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2.1 /4%

1 RISC-V g 7o vkt 1, RISC-V #84SIA AR, M0 R T S 7. B
AL U R IR, HX W ATE g E 1R .

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct7 ‘ rs2 rsl funct3 rd opcode R-type
imm[11:0] rsl funct3 rd opcode I-type
imm([11:5] rs2 rsl funct3 imm([4:0] opcode S-type
imm([12|10:5] rs2 rsl funct3 | imm[4:1|11] opcode B-type
imm|31:12] rd opcode U-type
imm[20]10:1]11|19:12] rd opcode J-type

4] 1: RISC-V HEA 544t (1

MRPERAA R EOR, BATIER T RV32L. RV32M FRgal i<, BARdE & A A 3 frre

2.2 {54 IhAeE R
AT E e R S B 18 S mshfee sy T U 45 18-25. 51-52 TUAREAIA, R P

2.3 HdREiEs
SERHIEEIE N 4 frRe S0 KRR HREHWE 5. 6. 7. 8 9. 10+ 11 k.

2.4 #HEMFBIT
2.4.1 SLEVBHES

H RISC-V [ spec FHHRALIEE B, STEISCE 5 25, 4058 TAL. S A, B A1, U I, J A,
WE 2 frse. AT BAEEREEK A, AT TS RIS A B et S B g I eds b, B silE =
ImmCtr [2:0] SR AR B, BPECR AL

31 30 20 19 12 11 10 5 4 1 0
— inst[31] — inst[30:25] | inst[24:21] | inst[20] | I-immediate
— inst[31] — inst[30:25] | inst[11:8] | inst[7] | S-immediate
— inst[31] — inst[7] |inst[30:25] | inst[11:§] 0 B-immediate
inst[31] inst[30:20] inst[19:12] —0— U-immediate
— inst[31] — inst[19:12] | inst[20] | inst[30:25] | inst[24:21] 0 J-immediate

B 2: L RPEEEAR



31 27 26 25 24 20 14 12 11 7

imm([31:12] rd 0110111
imm[31:12] rd 0010111
imm[20]10:1[11]19:12] rd 1101111
imm([11:0] rsl 000 rd 1100111
imm([12|10:5] rs2 sl 000 imml[4:1|11] 1100011
imm([12|10:5] rs2 rsl 001 imml[4:1|11] 1100011
imm([12]10:5] 1s2 rsl 100 | imm[4:1[11] | 1100011
imm[12]10:5] rs2 rsl 101 | imm[4:1|11] 1100011
imm([12|10:5] rs2 rsl 110 imm/[4:1|11] 1100011
imm([12|10:5] rs2 rsl 111 imml[4:1|11] 1100011
imm([11:0] rsl 010 rd 0000011
imm[11:5] ‘ rs2 rsl 010 imm[4:0] 0100011
imm([11:0] sl 000 rd 0010011
imm([11:0] sl 010 rd 0010011
imm([11:0] sl 011 rd 0010011
imm[11:0] rsl 100 rd 0010011
imm([11:0] sl 110 rd 0010011
imm([11:0] sl 111 rd 0010011
0000000 shamt rsl 001 rd 0010011
0000000 shamt rsl 101 rd 0010011
0100000 shamt rsl 101 rd 0010011
0000000 rs2 sl 000 rd 0110011
0100000 rs2 rsl 000 rd 0110011
0000000 rs2 rsl 001 rd 0110011
0000000 rs2 rsl 010 rd 0110011
0000000 rs2 rsl 011 rd 0110011
0000000 rs2 rsl 100 rd 0110011
0000000 rs2 rsl 101 rd 0110011
0100000 rs2 rsl 101 rd 0110011
0000000 rs2 rsl 110 rd 0110011
0000000 rs2 rsl 111 rd 0110011
0000001 rs2 rsl 000 rd 0110011
0000001 rs2 rsl 001 rd 0110011
0000001 rs2 rsl 010 rd 0110011
0000001 rs2 rsl 011 rd 0110011
0000001 rs2 rsl 100 rd 0110011
0000001 rs2 rsl 101 rd 0110011
0000001 rs2 rsl 110 rd 0110011
0000001 rs2 rsl 111 rd 0110011

[l 3: W RISC-V 4 Koxd ks (1)

LUI
AUIPC
JAL
JALR
BEQ
BNE
BLT
BGE
BLTU
BGEU
LW
SW
ADDI
SLTI
SLTIU
XORI
ORI
ANDI
SLLI
SRLI
SRAI
ADD
SUB
SLL
SLT
SLTU
XOR
SRL
SRA
OR
AND
MUL
MULH
MULHSU
MULHU
DIV
DIVU
REM
REMU



Control Unit

ALUOP 4
BUSWSYC[I:O] funct? OP] funct3 Imm( trpo.0) |ALUSTC Branch[l;o] MemWrite MemtoReg
Instr PCSYCG:
Clk Instruct 32 Instr[31:25]
M :
emory e Addr Instr[6:0]
Instr[14:12]
Instr[24:20]
Clk Instr[19:15]
Instr[11:7]
DA X Clk
PC Rd | Rs1 |Rs2 RegWr X <
Rw Ra Rb . Cmp
bLISA 0
MUX busW ? — E
32 x 32b X .
P B rosistor < Addl pata | gD P
OIS cEISTER busB 0 —> Memory
g = WD
< -
<< Instr R Immediate . s
474 Concatenator
MUX <
} 0 1 2
g
-
as
<
" Offset

A 4: SERRE A %




Control Unit

ALUOP 4
BusWSrc[l:O] funct7 "OP]Mfunct3 Imm( trpo.0) |ALUSTC Branch[l;o] 00 MemWrite MemtoReg
Instr PCSI“CG:
Clk Instruct 32 Instr[31:25]
M 4R
emory e Addr Instr[6:0]
Instr[14:12]
Instr[24:20]
Clk Instr[19:15]
Instr[11:7] _
I Clk
> PC Rd rRsl\RsQ ) RegWr ALUQP 0
Rw Ra Rb o Cmp 0
busA >
00 M busW 2 — =
g 32 x 32b
2 1 X 0 Addn] Data RD i
y < registers busB Memory 1
£ Clk {\g WD
2 ha
\ Instr R Immediate . >
<—“4/ Concatenator
01 MUX X
J 0 1 2
Y
g
.=
as
<
" Offset

K 5: R AUfEHdhim




Control Unit

ALUOP 4
BusWSrc.q) funct7? P OP}Munct3 Imm( Branchy;.q MemWrite MemtoReg
Instr PCSI“CG:
Clk Instruct 32 Instr[31:25]
emory e Addr Instr[6:0]
Instr[14:12]
Instr[24:20]
Clk Instr[19:15]
Instr[11:7]
U S Clk
> PC 'Rsl | Rs2 RegWr ALUQP 0
Rw Ra Rb o Cmp 0
busA S
00 M busW 2 — =
~ 32 x 32b
9 1 | . / Addr Data RD . >
4 L g busB N Memory
Clk
e~
e
\ Instr Immediate
<—“4/ Concatenator
1
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" Offset
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Control Unit

ALUOP 4
BusWSrc.q) funct7 MOP]Mfunct3 Imm( Branchy;.q MemWrite MemtoReg
Instr PCSI“CG:
Clk Instruct 32 Instr[31:25]
M Instr[6:0]
emory < Addy s Lustr[6:
Instr[14:12]
Instr[24:20]
Clk Instr[19:15]
Instr[11:7]
50 © 1 Clk
> PC 'Rsl \ Rs2 RegWr 00000
Rw Ra Rb o Cmp 0
busA 0
00 M busW - - -
g 32 x 32b Ir
3 e » registers busB Memory >
Clk
<
<
\ Instr Immediate
<;4 Concatenator
l
01 MUX 000
J 0 1 2
Y
g
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as
<
" Offset
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Control Unit

ALUOP 4
BusWSrcpy ) funct7 ' OP funct3 Immtrp.) [ALUSrc Branchy;.q 00 MemWrite MemtoReg
Instr PCSI“CG:
Clk Instruct 32 Instr[31:25]
M Tnstr[6:0]
emory < Addr nstr|6:
Instr[14:12]
Instr[24:20]
Clk Instr[19:15]
Instr[11:7] _
oy oy o Clk
> PC Rd Rsl\RsQ' RegWr 00000 0
Rw Ra Rb o Cmp
busA 0
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Control Unit

ALUOP 4
BusWSrc.q) funct? FOP} funct3 Immtrp.) [ALUSrc Branchy;.q o1 MemWrite MemtoReg
Instr PCSI“CG:
Clk Instruct 32 Instr[31:25]
M +r[A-
emory e Addr Instr[6:0]
Instr[14:12]
Instr[24:20]
Clk Instr[19:15]
Instr[11:7] _
by o Clk
> PC Rd Rsl\RsQ' RegWr ALUQP <
Rw Ra Rb > Cmp 0
busA 0
Pg‘%c MUX busW = =
7 32 x 32b 0 ]
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y — < registers busB 0 Memory 1
“ Clk = WD
2 s
\ Instr Immediate . s
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Control Unit

ALUOP[40]
BusWSrcpy ) funct7 ' OP] funct3 Immtrp.) [ALUSrc Branchy;.q 00 MemWrite MemtoReg
Instr PCSI“CG:
Clk Instruct 32 Instr[31:25]
M str[6:
emory e Addr Instr[6:0]
Instr[14:12]
Instr[24:20]
Clk Instr[19:15]
Instr[11:7]
oy 0 1 Clk
> PC Rd 'Rsl Rs2 RegWr 10010 0
Rw Ra Rb N Cmp 0
busA 0
00 M busW ? — (Zi
. 32 x 32b :
2 1 - ) ' 2 Addy - Data | gD e
y N registers busB 0 Memory
Clk = WD
>
Instr Immediate e
> —e 1
Concatenator
01/1
/1 MUX oL

Adder

LUI IPC
/fﬁ 0 1 2
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Control Unit

ALUOP 4
BusWSrc.q) funct? N OP[ funct3 Immtrp.) [ALUSrc Branchy;.q 01/1 OMemWrite MemtoReg
Instr PCSI“CG:
Clk Instruct 32 Instr[31:25]
M str[6:
emory e Addr Instr[6:0]
Instr[14:12]
Instr[24:20]
Clk
Instr[11:7]
° 1 Clk
> PC Rd ’ Rs2 RegWr 10111 0
Rw Ra Rb Cmp 0
0
0L/10° Mux busW = =
. 32 x 32b 1 = e
2 1 0 registers ‘ Addr Pata RD 1 g
CEO & busB 0 Memory
= WD
G
Instr Immediate <
> 1
Concatenator
00 Ux 100
1 2

Adder
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2.4.2 HEFPHELS

M PC HMERT 2R RO ARIE I o5 5 B2, Wk PC X RLRY A A it HIZAEER
S5EK PC RIS o
2.4.3 ¥R

HEE] CPU H TAERRR . AT EAE CPU EBURE5C MOFm TR 255 Hummiglal, 5
JERTEII N T SRA B AR, O TR TUR A ZSEL, AL TR A P
2.4.4 ¥EHIHBIT

FIEFNRM AT SRR . BRI THIROLBONE 2R, HORFER IR T AL s, R
fi& OP. funct3. funct? KNS CPU WA BEERZE TR 228 e X W OBV E(S 5 N E] 12 o
Hep, X FRSHAEFSIER, TBD FoRBURT BAREAN . S IHRIEE S SERE s
2.

5% BusWSrc | RegWr | ImmCtr | ALUSrc | ALUOP | Branch | Cmp | MemWrite | MemtoReg
R & 01 1 XXX 0 TBD 00 XX 0 0
I8 01 1 000 1 TBD 00 XX 0 0
Iw 01 1 000 1 00000 00 XX 0 1
S Al XX 0 001 1 00000 00 XX 1 0
B XX 0 010 0 TBD 01 00 / 0 X
11
U # 01/ 10 1 011 1 10010 00 00 / 0 0
(LUI / 11
AUIPC)
Jm 00 1 100 1 00000 | 01/ | 00/ 0 0
(JAL / 10 11
JALR)
120 EHIE TR
2.4.5 fiffes

etk aE CPU thdtff =4, BRI ke A EadRIsR ik

NTIESN coe U1, FEATE#EHIEN THET Vivado $2AtAY dist_mem_gen IP #fYSH 7
A (ROM, ¥Uoe)E 32 i, IRE 4096) . FETHHIZEL coe SUHAE MRS RGN . He (et anaT
PARAFGE A7 20 T4

{4 RISC-V Tt 14 50 N FroliE iz, 2rfresdivhse LT 32 /4 32 rarfest, M x0 %
freen Hidifres. BMEfER 0.

s CPU M MoBA T2, SR 28R/ NSl 4096 4> 32 (127785

AT BRI BIR AT S5-I Verilog AR5 RE LA o
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2.4.6 ALU

S R A PATHIE BT, ATEI ALU FEAFE 24 FARIIEE. ALU MG
SRR T switch £5#), RYEEHFS ALUOP RUEIEFX W Aia5E . 2F RIS Verilog
RPRIZ BT e TEMLRAE . ALU KBZAREECN T emp fridl, FRHEEREREER, 5
{55 Branch PEAT#eAr 518, PExT PC i MUX gEfr4il, Seal S 5Bk

247 ZHLFHS
SE il MUX ABTR, 5 BURDIRE 32 (i A= 32 (LA, BN CPU st
B R
2.4.8 fiiikds
T Y PC IR 7 CPU 3| AT Aik2R4LE - JI TALE PC-PC+a ] PC-PCroftset
PIRRAGE SR, SOREA PO SRR A . Z55LECBER 5] PC AT MUX.
2.5 WE%EX

1T 5 R ERVEAD AN DD READ LA B P A5 54 — bl 8, 0 17 AR AN S e
JREIBRR . FATRE A R E AE utils.v oy, FRLAHAS a4 Xt @R Btk 730H
AR 5E B RE -

3 PiEA S RB R bR
3.1 Zhaefis

18 2.4.5 — T, AR T84 A0 IP R HEF o R0 B, FROTHZId 5 Wik
HC S ACRE AN RISC-V Biil2S (https://venus.cs6lc.org/) PEIFE NHLETES . (FEAE coe L
i, I fHE I coe STHFIATRILAM -

A CPU B TARRGESAF & U, A C RIS 1 ) B AR 7 4 55 25 25 18 4%
CPU # 7l AIEEENIAREIE/S, S\ instrData.coe UffH, 4 IP ZINEEHE 4 FiEar+ .

1i x5, 8

addi x6, x5, 7

add x7, x5, x6

lui x5 0x1000

lw x6, 0(x5)

sw x7, 4(x5)

auipc x6, 12

bne x5, x6, test # x5 = 0x1000 0000, x6 = 0x0000 OOOF
add x9, x0, x5 # skip

test:

jal x0, testb

mul x10, x6, x7 # also skip
testb:

addi x11, x11, 1
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> W branch(1:0]

4 memwr

P 13 R4,

B NG Fes Gt B, 158045 8K 13 .

14585 RISC-V Wl gz 45 R X 5 Toek %, 0 BRI A S5 1R (E B . 8T LA I
B E Ao
3.2 Witss

BITRITEEG G, 58] CPU A5 (E14) .

K] 14: CPU F&{RLEH A

3.3 M:REHEAR

TR S RAALE . W UMREIMRREREfelr. A 15« 16« 17« 18 fivR. AlLMG
H CPU #ii% A 100.000MHz, SEHFE4 5408 39 4%, CPI=1.

4 R Tl
BB T, % S TR AR & 0, (RIS IR AR Bt i 7«
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18
19

21
22
23
24
95

Power Summary | On-Chip
= = Total On-Chip Power: 0.165W
Q - - ClC":k S“mmﬂw Junction Temperature: 26.9°C
. Thermal Margin 581°C(49W)
Mame  \Waveform Period (ns)  Frequency (MHz) et sos o
C”{ {DDDU EDDD} 10':”3':' .“:IEIDEID Power supplied to off-chip devices: 0W
Confidence level: Wedium

Implemented Power Report

K 15: IR E &

K 16: REFE( S

Utilization Posi-Synihesis | Post-implementation
Graph | Table
Design Timing Summary
Resource Utilization Available Utilization %
setup Hold
LuT 7720 53200 1451
Wor Slack (WNS): 2157 ns ‘WorstHold Slack (WHS): 0.230ns Width Slack (WPWS): 3870 ns
o Slack (TNS): ~ 0.000ns Total Hold Slack (THS): 0000ns Tot icth Negative Slack (TPWS): 0000 ns LUTRAM 2096 17400 12.05
Nu ndpoints: 0 Number of Failing Endpoints: 0 N 0 FF 32 106400 0.03
Total Number of Endpoints: 4672 Total Number of Endpoints: 4672 Total Number of Endpoints: 2177
All user specified timing constraints are met. DsP 3 220 1.36
10 a3 125 26.40
BUFG 5 32 15.63

A 17 B ElfE S

4 18: B S R

FIRTCHE L fERE p IBH T, # axb=1 (mod p), WF a,b HNFEEHTT,

FeTLIF TR ARIETR D/ NERL, XTI p f1dE p RS o, oP! = a (mod p). HILL,
a-aP? =1 (mod p), thE] a fEf p B FITRIEIFICH P2 mod p.

BIFH: K18 n A p BIIESTT, FEHER p = 4817, n MBI/ H IS — ML E L

B, (JEXf: src/inverse.c)

int qpow(int base,int exp,int mod);

int main(){
const int MOD=4817;
int n,j=1<<28;
_asm__ __volatile__(
"lw %[1lvall, %hloffset],
:[1vall"=r"(n)

:[offset]"i" (0),

%[base]™"

[basel"r" (j)
)
int inv;
for(int i=1,j;i<=n;i++){

j=(i*4) | (1<<28);

inv=qpow (i,M0D-2,M0D) ;
__volatile__(

%loffset],

asm

"sw %[svall,

% [base]"

:[svall"r"(inv), [offset]"i"(0),

)
}
return O;
}
int qpow(int base,int exp,int mod){

int res=1;

15
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while (exp>0){
if (exp&1){
res=res*base¥mod;
}
exp>>=1;
base=base*base’mod;
}

return res;

st % inverse.c fH gecc-riscv #7481 (Z51¥M4: riscv-none-embed-gcc
inverse.c -S -march=rv32im -01) , B2 4 X inverse.s. ¥4 inverse.s HHJ(LAEIR
A RISC-V HBIEEHTHIE, SEINLEIIHE coo PERRGE] inverse. coe. HHR A AIHILIET
MM inverse.coe JAFHEEEL, HT inverse.coe HIXTL main FALHUE LA THA] AR Mk AR
0x40, WMAEISITRIIAT 244 PC IWHMEIKE Y 32'HA0, [EAURAF#a - datal0] #%'E N 32'H8,
Al n=8. HHlizfT. HRAEdRME 19 « 21, ZIHE (& 20 ), BFTE5RIER.

Scope x Sources _onm Objects 2 _ 00O X
a = = o Q &
Mame Design U... Bloct Name Value A
~ {} TESTBEMCH TESTBE..  Verilt M clk 0
v i} cpu cpu_top Verilt  » B addr[31:0] 00000000
I PC pc Verilc > B wd[31:0] 00000000
» 1 instrmem instructM...  Verilc Ll memwr 1]
& D id Verilt > W rd[31:0] 00000008
& cu controlUnit ~ Verilc ~ [ data[0:4096][31:0] 00000008 0000
I regf registerF...  Verilt > B [0)31:0] ooooopooa
I} immediate immedia... Verilt > B [31:0] 00000001
& ALY alu Werilt » B O[2031:00 00000969
1} andgate pcsrcgate Verile ¥ B [31I31:0] 00000646
1} datamem dataMem... Verilt > B [4][31:0] 00000e1d
1 muxsrch X Verilt > B [E][31:0] 00000787
1 muxmemreg  mux Verilt > B [B][31:0] 00000323
T muxbusw mux3 Verilc > B [F31:0] 00001021
£ muxpc mux3 Verilc > B [B31:0] 00001077

K 19: BEfFiafraiR

i (inv[i])16 (inv[i])10 i X invli] i X inv(i] mod p
1 0x 0000 0001 1 1 1
2 0x 0000 0969 2409 4818 1
3 Ox 0000 0646 1606 4818 1
4 0x 0000 Oeld 3613 14452 1
5 0x 0000 0787 1927 9635 1
6 0x 0000 0323 803 4818 1
7 0x 0000 1021 4129 28903 1
8 0x 0000 1077 4215 33720 1

4] 20: R FPa RIEHPER
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4 21: R Py E

5 4k

FEAYGH I, AT T RS CPU fiihmts, XEdEEg A 7 EmEN %
*£2] 7 RISC-V R BERYIR A RANIERTE S, 22> 1 Vivado IUEHIAN IP ARG, 27 CiE
F NIIC SR TR RIS XU B LA i 3%, f e TR R B 2 SRR RE ST o I 5Lk
Xt b2 S B T RN BRI NS A T IR G o

SEYOH

[1] The RISC-V Instruction Set Manual, https://github.com/riscv/riscv-isa-manual/
releases/download/Priv-vl.12/riscv-privileged-20211203.pdf

2] IR S BT (BT RISC-V 284y) AR
3] #fE PPT

[4] RISC-V Reader Chinese , https://cloud.tsinghua.edu.cn/d/089490bf91da4fa88779/
files/7p=Y2FDocuments%2FRISC-V-Reader-Chinese-v2pl.pdf
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