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|
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]
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|

PG-12  PC-6 Memary
|

PC-16 PC-8 Writeback
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Registers ssed in instruction amne decoded

Shift and ALU operation

Data access to/from memory

Writeback to register bank
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1.
o~ [ T1 cpsr

ARM

31 30 29 28 27 26 25 24 23 22 21

201918177 1615141212 11109 8 7 6 5 4 3 2 1 0

Cond |0|0| 1| Opcods S Rn Rd Operand 2

Cond |0]0|0|0|0)\0|A[S Rd Rn Rs 1jofof1 Rm
Cond |0]0|0|01|UA[S] RdHi RdlLo Rn 1jofof1 Rm
Cond |O|O|0[1|0|B|O[D Rn Rd ofojojojt1jojo Rm
cond |0[ofo[1]o]o1{0 1‘1|1|111110001 Rn
Cond |O|0|0P|U|{D WL Rd ofojojoj1|siH|1 Rm
Cond |Of0]OP|UIT[WL] Rn Rd Offset | 1|S|H|1| Offset
Cond |Of1]I|P|UIBWIL] Rn Rd Offset

Cond |0[1]1 ‘1|

Cond |1]|0|0 Register List

Cond |1]01 Offset

Cond [1]1]0 CRd CP# Offset
Cond |1(1]1 CRd CP# CP |0 CRm
Cond [1]1|1|0CP Opg{L| CRn Rd CP# CP (1| CRm
Cond [1[1]1[1 Ignored by processor

3130202827 2625242322212019 18 171615141212 11100 &8 7 6 5 4 3 2 1 0

Data Processing /
PSR Transfer

Multiply

Multiply Long

Single Data Swap
Branch and Exchange

Halfword Data Transfer:
register offset

Halfword Data Transfer:
immediate offset

Single Data Transfer
Undefined

Block Data Transfer
Branch

Coprocessor Data
Transfer

Coprocessor Dafa
Operation

Coprocessor Register
Transfer

Software Interrupt




ARM instruction

Thumb instruction

Thumb state

o4 |12 N w8 B T8 403 3 1
1 ofojo op Offsats Rs Rd Move shifted register
s 2 [ofofo[1]1]1]on] Rnotsatz| Rs Rd Addsubtract Undefined
[ 3 ofo]|1 op Rd Offsetd Move'compare/add RO
- fsubitract immediste
| « Tof1|ojofofo op Rs Rd AL operatians L
L s [ofr[ofofol1] or [H1[H2] RsHs RdHd Hi register operations e
foranch exchange Ra
[ & glt1jojoj1 Rd Wordd PCelative load o
- 7 gf1]of1|L|{E|O Ro Rb Rd Load'store with register
offset R
g (o1 fo]1|H|S([1 Ro Rb Rd Loadstore sign-exten ded RE
- bytehaiword
RT
- 9 oj1|1|B|L Offsats Rb Rd Loadistore with immedidte ———
offset R SP-und
0 |1|(0jojofL Offsats Rb Rd Loadstare haifword b LR_und
1| ojof1|L Rd Wordd SP-relziive ioad/store [='ed
AR EEE Rd Wardd Load address
2 (1|01 (1(0ofojojo|s SWordy Add offset to stack pointer
@ 1|of1|1|{L|1]|0|R Rlist Push/pop registers
|: 5 (1|1 |o|ofL Rb Rlist Muitiple load/store
CPSR
6 [1[1(0]1 Cond Soffsetd Conditfonal branch
1, SPSR_und
7 [ o] | 1 | 1 Valued Software Inferrupt
|: ® |1[(1]1]0f0 Offset11 Unconditiona! branch
w111 ]1|H Offset Long branch with fink
B4 112 " W8 B T B 403 3 1
" g i [ |
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31 0 15 0 Stage | ‘
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7
ARM instruction Thumb instruction | T
/ > ‘
ARM instruction Thumb instruction I
|
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ARM instruction Thumb instruction | ARM |
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I
|
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31

2

I3

2120 19 16 11

| Gond |oo||| OpCode |s| Rn | Rd |

Operand 2

B

Destination register
1st operand register
Sel[c

Operation Code

Immediate Operand

.

ondition codes
i ol alles condition cocks
1 - sat condion codos

Rd= Op1 AND Op2
Rdi= Opt EOR Op2

0000 = AND -
01 - EOR -
suB

1
T - set concdlicn eodes on Opt AND Op2
- set condiion codss o Cp1 EOR Cp2
4P - st canditian codes on Opt - OpZ
sal condition codee on Opi + Op2
R~ Op1 OR OR2
- Op2
BIC - Rel= Opt AND NOT Op2
1111 - MM - Rel- NOT Cp2

0 - cperand 2 isa reqister

Shift

2nd operand register
shift applied to Rm

1 - opsrand 2 is an immediate valus

Imm

F

Rotate |

T
Unsigned & bit immediate value

shift applied to Imm

31 28 26 25 24 21 20 19 16 15 12 ) D-oprandZiaregsier f
Cond 00 | 1| OpCode |S Rn Rd Shift Rm
|| ‘ ]
1l 7 4 1l 876 54 .
— — 2nd operand registe
0 Rs 0 1 shift applied to Rm
Li L Li 1= operand 2 is an immediale value
1 87 [i
Shift type Shift type
R et Rotate Imm
10 = arithmetic right rilhmetic right
11 = rotate right fata right
Shift amount Shift register | Il T |
S ES&&”E:!L?&S"‘“ ! Unsigned 8 bit immediate value

shift applied o Imm




PC<-PC+4;

shift applied o Imm

31 28 27 26 25 24 21 20 19 16 15 12 D-opndZiaregelr
Cond 00 |1 | OpCode |S Rn Rd Shift Rm
...... JE—
11 6 54 AB 11 87 54
= * = 2nd operand registe
0 Rs 0 1 shift applied to Rm
Li | Li 1= operand 2 is an immediale value
[— [
Shift type Shift type
00 =logical left W=k ek
o= Q::I. :qu ot= EE Tight ROL—HQ | mm
10 = arithmetic ight 10 = arihmetic right
11 = rolate right 11= rolate right
Shift amount Shift register l I T l
Sotursarsd gt SS&ZTX!L?’SS"“ " Unsigned 8 bit immediate value

Rd<-Rn [opcode] (Rm [shift type] Shift amount);

Rd<-Rn [opcode] (Rm [shift type] Shift amount);

PC<-PC+4;

= 1 sl 1T =L 1=l ]

Shifter amount Shifter type

RF

sy

[E=

o
RF

IA[32]

2




31 28 27 26 25 24 21 20 19 16 15 12 D-opndZiaregelr
Cond 00 |1 | OpCode |S Rn Rd Shift Rm
...... I ‘ |
il 76 54 il 3876 54
= * = 2nd operand registe
0 Rs 0 1 shift applied to Rm
1= operand 2 is an immediale value
[E— Li [— Li 1 5 7
Shift type Shift type
00 =logical left W=k ek
o= Q::I. :qu 01= EE right ROL—HQ | mm
10 = arithmetic right 10 = arilhmeic right
11 = rolate right 11= rolate right
Shift amount —— Shift register l I l

5 it ursignad nkeger Shit amount spacified in

I
botom byte of Rs ‘ Unsigned 8 bit immediate value
shift applied o Imm

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

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

== | = — ey m—] | a—

immShifttype

RF

IA[32]




3l

Cond

00

28 27 26 25 24

21 20 19

OpCode |S Rn

Rd

12 0= operand 2 is aregister 41

Shift

Rm

2nd operand registe

shift applied to Rm

1= operand 2 is an immediale value
11 87

Rotate

Imm

]
I

Unsigned 8 bit immediate value
shift applied o Imm

Rd<-Rn [opcode] (imm [shift type] Rotate);
PC<-PC+4;

:Datapath

Rd<-Rn [opcode] (imm [shift type] Rotate);

PC<-PC+4;

=g o —] e —] N I—

immShifttype

IA[32]

!;U

Rn_|

RF




3l 28 27 26 25 24 21 0 19 16 15 12 11 0

Cond 00 1| OpCode |S Rn Rd Operand 2

=
= :|:> = e

immShifttype

RF

IA[32]

31 28 27 24 23 20 19 16 15 12 11 4 3 0
I Cond IO 00 1|0 01 CII1 11 1|1 |1 11 1ICI 00 1| Rn I

L 1 l_’_l
T
Operand register

If bit 0 of Rn = 1, subsequent instructions decoded as THUME instructions
If bit 0 of Rn = 0, subsequent instructions decoded as ARM instructions

Condition Field

Logical Register Transfer:

PC<- Rm;

If Rm[0]=1 then

Change into JBCorel6;
Else

Chang into JBCore32;

End if




32/16

PC<- Rm; If Rm[0]=1 then Change into JBCorel6;

Else Chang into JBCore32; End if
=)=

EII:> =
immShifttype
I

R [ ]

Rm | LL

o
1—| L

RN | 0 d I Rd

IA[3

Branch/Branch with link

25 24 13

Cond 101 L

offset
[
Link hit

0=Branch
1=Branch with Link

Condition field

Logical Register Transfer:
R14<-PC;(if L=1)

PC<-PC+Signed EXT(offset*4)




Branch/Branch with link

Logical Register Transfer:

R14<-PC; (if L= 1) PC<- PC+S|gned EXT(offset*4)

EI:> COl=
immShifttype
[ L=

= [ omen|

= :
L

an | ] Hd

Branch/Branch with link

Logical Register Transfer:

R14<-PC; (if L= 1) PC<-PC+Signed EXT(offset*4)
: PC

I O COl=C =
immShifttype

RF




MRS (transfar PSR contents to a registar)

M T 2 22 15 18 1z 1 a
I Cond I o010 IEI 001111 Rd I 000000000000 I
PSR Transfer: — T Destinaton sgstr
Source PSR
0=CPER —
1=EPSR_<ourmant mode*

Condition field
MSR (transfer register contants to PSR)
] = 2 22 1z 1 4 2 a

ICond I 00010 IPdI 1010011111 I 00000000 I Rm I

L I_—\_'_‘
Source registar

Destination PSR
0=CPER
1=EPSR_<ormant mode*

Condition field
MSER (transfer register contents orimmdiate value to PSR flag bits only)
mz N 1z 1 «

N I
I Cond I.:.ul || 10|de 1010001111 I Scurce operand I
L1

. ———

Destination PSR
0=CPER

1=EFER_“ormnt modss

Immediate Cparand
O=spurca aparand |s & register
4 a

a
00000000

—

Bource register
1=snurca aperand Is an Immed et vakic
1 a. T a

Rotate Imm

|

Unsignad & bit mmaediata valua
shit appikd to Imm
Condition field

PSR Transfer 1

MRS itransfar PSR contents to a register)
bl o a7 23 23 A 18 48 12 11 a

Cond o010 Je 001111 Rd D00000000000

| | I .
—— Destination register

Source PSR
0=CFER
1=EFER_<ormanl mode*

Condition field

R=0 R=1

RA<-CPSR; Rd<-SPSR;

PC<-PC+4; PC<-PC+4;




PSR Transfer 1

R=0 Logical Register Transfer:
Rd<-CPSR;PC<-PC+4;

= 0= %|u:> COl=>
immShifttype plsr

[

RF

PSR Transfer 1

R=1 Logical Register Transfer:
Rd<-SPSR; PC<-PC+4;

I O COl=C =
immShifttype psr

[

RF




PSR Transfer 2
MER itransfar register contants to PSR)
N m 7 23 212 =N iz 1 4 a
Cond oo IR 1010011111 00000000 Rm
L | o —
L Source registar
Destination PSR
0=CPER
1=EFSR_<“orrant mode™
Condition field
R=0 R=1
Logical Register Transfer: Logical Register Transfer:
CPSR<- Rm; SPSR<- Rm;
PC<-PC+4; PC<-PC+4;

PSR Transfer 2

Logical Register Transfer:

R=0 CPSR<- Rm;
R=1 SPSR<- Rm;PC<-PC+4;

ifttype psr

[

=> C == = =
Iir|nmSh [ [ [

H
RF

RF

PSR




PSR Transfer 2

Logical Register Transfer: R=0 CPSR<- Rm;
R=1 SPSR<- Rm;PC<-PC+4;

I= = El= El=

immShifttype pPsr

= [ omen| w
Rm | o
L }
| )
Rn | {l I Rd
IA[B2]] “Tesr PSR
L =

PSR Transfer 2

Logical Register Transfer: R=0 CPSR<- Rm;
R=1 SPSR<- Rm;PC<-PC+4;

I O COl=C =
L

immShifttype psr

I
: = .
Rm | @
HE L
RN -I I Rd
IA[32]] —Psri— PSR
—




PSR Transfer 3 Flag

MSR (transfer register contents or immdiate value to PSR flag bits only)
31 ) 27 2322 21 !

12 1
Cond 00

I 10 Py 1010001111 Source operand
[

r

Destination PSR
0=CPSR
1=8PSR_=current mode>

Immediate Operand

X O=source operand is a register

3

00000000

Rm —

—

Source register
1=source operand is an immediate value
1" 8 7 0

Rotate

Imm

1 Il ‘ |
| Unsigned 8 bit immediate value
shift applied to Imm

Condition field

PSR Transfer 3 Flag

Logical Register Transfer: R=0 CPSR<- Rm;
R=1 SPSR<- Rm;PC<-PC+4;

type PSF

I O COl=C =
immShjft
[ L=

H
RF

RF

' -y
] PSR
—

PSR




PSR Transfer 3 Flag

Logical Register Transfer: R=0 CPSR|[flag]<- imm[Rotate]shift;
R=1 SPSR[flag]<- imm[Rotate]shift <-PC+4;

I= = El= El=

immShifttype pPsr

e [ omen w
Rm | o
& L]
an I Hd
IA[B2]! —Psri— PSR
M

Single Data Transfer (LDR, STR)

31 2% 27 36 325 24 2% 23 21 30 10 16 1= 12 11 ]
I Cond I o1 IIIPIUIEBI'v‘u‘ILI Rn I Rd I Offset I

L 1 ‘ L I L

1L 1




Load/Store register offset

L=0(store)
Logical Register Transfer:
Rd > MEM(Rn+Rm [shift] Shiftimmediate );
PC<-PC+4;

I= = El= El=

immShifttype pPsr
b — | L H L]

Rm |

&‘I

LL
o

Rn

1A[B2](] — psri— | PSR

—

Load/Store register offset

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

I O COl=C =
L

immShifttype psr
Rs
wad—] | L1

Rm | >
DHE)

RN

RF

RF

1A[B2](] — psri— | PSR

—




Load/Store register offset

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

I= = El= El=

immShifttype pPsr
R@_ ;D-I

" Dﬂh‘&
Rm | N
i b Sy

RF

1A[B2](] — psri— | PSR

—

Load/Store register offset

P = 0:
1:
U= O: = -
1: = +
B= O:
1:
W= 0O:
1:
RN

Py
2>
N




Load/Store byte register offset

L=1(load)
Logical Register Transfer:
Rd <- MEM(Rn+Rm [shift] Shift immediate );
PC<-PC+4; 8 0

I= = El= El=

immShifttype pPsr
Rs
Rl l i H 0 n
Rm | o
| e
¥
Rn_ 1 | d
IA[B2]] — psri— PSR
—

Load/Store byte register offset

L=0(store)
Logical Register Transfer:
Rd -> MEM(Rn+Rm [shift] Shift immediate );
PC<-PC+4; 8 32

I O COl=C =
L

immShifttype psr
Rs ;
R;D_ D’I = LL
Rm | 04
w || | N
: H
Rn | ‘I I d
IA[B2](] — psri— PSR

—




Load/Store word register offset

memory register

A » | A

A+3 — 24 — 24
B » [ B

A+2——18 — 16
[+ > C

A+l —o 8 — &
D » | D

A l—1o 1o

LDR from word aligned address

A A

A+3 ——o 24 — 24
B B

A+2 — 16 —o 16
c (6]

A+l —o & — &
D D

ALlo L 10

LDR from address offset by 2

Halfword and Signed Data Transfer

31 28 77 265 24 23 722 21 20 19 16 15 12 11 & 7 6 5 4 32 [4]
| Cond | 0 olplulolwlLl Rn | Rd | 00 0|1|S|HI1I Rm |
| - [ 1L |
Offset register
SH

00 = SWP instruction

01 = Unsigned halfwaords
10 = Signed byte:

11 = Signed halfwords

Source/Destination
register

Base register
Load/Store

0 = store to memory

1 =load from memory
Write-back

0 = no write-back

1 = write address into base

Up/Down

0 = down: subtract offset from

ase
1=up: add offset to base

Pre/Post indexing
0 = post: addisubtract offset
after transfer
1 = pre: addisubtract offset
before transfer

Condition field




Halfword and Signed Data Transfer

Load

immShifttype pPsr

Rs ;
RG—‘D

} E

/

RF

PSR

[

0

%:|:>:

LL
o

PSR

Block Data Transfer (LDM, STM)

3l

8 27

25

24 23 22 21

20 19

la 15

(1]

Cond

100

PlUlsSwW]L Rn

Register list

[ —

Base register
Load/Store bit

0= Store to memeory
1= Load from memary

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

PSR & force user bit
0 =do not load P

"SR or fores user mods

-1 = lad PSR or force ussr mode

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

Pre/Post indexing bit
0 = post; add offs=t after transfer
1= pre; add offsst befars transfer

Condition field




Block Data Transfer (LDM, STM)

0x100C

0x1000

0x0FF4

R1

0x100C

0x1000

0xOFF4

1 2
0x100C Rn —»- 0x100C

R7

R5 R5
R1 0x1000 R1 0x1000
0xOFF4 0x0FF4

3 4

Block Data Transfer (LDM, STM)

The transfer 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 the modified base is
required (W=1).




Block Data Transfer (LDM, STM)

0x100C 0x100C
R1
Rn - 0x1000 0x1000
OxOFF4 Ox0FF4
1 2
0x100C Rn —= R7 0x100C
R5 RS
R1 R1
0x1000 0x1000
OxOFF4 Ox0FF4
3 4

Figure 4-20: Pre-increment addressing

Block Data Transfer (LDM, STM)

0x100C x100C
Rn -~ 0x1000 0x1000
R1
0x0FF4 OxOFF4
1 2
0x100C ax100C
0x1000 R7 0x1000
R5 RS
R1 R1
0xOFF4 Rn— OxOFF4
3 4

Figure 4-21: Post-decrement addressing




Block Data Transfer (LDM, STM)

0x100C
Rn—m 0x1000
OxOFF4
1
0x100C
0x1000
RS
R1 O0xOFF4 Rn -
3

R1

R7

R5

R1

4

Ox100C

0x1000

0x0FF4

0x100C

0x1000

OxOFF4

Figure 4-22: Pre-decrement addressing

Block Data Transfer (LDM, STM)

Cogical Register Transfer:  L=0(store)

4
(Rn<-Rn+/-ldstnum;) PC<-PC+4;

Temp<-Rn; When offset[1]="1" then Ri->Temp(+/-4); Temp<-Temp+/-

I O COl=C =
L

immShifttype psr
Rs
wad—] | L1

JE

H
RF

RF

PSR




Block Data Transfer (LDM, STM)

Logical Register Transfer:  L=0(store)

Temp<-Rn; When offset[1]="1" then Ri->Temp(+/-4); Temp<-Temp+/-
4.

(Rn<-Rn+/-ldstnum;) PC<-PC+4;

I= = El= El=

immShifttype pPsr
Rs
rad—] | L1

L= L
Rm L P @
= | 8
Rn_ 1 [ d
IA[B2]] — psrit— | PSR
[\

Block Data Transfer (LDM, STM)

L=1(Load)Logical Register Transfer:

Temp<-Rn; When offset[l]="1" then Ri<-MEM[Temp(+/-4)]; Temp<-Temp+/-4;
(Rn<-Rn/+/-ldstnum;) PC<-PC+4;

I O COl=C =
L

immShifttype psr
Rs ;
R;D_ D’I = LL
= | P8
Rn -I I d
IA[32]] —{ PSR PSR
rl




Single Data Swap (SWP)

k}

Cond 00010 Bl 00 Rn Rd

0000

1001

Rm

The data swap instruction is used to swap a byte or
word quantity between a register and external memory.

Destination register

Base register
Byte/Word bit
0= swapword quantity
1= zwap byte quantity

Condition field

[ [ E— \_‘_1
L Source register

This instruction is implemented as a memory read

followed by a memory write which are “locked” together

SWAP Rd,Rm,[Rn]; [Rn]->Rd; Rm->[Rn]

Single Data Swap (SWP)

SWAP Rd,Rm,[Rn]; [Rn]->Rd; Rm->[Rn]

I O COl=C =
L

immShifttype psr
Rs
wad—] | L1

Rm | >
1)

RF

i

RF

o

PSR




Single Data Swap (SWP)

SWAP Rd,Rm,[Rn]; [Rn]->Rd; Rm->[Rn]

EII:M:III:M:I

immShifttype pPsr
] "oy

] Dmem l L
Rm| [ N o
= |18
Rn | L | g
IA[B2]] — psrit— | PSR
[\
1

sub R2,R1,R3 and R12,R2,R5 or R13, R6, R2
add R14,R2,R2 sw R15, 100(R2)

s 2, . N I N

and R12, R2, R6——
or R13, R6, R2
add R14, R2, R2

sw R15, 100(R2)




1
sub R2,R1,R3 and R12,R2,R5 or R13, R6, R2

add R14,R2,R2 sw R15, 100(R2)
= = = El=

immShifttype pPsr
Rs ;
Rd—‘D

RF

H
RF

[=]
[ ]
o

1A[B2]]! | PSR PSR

1
sub R2,R1,R3 and R12,R2,R5 or R13, R6, R2

add R14,R2,R2 sw R15, 100(R2)
I O COl=C =

immShifttype psr
Rs
b lDl

Rm| [
L H

RN

RF

RF

1A[B2](] — psri—| PSR

—




Iw R1, O(R2)

sub R4, R1, R5
and R6, R1, R7
or RS8, R1, R9

HE B B B W

w R1,0(R2) NN M N N

sub R4, R, R5 —— [N [ |

and R&,RLR7 — I NI "HE) ONIF AW

or RS, RL R9 I N Wk ‘N W N

lw R1, O(R2)

sub R4, R1, R5
and R6, R1, R7
or R8, R1, R9

w R1,0R2) W' DI e~

sub R4,R1L,R5 —— [ B [ e ]
and R6, R1, R7

or R8,R1, R9

w RL,0(R2) I M R CHD MWW
sub R4, R1, R5 —— [

and R6, R1, R7
or R8,RL R9




=« lw R1, 0(R2)
= sub R4,R1,R5
= and R6, R1, R7
« or R8,R1,R9

= CO= EI:> — N —

(

immShifttype pPsr
Rs
b IDl

LL
o

RF

i

o

Rn

- 'E’

1A[B2](] — psri—|’ PSR

—

= lw R1, 0(R2)
= sub R4,R1,R5
=« and R6, R1, R7
« or RS, R1,R9

== | =N — | = — =N —
L

(

immShifttype psr
Rs
a1 [ IDl [ oment) w
Rm | L [ { o
eyl
Rn_| I d
IA[82]] —1 psri[! PSR
Fo
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