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BHER

. EEFJEACPUEIR :

> PCSel
func3 = MemWrite

“| $=% |Branch

CPva)ﬁZ%__( 25MHz func? » 5T [ALuct 3fe——

Imm_sel op_A_sel
Jal,Jal op_B_sel
& & RegWr P
»0
(1] |
— »2
E <X 1 &3
IL‘:\% V A B I g
> PN \ 4
= .u: \2/ > O-I op
;ZI:ME.H:IEa | CPU'))ﬁ’—F? sl i% » A branch 0
»rR1 1#D1 ;ﬂ WE
5 h > ALU c<—>{Adr RDpPM{1
PCH»| Adr Inst rs2 »|rR2 > O-I iz
o rd > B RAM
e VR D2 :ﬂ WD 4
clk ROM 0 4
wD
\ 4 1 ﬁ clk
inst JH Y
10
ImmeSH» 1 clk
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BHER

CPUSRERAYRERE=R

regiHEIR BB JEER
I | |
—» D Q
reg_s
clk S
r » e
rst_n

ck /

\

-

dat 7 _reqid3BR )\ BE BB W77
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|—)>
e

z delay < T¢ycle
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BHEK

O AfinkeL (B2D)

O iRfEEE, DES. S0

O 329327

O &/DFPAFKENES (AIIESTHFEMIES
O B532bitsiE. MutREEE

O SZFFHMERRlT, SRR (Rik)
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BHEK

iSRS
O bigE< (RV32I)
SLT, SLTI, SLTU, SLTIU
O ni#E/Fhéte< (RV320)
LB, LH, SB, S
O BEHERAIE<S (RVM)
MUL, MULH, MULHU, MULHSU
O BEHERAIE<S RVM)
DIV, DIVU, REM, REMU
O CSR#5< (RV32I)
CSRRW, CSRRS, CSRRC, CSRRWI, CSRRSI, CSRRCI
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7K it

« K KBIESWNIBIERSASNMER, AEES MR HEIERT
FHITHRITRINRIESHTITIRE
- HEFRMHT, MKZECPURYESIAITAT(E:
Thon—pipeline - JFst/KEetE SHITATIE]
Tpipeline : M/KEetE LTI TATIE]

N: if’ﬁ]}(é’%é&éﬁl T 1 B Tnon—pipeline
Pipeline — N
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VA5 %

- BRI
IF (Instruction Fetch): NFiEESHFENHIES
ID (Instruction Decode): E£517s5FHFEIES
EX (EXecute): HiiTiz&ak &t

A MEM (MEMory access): i|a1&0EF %58
s WB (Write Back): {84ERENZ1Fa8
54 n+2 IF ID EX | MEM | WB
f4n+1 IF ID EX | MEM | WB
E4n IF ID EX | MEM | WB
T 2T 3T 4T 5T 6T 7T BT

20214F7 H 12 H 1115045
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KGRI E X7

- HBIYRKEZE (ARMALIERR)

O ARM6/ARMY7

=ikek: (Fetch -> Decode -> Execute)

BUiE (Fetch): \NFFsacii—548<

i¥t3 (Decode): REIWHITHIES, AN T A ESLUEBRIVEFIES
1T (Execute): {EIESHIER SRS TS

202147 A 12 H 11855055 ), [Py HITSZ 523 5 614 52 A s
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WISk v e 37 ba)

-  HBIRYTKE (ARMILIEES)
O ARM8/ARM9
hgiiikek: (Fetch -> Decode -> Execute -> Memory -> Write Back)

HfE (Fetch) : M\FiERFENHIES, FREMNIESAKE

i¥83 (Decode) : ESHIFIE, NEFFantEEHEFaRRIFA

1T (Execute) : FFALUFITELER, WRIE<SELoadaStoretg<, NEALUH
T SR

iifF (Memory) : WNRFERNLREIEFERS, SNET— I RTTHEE

[B5 (Write Back) : SiE<HIEREISEISFa1E

20214F7 H 12 H 1115045
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WISk v e 37 ba)

HBIRAIKE (ARMILIESS)
O ARM10
NIk e: Fetch -> Issue -> Decode -> Execute -> Memory -> Write Back
HYE (Fetch) : BATIESHO SN, SiESHNEENAIME
Fik (Issue) : FlIMTEEAMLLIERRES
i¥t3 (Decode) : BSHIFMY, NEHFatEiHGFFaaiR(Fa
1T (Execute) : FEALUFITHELER, WIRIE<SELoadaStoretg<, NTEALUH
THEFEeSAYMLIE
iGF (Memory) : WNRFENHIGEFERE, SNEP— DI EH
M5 (Write Back) : [Kie<hIEREISEISFa1E

20214F7 H 12 H 1115045
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KEIZ Ik Xl 9o

-  HBIRYFIKE (ARMALIEES)

O ARMT1T

J\FfKke: Fetch1->Fetch2->Decode->ISS->ALU/MAC/LD Pipeline->
Write Back

HWE1 (Fetch1) : HTIELIEDIIN, STESHUEEEE
HW§2 (Fetchl) : uﬂa AR STFIG

i#f8 (Decode) : IESIRIFM, M%T_ e PN S e R FEY
ik (ISS) : #Uliﬁaxjj’d]kﬁa%?

ALU Pipeline Shifter -> ALU -> SAT

MAC Pipeline: MACT -> MAC2 -> MAC3

Load/Store Pipeline: LS Add -> DC1 -> DC2

S (Write Back) : #iSSMERASEISFSE
O Cotrex A8: 13RFKE .

2021F7H12 11!~Jsoj

) [Fmy HITSZ R385 013 RBHF o
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K EIRIT

o MIKEFE

IF/ID ID/EX EX/MEM MEM/WB
op Mem2Reg B Mem2Reg Mem?2Reg
> PCSel B PCSel
func3 MemWrite : MemWrite MemWrite
3=l | Branch : Branch R
func? »| BT [ALUCH Waocd =SB
Imm_sel '
op_B_sel
Jal,Jalr| RegWr p_B_
v
>0
> >—>{1
»{2
L 3
Y
v
v
0 WRe
rsl »IrR1 VE ol WE ¢
> rDI- op_C
\ 4 Adr RDp»1
rSZ kP‘RZ 0 ﬁﬁ
e g RAM
rd |
g D > 1
oLlo [ 1
A 1 A clk
i TH v T
10
Imme 5P| 1 clk
up»(2
BP» 3
clk I I
clk clk

20214FE7 H 12 H 1150%

> IEIEEIZE, 1B
T RGN
> (REAZK R EH

&

EER, XA

— AL, HHE=
GEMIES

- N

(- |:3 HITSZ $2 5% 5 613 2 B4 H s

Nz
A
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KGRI -K S FRR

- IF/IDifiikH1==8
E o o oxen «w |F (instruction
R | | fetch): \Ffiase+

func3 MemWrite MemWrite MemWrite bA
" #=#) |Branch “| [Branch R E 7

\ 4

func? » BT [ALUCH ALUCt
Imm_sel e
op_B_sel
Jal,Jalr| RegWr P_B_
PCH4 ‘16
)| [imme N ¢
T imme aEamdf
3| [raL ST ~1 :
V +
L4
\0\ h 4
w op_A| P .
1 E > A branch v—>{0 wReg
rs »rR1  rDI— op_C WE ]
= A 4 ALU c — »| Adr RDPM{1
rs2 O-I i
»rR2 op_B
d > 2508 RAM
TR HE D2 :d WD
o [ @2 R
1 wD clk

T
<
<
(o]
=—>p

clk

T |
clk clk clk
202147 A 12 H 11504

Y E3 HITSZ 5% 5 4145 52 B F b o
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K

L

VKEFRE

- IF/IDiIKS1==:
PC: JB{E<S. BEUES
PC+4: JBYES
inst: PTB1E<

IF/ID

PC+4
inst
PC

clk

20217 A12H 115504

RTLSCIR

16 always @ (posedge clk or negedge rst_n) begin
17 if (~rst_n) id_pc <= 32'h@;

18 else id_pc <= if_pc;

19 end

20

21 always @ (posedge clk or negedge rst_n) begin
22 if (~rst_n) id_inst <= 32'h0;

23 else id_inst <= if_inst;

24 end

) Eg HITS2 5 5 st

Education Center of Experiments and Innovations, HITSZ



IKEZ Tk S 7S

- ID/EXiTiIKSFT1FES

IF/D ID/EX EX/MEM MEM/WB I D . .
= - . (Instruction
op Mem2Reg [l Mem2Reg Mem?2Reg .
> PCSel Wrcsel " d d . =|=|¢ = r
func3 | MemWrite [l Memwrite MemWrite eco e) o -L* =] i
3%l [ Branch "M Branch i a .~ =
func7 5T > _E@— g% 26%? /\\
» 5T |aLuctd { =X ;:F F11—= <
Imm_sel i 1 E
B_sel
alalr] ooy [OP-Bse
4 ::D_» PCH4 R
»>—>1
135 > %
A <
Y
v
\ 4
rsl WE —>{0 wReg
»rR1 rD1- op_C WE ]
= \ 4 > Adr RDp» 1
> Adr Inst|> inst rs2 »rR2 g 0 HiE
A rd RAM
B TR HE D21 WD
ck | | ROM 5 I [
wD >
v :EI-’ A clk
inst JH ¥ T
29 clk
Imme S 1
.| |PC up»(2
» —»{PC R
clk I I
clk clk
T D /4 5 e 3 N
202147 312 H 1115073 (i, [Emg HITSZ 550 5 4147 R 5HH o0
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KGRI 78T

- ID/EXiTiIKSFT1FES

ID/EX ID (instruction

II;/Icesr;ZReg decode): EEHF

MemWrite %%#i%ﬁgj%/v\
Branch
ALUCtr

PC+4
imme
J_imme
rdl

rd2
op_A
op B

20214F7 H 12 H 1115045 clk
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KT -k S 78

- EX/MEMifiikFFeR

o o o v EX (execute):
L]
op Mem2Reg Mem2Reg [ Mem2Reg i Fﬁl 2N %
SN =i = ITEEEITE
func3 R MemWrite | |[MemWrite B MemWrite
"| #=#l |Branch “| [Branch R i i&i_”:
func7 »| BT [ALUCtd "| [ALuCtr —3e——
Imm_sel e
op_B_sel
DYV R .8
4::D_’ PCHa | |pcra R
imme SN
2| [ imme > > t%
3| [rdl ST~ ~1
Y . 3
NY
v
v op_A op™ _
1 E > » A branch v—>10 wReg
= »rR1 DI op.C WE —
= A4 ALU (| — » Adr RDP{1
> Adr Inst > inst rs2 :’RZE 0 op_B| B #iE
A rd > > RAM
EF VR M o2 :d WD A
ck | | ROM X [ | [r2 N B
A4 1 WD, d clk
inst JH ¥

v
o
3
S =
:
wCw_c
WN = O
(o]
=

clk I I I
clk clk clk

202147 H12H 110504} ) [ HIITSZ %86 5 G R SR o
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KGRI -KEFes
© EX/MEMiFK&T7es

EX (execute):
PATEFET &
EX/MEM iﬂjaiﬂ:

Mem2Reg
MemWrite
op C

rd2

clk

i) [y HITSZ £ 54l R b s
WA 3 Education Center of Experiments and Innovations, HITSZ
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KT -k S 78

- MEM/WB;iHIKS1338
IF/ID ID/EX EX/MEM MEM MEM/WB M E M (m e m O ry

] ] ] A3 AS Ay 4
Mem2Reg | |Mem2Reg | [ Mem2Reg ° *&?E
op > PCSel | [pcsel acceSS). l}lj_lujy
func3 N MemWrite : MemWrite | [ MemWrite Ay [m] = *
e FFhEERrRAIRIEE
func7 » 5T [Aluctd | [ALuctd —3—
Imm_sel i
JalJalr| ReaWr op_B sel

4::@_' PCH4 PCH4 R
| [imme N <
T imme > >—>

rdl

il

\ 4
e
2
4
WN O

"E > v ~ro WReg
rsl »rR1 rDI op.C WE —
= v = > Adr RDP1
»—» Adr Insth»{ Hnst rs2 »rR2 E ﬂo-l Iff\ﬁ
a - rd
2F »WR I D) :d WD 4

ck | | ROM 5 | 2 4+ 4
\ 4 :EI->WD " clk

PC

v
Sz s
% g
D C UV — —
1
WOl
(2]
=P

cle ok ok ok
20214E7 12 H 115505 72 [r=y HITSZ 525 54147 £ B4 H F oo
eac
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IR K S Fes

- MEM/WB;iHIKS1338

MEM (memory
access): 1|0)E5E
MEM/WB FhEe PRI EEN

wReg

clk
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FvAES )

STk S 1728

R RIH

> wIk&%E  How?

QE
>

=K

BE-oir-11T

202147 A 12 H11H}50%)

Mem2Reg
op
> PCSel
func3 o MemWrite
“| =% |Branch _
func7 s BT [ALuctl ==F
Imm_sel op_A_sel
op_B_sel
Jalbalr| oo [2P=E-
4 Y
N »0
> >—1>i1] ] |
— = » 2
v > 1 Be(3
v
A Y
> (;I Op\ \ 4
» A branch 0
rsl
»(rR1 1FD1 ;ﬂ WE
& A 4 > ALU c<—>{Adr RDP{1
rs2 » 0 iR
PC»{ Adr Inst »(rR2 -I .
. rd - » B RAM
EF VR D2 » 1 WD A
clk ROM 0 wD T T
1 ‘A clk
st JH ¥ »
10
ImmeSpP»{1 clk
> up» 2 vy HITSZ 523 5 6147 52 A F F o
»PC B 3 @ E! Edu(ationCenterofExperimentsandlnnovati:\]s,‘:l-t::TSZ




TIKERIR TRk S 7es

- Stepl1: tIEUE

R RIH

> K&

B, RMERFERR LeRg)

op Mem2Reg .| [Mem2Reg
> PCSel | [Pcsel
func3 MemWrite | [MemWrite
" #=41 |[Branch “| [Branch =
func7 > BT [Aluctl "] [aLuctr &
Imm_sel op_A_sel
op_B_sel
Jalalr] ¢ e [2P=B
4 ::B_' PC+4 PC+4 0
imme ™ <
J imme 'l)_':% —!
% > e > ~13el1>(3
v
— N'
> next_pc ;O—I op\ v
Y op_A [
1 V? > > A branch —>»10
© »rR1 fF DI > j WE
5 v ALU c—>{adr ROP1
inst rs2 o-l #iE
PC »IrR2 op_B
. > Adr Inst[—>| , p_; B RAM
5 TR D) :d WD
dk | | ROM Y | rd2 1
A 4 1 WD A clk
inst JH ¥ T
10 Ik
Imme§ 1 C
PC up»2
> » PC b3
8BS Q@RFIES CMITIES
OEES 3 £ B % 1718<C

202147 H 12 H 118504y clk

I
clk

HITSZ 2% 5413 R s F oo

Education Center of Experiments and Innovations, HITSZ

@90y

o



IR TRk S Fee HFHE > ke

« Step2: ﬂ’}ESI%PCJLEEE ibimIKkEe “imon” ek (LIe L)

Mem2R gﬁm
op cmZnee }|_ &g
> PCSel Clpcser
func3 MemWrite N r|te
) 7| #=#l |Branch “| [Branch N
funcz » 5 [ALuct ”| [atuctr & .
Imm_sel op_A_sel 7 Pcsel ’\l 1
op_B_sel
JalJalr} ooy [2P=B= ! "
4 A
::P » [PCr > [P »0 / I\le |:,$§
» HO > —r1
| [J_imme > o
5| [rdl N~ <
Y > > "1 Pel1»13
v
— N'
| |next_pc o op\ v
o [PAl N}
rsl > » A branch v—>0
»rR1 1FDI :J WE
! 5 v ALU c » Adr RDP1
0 inst rs2 0-| g
PC »|rR2 B
1 l —»{ Adr Inst o r o [°P-51 g RAM
EF YR 2 ;d WD 5
ck | | ROM 5 I | |rd2 k)
wD
4 1 A clk
inst JH ¥ T
| o'|
Imme sP»{1 clk
PC up»{2
> »{PC B3

202147 H12 H 11504 clk clk ) I:J HITSZ 35413 2 54 P o0
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TIKERIR TS 1F8E HFHE > ke

+ Step3: SEISELEREREMER L6 HHIE)

Mem?2Reg Mem2Reg
op > PCsel ,| [pcsel > EQ%_@%%E/\J %\glrgz
func3 N MemWrite N MemWrite
tj 7| =l |Branch | [Branch - R
func? »| BT |aLuctl 7| [ALuctr —3fel— ?—11%1:5 E/Jm :Ik*
Imm_sel op_A_sel RegWr ? = 0N
Jal,Jalr RegWr op_B_sel ¢ Jal,Jalr
!

4::B PC+4 = pC+a | h
> mae ;D»}_ BT -
rax o L2 1T ’H—\ TUNEN
> > j+ 13e}>{3
next_pc ;l X v #a/\%}(l = ﬁﬁﬁ%l{%
> ﬁg (] o] o I A AT 3
Rl D

rs1 | ] R > > A branﬂ v—> o R
! 1 F V'J ALU c—»] adr WRED 1 2 Q{J Ex'fﬁ-*{g ﬁ&a é"lJ %’\L:r\
'—P Adr Inst—| inst rzz »rR2 4"'01 N op_B; B Iff\ﬁ
Ik &,?I\;I : 1 o2 flﬂ V*D $
c 5 |rd2 — N anaf' o =] VAN o
D
et - w01| s f N clk > ﬁ}%_% E&iﬁl Z-EU
|
Imme S 1 clk _
Y ot b BEIERIIITS
.jL
clk &
ok
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KBS
SRS
HARIMR

Ik s

20214F7 H 12 H 1115045

) [Fmy HITSZ R385 013 RBHF o
WA 3 Education Center of Experiments and Innovations, HITSZ



VA A =] v

8k (Hazard): EERRSE T—ItHEHLERT F—FIE<SHIIR

( EE
mKEER | HUEEKR (RAW, WAR, WAW)
. =Bk

BE
EAEEWARTIWAW?
AFA?
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m/KZI LT - Bk

=]
RS T SBUE S TR TR S APV T IO
TKERRE— I, BIRSESHS

14k1d Ta SEMEMBT B

B RE \T h .
BRTE:
clk
ldx1,20(x4) | IF | ID | EXE A MEM | WB | ;51%1&%2:51;@ -S ué{%é:é*@
1d x2,40(x4)  F | ID | EXE | MEM | WB |
1d x3,60(x4) | IF | D | EXE | MEM | WB |
1d x5,80(x4) | F | ID | EXE | MEM | WB |
/
AR RTEFH B
MRS P R E 4

20214F7 H 12 H 1115045
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K1t - B

¢ iﬁ n%‘[‘\fi
—SRIES KT AT — R ETK G PROES
R ER B ST EEUEMSEEE S A s ETHARIBT F AR R TRY IS

#51%kadd 5 7EWBE L
/ KizE g REAx19
clk |
add x19,x1x2 IF ID EXE | MEM | WB
add x4,x19,x1 IF ID EXE | MEM | WB
p. A
add x5,x19,x2 7 IF ID | EXE | MEM | WB
A Y |
add x6,x19,x3 / IF ID | EXE | MEM | WB
B / \
#53%%add 547D 4%%kadd F4FEID
e B e
202147 412 H 115057 X 8x1981E

(), [y HITSZ 5236 5 613 £ B o
A 3 Education Center of Experiments and Innovations, HITSZ



k&g iT-BiE

'y = ol i

clk
ID /e EX x/MEm MEM - WB  addx19x1x2 | IF | D | EXE | MEM | WB |
m — Mem2Reg -
— add x4,x19,x1 | F | D | EXE | MEM | WB |
A RD
R1 Vo wReg add x5,x19,x2 IF | ID | EXE | MEM | WB |
o5 »| Adr WRED 1 RD A
R2 RD e add x6,x19,x3 F | D | EXE | MEM | WB |
WR mMA B/ \
0 wD ?
=U #3%add 1HOTEIDH B #4%add 15 L7EIDBT B
- M2 Radd dR DS P W19
B Ex190I{E
EI2A
1 Ly L3 'h% /A-

I [ I
clk clk clk

EX/MEM.RD = x19
EX/MEM.RD = x19

i) [ HITSZ %38 5 6147 R ST

r of Experiments and Inn s, HITSZ

ID/EX.RST
7E2: ID/EX.RS1FRDIXNAIZF TS
ID/EX RS2 D2 Rty e 2 ID/EX.RS2
EX/MEM.RDZE Rop CRIRIEI7es '
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k&g iT-BiE

= %1%3(1:1 5 SEWBH B
. IR e
clk
I D ID/EX EX EX/MEM M E M MEM/WB WB
~  Mem2Reg - addx19x1x2 | IF | D | EXE | MEM | WB |
i Memwrite B RD dd x4,x19,x1 IF | ID | EXE | MEM | wB
rR1 DY RS q l 0 __Reg adaxHXLIX ‘ ‘ b 4 ‘ ‘ ‘ ‘
& oGl L LT RO add x5,x19,x2 IF | D | EXE | MEM | WB |
rR2 RD iR A
WR RS RAM add x6,x19,x3 IF | D | EXE | MEM | WB |
> WD 4
ﬂ—»wo t B / \
L A clk

#53%%add 1 4FEIDHBY $E44%kadd FHAFEIDRY B

#24kadd HL7EIDY B P £
iy BU8x19ME BAEx19M{E

; i i~ ISH4B:
ID/EX.RS1
ID/EX.RS2

MEM/WB.RD = x19
MEM/WB.RD = x19

) [ HITSZ R 5 U R AT oo
R

r of Experiments and Inn s, HITSZ
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k&g iT-BiE

= 5 15kadd 5 QEEWBH Bt
. BRI R
clk
ID EX MEM WB
ID/EX EX/MEM MEM/WB add x19,x1 x2 ‘ IF ‘ D ‘ EXE ‘MEM‘ WB \
— — Mem2Reg =
MemWrite RD C add x4,x19,x1 | F | D | EXE | MEM | WB |
1 0 wRe|
op.C we = add x5,x19,x2 IF | D | EXE | MEM | WB |
5 »{aar rop{r| RD A
by add x6,x19,x3 IF | ID | EXE | MEM | WB |
WD A
j /TN
¢ 3%add D 44kadd D
#2%add $Q7EDHT B ® %ﬁaxﬁﬁ?ﬁg e * %&ﬁﬁfﬁ?ﬁ e
EU8x191018
I E A °
:;Fk :;Fk :;Fk IE"/' C:

x19
x19

3, [ong HITSZ 5 5 0T A

Education Center of Experiments and Innovations, HITSZ

I
=
&
20
O
I

ID/EX.RS1
ID/EX.RS2

I
=
&
70
O
I
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mKERIT- Bk

'y = ol

5H2C:
ID/EX.RST = WB.RD = x19

RTL3EIR
= ID/EX.RS2 = WB.RD = x19

wire rsl_id _wb_con
wire rs2_id _wb_con

(raddrl == waddr) & we & rel;
(raddr2 == waddr) & we & re2;

& VR USSR ESSEEE, AFEERF, HAFERAW
¢ SEHRFPRARLSIER, AIREIEmiRE
¢ AT IREERNVERYE, TR0 "EEEE" FSIUXD

20214E7 H 12 H11/50%) (o) [Emg HITSZ %% 5 4130 % 5K +
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k&g iT-BiE

'y = ol

op Al ©P
1 WE = A branch 0 wReg
a R DI > op.C WE o -
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