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1 IRFRIH ik

1.1 g Em

THENVA RSB T LT R O BRI . i IRAE T B DL “ By 2 AR AT 3
MLRGEBTHRES)” H AR, SO0 “aml B/ B R 5 Al . B CPU it Wz / R IR
RGBT AL B, ARG a2 T RN R G 5 SCLRE T RE IR 7
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FE 50 S50 T BT AR B8 BT SR AR B R I s 2, W — 6 B — e U 4
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6 ANDI SRS

S, BRAIRELL MARS
7 SLL B Wy 22

PR B M

8 SRA BEAH
9 SRL Uk Yl
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12 ORI ~7 BB ER
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20 SLTU INFERSHER
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27 ERET R ] SR, A
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2 BB REIT

2.1 BREH CPU It

CPU BRRIZAFEIR LS #IX ROM, EA7F RAM, FA883CfF, ALU, #&flH
TG, ZALEIEFR (BHEERHE PC, RIS S A AHE AR T, AP TR,

RIS NAFERIERESE), A RIaEE. % RIa AT 7 H a7 2
b E W 2 R BRI N T Re . BAZS M E WA 2.1 Fros.

B KEFE 411 6 £ OP A1 6 i FUNC /A%, 24 4842 12 MRl B iR 1)

— %A N, FIARRTEA A OP 5 FUNC XN % &, FEESTE A 1R
ANE AR, BB A .

EH BTG, PR IT R BRI A E 4R S A EIE S, i ALU 1 op, &
Z R IE RS T 5.
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#x 2.1 ERIZBEE R TSI SRR
51 ION/SE | MIEE | DhRgR

X PN 32 BAFH X
Y A 32 BAEHY
ALU_OP BN 4 BHEAITR, BAIIGEIL TR
Result et 32 ALU 12545 R

ALU S5 55 870, M T aReidkdR & 45 R i sk

Result2 i 32
IR WIAREAL, HABRIE N E
OF i 1 ARSI HArid, HARREAE
UOF i 1 TS IR AR, HAbRAEAZE
Equal it 1 Equal=(x==y)?1:0, X} BT #A/EH %%
4, A7 A HE RF

RegFile B8 R 32 4> 32 L aifeds, (BT —MEAE, Frblskhbs b5
31 ANFAFEE, 60N 32 ALY H & 0 A

BN FAERMFELEE S, HEIRAZ HBAE S RN R24IGER, LA
T B 2 B PR AR I B B, 2 B R (A N B v A BT 1 B A
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2.1.2 HFAEAILT

IR PATIIREIAT IR AR IR, RGETE L IR 2AEANF 142 .

R 2. 280 RGHIBRBIES

PC

M

RF ALU

DM

R1# | R2# | W# | Din | A B OP

Addr

Din

Tube

2.1.3 #=HISERIRTT

BN TG ST S, RS LRI E A RIEEIE S, DO
PaiE st I R B L BAT 25N T 2 E AT R B S T, IR EXE
BEANGIHE S S MBUES T E L, St 2R G 5 DU B IR 2.3,
x 2.3 EEFIRERIESHIERA A

G5 A it B
ALUOP 0~15 RIG B IR s S
0 RSLRIBUEBRGSY R
ext u
1 ASLRIFUER LR 5T R
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1 RI#%E$E 16-20 £, SLEIEUESE 6-10 MLy &
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reg_dst
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0 NG TG
reg_write
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0 NG WA
mem_write
1 THEE NI
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FEffE S HUH eH

j~ jals jrs
bne. beq.
syscall.
LB. 0/1 HRTE R H PRI AES A HRO
ERET.
MFTCO.

BLEZ

2.2 FETHLENZIT
2.2.1 Bt

MFCO 52 #6302 mfcO rt, rd, 54 09T 007 BT R A A4 0k, ot ZisH]
AALE T, rd VAL TP A A AR I T

MTCO $5% fH% 22 mtcO rt, rd, 54 0 F0kJ7 it 2 w7 as Sak, ot 2
AALE NS, od VAL TP A A AR I T

ERET 54 (RS AL eret, 8T BT R A4 T UL, (EHHF M 5T
ANEETRL T, AL EL 1

ST TR s AT, BEARIR W IR S REY . F R A B AR S A, R
PP IbriE RN IC(E 5 KB4 CPU,

2.2.2 @It

SeRAER N =A T HE 5 5 a8 B A I AR AT S RAE, ARSI —
ARSI T, FARE A0 7 oV b e O IR SR, R AR i S
A CAUSE, PC 5 A EPC, #tANF Wi IRFAE o 74 ik 5542 5 oh AT LAEEEL EPC
STATUS M CAUSE =& 74 HME, 7 LMEek EPC #1 STATUS HI1E.

2.2.3 WHE&IT

o W R 7 PR T S AR B2 S5 45 R 0 = A A S B A o
Ry NP RS IEIT G, oot i, SR/E{RFF EPC A1 STATUS, i
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U, S STATUS #1 EPC, FIFHWr, /5 eret iR [H EF2)7.
TR : 4 STATUS H i 1-3 SrAE SRS, AR a8 b = BB A F 1 b
M7 (001, 011, HG 111D, SEHl PRI SeZ bt mil e b i i & .

2.3 w7k CPU &1t
2.3.1 B

TEAR DDA W 0 5 B CPU Aefili B T80, E—FK B2 MPATEE 2 E N IF,
ID, EX, MEM, WB B, BRBZ 0T EAA S NG 5 H e ti A7, L
FRAEVR K2R FAEFRARVR KR EEat B ACFE /37, Bhi% . Bdai K AN loaduse MR ZE N

e

o
2.3.2 RkKEOSEHIZIT

RPN B LA R AT B A b B R 5 5
CBRFAR IO, i SE R T — BT IR, %72 B 106 o S v
. AAER IR T BT A5 S MOV, I 25 47 2SO 6 R

5%,
2.3.3 IBERKEKIEIT

AR K Z A 2 18 7 SR e B R 2 1 j, R R — R 4R 2 MAT 70 8 5
AFrBe: IF. ID. EX. MEM Al WB.

IF BrBONTR 2 At de hEUH — 26484, JFE PC N4, #ERIURN —%484.
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EX BB A ALU BHTIE 5, IEEREROREE 65 540t 1D i Bofeid sk, iz
B REEIER N B
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3 EMERITS5EI

3.1 B2FHI CPU =3I}
3.1.1 FEIhEEERHFLIN

1) RGH4E (clk)
(@O Logism SZ:

15 F e WIS Bl S AR HLAE 2 B EE SRAE R RGN B, AT DASEILAE AN RE IR I 8 48 2
FURTIR N SLBU=ALIIRE . EEEER I S — M A R A ASs1 BE, BT —Ma
A7E syscall (55, H$s1 N 10, HUHTA syscall #8442, HITHHIANZ N 1, RGH o
AN, —EN 1, LU TEN. B 3.1 fs.

Al

Q000000 2

3.1 B4
@ FPGA 2
ARG clk [ Verilog ARSI F
assign SyscallAddOne = (v0==10 && isSyscall);
assign clkout = (clkin || SyscallAddOne);

2) EFIHEEE (PO
(O Logism £ :
fHFH—A 32 AL A7 28 SEIAE P 13 8s PC, fik 7 RO B TR iR, SN —
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S ERAT IR A UL, H A2 RTAT 3 OB, B clk B3 P 3.2 BT,

0ona

et 1

enll

3.2 #EFFit#=s (PC)

3) fRAArEMHEA (IMD
@ Logism £

i — A R 7 il 4s ROM SEILFRE A7 ffde (IMD. ¥ B % H A i as I bk £
N 10 Ar, BHEALTE N 32 AL, Y PC HhAEfit 4 & #hikA 32 A7, 111 ROM Hithk 45
WEA MR, N 10 47, Mo 32 frde 4 Huhk s B o 2= mAs i o BB B, 18
oy as UL 32 frdig &bk i) 2-11 A AR ude A fas i A bk, W& 3.3 fos.

e 20110001
0ol 0500005

- I 00z 20110001 =
Oo0=( 20120002
zel

3.3 155 FERE (IM)

4) BEf#ERE (DMD
@ Logism L

I — NS A4 RAM SEIUER Ak 28 (DMD . BB I AEfiff 4 bk o8
10 fn, BAELITER 32 £, RN ALU i2H 4554 32 i, 1fi ROM Mk s s
BR, 1 10 47, ok 32 Atk sy (12-31 60 MEfimiEiss (k246 B
R, 184> 2 ad AL 32 g A sthhik 1 2-11 A4 ATE Gk B RGN HUbE . 3B Bl
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3.4 HiREfEER (DM)

3.1.2 HIRIBEEAISZIL

ARUCRFEVE R B TR B, — O @ Ay BB i g . 22Tl
TEA, T R—%1E%, KMHKE R RTL (Register Transfer Level), ZR&4% i 2R 15
7, ICREEIEEME S, RIE RTL DhREHS X N AR & M8 im gk, Fik Foa
AR R, D B A N\ S 0 K

MR ST R TP R E I — N RN, BAR R — kIR AR
PAT LA A B> 2 A 0 A ARl H o ] RS, SEARAR @ R B IE R R IR,
i 3.1 fim.

* 3 IECARGBIREBBER

RF ALU DM
RS PC M Tube
R1# | R2# | W# | Din | A B OP | Addr | Din
ADD pPC+4 PC | rs rt rd alu rl | r2 5
ADDI PC+4 PC | rs Tt alu rl | EI%L 5
ADDIU PC+4 PC | rs Tt alu rl | EI%L 5
ADDU pPC+4 PC | rs rt rd alu rl | r2 5
AND pPC+4 PC | rs rt rd alu rl | r2 7
ANDI PC+4 PC | rs Tt alu rl | SEI%L 7
SLL PC+4 PC rt rd alu r2 | SCEPEL 0
SRA PC+4 PC rt rd alu r2 | SCHEIEL 1
SRL PC+4 PC Tt rd alu 2 | SEI%L 2




£ A K XK FRA K TR

RF ALU DM
R4 PC M Tube
R1#t | R2# | Wi Din A B OP | Addr | Din
SUB PC+4 PC | rs rt rd alu rl | r2 6
OR PC+4 PC | rs rt rd alu rl | r2 8
ORT PC+4 PC | rs Tt alu rl | SLEI%L 8
NOR PC+4 PC | rs rt rd alu rl | r2 10

FESETEQ R G AW MR NIHE 25, RIES R EEERR, #7208
PEE I G FRARL R, AL EIREAF T ER, R ER & IR IR
LR, WA B2 N A 2 B e AR AT B N o AR E AT LSS

MW RIEE, KB 3.5 s,

3.5 H[EHA CPU ##EIBEE (Logism)

3.1.3 =THIZFHISEER

AR AR T R R R B B — /NI AR OGN 4, 7E Logism BT 4%
2%, Branch % %%. SYSCALL 45 28 i) H ARSI .
XTHER 3.2 fim.
F 3.2 EiFHISFIEHIES

B4s mem_to reg | reg dst | reg write | s 1 | ext u | alu_src | ALUop | MemWrite
ADD 0 0 1 0 0 0 0101 0
ADDI 0 1 1 0 0 1 0101 0
ADDIU 0 1 1 0 0 1 0101 0
ADDU 0 0 1 0 0 0 0101 0
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R mem to reg | reg dst | reg write | s i | ext u | alu src | ALUop | MemWrite
AND 0 0 1 0 0 0 0111 0
ANDI 0 1 1 0 1 1 0111 0
SLL 0 0 1 1 0 1 0000 0
SRA 0 0 1 1 0 1 0001 0
SRL 0 0 1 1 0 1 0010 0
SUB 0 0 1 0 0 0 0110 0
OR 0 0 1 0 0 0 1000 0
ORI 0 1 1 0 1 1 1000 0
NOR 0 0 1 0 0 0 1010 0
XOR 0 0 1 0 0 0 1001 0
LW 1 1 1 0 0 1 0000 0
LB 1 1 1 0 0 1 0000 0
SW 0 0 0 0 0 1 0000 1
BEQ 0 0 0 0 0 0 0000 0
BNE 0 0 0 0 0 0 0000 0
SLT 0 0 1 0 0 0 1011 0
BLEZ 0 0 0 0 0 1 1011 0
SLTI 0 1 1 0 0 1 1011 0
SLTU 0 0 1 0 0 0 1100 0

SLTIU 0 1 1 0 0 1 1100

J 0 0 0 0 0 0 0000 0
JL 0 0 1 0 0 0 0000 0
JR 0 0 0 0 0 0 0000 0
SYSCALL 0 0 0 0 0 0 0000 0

Ak i jal. jr. bne. beq. syscall. LB, ERET. MFTCO. BLEZ iX {55 B $24%
e, EEHEEPENERE S,
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@ Logisim SZI

IUARTRE N 48 2 (1 i S AL A S AR AT B 4 5 28— 2% 75 4 (AT BLEZ 75
TERIME 16-20 A1), FEARHRRGEEBNAER 12 &%, Frblx— PR E=XEH
Logsim H 34 R IITIRE, FHAE =K AR BT LB TS 21 — A LB Hh HEAT T3 & 9,
B S AR AN [R5 2 1 H 3 AN R BT _EAE i o BRAME B G vh AN R 2R A48 4 (1 26 2L
FrLLE EHEFE 2502, il E R RTHEER  i Re A5 5

B AT AT DUSEIEEN FFE b1 25 P BT A IS S AR 7E Logisim 42 il 35 5 21

K GERr) k3.6 e

@z - e

il

3.6 EiTHIRRRIEE

3.2 HEFHHISEI
3.2.1 CPO Z{Xi Nt

A CPO T M FE IR Z MG T, FE00 5T W R AE SR ik [ 544, H
N HE O WE 3.7 Pk
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(o]

isMTC

isMFCO

isMTCO

isERET| ISERET

i

(T]

isEXP IE

outputs and one bit inputs

ETN1
[Ermz—T@]em:
ETN3

cse

agoooooo
agoooooo
ooooono
aoooooo

multiple bits inputs

instr]

o1oo0o000 ooooooo oooooon
ooioo00t goooooo aooooon
aooooon Fein goooooo Feou aooooon Din
oooooot ooooooo oooooon

ooooooo
ooooooo
ooooooo
ooooooo

Dout

oooooon
aoooooo
aoooooo
oooooon

& 3.7 CPOfAMIL#%O]

3.2.2 Hi=4 505

RAEFWESE, %2 CPO i, RAFEI—A D flkas, RRHBEGCEH
TR, AN, B U E RS D i ds T, SRJEIEa =M

K WAES W Be il 7 1 AE AT S, BB =4

pE 0 R Wit TR I

WS 1, 2803, RJESEG VTR GSRD MES S58ME, RFNEEGE
THWEES, ERXAME SR, A4 TRk, B Logisim BNl 3.8 Fros:

interruption generate

BTM1 :

L= en

L=

|_D—-__i‘_'_

J } Fri

htnSel

||igm1 }

clk

BTNQ:

=

I enil

l_D—-_?_'_

|Iight2>

clk

ETM3}

r@'____

||ight3}

& 3.8 HHI~=AHE
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3.2.3 CPO

CPO 7 ZAE T A AEHE 21T PC BMERAF 2] EPC 5 f7a%, Wl b IS, 40
Hilkr 5 5 N3 CAUSE ZifEay, MHMER —A> STATUS T f7ds, TRAESGHTHPIRGS G5F
0 A AT, 1-3 KA BE# T ), CPO A LUREHE 4 A TFXT EPC A1 STATUS
AT B8R, XN AT BRI E R . PCout (5 51822
EPC FHIEM, =Wk BB RHE 248 EPC (W1H S [F 2 3 I PC f7aF, X
— ELAHEEE AT DL E AR A5 H 2 TR (484 I IHEAE PCout MIE S Bl HAEHRK)
Logisim 4 E & 3.9 Frox:

CPO
EFC
DMU}( % PCout
E
P
Din 1 - D— Rl Dout
T ID-

00000000

00000000
isEXP
00000001 | CAUSE
0
00000002 —|_I—\| [o000]

00000003

3.9 CPO f&EiR

AR TS I ROM 7308 1 P, SR — Bl ERE, R Bl A7 U 2 P
HRSSREFP, AR RN T EmEs G, Xohiiery 53R, E1iFn. 2
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BAR Logisim HEEUT B 3.10 fios:

3.10 =hikfEa FEHA CPU E&{K[E]

3.3 %7K CPU =i
3.3.1 RAKFEOZRHSEIR

TP B — A A iR, ARSI A A b — I B b g kS S
(T RIED, fthumEER T —Br BT RN, SRR E S Ak
T, AR N T B B TR E N E SR UOE, TR AR L R RS =

T G EATEFEZE).,

Logisim SZHL: {2247 8 iE B R ED], 1F/ID, ID/EX, EX/MEM, MEM/WB
B BB D BB A ], At R IR TF/ID B AT ID/EX FIEE4r FLlG CFEE K
ToiEa R R i 312 B 3.1 ik
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refooo &5, foooga
L4
00000000 0000000
00000000 hooo 00000000
JUmpAdEr 00 oo 0000000 TPAR
00000000 | 0000000
npoooooon nooooooo
00000000 oo 00000000
Rlbooooooo 0on coooooog "
00000000 I| 00000000
noooooon nooooooo
00000000 oo 00000000
Resll ioooooo 0on coooooog o2
00000000 Il 00000000
N0000000 TILELEL
00000000 booo 00000000
Reol sonoooao hoon nooonoog 2
00000000 00000000
» £
00000000 0000000
00000000 oo 00000000
Imeediate_EXl) 0 hooo00 000 00000000 et Ex
00000000 00000000
00000000 0000000
00000000 oo 00000000
Pe*4ono0000 000 pooooooo -
00000000 Il 00000000

EH@ CLK@ clr@

3.11 ID/EX (ZB4)
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poloooon poooooon
poniloool aoa pooooooan

inst inst
poooooon -EI:-IL%D poooooon
ponoooool pooooooan
pooooooan pooooooan
poooooon goog| pooooooao

PiC+d = FC+4
DO00000a0) 4 EEL%D pooooooan
pooooilon poooooon

eni CLKl@'l clrl

3.12 IF/ID

FPGA SEIL: DUAMZ D FIE I AA ], fr AXAAE TFAD #7871 2D
Jerm—T, KM VAL always A TER %, tbovar A4k, AREEA M
LI — A . EEASIT

always @ (posedge clk or posedge reset) begin
if (reset) begin
ID_inst=0;
ID_PCplus4 = 0;
end else begin
if (en) begin
ID inst=IF inst;
ID_PCplus4 = IF_PCplus4;
end
end

end
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3.3.2 IEMERIKESI

AN ROy OB R B 9 55 ) L, R R B — AR A AT 40 8 5 AP EL: TF.
ID. EX. MEM Hl WB; IF BrB TR S AE0f o8 P AU — %484, JFHE PC In 4, #E+
WUR—26#64; 1D W BUE IF BB 48 0047 R0, 19 31 /5 820 BT 75 2 00 43
PS5 AR E RS B G NPT AE AR A R B BT R B R S A28 UMD s EX TR
fHH ALU ZHATIZ 5, RERAEEREHIE 588 ID BrBufeid >k, 43 Hig e 51k
FN B MEM BBt ID BB k(G ST UMfF, i tisH 4 R EHE
i85 T — B Be B A 18 B 4 SR T R Y A7 e B AR IR 45 N — B WB
BT MEM B BoAg i >k (1 45 R 5 [0 248 78 4 5 1R ar 4735

Logisim S¢H: AT S0 AL BR 9 AT 2081, P40 il 040 15 DU/ 42 A
gesk, Ho PC MH BRI 4, HI2TE IF B E R, IXFEA AT DASE g
AN Bl EAARECH — 454, e IR ER . BhEE 9y LIXBARTF RS, HETEH
FLATLL, FOAEARRUK A2 HILIX e 4.

3.4 B LMK

AR T TH RO EE B VRN, T DL T T R T 4 R 8 st 7 % o

T ERATEE R B BT — %484 7E EX/MEM A7 88 A7 alu 8545 1 2
— YN, T SRARA1ES B 2 i BB N A 4748 B =& g% K

R AR (D W — %I TEE AT, LR ERIES a5 5 —
FIRL W HIR A SR, JFHAT BN RVIFIR S (VAR FHEMmAS
YRR loaduse M9, AT —ZiE I (2) AIATRIEA HE S a4, H U4 H
VR R AT AA 38 5 SHTHT 2648 2 10 B A2 de g S AR, 3HAT — 4Kk .

Logisim S2HL: B0 28— MR, FIWHR BAFE K 1 9m 5 A0 [F] FLATHE 4
ARVIFFAR A %A, FREHRP RS, BN 0 SaA38EN 0, AT EHITE
TR, 5K 3.13 Fs: B RSN m Kl 3.14 FiR:
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| req_write |

N | a o
R ¢
e —1 —o

|meanReg|

3.13 detector

Inputs & Outputs
R1# R1_fw [0 or1 _fw
rRz#fooood Ra#
RI_f 0 0]R2_fw

Rw_pre[0 000D
R _pre_pre |D 00n DI—(RW?prefprel
RegiititePre m RegiiititePre
RegwritePrePre E RegiritePrePre
memToRegPre m memToRegPre

R1#

L]

R_pre

RegyritePre

L memToRegPre
|R1#:
2z

L]

00FaEE
R _pre_pra ] e :
MEREER
RegWiritePrePre 1085 MEMEER

)
|RW_pre )-I
#

RegwiritePre

|R2 :
|RW_pre_pre }-I g S
RegwiritePrePre

3
3

3.14 forward
FPGA SCHL: HR¥E LB AT LURZS 2 H 'S H verilog AR89, oSl detector, F5 32414k
JUA™ detector, SEHLEL KIEHES, 0 BT
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wire ling, secl0, secll, sec20, sec21;

assign ling = 0;

detector dct10O(R1_, RwPre , wePre, memtoRegPre, sec10);
detector dctl1(R1_, RwPrePre , wePrePre, ling, secll);
detector dct20(R2_, RwPre , wePre, memtoRegPre, sec20);
detector dct21(R2 , RwPrePre , wePrePre, ling, sec21);
assign R1 FW = (sec10) ? 2'b01 : (secll ? 2'b10 : 2'b00);
assign R2 FW = (sec20) ? 201 : (sec21 ? 2'b10 : 2'b00);

3.5 |kt

SRR A B e kB Sl B4R N SORL, R T loaduse PR, SEENTTVE: Y
774 loaduse MR, 8 ID/EX & A7 &8iH R, PC ZFA7#s 1 IF/ID 25 /748 K i
TR WAE AR 5T —2F 48 & 2 EHmA T —

Logisim 328 : 58 K IFALL, k2 r=4 T loaduse 15, FAEMR T E
WERESHM IF 5 ID WReES, PHILR/KEMAREA G, HARR IR I
3.15 fi7:

nooo
aooo Bubblarum

cEl
m 1 cIRREX
C 01
0]
T el
>0
o
L LE
poooooon
= I Z 2 poooooon
Rl b« Y\ BubbleMNum
< - 0 000aqqglEHekletum
2 __/ pooooooo
m)_. P
Lw_LE
g — 5
= .
R g
5 _/
m)_. <

3.15 bubble
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FPGA SZHL: #R¥E Logisim W HLESIE, {HH always Fl assign & H) SC 4G < AR
B, FEMHAS T

always @ (posedge clk) begin

if (Ireset) begin

if (RRblb) begin
count = count+1;

end

end else begin
count = 0;

end

end

assign EX_clr = (clk & clr_reg);
assign BubbleNum = (count);
assign IF_en =reset ? 1 : (RRblb);
assign ID_en =reset ? 1 : ('RRblb);

3.6 X APkEERKEZZ T

oy SCRB AL R AE EX B BCa r), FIWTRR a2 5 & 2Bk (8030, 1tk
(4330 HhbkS AN F] PC FF 74y, FHEZ ARV P &I8 2GR, A T IERKZ M
kB A AR R B IF A ID %47 A B fE RS BN TE AL

Logisim SZHi: 0 HAE EX B BURYE j/jal/jr/beq/bne/blez 15 5 F1 alu )iz 545 51 #
W TR Bk (30, X RG5O E R, EX BOW R JumpAddr,
BranchResult 5¢ JrAddr 5 A\ 3| PC ZF 245, FIWril o g tn &l 3.16 fis:
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|hranch5ucceas|

hranchhum

Jump_en}—l

3.16 4T k&L FI e
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4 SWIFRESIER

4.1 s A 5 A0 Th gE MR
5%t LR ] CPU HE4T benchmark MR 47 JEFg 2 MR A PR, Xk 28
4T benchmark MRAFIY EHE M, FABIW R :

4.1.1 EEHA benchmark

XTELJE ] CPU 34T benchmark i, M HE: 7£ Mars 1 asm XS H N+
NI AR AT, INEEI ROM H, Bal RS, BT8R, B 7 HrE ST#
MEZMINGE, BENTRAFBWE 4.1 P, AEERW B 43 for, AR
AL R 4.2 B, FERPAE Mars HIRIZ AT R I AAFEE RN 4.4 Fios:

0000 . 0000 - ‘."l
L i s
BTH1 BTH

o
%]

335
L

0000
0110 272
merm c[D 1546

4.1 HESFY

4.2 HBE
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#

® A R R F

|

I=ois, BRI TR

poe |oo00000e] nooooood ooo000O.
00000006 00000005
00000000 00000000
00000000 00000000

s s aie s aiaislaiainl

(e
()
s

YTy

Q0onoo04
Q0o0aa0a
Q0o0aa0a

lalalalalalnlnlal

0000000t
Qo00o00s
Qo0aoaao
Qo0aoaao

I aala n nialel

& 4.3 A7E (Logisim)

Q0000002 00000008 00000008 Q0000007
00000002 00000001 00000000 FEELEFEE
Q0000000 00000000 00000000 a0oaaaao
Q0000000 00000000 00000000 a0oaaaao

FEEEETOEET CEeEEeee e e Cee

Address

Yalue (+0)

Yalue (+4)

Yalue (+8)

Yalue (+c)

Yalue (+10

Yalue (+14

Yalue (+18)

Walue (+1c)

0x00000000

00000000 e

000000004

00000000 ¢

00000000k

0z0000000a

0x00000003

000000003

000000007

0x00000020

0=x00000008

0x00000005

0x00000004

0=x00000003

000000002

0x00000001

0x00000000

OxfEEfEEEf

0=x00000040

0zx00000000

000000000

000000000

000000000

0z 00000000

000000000

0zx00000000

000000000

T=-NNNNNNEN

T=-NNnnnnn

T=-Annnnnn

4.1.2 BREHEERS

T=-NNNnnnnn

T=-NNNnnnnn

TONNNNNnn

4.4 NTFE (Mars)

T ONNNNnnn

T=ONNNNNnn

T ONNnnnn

V9% 54 7 hls& LB, BLEZ, XOR I SLTIU, K4 benchmark il i1 56 %%
PEAR S, A ISR L6 5 HAR R — ik, st il 7, AwS[HE 7 1
RVYLHFE A B AAS, 43 B 7E Mars A1 Logisim FigfT, BAER/GHLEER. 7£ Mars
FIEE RN 4.5 Fias, #E Logisim A 45 Ran & 4.6 fios:

Data Segment

Address

Walue (+0)

Value (+4)

Value (+3)

YValue (+c)

YWalue (+10

Value (+14

Yalue (+18)

Yalue (+1c)

000000000

000007253

000000034

Ox=fffff198

00000007 2

0zx00000000

000000000

000000034

0z 00000000

e

000000020

Q00000000

000000000

00000005

Q00000001

Q00000000

0x00000000

Q00000000

000000068

000000040

000000062

000000000

0zx00000000

Oz 00000000

0zx00000000

000000000

0zx00000000

000000000/ =

000000080

0=x00000000

000000000

0=x00000000

000000000

0=x00000000

4.5 NE (Mars)

000000000

0=x00000000

000000000

poo 00007 e8] noooonz4

ooF 00200000 0o00o00o
g1 0000006a 00000000
(18 00000000 0o00o000

4.1.3 BEHPHT

fEEFEE8 0000007 &
Q000005 e 00000001
Q000a000 Qo0ooao0
Q000a000 Qo0ooao0

4.6 N7FE (Logisim)

00000000 Q0000000 00000034 Q0000000
00000000 Qoa0a0od 000000 0000006 &
00000000 Q0000000 O00a00ad aooaaoaa
00000000 Q0000000 O00a00ad aooaaoaa

FEREAT benchmark JAAIIS I, CAAFKTT 3% Mgtl, TRLRRIAFRIRZER,
BARRy: 31 1 S DA et 2 44l 3, 4 s 2 Ja ] DL de s
3, T 3 Ja AR RSN RIE S, BT AT s B e R IR 8] 3

29



£ 7 A R

K F R A K+ R &

PP AR IE AT, FFETPed 1<2<3 Miit, JFHSEEL T iR

4.1.4 K%k benchmark

XK AT benchmark A, WEHRDE K Eox 52 A2 FIR, WAZa B

A, W5 Z AT SRR, e RO S, o SOk RS I K 4.7 P,

5MPa RMEE. CRIGREAN 2,

1546+4+(276+38)*2+120=2298)

v BLIS B 30 AT 5 07 ik N

IESSELT

[ ] o out

2205
0oo0 -
0z £s @1
ot 3F

|branchNum>— i}

syschllAddd E)_Iillﬂ;%é =

Qooo
0114
&

LoadlUsesh

170 |.Jump_en_,‘

aooo

00261
ot

clk

Z7g

35

4.1.5 Rk verilog HE

TEEHIHKE CPU ) verilog ACRYEAT 5 H, 7 KA R 54 Logisim H1IE4T

iR ME, B 4.8 Pon:

4.7 Bt 5355t
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4.8 vivado (HE

4.2 HEES

ANFEITT RN B IHECE e SR A, IR R RO 2 TR S AR RO L E
SPGB R AR 2 — NI B R SRR, AR A2 1546 (benchmark M), 1 7E FLEL
WK S, e i AR 18 2 SR B A AE BRI Z 0, X2 R SR bRi /K 26
TP EEIRZ, AFEEHRKE (4 DB, LoadUse RIS, 70305
BRAL I REL GREEDN 2D, Bt DARZK G (I 8 8 R3O Bk JLAN T E 5484 2301
Ao B TLBOU/K 4 7 22 58 2 st i 1], (B RUK &b & — BT 55 AR AR 1R B 4%
Fa 'y, WTDALESE RIS [B] P SE R, A8 R SEER KIS B, e DA SEBR S BRI
IKGIGIN T 182 AT S %, HikE T CPU RIRL%.

4.3 FEHFESIEIR
4.3.1 BLEZ pitigiz

BLEZ #84 Bk 4% H IS 15 .

WIS : BLEZ $84-WhHEAH W, B 7EA 2 ATt 2Bk .

FRRER A MRIFAREEE 2 TF 46, BRER BLEZ Fe 2 MIPUTER4E, R IUE7ERE]
FOTFHILT M8, alu_sre 55453 blez (55 &MHIE, SEUSH B MM NEIE
BN IEM, RAE T HHRBES

PRV TT I R R B e
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4.3.2 addi $8SHITAIER

HIHELEAT addi 9F5 2 0F, Logisim 5 Mars AT S5 RAE, (HA I AR .

MR : (EHAT addi MHELH, Logisim 5 Mars FIPATSE FARR, (HA R X
FHE, 72A T ANHENE

FRERASHr: &F Mars H IR0, RIFEERS RKPIZBIEE, Mars 24—
2 addi M2 A =2k, W1 & 4.9 PR, (HAZ HRE ui #5422 1E logisim H
SEEL, BT LA logisim MIHUAT & K AEER, 5 Mars A[F .

Code Basic Source
0x3e01007a/ 1o $1, 0x0000007a 1: add1 $s2, $s0, 0x7a9583
0x34219388 or1 $1, $1, 0x00009833
0x02019020(add $18, $16, $1

4.9 Mar X} addi HI5EI

BRI A addi F54 I, ASEfE I 0x8000 7RI,
4.3.3 swiESHE

I : {5 1 — 0 h W TAR )G, R &2 i) benchmark, & ILHEF DIRES: 1
FEFP G R Jm NAF T BB 2 ALRY, 482 20t i B4 2 2080 memory SRALHR 2%
S N

BRI 24 7 — RGP ER R, KOS sw B ERE T, B sw IR
T 8 AN B, (HR S B U AR AE R L .

BT IRE RIS H git 2R, RTINS, R AE— AL
PEALJE L T 1A, ROAIELAGE A%, 5 IH A B AR R AR AR R, ik
SR 7 feJa— OB TR IR, FE2Z 5 ) R 5% 10 AR E kK .

4.3.4 "R EIHFE

AN T A RE L H R[]

HRRELAR: BN PR B AGE LR R A, ] DUR [T — 2 Wy, (HiR 8] R 5
I 2 B AT LR .

SRR BEN PR AL S, sp M 745 E RUEAE B FIARAE A, (ARSI
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RTINS BB RIS, i DUEE R BT A B ORAFAE AR R 1 e, tBANRETR
1WA EPC, KB FIRIZ 0, MLITIaIAT .
fRRTTR: SEEILITEL, RIEIATIE sp AMAE B .

4.3.5 branch FoHIFH S

WIS : benchmark FIPAT JE AN H KT A1 load-use U552 IR, (H2
HE7 44, branch 5 RS %
JRR S R 1. B RN, RA IS LW 824048, A —
K HHIK LW 58 2 M RITE S, A FER 5 —2% LW 154 1) memToReg 15 50 K
Ve, B IR TR, SEEEIEIEMIAA; R 2 HASREEE, R
(PR BR % A —FF, 2 4 HTHE 21 BEX A IR R — 248 21 MEM Ji 1, (H21XHF
BES P EUE N ORI EA LD, By LW FHTE L CEEHIT 1.
FRRITEE: (1) 38208 KA memToReg i N B EE N 0, (2) KillFiFe—
ANJE, LR AE AR 21 ID BSHATET— 24584 (LW) (1) EX AR TR, X
FEA BEAE LW J5 i A — .

4.3.6 &BHETE| LoadUse M1z

BIEIE . HEFDhRe R A AR, IF B2 M EHECR T GRA T2 loaduse 1!
K, AN

JRHE T BREE A Iw 3T 1 B8 12 K I memtoreg 55— H A 0 A4 R ILN,
FRH 2 T B 7R, 2 decoder BEHLAIHE IR (100011 45554 7 100111)

FRRTT¥E: O IEH A RS B m] 25

4.3.7 HRIERFTE

WM S RS TR 11 IR, MR A 00, 01 F110.
FERDHr: R 5EE, AU 280 AN RS TPt kr), %A
ZIERAT R IE S E AKIBL BN FAarEN, S8R, W B 410 Fir.
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[ri)
|RW_pre )—I
RegWiritePre

-
DR

| RW_pre_pre )—I

RegWritePrePre

T D HDER
104% 7 MEMEE SR

|RW_pre }-I

[r1#)
Rz
RegWritePre

2

1
[r2)
#

[r2#)

IRW_pre_pre }-I
RegwritePrePre

4.10 NEEWNEL

BRI RIS BE R P AME S0 $%, 160, 1802, JaRAEE 7 —
AR, RO VYR PR BT 3 53 B BRIk,

4.4 SLIGIHE

® 41 RIERTHEER

I 1) B
HR | BEES, PRESES, BRI
BoR | RO U RS, Thilrl 1 U
AR WA T, A B EREIEZ AT 2 e SR T (R R AN
F=R | memory KRR KEIEIELFMBTHIR), IEAERIRRAI BN, i3
BIE R ARSI, AR T 10 58 AR BUAAIR, R S8 A P 2
FR | BRETHERNIEAESKIFE, M 1By bW, 294 ktif sem
WIOR | BT 2R EMI R, JHIREAT UK L B Ak
SR | e T BARGUKEIFILOE,  IEE RN AE U 1 D RE
R | e UK IR AR 7 SCIhRE,  TEAE 5 BBk 1 Sl
FINK | e T IBIRUKE I i ThRe, THIRS verilog, WIS 1 1 MELER
WILR | SEBLT A verilog FIBLLR, THGHEAT T E A% S
R | ST EEA verilog 10T FA
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5 WItRESULE

5.1 R ass

T BUAUKEZ CPU 2 XS H I CPU e, @i i1 A F R aE 7 H A F By
B SEL T 2R PUTAER A LR E S, N 1 eI BURUKE R CPU, 1E TR LA
TAE:
D eI SR IEE, : SERCR A I CPU; EH ] CPU A B 7NN 2 ik
Bl SCR: ERJE CPU J:Aill b 58 AR 2 . a3 Ak 26

KL
2) Thae B M CPU SCRFLL N IIfE: 27 KI85HIR<: S HURE P,
SR S

é\

TLBORUKEZ CPU SCHF LU IIE: 27 kisBiR S, RHEZFERK, ki
RAFENTIE, FEFIAT AR & 4tit

3) AR ZIERARARIEE, PR A i, BARE b 3A mREL
FPGA WHEM, ANTERL T verilog I3, EARFHA I

5.2 RZILE

M X = FE R, SRR AT A2 e AN K, BER A ey, MR iR R — Ik T
2ol 7RI EIISNINER I 18] 4 58 3 T verilog T EAIBTBL A IR 5E R
FPGA HJLAE, [BIEXMAEY, BR7IE2] bug FAIVE, & HERTESLR,
MBS TSRR , B BIMER STk, W EE— /DR — B IR, R ZATR DR
W, BRIEA SR NI RE BRI (R, BIRECE e AR SS, (Hik 2
A LR .

B MES Y R LIRSS, B LR 2 M SEUNE S L2 1) 24
FARQ KNG, B VB AR LU RGRE,  AR Pty e 58 oF Il

B MBS AN RE, — I aRAC T AR B RS A A, A AR SR BT A
JHham A 7, a5 R ARIR, ARACREEE, a7 AR A, DA SEEL P )
%, AR FEZATHE A i hi 2 2F 2l 1 i, SO AR BRI 2 R Pkl
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SRR AR HL A I CPU S5Ud s AL B K 2R CPU. B U AR K2R, XA
PR LEAC T B, BT AR S I BT (0 B CPU R ke, F YA K 2oz 140
L) BOBE R K s AR5 B AP AR BRARIR K Ze ) B it s inon JE BRAR R 0 S8, — 24k
WL, L R ASE R, 56 =0T DL X a7 s M aT - IS, 521
PR TEA CEARJFEHE PR UUR A, (HSEEL Bl &8 2 TR 2 8, HHEHE R 5%
PERIEIT, B RORIE, HORMIERE S5, —A/NOBZHIR), T2 loaduse MR A
B, =R SOk IETR A I SEI, fEIX BAER) 1R, Hdd — AN B e
A, ARVESE, IH 7 HARE Y, LA R, A SEERA B, R INE RN
—NIFAF AR R B . &0 7L bug B B, & H2 30 HL B K CPU [ Logisim
FRFER T, B2 bug W BHUE, EXTHR logisim A1 Mars T LR, — P —0#&
BRMRER MG, ANtk T CEEk.

B2 FPGA, X— B 3A RA N, vivado (I H 4B, H ER Ptz
TIRZ R, &R R, [BAERKEERX verilog IS4 S R, EHMZ
B EH B, 7F vivado HLIG B2 L logisim EA 1), BNARFE LU
S RAT, FTUUEREDIS AR 77 S5 BN PATERE, AEER, &EIE0
R TSy ISP

X RIE R, B CRBGRISERIRRR), e 1 3 SRR B O, %
P ARz RE 1, T HAE verilog MYEE, FTEWS K2R, $25 1 WIERE IR
T REASEHRAY, 1Y) B L AT

TR — AR A B EVEIE, R X BRI R RARR, A N ER A
SLSERCE CRMES, BRECFEAE T —AE L AN — N AR, AR AT B s LR K
A, ABH NI FE2EEEEA R, RAMEL T AT RACH, @RS B Ok A
B L H ORI R 28I A BeAS 2058 5, IXFRZH P B 1R ) [R) 22— R &4k, %
AL B FE AW H e A I L R B = 1 B 1.

B TR 2 TR /] 22 Tk B SR A B, RS R R B B CAE R AR g v — Bk
B 11 SOR S [ B2
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