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Shift type Shift type
e Rotal im
10 = arithmetic ighl meficright
11 = rolate ight 11=rolate right
Shift amount —— Shift register ‘ I |

5 btumsignad ntsger Shit amount specifed in

I
botiom tyte of R ‘ Unsigned 8 bit immediate valug
shift applied to Inm

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

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

PC<-PC+4;
m  Decode: Rn Rm shift amount ,PC_SEL="00"
m  EXE: sel1= 10" ,sel0=" 00" ,shift_sel='0",shift_type=I[5,6] AL U_ctrl=i[21-24]
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STM RO{R1,R2,R7}

101

L

offset

L Link bit

0=Branch
1=Branch with Linl

Condition field

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




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

BL [ [
[ ]
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L=1(Load)Logical Register Transfer:
Temp<-Rn; When offset[l]='1" then Rix-MEM[Temp(+/-4)]; Temp<-Temp+/-4,
(Rn<-Rn/+/-ldstnum;) PC<-PC+4;

28 27 25 24 23 22 21 20 1Y le 15

Cond 100 PlUlS WL Rn Register list

Base register
Load/Store bit

0 = Store to memeory
1= Load from memary

Write-back bit

0= no wite-back

1= write address into base
PSR & force user bit

0 = do not load PSR or foros user mods
1= lad PSR or force user mods

Up/Down bit

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

Pre/Post indexing bit
0 = post; add offsst after transfer
1= pre; add offest befors transfer

Condition field

N [ —

LDM

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;

[ — ] 0x100C ox100C
| — |
] R1
Rn - 0x1000 0x1000
OxOFF4 OxOFF4
1 2
0x100C Rn - R7 0x100C
R5 R5
R1 R1
0x1000 0x1000
OxOFF4 OxOFF4
3 4

Figure 4-20: Pre-increment addressing




LDM

L=1(Load)Logical Register Transfer:

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

I= = El= El=

immShifttype psr
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STMED SP!, {RO-R2, R14} ; Save RO to R3 to use as
wor kspace

; and
R14 for returning.
sub R4, R1, R5
and RA R1 R7
¢ Name Stack Other L bit P bit U bit

pre-increment load LOMED LDMIB 1 1 1

stveo seriro-R2.R14 [ I I
W

sub R4, R4, R5
STMED SP!,{R0O-R3,R 14}~
STMED SP!,{R0-R3,R14}
STMED SP!,{R0-R3,R14}
sub R4, R4, R5

and R6, R6, R7




L=1(Load)Logical Register Transfer:

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

I= = El= El=

immShifttype psr
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STMED SP!,{ R0-R2,R14} ; Save RO to R3 to use as workspace

; and R14 for returning.
sub R4,R1,R5
and R6, R1, R7
or R8,R1 R9
Name Stack Other L bit P bit U bit
pre-increment load LDMED LDMIB 1 1 1

srweo seeo) | I I A
sub R4, R4, R5 —_--

[T |
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or R8,R1, R9 -

STMED SP!{R1} --
STMED SP,{R2} --
I By m

STMED SP!,{R14}

sub R4, R4, R5 --
end R, R, k7 | |
W e

or R8,R1, R9




WAW

Idr RO,[R2]

Add RO,R1

WAR

STR RO,[R2]
Add RO,r1

WAW WAR

RAW

ADD RO,R1
ADD R2,R0O
ADD R2,R0O
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Write to Reg. File

Result Normally/Earl:.est avai@
Read from Class alu  lgad Adr brl
Reg. File . éﬂj
N/L

N/E_6/4 52 6/4  6/2 .
alu 2/3 4/1 4/2 4/1 4/1
2/3 4/1 4/2 4/1 4/1
2/3 4/1 4/2 4/1 4/1
- 4/1 4/2 4/1  14/1 |
branch 2/2 4/2 4/3 4/2 (4/1 D

Instruction separation to eliminate
hazard, Normal /Forwarded

d Latest needed stage 3 for store is based on address modifier
register. The stored value is not needed until stage 4

Ul Store also needs an operand from ra. See Text Thl 5.1

NOP




RAW

BL [R7]
ADD R2,R0
ADD R2,R0
= [ Jl— % —> [ Jjl—=> ]
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ALU

1: OP RaRb,Rc

2: OP Ra,Rb,Rc

If (OP1I ALUMOP2T ALU)((Rb2=Ral)v(Rc2=Ral))
Then

End if;
If (OP1=Branch)
Then

Endif;




ALU

Clock cycle 1 Clock cycle 2 Clock cycle 3 Clock cycle 4 Clock cycle 5
New
deten | 1dre, adar2 pstalled of 1 s aadre R 1 18, addry o2l 14 18, adar2 ™~ add 5. 18, 16
i uctic \
Fetch add 1, r2, r3 Stalled addr1, 12, r3 Stalled addr1, r2, r3 Stallad add r1,r2, r3 Id r8, addr2
operands LY LY Y
l ) New New New
L
o A g ! ~~a A
- add 2§34 add 1. 12 12
operation ar <, e
\ \ |
Memory |sp rg, r5, #1 add 2F3, r4 @ @ @
B \ \ \
5 %
Register | sner7, 7, 42 \ Sub 6, 15, #1 \ add . 4 N @ N @
Completed Completed Completed Bloop!

m alub
m (rab =rc3)

au3 - ((rab=rb3) - X ~ Z5:
imm3 Y ~Z5):




m ALU 3
4

m alu4 alu3 - ((rad4 = rb3) -~ X-Z4:
m(ra4d =rc3) .mm3 - Y-Z4):
m rb rc 3

m Multiplexers must be put on the X and Y
inputs to the ALU so that Z4 or Z5 can
replace either X3 or Y3 as inputs

(1) Branch delay slot b;cri4
a Soo
+ The instruction after a branch is always executed, 5o
whether the branch succeeds or not.
(2) Load delay slot Ir?o':, 4(r5)

* A register loaded from memory cannot be used as an negr, r4
operand in the next instruction.
P Id r0, 1000

* A register loaded from memory cannot be usedasa nop

branch target for the next two instructions. nop

br r0

(3) Branch target o’
+ Result register of ALU or ladr instruction cannot be "t

used as branch target by the next instruction. E‘:fo
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