Rd, Rs BICS Rd, Rd, Rs Rd := Rd AND MOT Rs
1111 | MVN Rd, Rs MYWNS Rd, Rs Rd := NOT Rs




ALU operations

Examples

EOR R3, R4 ; R3 := R3 EOR R4 and set condition codes

ROR R1, RO ; Rotate Right R1 by the value in RO, store
: theresult in R1 and set condition codes

NEG R5, R3 ; Subtract the contents of R3 from zero,
; store the result in R5. Set condition codes
;ieR5=-R3

CMP R2, R6 ; Set the condition codes on the result of
R2-R6

MUL RO, R7 ; RO := R7* RO and set condition codes

Hi register operations/branch exchange

Op H1 | H2 Rs/Hs Rd/Hd

{ Destination register

Source register

L—————— Hioperand flag 2

Hi operand flag 1

Opcode
Op H1 H2 THUMB assembler ARM equivalent Action
00 1 ADD Rd, Hs ADD Rd, Rd, Hs Add a register in the range 8-15to a
register in the range 0-7.
iy} 1 0 ADD Hd, Rs ADD Hd, Hd, Rs Add aregister in the range 0-7 to a
register in the range 8-15.
00 1 1 ADD Hd, Hs ADD Hd, Hd, Hs Add two registers in the range 8-15




Hi register operations/branch exchange

Oop H1 H2 THUMB assembler ARM equivalent Action

0} o] 1 CMP Rd, Hs CMP Rd, Hs Compare a register in the rangs 0-7
with a registerin the range &-15. Set
the condition code flags on the result.

01 1 0 CMP Hd, Rs CMP Hd. Rs Compare a register in the range 8-15
with a registerin the range 0-7. Set the
condition code flags on the result.

01 1 1 CMP Hd, Hs CMP Hd, Hs Compare two registers in the range 8-
15. Set the condition code flags on the
rasult

10 0] 1 MOV Rd. Hs MOV Rd. Hs Move a value from a register in the
range B-15 to a register in the range O-
T

10 1 Q MOV Hd, Rs MOV Hd, Rs Move a value from a register in the
range 0-7 to aregister in the range 8-
15

10 1 1 MOV Hd, Hs MOV Hd, Hs Move a value between two registers in
the range 8-15.

11 0 0 BX Rs BXRs Perform branch (plus optional state
change) to address in a register in the
range 0-7

1" 0 1 BX Hs BX Hs Perform branch (plus optional state
change) to address in a register in the
range 8-15

Hi register operations/branch exchange

The BX instruction

BX performs a Branch to a routine whose start addressis
specified in aLo or Hi register.

Bit O of the address determines the processor state on entry to
the routine:

Bit O = O causes the processor to enter ARM state.

Bit 0 = 1 causes the processor to enter THUMB state.

Note The action of H1 = 1 for this ingtruction is undefined, and
should not be used.




Hi register operations/branch exchange

Hi register operations
ADD PC,R5 ; PC:=PC + R5 but don't set the
; condition codes.
CMP R4, R12 ; Set the condition codes on the
: result of R4 - R12.
MOV R15, R14 ; Move R14 (LR) into R15 (PC)
: but don't set the condition codes,
; €g. return from subroutine.

Hi register operations/branch exchange

Branch and exchange
: Switch from THUMB to ARM state.
ADR R1,0outof THUMB ; Load address of outof THUMB into R1.
MOV R11,R1
BX R11; Transfer the contents of R11 into the PC.
: Bit 0 of R11 determines whether
: ARM or THUMB state is entered, ie.
: ARM state here.

ALIGN
CODE32
outof THUMB ; Now processing ARM instructions...




Thumb ARM

E?tch ! Decode stage ;Execule
age |
|
: 32-hit data . Mux |
|
| 1 B
| i -
I Mux -
| 16 |
b 18 Thumb |
! Instruction |
: 16 Decompressor Mux |
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| > g instruction l
| Al L decode |
| |
! Thumb state !
ALUop / LG
/ ALUctr
op Mai | RegDst 3 func Control 7;
P/ ain +
6 Control | ALUSIc Instr<5:0>6
Instr<31:26> : nPC sl Instruction<31:0>
— Instruction A 1A A |a
Fetch Unit : % :: S
Clk ~
PR L L —o= G 18[9 |9
Rt Rs Rd Imml6
RegWy 5 5{'R55+Rt ALUct
Rw_ Ra Rb Zero | MemWr MemtoReg
by 32 30-bit 32 = .
3C2 ( Registers -h:'gi‘/ % 32 -
3 c
m = »—TWrEn Adr
Instr<15:0> 16 2 - amory
. ALUSIC
|

ExtOp




R-R

Clk _
—14 *—Clk-toQ | I
pc _OldValue I* New Value lX_
y ———— |Instruction Memory Access Time 1
(F;S' 'T:t Rd, 1 Old Value X New Value 1
P, Func I i1 Delay through Control Logic I
AlLUctr | Old Value 1 New Value |
| : : &
RegWr —Oldvaie e New Value
N I 1 Register File Access Time
busA,B 1 OldValue 1 X New Value
I ' ——— ALUDelay Al
busw ] Old Value New Value [
RegWr 5T'd ST»S Rt ALUctr Register Write
| busA s OccursHere
Rw Ra Rb 7
e 32 32-hit 32 >,Jz 2/R It
Registers 3
ak ~— & buB / I}J
327
- (Load y lw rtrs, imml6
m =PC's Clk-to-Q + + +ALU
32 + +
Ideal
Instruction Ingtruction
Memory
Rd| Rs| Rt Imm
5 5 5] 16
A Data
Rw Ra Rb—~T—\_32  Address
32 . 32 I/ I deal
/ 32 32-hit 7 _
/ Registers Data
€ B Dataln | Memory
1\ |/ s
ck O CIk/
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ARMY

= ARM7 Y
[ ]
" (r0 to ri5)
L A- bus/ B- rebg;ﬂ:v =
bus instruction
. ALU- bus [ 1
. b ¢
I"15 b A B control
Barrel shifter / s b b
) ALU : )
- ’
. PC (with
increment) E
data out register | | data in register |
D[31:0]
m ARM7( )
n : 3 Stage pipeline

e Fetch : fetch instruction code from memory into the

instruction pipeline

« Decode: instruction decoded to obtain control signalsfor the
datapath ready for the next stage

« Execute: instruction“ owns” the datapath - register read,;
shifting; ALU results generated and write- back

1 | fetch | decode |execute |
PC— PC+4 » RIS
2 l fetch(| decode |execute |
PC+4—PC8
3 | fetch | decode |execute
instruction

time




ARMY

m ARM7(cont’d)

m Multi-cycle operation

 Single cyclethroughput for almost simple data
processing instruction

» Multi-cyclefor mul, load/store

N
ADD 1 |fetchADD| decode I execute |

STR 2 [fetch sTR] decode [caic.addr J dataxter |

ADD >

ADD  «
ADD 5 [fetchADD] decode | execute |

instruction

time

Il B [ ]
- - D
[ 1 [ 1 [ 1 [ 1

, P4 Netburst




ARMY

m ARM7(cont’d)
m 2 Phase Non-overlapping clocking scheme

2

. phase 2
. . 1 clock cycle
m Datapathtiming
ALU operands
latched
ph ase 1 1
- phase 2
register
[ie,ﬁg read bus valid
| e— ){ precharge .
¥ invalidates register
shift time shift out valid buses write time
/
ALU t ime 7

ALU 0 ut

I:II:ID::

= I
D




Datapath

A0
LE ABE

Address Register

Sean
Caniral

r2l B

DEGRAI

=jater B
(31 ¢ 2.0 rgisters)
16 siatz registers)

TET—=F

Instruction
Decoder |- nFIQ
L

T &

Conrel |4 ABORT.
Legie Fe nTRANS

o
32-bit AL je— CPE

be ntaa:0]
fe— TBE
P TBIT

F“ i b nichz

Virile Data Register d Data Register

minucton Ppsine
& THNE et Boder

nENOuT nETmN \%
L}

ARMY

NI ET IR NWOWIBITIEE41312NN10 P 8 T 6 5 4 2 21

cord [a]o]i] opeode [S] Rn Rd Oparmnd 2 D2t Processing/
PSR Trnster

cord |a|ofofofoofals] mo RN R [1[ofo[1] Rm | sy

cord [afo[of{o]1]ufals] mamr T Rao R [1|ofo[1] Rm | swnpiyiong

cord |afof[o{4]alefc]e] mn rd [ofafalof4afaf1] mm | sngeodaswa

Cond nnu1uu1n1|1|1|11|1|1|111110001 Rn | Branch andEachange

cord [o]ofo{P]ulafs{] mn ra |ofafalof1]s[A{1] mm | MemwordDate Transer:
megiser arrser

cord [a]ofo{Pluli L] mn Rd ofsat [1]s[H[1] Ofsel | Kaitwardpata Transter:
mmegeie offse

cord [a[1[i{P|ulefs{L] mn Rd Oflset singie D2 Transfer

comd [a]1]1 |1| Undefined

cord [1]o]olP u|3|'r.|L| Rn Reqister List Bok Data Transfer

comd | 1]of1]L Oftsal Eancn

cord [1]1[o{P]UNfML]  An Chd ChE Oflsal Copragessar D2
Trngte

cord |1]1[1]o] cPope | cen chil cPe | cP |o] cRm | coprosessarpaa
Operaron

comd [1]1]1]o]cropdL] cRn Rd che | cP [1| cRm | coprocessar Regisier
Trngte

Cord |1 (1]1(1 Iogrcred by processor Software Inferupt

W MBI WIS H I WIBIT IS4 MDD B T B 5 4 32 1




Operand 2

1
Destination registar
1st operand register
Set condition codes
£ ko ek e it o oo
1= nat oo caden
Cperation Code
oooa

= AR - xt= Op1 AND O
= BN - et = Opt 0N Cp2
= Sim e Cp - OpE

EIC - Ret= Cph AND WaT ops
SRR
Imm ediate Operand

R —

Shift

Pl opamnd registar

1= a2 man iream. e
u [

I Rotate I

=hrtapplod ko Rm

Irm

L 1 L I 1
| Ursigned B Bt Immsd kabs wals
shit apped b Imm

Condition field

ARMY

Logical Register Transfer:

Rd<-Rn [opcode] (Rm [shift] Shiftlmmediate);
PC<-PC+4;

S

Rd Rn

WR

RE
Fl

=G
| E

operand?2




T D= cpnoard T s gk

Shift Fm —

Zrid cpamand regisiar
shiit appled ko Fm

1= cpsared 2 bon i rarwedale ol
11 BT

Rolata Imm —

I
Ursigned B bt Immed ke va e
shit applad ko Imm

operand2

L ogical Register Transfer:
Rd<-Rn [opcode] (Rm [shift] Shiftlmmediate);
PC<-PC+4;

S
F\id Rn le type
WR REG
FILE imm




T L
Sh'nfn[ pe

= alkali
alright
b
Shift amount
&b unsgnad integer

0

S LI_I_
Sh'nfn[ pe

= gl kit
o = kgeal
10wl me'gingrl
11 = icdala righl

Shift register
i e

L ogical Register Transfer:
Rd<-Rn [opcode] (Rm [shift] Rs);
PC<-PC+4;

S

Rd RnRm

Rd

type

WR

 F—

im




cond
1 exe

Rs RnRm
type

=

FILE

clk
Rd

WR

cond ‘—_
clk FL

Rd
WR




COf'IdS - exe
Rs RnRm
|| e
clk ’\L
Rd N
R REG =
EFI_LE
P imm
i an Ir M4 23 20 10 1B 15 12 11 B T 4 3 1]
| Cand | oo 1|-:- 01 c-|1 11 1|1 11 1|1 11 1|n 0o 1| Rn |

L 1 I_I_I

[
Op=rand register
W bk D of Bn = 1, subssquant insiructions decodad as THUME rstnudions
HbkDof Rn =0, sub !-i-]ll-il'l||l1!|rl.lC|lﬂ'|5 decodad s ARM Instructions

Condition Field

If bit O of Rn = 1, subsequent instructions

decoded as THUMB instructions
If bit O of Rn = 0, subsequent instructions

decoded as ARM instructions




Logical Register Transfer:
PC<- Rm;

If Rm[0]=1 then

Change into JBCorel6;

Else
Chang into JBCore32;
End if
PC<-RNn
condS exe
Rs RnRm
‘ | I type cond| |Bit 0 of Rn
clk ’\L
Rd E
" REG T
gFI_LE
- imm




Branch with Link

i /1715 M3

Cond 101 |L offest

L1
Lin_k it

0= Buarch
1 = Buarchwith Lirk
Condition field

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 and
R14[1:0] are always cleared.

oldPC->R14;imm--=>PC

cond
S exe

Rs RNnRm imm
type cond| |Bit 0 of Rn

||| Lh il
clk P
R )
R REG -
= FILE

L imm




PSR Transfer (M

RS, MSR)

MRS itransfar PSR contents to a registar)

n om T ok - RS | 18 18 12 11
Cond ona10 B 001111 =0 | 00000000000
L _|:I Destination register
Source PSR
0=CPER

1=EFER_<ormnt mode=
Condition field

MSR ({transfer register contents to PSR)

4

H zm 3T 23 23 AN 12 11
Cond ooo10 R 1010011111 Q0000000 Rm
I | —
L sSource registar
Destination PSR

1=CFER
1=EFER_<orranl mods*

Condition field

MSR ({transfar register contants or immdiate value to PSR flag bits only)

PSR->Rd

exe

type cond| |Bit 0 of Rn

cond
S
| Rs Rn Rm immpsr

|||
clk P

R )
WR EREG
ne FILE




PSR->Rd

cond
| S exe
Rs Rn Rm immpsr
‘ | I type cond| |Bit 0 of Rn
clk P
Rd g )
WR \\I\
| REG
FILE
imm
1] 2T 2322 = 12 11 a
Cond oaf g 10 Fy 1010001111 Source operand
]__| | |
I
Destination PSR
0=CP=R
1=EFER_<ormant mode™
Immediate Cpearand
O=spurca aperand IS 3 regisier
1 4 3 a
0o0oa0a0 Fm
e nagister
1=scurca aparand 15 an |mmedisbs e
11 a T a
Raotate Imm ||
1 T I ]
| Unsignad B bit mmediaia valus
shit applied to Immi
Condition field




Psr<-source

cond
S exe
Rs RnRm
| I 1mm type cond| |Bit 0 ¢f Rn

clk
Rd

Single Data Transfer (LDR, STR)

il 2% 37 26 25 24 23 2 31 W19 16 15 1211 0
Cond | 01 |I|P|U|B|‘u\-‘|L| Rn | Rd | Offset |
Il ]

| E— L |
r
L Source/Destination register
Base register
:

ffatis animmadita valus

1 0= o
Immediate offset

Unsigned 12 bitimmediats offset
= csatiz 3 ragpter

Offset 1
shift appliad to Am ST

Condition field




Load/Store register offset

L=0O(store)
Logical Register Transfer:
Rd -> MEM (Rn+Rm [shift] Shiftimmediate);

PC<-PC+4; condS exe
| RdRSRn Rm
| I 1mm type cond| |Bit 0 ¢f Rn
clk {
Rd : =
WR REEEG L
PC F|!_E 4‘ —DA[32]
: imm D[32]

Load/Store register offset

L=1(load)
L ogical Register Transfer:
Rd <- MEM (Rn+Rm [shift] Shift immediate );
PC<-PC+4; cond

exe

Rs
Rd RN Rm psr

type cond| |Bit 0 ¢f Rn

clk
Rd

WR

REG

—PA[32]

Bout[32]

Din[32]




Load/Store immediate offset

L=0(store)
Logical Register Transfer:
Rd -> MEM (Rn+# mm);

PC<-PC+4: condS exe
RdRs
RN Rm psr
| I 1mm type cond| |Bit 0 ¢f Rn
clk {
Rd P —J
PCWR REfEG —DA[32]
FILE
imm
. Bout[32]
Din[32]

Load/Store immediate offset

L=1(load)
L ogical Register Transfer:
Rd<- unsignedext MEM(Rn+immediate);
PC<-PC+4; cond

exe

Rs
Rd RN Rm psr

type cond| |Bit 0 ¢f Rn

clk
Rd I D
i REG || o
. Bout[32]

Din[32]




Block Data Transfer (LDM, STM)

3l 28 27 25 24 23 2 21 20 19 16 15

Cond 100 JPQUS WL En Register list

L Base register

Load/Store bit
0 = Slore to memory
1 = Load from mermony

Write-back bit
0 = no wris-back

1 = writw addrass nio base
PSR & force user hit

0 = do nol ked PER or forca ugsr moda

1 = ko PER or force ugsr moda
Up/Down hit

0 = down; sublmct offsst from basa

1 =up; add chsal ko bass
Pre/Post indexing bit

0 = post; ack offsct alter transkar

1 = pra; add offset befors Iransfer
Condition field

Block Data Transfer (LDM, STM)

L=0(store)
Logical Register Transfer:
Temp<-Rn;
When offset[1]="1" then Ri->(Temp(+/-4));
Temp<-Temp+/-4;
(Rn<-Rn+/-dstnum;)
PC<-PC+4;




Block Data Transfer (LDM, STM)

MEMI[RnN]<-R list

cond
S exe
| rd
RN Rm
| I type cond| |Bit 0 ¢f Rn
clk I
Rd :
PCWR REEEG —PA[32]
FILE
Bout[32]
Din[32]
clk
Rd
WR
PCin

PCout— i




ALU

Optype[4] AL

B[32] A[32]

ALU
result[32] Cary A3l
Shifter
IN32[31
0]

IMM——

CIN SHIFTER

OP.

AMOUNT[4 (] SHIFT

E32 C
G32

OUT32[32:0]




add [ AL 1
add 0
ldm
add
Idm
ldm
Ldm

ADD rO,r1
Sub r2,r0




