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4.1

B#E (Instruction Fetch, IF): 271143 (PO) 245 2 Hdik, 8 SAA A28 RIE 1%
thhkHr 32 f7384 . PC FEREANI B0 BRI 4, @Bk 5o SO, WIS H N
H brhihk .

¥85 (Instruction Decode, ID): ¥ LIGH#ENTE 4, 1RIGRIES (FAAARHIE s,
rs2). HARZFfAasiidl (rd) MNP, F5hl R 95 18 2 1D A2 B s 220 B /5
TSNS 5.

T (Execute, EX): HARZIERIL (ALU) R EEIBA R PIERIGES, kA
AFAT- A SO BT BB A s R R RO AT V5. [RIE, 2 S iy bbb o F 550 R0 2% 44
Wt 7 SR B 5E

hE (Memory Access, MEM): MR PR PRI Y B AR B Ui A7 42 S 5, SRR g7
AT H.. Load $8§4 MUK BCEEHUCEE, Store $i5 4 M ) b B 5 N E0 85 .

5[ (Write Back, WB): 34745 SR 0l Ko A7 it o Hh 5 A0 a5 (0] 2 47 488 3C
o 5 el A R RS 5 RE .

4 RIS 571

VG
Thie: MR PC I HT{E TGS T BCR RS, IFHET — A pC fH.

PC ¥ N jump_address_id; 70|, WiFAT, PC BHi AN PC + 4.

4.1.1 RS

// labl(InstructionFetch)

when(io. jump_flag_id) {

pc

:= io.jump_address_id

}.otherwise {

pcC

}

:= pc + 4.0

// labl(InstructionFetch) end

Listing 1: BRI PC BHZ e
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4.1.2 FEE

GTKWave - E

SX¥ROBOBOK N < D rono

wssT

- ..ToP
& Instructionfetch

4.1: BUFEBIEL (InstructionFetch) K

4.2 FEH
o INRE: MENTTR S, AROLRIEL, FEAJEEEM B ftiEhE S .
o LMEL: BHIESMAERZHEZ K. U, memory_read_enable {XfE L-type &
LSRR IRSEE IR KRH ALU. HdREATE

LB A, wb_reg write_source HRIEFE AL

i gt 2 PC+4.

4.2.1 KRS

// labl(InstructionDecode)
Mux (opcode === InstructionTypes.RM,

io.ex_aluop2_source
ALUOp2Source.Register,
ALUOp2Source.Immediate

InstructionTypes.L

)
io.memory_read_enable := opcode =
opcode === InstructionTypes.S

io.memory_write_enable
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io.wb_reg_write_source := MuxLookup(

opcode,
RegWriteSource.ALUResult

) (

IndexedSeq(
InstructionTypes.L -> RegWriteSource.Memory,

Instructions. jal -> RegWriteSource.NextInstructionAddress,

Instructions. jalr -> RegWriteSource.NextInstructionAddress

)
// labl(InstructionDecode) end

Listing 2: PP (G 54 B2 5

4.2.2 FEHEE

ZYrRQOBOBOK N D wno

wssT

e B
[ rconoecose ]

K] 4.2: PEAEEL (InstructionDecode) YK JE

4.3 BT
o INEE: PUT ALU I8, A4 MIBkES B
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o SLINES: ALU P MRIEEL opl F op2 WK HHIFRASFEHL AL 1) aluop*_source
B9 RE, LT BRIFE) RIG .

4.3.1 FEE

S¥ROBOBB 6K <> o " s -1

wsST o signas

I i

) ecute

4.3: PUTHELLL (Execute) B

4.3.2 KRB

// labl(Execute)

alu.io.func := alu_ctrl.io.alu_funct
alu.io.opl := Mux(
io.aluopl_source === ALUOplSource.Register,

io.regl_data,
io.instruction_address
)
alu.io.op2 := Mux(
io.aluop2_source === ALUOp2Source.Register,
io.reg2_data,

io.immediate
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)
// labl(Execute) end

Listing 3: PUATHER ALU #HAEF R I2 H

4.4 CPU #&E#t

o IHEE: SCEMLHER. BEAS. PATEEITA TR, JFRYE B i BOR e AT IR s e
Ko

o SEHRZ R AR BSCHE RN il T AR AR B 18] ) 1 f e 2 1 V002 T ) e

4.4.1 KA

// labil(cpu)

ex.io.instruction := inst_fetch.io.instruction
ex.io.instruction_address := inst_fetch.io.instruction_address
ex.lo.regl_data := regs.io.read_datal

ex.io.reg2_data := regs.io.read_data2

ex.io.immediate := id.io.ex_immediate
ex.io.aluopl_source := id.io.ex_aluopl_source
ex.io.aluop2_source := id.io.ex_aluop2_source

// labl(cpu) end

Listing 4: CPU R/ iE #1245

5 MXSEERTH

5.1 BETR: InstructionDecoderTest 731
5.1.1 L-Type $158&MiR 5

WA 51 1 e 1R PR AR B Y 10 . instruction ¥ 4 —2%% L-Type 6% . FE)5, ik
RAEF . expect (O J7 VAN & BHL I AN H v 5 SE 2 & 5 ik P EEE — 3. X1
1w 84, HAZ LIRS & NN AF 2 IR 71 5 Rl A7 a8 . Rk

« memory_read enable W AIN true, LURIEHUITEN B AR AL,

e reg write_enable WAUA true, VARCVFRASE R G NEGFE
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o wb_reg write_source WAZi/& RegWiriteSource.Memory, K A5 [bl ) E s T 2E 17
11’%%%0

o ex_immediate WAUZTE LA S MM E (HFH A 32), HTHHETHE rs1 +
immo.

B0 expect ERSHIMLE X T L-Type fi 476 BRI BRI B EHVT R, B T 2

I % 1 I

5.1.2 EFEESHh

S¥ROBOB 6K <> o - 195 G e~ | 02

wssT

Top
& InstructionDecode

5.1: L-Type 84 1w x10, 32(x5) ML K

K 5.1 P B R T 1w x10, 32(x5) 84 (HLE#5 0x02028503) ALt . 7F
ISP =

« id_io_instruction ¥ I 1F2%E A 0x02028503.
o id_io_memory_read enable il id_io_reg write_enable 155 #i B AmHF (1).
e id_io_wb_reg write_source {5 54K 01 (i), XN RegWriteSource.Memory.
e id_io_ex_immediate H{H’A 0x00000020, BRIt 32,
BB E A HBISIE T PRSI T- L-Type 82 N5 expect 15 ) HITIUHE 2 —FL,
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5.2 E{Ki: CPUTest (LA FibonacciTest Ail)
5.2.1 fibonacci.c EEFT
« BFIIEE: Z CESEFEXN T —MNEIHKE fibl(int a), HTiHHEERIBRET)
%6 a Tl HOZ4EA: R a 251 1 82, MR 1; 0, iR\ fib(a-1) 5 fib(a-2)
Z Al main BRECEREFIINC S, SIHA £ib(10) K5 3ER A ZEFSIK S 10 T,
Tk & aE R (B 55) fEE3INfEHIE 0x4.

int fib(int a) {

if (a ==1 || a == 2) return 1;

return fib(a - 1) + fib(a - 2);

int main() {

x(int *) (4) = fib(10); // ¥ fib(10) % R 5 N A F #H 4k 0z4

Listing 5: Fibonacci 3 JH#£/7 fibonacci.c

o Chisel MK EFN: MRHEZE 5 J0K fibonacci.asmbin A INEE] CPU W64
FEfi 5 FE R A7 2 v o AR JE , B3RS CPU $AT 249 22 (1IN 8 A I Gl ¢ clock . step (1000)
KGR, D RIE AT N AR S NRE R0 . 7 AR, M ARS8
TR A7 i 2 1l 11

c.io.mem_debug_read_address.poke(4.U) // B H R M I L E ¥ o0x4

c.clock.step() // ¥ #t— A B 4 A
c.io.mem_debug_read_data.expect(55.U) // HZ MM it ox4 i W HE
# 55

Listing 6: Chisel JAACHS Fr Bt

B A) Sk R E O E mem_debug_read address BEE N 0x4, /A
e F I UER IR E, &EWE mem_debug_read_data IE & 75 55T T e
1] 55, WS AASE, MR, Uk 7 CPU e IEMIPATIER N TTH &K 25 R 5 N5
E WA
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=S QOBOBO 6K N <D wmo To: 100003 ps C Marker: | Cursor: 15 ps

aaaaaaaa

K 5.2: Fibonacci 27 HAT KM g5 R E5 N A IEE

5.2.2 ERESR
5.2 &7~ | fibonacci FEFHATHIESE LA B AL A 25 A B I B

o BUTHH: FEPOCERIATEE 7>, AT 2] CPU IE/EHUT main BECHXS £ib(10)
WA, TR a8 RAE MBI N Al ox4. BT 2EPIR B 1% TR, PC 2
£ BRHOR HI AR [B] S AR i A B Be A, . AERRFP RIS AN, PC S iR &4 118 HY B s
PR

o ZERKE: main KEHIZOZ *(int %) (4) = £ib(10); XKIER], ERAE £ib(10)
TSR (BRI 55) RIS, HHEANEIEAAEIEN 0x4 Mtk ERIZ IR G
JUAN T, AT USRI LU T RS 521k

— mem_io_memory_write_enable (554 B & CH 1), RIUKIEAMEKETE
NEAE
— mem_io_memory_bundle_address 15527~ 0x00000004, k5 A HFri&

W AEHHE 0x4.

— mem_io_memory_bundle write data[31:0] {552 T/8 N 0x00000037 (F75itt
) 55), XA £ib(10) MIFH LR,
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— X2 )5, HTWRAEH c.io.mem_debug_read address.poke(4.U) SKiHLA
7 W E K I mem_io_debug read address 27 0x4, [F) I io_mem_debug_read_data
CERA g S 5D S f8E Bt 0x00000037.

XIER AFES Chisel M3+ mem debug read data.expect(55.U) HIWi & 52£ W&, iE
Bl CPU IEFHPRAT T fibonacci F&J7FA7Ml 1 Wil 4h

6 IBBIRYE)I S EHEIW

1B STEVSCERANER, TS SRARIERRT . fE LI, RISC-V R
64 R (1/S/B/U/D) (S B EAB  AAI, SEBds Soxt IR B i
SEHI B A

o B ESITRT PO RERE R PR AN R AR AL RIEHE B R B AR
B, AR BHER A

2. [a)R: GROIPFEAEDERBISIF RO VIR GTKWave BEATBEAF BN, X i
BIE T, MELLPUE E A RS S .

o B SIS TR AT AR AN — AN R A S ), Bl aniE R — 2% add fE A
AR, R B PC HHah, 1B ‘nstruction’, ‘reg read data’,
‘alu_result’, ‘reg write data‘ 2555, HMRECIIEREE LN FX A,

3. 1G]/ : B oy REE O FNE S S 1% T B E A B BAHA . 17 101, ALUOp1Source F ALUOp2Source
XRPEHNE T BTR3NS A4 e e e 3 AR

o B FEARRIHEZLMTEREF, XN ‘object’ BY ‘Enum‘ (41 ALUOp1Source),
S 0 T P I 46 5

7 SLIGLEIR

AU, BB IESLHL T AN IIREREA S & RISC-V L] CPU. ££5K
DL RE, FARNEER 1 B IE s S 165 SR S PUTEAR T I FEE A, JFER 7R
BT E vt F AR . B I S AT 3 A sl S AR, e TR A chiseltest
AR B AE A B v EAT SE A ke A RSCIR R IR 1 B TH LA R B B rh 2 i
FOARSCBC MR, Ja SE T R IR AL B8R BEHT R 1 IS BE AL
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