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o R SR SRR TR
0 R LZRIEBREAET A

o NeERMHIERIE SMER A
o HIRERN—MRIETITEA
o FIFHHEIERTG A

0 R R HEIERRTT A

0 {2 8 R LI




AT

Ehhie <8

o Efitfe L&

¢ |lw, sw, addu, subu, ori, beq, j, lui, jal, jalr

FHANES; AUXIFRSHIEFFK

Z]

O

Q

/



Air

Jhikicheg

< LUl (Load Upper Immediate)
> R—AM16-bit LB BF N F K R 1641, HHFFRRR16M£FE0o
; IRIRS R 16 LB

L 4

$t0,$t0, OxABABCDCD

#l+F: addi
BN 1lui $at, OxABAR
Sat, $at, 0xCDCD

ZZ; $t0,$t0, Sat
% JAL (Jump-and-Link) : $31=PC+4, PC = (PC+4)31.28 | imm?26 << 2

>1E Sra ($31) FRAFIFEVA A BUIR Bl Huhk
>IEGNEREFUBEEZR: (PC+4)3128 | ImM26 << 2

> W ENBANEAE: PCEAN, RFEA

¢ JALR (Jump-and-Link Register) : Rd=PC+4, PC=Rs
> ¥ERd ORISR A A IR Bk (Rd = PC+4 )
> B3] Rs FIRFHITEE bl (PC=Rs) (Hbb{XFEZATHS 7] H1)

> RN BANEIE: PCEAN, RFEA

Instruction Meaning Format
jal  label $31=PC+4, jump | op®=3 imm?26
jar Rd, Rs | Rd=PC+4, PC=Rs | op®=0 | rs® 0 rd> | O 9




FrAER 7K 2%
= K ZR: LU RE N HAREYRRE R 7K &

CBEEEN: ¥A. BIF

2 EHIER: TR, A BIF

IF/ID ID/EX EX/MEM MEM/WB
M 2521 AL 1M Y Y
5 20:16 A2 RD1—{0]
» | plrclo A " 11—
B BEHE]| | o2
A RD A3 R \'4
RD2 o1} He> A RD|»
8 WD >z > | % 6
TFfikEs A g 425
Flaws 1 iR
g A —
25:21 > >
20:16 i 0 >
15:11 > 1 -
‘\l 31,2
4 0% L
) pc PCItHE
25:00 Jivv NPC-I
| .
. *




=i HlER 22 f ALK

THEEEREE4HI28: < iz ST acPulEHlsE
o IFMBIES: RIBIESIRIEMMINERD = EISFIE S, &N et
o BTEEMIRITERE: SIROMIhAEX, SHEELX

- KRBT RAKE, BB
g2 ¥ ST SRR IT= A SER B R
o HIIF/IDIELSS5HTFIES (NTFEFRKE) WER, REREEE
o BT MG IHERE
SRR AT SIS R BT, HHI3EERMUX
o SIS RISSHEREMY, REMAE L
o BT MENg IR
bk ar | Ry Ak S
o CERIEMT, 5TIEMR
o HSITHISE, AT

i

: JB3, FHEATI

=]
=]

I



A7k 2 IhRe ER R X
= JEFH B B BACPUH IRIB IS TN BE BR 4
= RKER TR, ETIEERICIZ
= RFFE2H Ex 34 1
0 FERATRERME; SREIEFFSEWE

__—

it s

Fh: EX3ES ADD4 PC, +4 PC4 SERKPC+4

IM A D 5 FhiEss

RF Al, A2, A3, WD RD1, RD2 ZH7F&EH
D& : 12RE, EXT 116 IMM32 VAL
ZERIE®  NPc  pC, 126 NextPC FBZE/ It E T Kbt

CMP D1, D2 Result EL&5 23
E: itE AU A, B ALU BEAR/ZEEHE
MZ: if7F DM A, WD RD WiETFlitss

— WZ: [E]E RF Al, A2, A3, WD RD1, RD2 Z1F=i#



mIK L F T X
1 REBRWBEARRIKEF TS
¢ SPRIKGHIRIE—RF 748 ARF
0 RieX: KRN RKEFZREHN FFH

¢ IR: ANRIKRITFR
DK | ELR M W
IF/ID | ID/EX | EX/MEM | MEM/WB
X X X X

¢ AO: (NMZEFIWLEEE

IR

eSS
PC4 T—5ki5<SHulik X X X X
RS  RFHEYRS{E(RD1iiH) X
RT  RFEYRT{E(RD2HiIHE) X X
EXT  # RE/I32(I B# X
AO ALUTTEZER X X

DR DMIEH LR X
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EAtE SR SRR EIT ALK
ToEe R BRIR B IS 73 7R
DREEMAHIERIE SHETT A
R E R — MR T A
ZIEHHERR A

B RHHIE R A
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7K 2 EHE 18

("¢

HRHFFasMIEEIPEFLE K
Ik &5 EL X 47
X@Y: RKFJYMEEBIXEFFERS

2 IR@W: WEZRHIIR

PC: HINFEINBER

QO FZf: BUES

o DZf: {R7EPC+4

EZ: {R7EB/J/IAL/JALREYE
H IR 2N ER

DIftER : /ERIRIEH

W EL: BIE4ER

(W]

O

(W]

Moasat o q M
016 |,  RDI —iEli
o P Al ) ,

ke

s

3018

N AbCE,

>

A RD

iR
1k
WD

15:11

| [+! +
ch Peit
5:00

p{ 1NN NPC

i

DZ~<

—

EZh <

MZE; <

v

WK -

FER I RERRS

DR EFPC —

DZ 7K £%Re

DZR T e R 1R

CEREFPC —

EZR 7K Z&Re

ERINERRER
M2&5ﬁ7kz)%Reg{
MR BERRER
Wi&iﬁ*éﬂ‘zRe{
WERIHEERBHE

R
PC

BN

ADD4

IM

PC

IR@D

PC4@D

RF

Al

A2

EXT

CMP

D1

D2

NPC

PC4

126

PC

IR@E

PC4@E

RS@E

RT@E

EXT@E

ALU

o | >

IR@M

PC4@M

AO@M

RT@M

DM

IR@W

PC4@W

AO@W

DR@W

RF

A3

WD




FRHERTLIH]

¢ LW: 52

ﬁﬂﬁéﬁﬁ S INIE

S1: LWHIEIE

R IE T B RIRIKEK T TR
ThRERR I B EFE X &

g,
SABRHAEERIE, W

IRUAIE

. LW#E‘%\T 1 K PC4
X[yl: RFTRXEPHRIYI
¢ |IR@D [i16]: DZRIRAY16{L 7B
6 5 5 5 5 6

Op

26 bit Address ( for Jump Instruction)

12

. ;e A
PC
L%-flt% % ADD4 PC
IM PC
" D FEFHPC — PC ADD4
51,925 ke 48 g{ IR@D IM
D2l i 7K BéRe CaGD
Al | IR@DJrs]
D2~ RF——
D2 T BE El 4= EXT IR@D[i16]
NPC l;;:
- EREEHPC —— ] PC
IR@E IR@D
PC4@E
EZZ i /K ZRe RS@E RERD1
EZ ~ 8 RT@E
EXT@E EXT
N A | RS@E
L Eéﬁlj] %‘E I—ZILB/f/:’{ ALU B EXT@E
_ IR@M IR@E
91325 k¢ 4L PC4@M
, M/KJJHJJ(AZReg{ 00N =
M2~ RT@M
M2 I Re & 4 DM V\‘;\D A
. IR@W IR@M
918325 k¢ 4L PC4@W
, WZ it 7K ZERe oW
WZK 1 DR@W DM
ot 2 A3 |[IR@W[rt]




PC

ADD

[ > A1 1
ADD4 PC ~pc - & N Jipd A== et PC PC
IM PC PC PC PC PC PC PC PC PC
PC ADD4 ADD4 ADD4 ADD4 ADD4 ADD4 ADD4 ADD4 ADD4
IR@D IM IM IM IM IM IM IM IM IM
PC4@D ADD4 ADD4 ADD4 ADD4
RF Al | IR@DJrs] [ IR@DJrs] [ IR@D[rs] | IR@D[rs] | IR@DJrs] | IR@D[rs] [ IR@D]rs] IR@DJrs]
A2 IR@D[rt] | IR@D[rt] IR@D[rt] | IR@DJrt]
EXT IR@D[i16]{IR@D[i16] IR@DJ[i16]
D1 RERD1
CMP D2 RERD2
NPC PC4 PC4@D PC4@D PC4@D
126 IR@DJi16] | IR@D[i26] | IR@DJ[i26]
PC NPC NPC NPC RERD1
IR@E IR@D IR@D IR@D IR@D IR@D IR@D IR@D
PC4@E PC4@D PC4@D
RS@E RERD1 RERD1 RERD1 RERD1 RERD1
RT@E RERD2 RERD?2 RERD?2
EXT@E EXT EXT EXT
ALU A RS@E RS@E RS@E RS@E RS@E
B EXT@E EXT@E RT@E RT@E EXT@E
IR@M IR@E IR@E IR@E IR@E IR@E IR@E IR@E
PC4@M PC4@E PC4@E
AO@M ALU ALU ALU ALU ALU
RT@M RT@E
DM A AO@M AO@M
WD RT@M
[IR@W IR@M IR@M IR@M IR@M IR@M IR@M
PC4@W PC4@M | PC4@M
AO@W AO@M AO@M AO@M
DR@W DM
RF A3 |IR@W]rt] IR@W|[rd]|IR@W]rd]| IR@W]|rt] 0x1F |IR@W]rd]
WD | DR@W AO@W | AO@W AO@W PC4@W | PC4A@W




—/'R

o 5

SE e
0 K E Y33
o« EBRAKHRARR

E"J%ﬁl: £ ]

NPCAYi16F0i26YIFH F9i26

O AR TEARIBRT AT 1R

TP

Sl

¥y A1)

1 Hn 1P MUX

¢ FEINREAERENPEGIES

6 5 5 5 5 6
Op Rs Rt Rd Shamt Func
Op Rs Rt 16 bit Address or Immediate

Op

26 bit Address ( for Jump Instruction)

18 IS e BRI MUX
PC
ADD4 PC
IM PC
PC ADD4 NPC RFERD1| M1 |PCSel
[R@D IM
PC4@D ADD4
or| AL | IR@DIrs]
A2 | IR@D[rt]
EXT IR@D[i16]
D1 RF.RD1
Ll D2 RF.RD2
PC4 | PC4@D
NPEI 26 [IR@D[i26]
IR@E IR@D
PC4@E PC4@D
RS@E RFE.RD1
RT@E RF.RD2
EXT@E EXT
A RS@E
= B EXT@E RT@E M2 | BSel
[R@M IR@E
PC4@M PC4@E
AO@M ALU
RT@M RT@E
A AO@M
D WD RT@M
[R@W IR@M
PC4@W PC4@M
AO@W AO@M
DR@W DM
o[ A3 | IR@W[rt] [R@W[rd]| 0x1F | M3 |WRSel
WD | DR@W AO@W [(PC4@W| M4 |WDSel
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£

FRIIEHIES S 0 U 2R

Al

o SRR
o THISE R EPSCINEIDM B
o IEHISRTEEIIEBRES
o MKETBENEBRES

\ 4 \ 4
A

opcode
funct

I :IJ RegWr

MemWr

\ 4

A\ 4 A 4 \ 4
5 >
1o | = S Register >
= - o . © O
= File +
s v ©c £
v £ O o
\ 4 _E E
x|l +4
D
S |«
1. Instruction 2. Decode/ T3.Execute T 4. Memory T 5. Write

Fetch Register Read Back



=
'g‘

=

R I REFR I FH KX HUIFERD (E

1%

AT

[=1=]
=]

J

i

fE\,
* RkIES

1

2

&

*

X EE

S

Alowaw
eleq

\ 4

2R

A 4

\ 4

Instruction

Register

AJowaw
uoI10NJISUul

A

A 4

4
-+

y \ 4

XN

»
»

o
v

5. Write
Back

2. Decode/
Register Read

1. Instruction
Fetch



RIEFERZE:

Q:I:'d;/j ~:|:l
I B 4P

—

(WZLINE4

I_l RegWr

i)
opcode |
ey ALUOp MemWr
5 >
O 2 £ Register >
S £ File L]
s 9 © £
n £ o o
= S
5
(=)
1. Instruction 2. Decode/ 3. Execute T 4. Memory T 5. Write
Fetch Register Read Back
Instruction - - -
Gaomn> Cems) (ems
5 >
O 2 £ Register >
S £ File I
s 9 c £
n £ o o
£ £
5
=)

1. Instruction
Fetch

18

2. Decode/
Register Read

3. Execute

4. Memory

5. Write
Back



DReRRHEHIE SHE A

1 IERESFEERRIE: SRERMEE
0 R ERINIFER? 2HIVERE?
. g
- 5B EEE
o RKIEFIES
o BTR: BNEHIE
o FAMNMEHIZERRIT RS B EEATEE

o mIKIES

2 IJ RegWr I I
opcode gé'lj\ I Instruction - -
| ALUOp MemWr ( i%aﬂ;@ 2R 2

n

[
< oz i
) 2z Register > 9 = Reg'lster © 2
a ] . © S S € File i
> € File i+ E o © £
Eo © £ _— = Qo
2 £ e g £ €
= < X
2 =
E | S
1. Instruction 2. Decode/ 3. Execute T 4. Memory T 5. Write 1. Instruction 2. Dgcode/ 3. Bxecute T 4. Memory T 5. Write
Fetch Register Read Back

Fetch Register Read Back
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ZIEHHERR A
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HEER: FTkSHGREEITE?
FTokE: FZET|Hreg{EAcomponent
¢ BATreglEREMENcomponentiEAH, ELLARNcomponent B2FKE
o f5lan: P BEEIEIESHTEREERIIALU
o Blan: jIESAEEIREVEMGPR, EtkjE5SREEXK
HinE: REFEBregthERIMIKEFT TS
o f5lzn: FRBEEEAIESHIHLE REX/MEM, MEM/WB
o lEn: loadZiES I E EMEM/WB
HIEER TN TkS5HarIITHEC
o JLELEL: EiE
o AJLALES: % (FEEHELIEE)
WTHIET R R S AR A AL ? LER A ETE !
o BKRE: FEEALIBRBEFTIE T (time-to-use)
o HRE: REBFERIENREIE 7., (time-to-new)




=5k & A B A B B fR A
use (time-to-use): IS HNIF/IDEFFerfE, HEBFEN IR
BZ1d% DeycleFiy M EEHHENH S FaE
o $ERLl: 2IEERIERRIRTE] LR
o $5R2: FE—FELSA LB 2NN EI T

a

o a0, RENTHEALIESHITL N1
o rs/rt{E: EBEMID/EXZFFESIREN
* f5lan, storeBIESHITu ST Bl 1FN02
o rs{l: BRMEMEID/EXES IR ; |
" Instruction . I I I_

* rtfl: RIRIKEX/MEMZF FEEKE)

c
Jo 2 g Register >
= S £ File g2
1 & 0O o
2E £
5
=3
3. Execute T 4. Memory T 5. Write

1. Instruction 2. Decode/

Fetch Register Read Back



fitig %E’JE—EH‘JIEW%*”
9 Thew (time-to-new) : AL TFID/EXKREFERKENIES, BET
LB ER, BB TEE '%)\5;7? SHIZE R
o ¥l DISE, BEEESHRD, ZEEAER/), EZE0
 $5R2: —FIESAUBAZ PN ERNTew

o f5lan, REIHEALIESHIThew 130
e 1: {55 {LTFID/EX, ALUIETEITE
e 0: 5L TEX/MEMFIMEM/WB

+ 3120, loadBHESHITew M2, 1, O
o 2: ESHITID/EX, MIAKRIZETEiESE I I
© 1 $ESETFEX/MEM, EAERERER oo oo > e
* 0: IS TMEM/WB, BB THR

N

Register
File

PC

Data
memory

instruction
memory

1. Instruction 2. Decode/ T3.Execute T 4. Memory T 5. Write
Fetch Register Read Back

[y




HIE B M R R G 57 1

Thew =0 %Eﬁéﬁ%EZ:’éF_‘i

o JSMTFMEM/WB: T4 BRERMKRLBARF, BRAZIHEBW
AT ERRAIEE, Eil TR MR

o IBSMUTHMNE: B4 FRAKIERX

Thew# 0: FREAGGR SR~

¢ Thew> Tuse: PAAJBERATEZGETRE, ReETIEMKkE

* Thews Tuse: HATHER/EREIFE TIZERTE], FHitk, HER~%G,
A LRI % BRI IR B

Instruction

r
(@] g egister
[=% ) rs
3 € Ir i
S o
B g
£ -
5 .
-]
=

e
ﬁ: = - A N A -
E —n I > I 1. Instruction 2. Decode/ T3.Execute T 4. Memory T 5. Write
= 1 J = new use Fetch Register Read Back

%k (Thew=0& FELAEMEM/WB) E( Thew < Tuse

24



HIE B M R R G 57 1

Z1F: ATHIF/IDREREREFTEEZR, HtoHED
© AEFESNTS SR HTHEL, HTREREFELE

tE%: TEIDZR. EXZR. MEMRIS RIRERGTE, [

¢ FERBRIBSEERNERIESHITIEL
v THEM

L1

Sy

X

o EREERTE, BTERLELZNTIHE e

1. Instruction 12. Decode/ T3. Execute T 4. Memory T 5. Write

EFI" 1_&- T T Fetch Register Read
= 7T - new =~ luse

R R (Thew=0 & *EI'{‘V\Z:EMEM/WB) E‘Z Thew < Tuse

Back
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ZIFHLHEIER A
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Al

BT, FRAMT ..,

wHtESEE
¢ add, sub: cal_rZ, BIRBIHEAKIES
¢ andi, ori: cal_iZf, ENBNTEIEES

* beq: b_typeZ

¢ |w: IdZE

* sw: st

STEEERIES: calrd, cal iz, loadZ, AIFRHHELH
AL XA RRERILIITTIES

cal r = add + sub + or + ..
cal i = addi + ori + andi + ..
1d = lw + 1b + 1lh + ..
st = SW + sb + ..

27



Fai&E TuseZFN Tnew
0 TuseFz: LUFESLLTIF/IDRTHR
» HEIESHWEEEIF/IDE, MRAEREEELEE
0 Tnew#k: RESHTLTFID/EXFIEX/MEMIX 27 F 5L
* IF/ID: TAEZER
* MEM/WB: WREGREKIZMEL, MEBERFZ TR LUHREIEE &

ot ID/EX EX/MEM MEM/WB
IF/IDY4HT$5 2
/IDZHIIRS (Thew) (Thew) (Thew)

Al

T84 | Tuse cal_r|cal _i|load |cal r|cal i|load |cal r|cal i|load
KA |74 1/rd | 1/rt | 2/rt | O/rd | O/rt | 1/rt | O/rd | O/rt | O/rt

beq |rs/rt

cal_r|rs/rt

cal_i| rs

load rs

store Irs

N|[Rr|[Rr|RLR|RLR|O

store rt




HiE e ZEXE RE
T AR T T IESFY, BEBMEE (Z5)

SN

¢ Flicalr-beq: BAFcal rRE1 M oycle/FABESEILR, Mbeall7Est

TEENFFR, FALRELE

¢ %12 load —store: storeZiENRIrsiFE 1N cycle[GWAER, 4L TID/EX

Hloadwr LT 2 cyclefg A BEILHDMEVE HE, Elt R EeE (=

IF/ID TR S ID/EX EX/MEM
(Thew) (Thew)

S RS T cal_ r|cal_i|load| load

KA FEE| vse | 1/rd | 1/rt | 2/rt | 1/rt

beq |rs/rt| 0 | EiF | HiF | GIF | &EIF

cal_ r{rs/rt| 1 s

cal i | rs 1 s

load | rs 1 g1z

store | rs 1 gi=




3._ = _E —
E-._L 1 *'I‘%IJ ==
0 BNOXIESHEEFH
stall b = IR D.op==beq & cal r E & ((IR D.rs==IR E.rd) |
(IR D.rt==IR E.rd)) |
stall cal r = cal r D & load E & ((IR D.rs==IR E.rt) |

(IR D.rt==IR E.rt) )

O BmRANEESEGE

stall = stall b + . IF/IDHBIIES ID/EX (IR_E) EX/MEM

- (IR_D) (T ew) (T ew)

- @L‘L*?E%M_E’_% (S |EE T cal r|cal.i|load| load

KA FEE| vse | 1/rd | A/rt | 2/rt | 1/rt

@ PC.en = istall beq |rs/t| 0 | EiE | HiE | BB | HiE
o IR D (f£IF/IDHRJIR) cal_r rs/rt| 1 g
B cal_i | rs 1 o=
load | rs 1 o=
store | rs 1 o=




N EFEHIES

it

0 ITEHE:
o OFRLZEIF/ID: subZELEifiRTT
+ O;BBRID/EX: 522 H0, FMTH{ANOP
o OZEIEPC: BHIEPCHREIITEL, PCRI{RFFAPCH4

31
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s ZHLHIE R A
0 S1: RIETuseFITnew & T NiE X MUX
0 S2: HEENEEMUXBIIESIE S RIER

33



RIETuseFTnewta & | NaE AMUX

1ZIB8S T, MBESESREIrshrtiEEK
MR RL1ME & MUX
MUXEDHINO: AREARRER KL Z 1758
* XIDZR, MINORBRFHYHIH |
BWHZREE—EAN: |

¢ MFRSD = Mux Forward RS DZ}

kg | B2 RS
IR@D rs beq MFRSD | ForwardRSD RF.RD1
rt beq MFRTD |ForwardRTD| RF.RD2
IR@E rs |(cal_r,cal i, Id,st| MFRSE | ForwardRSE RS@E
rt cal_r, st MFRTE | ForwardRTE RT@E
IR@M rt st MFRTM |ForwardRTM RT@M
FeRMUX| ERIFES | W0




2 FHTnew-F

FR:
151

ETuseFNTnewta &
BRIEOFFRIRIN, K HTiE AMUXEYELEHIAN

¢ EE: HIEBANDOLIIM AN FEHA

/—.

B &ZMUX

ID/EX EX/MEM MEM/WB
(Thew) (Thew) (Thew)
cal_r|cal _i|load |cal r|cal_i|load |cal r|cal_i|load \
1/rd | 1/rt | 2/rt [O/rd | O/rt | 1/rt [ O/rd | O/rt | O/rt
EX/MEM MEM/WB
(Thew) (Thew)
o o e
IF/ID rs beq MFRSD | ForwardRSD | RF.RD1
rt beq MFRTD |ForwardRTD| RF.RD2
ID/EX rs |(cal_r,cal i, Id,st| MFRSE | ForwardRSE RS@E
rt cal_r, st MFRTE | ForwardRTE RT@E
EX/MEM | rt st MFRTM [ForwardRTM RT@M
EAMUX| 1=HIES HINO




RIETuseFTnewta & | NaE AMUX

0 MIEFNEAMUXRI R E SN
0 7ffl: MFRSD
¢ EX/MEM: cal rflcal i¥§%

e AO: f£FALUOuUL

#HMEITEYE, FROABAWUSE, FEILEEN
AO. EN{XZFRMFRSDAEYEIA K HEX/MEMEIAOE 1735

* MEM/WB: BITRXE&E—R, BIMAIESHEREBEEMAMUX)EE,
E It EAMA, EX/MEM MEM/WB
(Tnew) (Tnew)
wra B8] pane o o
IF/ID rs beq MFRSD | ForwardRSD RF.RD1 AO| AO| M4| M4 | M4
rt beq MFRTD |ForwardRTD| RF.RD2
ID/EX rs |(cal_r,cal i, Id,st| MFRSE | ForwardRSE RS@E
rt cal_r, st MFRTE | ForwardRTE RT@E
EX/MEM | rt st MFRTM |ForwardRTM RT@M
EEMUX| EFIES | WO




FR¥ETuseFO Tnewts) &

o IRERIG, ATLAMIE L £ EBRYEE & MUX
* HstoreXI5 S TEX/MEME], FAIGEHBRIKIES
+ REtHF2m=E
1 HEBERIESER, FTRIKLELLIIA] eI EIEEE
* {[BERTFMIPSHIIE S TIRERIFE ARSI Gt —, FELLiAEARSEIZY

o BRMN—MMUE &RBREMIPSIESEIGITTRIK T !

B3 AMUX

EX/MEM MEM/WB
(Thew) (Thew)

ks | B38| wREe o | o/t |ofia | o/t | o
IF/ID rs beq MFRSD | ForwardRSD RF.RD1 AO AO M4 | M4 | M4
rt beq MFRTD | ForwardRTD RF.RD2 AO AO M4 | M4 | M4

ID/EX rs |(cal_r,cal i, Id,st| MFRSE | ForwardRSE RS@E AO AO M4 | M4 | M4
rt cal_r, st MFRTE | ForwardRTE RT@E AO AO M4 | M4 | M4

EX/MEM | rt st MFRTM |ForwardRTM RT@M M4 | M4 | M4

HEMUX| 1EHIES IO




RIETuseFTnewta & | NaE AMUX

0 XFMFRSD3R R, HEZBIYEMARIT WA | RIE
* HIANO~RFRD1; #MIA1~AO; HIA2~M4 2 :Z?@DA:I
o EHEEEMUE, BERRERTHEST 2| magw

V ARBPREBESENNBENAETAENTELRENEFIESHiE

MFRSD | ForwardRSD RF.RD1 AO | AO | M4 | M4 | M4

MFRTD | ForwardRTD RF.RD2 AO | AO | M4 | M4 | M4

MFRSE | ForwardRSE RS@E AO | AO | M4 | M4 | M4

MFRTE | ForwardRTE RT@E AO | AO | M4 | M4 | M4

MFRTM [ForwardRTM| RT@M M4 | M4 | M4

EEMUX| EHIES IO

MFRSD | ForwardRSD| RF.RD1 AO@M M4
MFRTD |ForwardRTD| RF.RD2 AO@M M4
MFRSE | ForwardRSE | RS@E AO@M M4
MFRTE | ForwardRTE| RT@E AO@M M4
MFRTM |ForwardRTM| RT@M M4

BEEMUX| ITHIES HINO HIA1 HIN2




R 18 IR INdE & MUX
0 RAEGEIEERIITEEERE,
EIET A LI rsFIrt AV E K =

0 SEEALUBFIRT@M, XEA
rtz= K =8 [E]AY !

XEKREENNIZKBEE
—N% & MUX

Y

W A HMAKIR MUX Tl
ADD4 PC
IM PC
PC ADD4 NPC |RERD1| M1 |PCSel
IR@D IM
PC4@D ADD4
nEl AL | IR@DIrs]
A2 | IR@D|rt]
EXT IR@D[i16]
D1 | RERD1
CMPI 1 RERDZ
PC4| Pc4@D
NPCI 26 [IR@D[i26]
IR@E IR@D
PC4@E PC4@D
RS@E RERD1
RT@E RERD2
EXT@E EXT
A | RS@E
AL EXT@E | RT@E M2 | BSel
IR@M IR@E
PC4@M PC4@E
AO@M ALU
RT@M RT@E
A | aoeM
DM T Rr@m
IR@W IR@M
PC4@W PC4@M
AO@W AO@M
DR@W DM
rp| A3 | IR@W[rt] [R@W[rd]| 0x1F | M3 [WRSel
WD | DrR@W | A0@W |[Pc4@wW| M4 [wDSel
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Y

it

E1E ES I %% & MUX

TR BRI TIRERR A, X

Zpr B B M rsFrtBIE KR 2

0 REXS N AN R 9% & MUX

HY%AI

¢ JEEALUBFIRT@M, XE ik
=HHEEN, ELMizAR— 1N %%

MUX
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=: X TPC, ATHIEEEAMUX

EI’] Tﬁ“fl:El/?\%EP ﬁJaVJaWEFEl 7

It ER Z HH N HYAE & MUXS Z 5 Bz

MFRSD RF.RD1 AO@M M4
MFRTD RF.RD2 AO@M M4
MFRSE RS@E AO@M M4
MFRTE RT@E AO@M M4
MFRTM RT@M M4

FEAEMUX|  HIAO M1 HIN2

W A HMAKIR MUX Tl
ADD4 PC
IM PC
PC ADD4 NPC |RERD1| M1 |PCSel
IR@D IM
PC4@D ADD4
nEl AL | IR@DIrs]
A2 | IR@D|rt]
EXT IR@D[i16]
D1 | MFRSD
CMPI=5o 1 MFRTD
PC4| Pc4@D
NPCI 6 [IR@D[i26]
IR@E IR@D
PC4@E PC4@D
RS@E RERD1
RT@E RERD2
EXT@E EXT
A | MFRSE
ALV B EXT@E | MFRTE M2 | BSel
IR@M IR@E
PC4@M PC4@E
AO@M ALU
RT@M MFRTE
A | aoeM
DMIb | MFRTM
IR@W IR@M
PC4@W PC4@M
AO@W AO@M
DR@W DM
rp| A3 | IR@W[rt] [R@W[rd]| 0x1F | M3 [WRSel
WD | DrR@W | A0@W |[Pc4@wW| M4 [wDSel
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S2: MEENEAZMUXBIEHE

zL\._t

IEHME S R/IANERE AN BB T
0 RF.RD1
o fE7 | N & 15k
BRIEHI g N AR E Y
o PTBIEEABIFHE A TIEEFERAO 2 | maew
EX/MEM MEM/WB
(Thew) (Thew)
— ,}?:én} T 4 A cal_r|cal i|cal r|cali| Id
KR e HRAEL 0/rd | O/rt | O/rd | O/rt | O/rt
IF/ID rs beq MFRSD | ForwardRSD RF.RD1 AO AO M4 M4 M4
rt beq MFRTD | ForwardRTD RF.RD2 AO AO M4 M4 M4
ID/EX rs |cal_r,cal i, Id,st| MFRSE | ForwardRSE | ID/EX.RS AO AO M4 | M4 | M4
rt cal_r, st MFRTE | ForwardRTE | ID/EX.RT AO | AO | M4 | M4 | M4
EX/MEM rt st MFRTM |ForwardRTM [EX/MEM.RT M4 M4 M4
BEEMUX| THIES HINO
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wf5: alwaysiER)E#EMF RS DHYITHIES

ARIET\

=E N RS AE MM —EE NS
. . 0 | RFRD1
¢ define op 31:26
1 | Ao@m
¢ ‘define rs 25:21 2 | Mma@w
Hign assign ForwardRSD =
- IR D[ 'opl==beqg & cal r M & IR D[ rs]==IR M[ 'rd] ? 1 :
i IR D[ opl==beq & cal i M & IR D[ rs]==IR M['rt] ? 1 :
Z'})%'< IR D[ opl==beq & cal r W & IR D[ rs]==IR W[ zd] ? 2 :
V’ _ IR D[ opl==beq & cal i W & IR D[ 'rs]==IR W[ rt] ? 2 :
Low IR D[ opl==beq & load W & IR D[ rs]==IR W[ rt] ? 2 :
0 ;
o IRRFR R R
— = -— oo EX/MEM MEM/WB
¢ ZFAFESER—1FEFE / /
(Tnew) (Tnew)
tegn | IRET S T2 4 A cal_r|cal_i|cal r|cal_i| Id
MIKER a1 BRIER O/rd [ O/rt 10/rd | O/rt | O/rt
IF/ID rs beg MFRSD |ForwardRSD| RF.RD1 | AO | AO | M4 | M4 | M4
rt beq MFRTD |ForwardRTD| RF.RD2 AO | AO | M4 | M4 | M4
#HAEMUX| Z£HI{ES | HAO




& 2N
NIRRT /A HA
Ehbfe SES Rkt #X
ToHe R BURIR IS 73 7R
hRERR =R E SE T A
BHREE R —RR MDA
ZIEHHE KA
B RAHIE R A
{8l B B IR AL

44



12l S B AL FEA
0 SAL: RERIUERE
¢ MR, FRAFjaIMjalrfE L NIRFPC+8(HEEE, BHURTEERIT)
o BIRE2: PITRENBEIOM R
RRRER: LITRME, HEMBEDNE

IR _ -
B =
=) B?é ﬁ 1£F/IEJ|§%|F/|D
= mEuRELmE 12 REEERIF/ID
x| WFAEEST B 75 #ESEBRIF/ID. ID/EX
12 TLEEERRIF/ID. ID/EX. EX/MEM
Q: JAL, JALRHBIEFFZELLTEN?

A: M

| L@ E B

45




+
&Qn

10N =

0 ORIKZIEITTRIE R E T X R B S
o BEMSHESITEMNRHNER T ZENIE R TTRYEEIE A0
o SR TIMER. TR
o REAEAVER, WixALERMN
O ABRBPEFEENSE
o RBEBEEMDH, BLUBEAEESENRKE R ITSMNTEK
o RBEEMTH, wAREREDHIEHEX
© Wiw~swis S, WAEF. BEX EATLUBIZIEINGE A MUXSEIAME T
* Ucal~swig<, KRAAFHFE L IR
¢ RFABBHEBIIEE LIEE N F
o NEPEE.R: HIEMBRI—IMNEHESMN, SHOBIERZAZS NHEIE

46



