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FERT10RVfpgasids (SE421-100 o, AT 7 RISC-V ALY BL L fn o) f & e Ak st 5
SweRV EH1WAZIESE . fE4% TR0 SEL (S25011-200 1, FRATRAREN B 200 I
JrHrSweRV EH1ALEE 25 1K) A R IZ AT 5 2 A R e A7 IA7 Gk 4 )2 2 0 A U5 3

SIGASI STUDIO: 7Eixsbszigr, FRATK ALY fEVerilogiH: SweRV EH1 Core RTL.
I AT A HANE 5 (1 —Fh 75752 (8 F Sublime Text% #i 8 4w 4 35
(https://www.sublimetext.com/) , XEJmiHARIRAL TR AMTIRE, CHRAEDUE HFH. &
B BRFHAEE. A, EEESENREEERTE, fluRA1EZIHERE Y Sigasi
Studio (https://www.sigasi.com/) . #h78 X f4SweRVref.docx /&~ T Wifi 22 % A1 H Sigasi
Studio (SweRVref TR -

IEnRVfpga A\ 1957 (Getting Started Guide, GSG) Hffi®, SweRV EH1/& 3247 2% # b
ORI F AL FE RS . F1Z5 H T SweRV EHAZEM ()= e Bl . SweRV EH1SZ £FRISC-V
PR S (D E48i84 (C) FIBECRIRIETES (M) ¥ E. BfA WM& EMHzE G
(49 CM/MHz) , X3 THAEZMMEEMEAR, WRKEMTE S mEZTFERIER. &
LR AR BB AR AT . AR ZERE BRSPS AE H IR B R L B i R E R AR
ZARTR A RBIALY CHRVEAE R, WES IS5 o RO HEREATE M. 152 R
HARAE e DL S s B oy SN S A B BAA . SR R . EIR T A FOR ARG AR IX B s g vh
AT Z 50T

Stage
~f——
1 Stall Point
2 Fetch 2
~——
3 Stall Point
-~ ——
4 Stall Point
Load/Store Pipe 10 Pipe 11 Pipe Multiply Pipe Divider
5 EX1 EX1
‘ e ‘ Adder | | Adder | | — ‘
34-cycle
6 | Dpc2 | EX2 EX2 M2 | Out-of-
Pipe
7 DC3 ‘ EX3 | | EX3 | M3
Load Result Mult. Result

: EX4 EX4 Stall Point
J Comi !

EX5

EX5

Kl1. SweRV EH1 A% %2R

(3R & https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1 PRM.pdf)
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VE: B A SEIR 0T, AT UUIEAT A (LF & Al FPLIEZ 454 RISC-V
JRAY T ERS8E, V¥ NS, HarrisHlID. Harris (Morgan Kaufmann © 2021) . iXi4sz
WM — N R ZIXABRE K. BITEXABFRADDCARVY,

REBSLR 7 AW o3RI AR i oy o eAh, S SEbribEids (FlinSweRV
EH1) KLl A B dim, —SirdiE B OB 24 E LI xrb. Xk, Bk
RS REE Ry S8 AR AT e 2R 73, LB IR FEE 3% DA T R AL BE 2% S8 B A0

SCE11-20 NS I BRI U BT 45, BB A 8 BN A2 1 1) Verilator 07 R Ul B R 25 . IX 2
ANBIREFP U T o BRATIESR HEAR 5C 5 3T LUINTANS B fili i ik 2 1) BRAR A 14 35

MRYFRFE ) B AR FIREE, 2% 00 AT RE R SE SR8 1) — /N4y o BUR SEEGIR SR /K 2 A7 a4
SR i Ak B At 2 J2 R RO ARE 2«

o WAKER: LIR11. 12, 14, 15FISZIRAGIKE —H 7 (LIRS

o TRRESE: 11, 13F119

o EFEEMAEMERER: L7, 18, 20FISZER 16115 — 34 (4 S Tl 28

TEARSZE (S23611) w1, AT HTSWweRV EH1ARE S . HAR Kk :
- B2y 4 Verilog RTLES M AN RZK R BEI LIS ..
- B3y N AR AE B AE B RS R A B AL P 2 ME R

7y (SwerRVref.doex) M4HLLTF N2
- %14y Sigasi Studioft) N
- 24 SweRV EH1AHEZSHOECE .
- 3T BIHKIRVipga R4 RS N AR E S
- AL S: H TR EEIALET o i g R
- H5%4y: RISC-VIE4iiE4
- BBeIAy: STPRIEUE

FEMAIIRTT L), BATEAELIR12-20 R e i JE BN R AR B A8 B0, HLAROR:

SEEGM2F S OIEHEAREBEIR S, LI AR IR AN T RS . EX1/EX2/EX3AIE S
Izjl\‘Eio

- ERI3NEFEIRS CEBRMNEME) , S E E S OCDC1/DC2/DC3 L .

WAV T ST, S0 1R FE OGRS A I K 2 it fin - A 5 AR B FE R AU 5K
RIRFSE TS DL 2% SRR RE 73 AT N 3 P IR 34 A AR K R BRVE TR 2

KI5 U B R, SeUs 1R Ko 2 AL B 25 1) 55 B R A
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- SERM1NFAEHIB K. SRS S TINEE, B E N S ESWeRY EHAACEE 25 1 B
1FIELFE 25 AN B

- (EZRTHSR R, KREZHUEW T DAL A A, (AR T AR 28k by AL HE RS
#lnSweRV EH1.

- SZIGM8HE —SER SIS, BAALKE 1M SweRV EH1 N AZ VR IR A AV AE i K gs .

- SEIGM9MI20 F pN S E AL FE B AR B MR ZE N A fif 2. TR R (1$) DU B
H R4S MEHE A2 (ICCMADCCM) .

2. SweRV EHATHZEM BIRTAEIEAL

DDCARVH /M A IR BE 2 B & S MK RN BY s 7 BIFK N KI5 15 /T w7 70 [a] 5%y
Bt. MtbZF, SweRV EH1J /K& MO (W) « HIF1. IIE2. ¥, FH,
EX1/DC1/M1, EX2/DC2/M2. EX3/DC3IM3. #ZXH Al 5% . this A AbBEgRmT, 45 Sef Bt
AR, I AE SN B . HSweRV EH1EIN T IFAT IR E CEEEE. BE G REE
B, BB R E NN B (RIFRNAN B, A R3NIED , RN T SR B (42
R FNED

AT B H A5 /4B Verilog RTLEE # AN RK LI BEIVELNE B . ARBr /23 SweRV EHA1
Verilogt ()2 2 . B/ FICHER /> iZ M Be it 1 SweRV EHARISZEN . )5, DEF R HLB
3 RICHER 43 Hh 4 H R 6 150 BH 1) S B s 491

SWERV EH14 BB HIAC B : SweRV EH1 4L FH 3% ) 14 22 &5 K Al I e 4K ] DARC B Bl {8 A /4%
1. #MFESCR SweRVref.doex7E 55 23 7 HH R T IX Lo AN [F] IR I, 236 12-20 H0K 225 i
X 1 T

A. SweRV EH1 VerilogtEit i1 2%

FI245 H T HI s SweRV EH1AREZS (19 EVeriloghith CRESH R ETERY) MBS, %K
e T GSGIE29, JaEH T HIRVipga £ 4t Verilogi bk (f) 2 4% . X LefiHefir T 7] 44 30
e, FEEWR: [RViogaPath)/RVioga/src/SweR\VolfSoC/SweRVEh1CoreComplex H 5.

mem 5T 4 B SweRV EH14b BE 2% 77 it 4% /2 0 1 45 M) 475264k : ICCM. DCCMANIS.
swerviEHUONHAACPU; A H iSweRV EH14b BE 28 (s ek AT se itk BUFE BT Cifu). %
LT (dec) « HATHLIL (exu) . FEHMEMEETT (su) ...
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‘ ifu_mem_ctl ‘ ‘ dec_gpr_ctl ‘ Isu_bus_intf
. exu_alu_ctl Isu_Isc_ctl
ifu_compress_ctl ‘ dec_lb_ctl ‘ ‘ — — ‘ ‘ — ‘
Isu_dccm_mem ifu_aln_ctl ‘ exu_mul_ctl ‘ ‘ Isu_stbuf ‘
deen.
ifu_bp_ctl dec_decode_ctl ‘ exu_div_ctl ‘ ‘ Isu_dccm_ctl ‘
ifu_iccm_mem ifu dec exu Isu
| ifu_ic_mem | | dbg | | lib | | pic_ctrl | | dma_ctrl |
mem swerv
swerv_wrapper_dmi

&]2. SweRV EH1F:EEh

SweRV EH1 I EEEE: 7 TRiSweRVref.docx E & 3464 P 2t SweRV EH1 b 3
R BN HES . HHTSE8011-200), AP HAEASE,

B. HE (FC1FIFC2) FIxirRrEk

AR T, BATE MR KL AT =B B SweRV EH1 /K Z I AN BB B (FC1H
FC2) FIXf M B KI3%5 H 1 IX Se i B 1) e B i AL A

FC1 FC2 ALIGN
Memory Controller
(ifu_mem_ctl)
(PC) ifc_fetch_addr_f1 [31:1]|= fetch_addr_f1 [31:1] ic_data_f2 =|ifu_fetch_data [127:0]
LOGIC 1 q0 [127:0]
+—— qOff
iccm_rw_addr LOGIC

- - ifu_i0_instr [31:0]

II INSTRUCTION

) : REGISTERS
ICCM qiee | 910127:01 | Aligner | o | (dec. ib_ctl)
(ifu_icem_ || (ifu_aln_ctl) | _1Tu1_instr [31:0] -
mem) iccm_rd -
, _data ifu_axi_rdata [63:0]
ic_rw_addr II
1$ I e a2 [127:0]
L, (ifu_ic_me
m) ic_rd_data
Lite DRAM
Controller

ifu_axi_araddr [31:0]

I DDR External
Memory

&3. FC1. FC2AIXIFFRr BT AL A
BHHER, ICCMH AR, BrELERVIpgaRSHHizEIL.
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MG, BRI Bt Tt NTE e P it idE 4. AERANTIEE T, 84 F#0f 3 tHICCM
(TEREHIfu_icem_mem9 528l | 84 mE %A (1$, fEHtifu_ic_mem9 52Hl) FIDDR
HMEBAEfE AR . ISAIICCMER H — NG — Bt as i 2% Cifu_mem_ctl) #5i, 1i 4h 847
it % HLite DRAM#% Hil 2845 ). fEERIARVIpga R 4i74, ICCMuEZEIE, (H AT L% I8 525620 A1)
VLRI A ETEN

i. BURMB: (FC1AIFC2)

ME3FTR, faAMEE (FRNEUIEIbEE i fc fetch addr £1) fEH—ANEURME (FC1) it
B, SEIGA6H R kAT I — 1. bR IE A IR A A G A I 28 (FEARERIfu_mem_ctl
S @ fetch addr fl=ifu fetch addr fl.

&5l BA 5 HE Ao M. Blln, “ifu” ACREERHRIC. (& SRS R
BRAIB B, B,  “f£17 RIRFCIBNTEL,

FRTEE AN BRI B (FC2) M 1:A7 s (RIDDRAMIEAAE %) BUICCMELEL. 1454
HEALT AP AR HEVE A, WIS HEAEAE S o FEISARATth iy, KLU, B2 SMEAF
FHETAXIS LIRS, IR EIVNEM. RIR-S AL FICCMILIETER Y, ICCMiE
idifu_ic_mem#iH Py Al SN 2 B8 IT S IR BHIRIE RS 154 .

RVfpga RG-S A A BC BN N (REACE AT MBS, BATRAE LR IS8 T o) -

e 16 KiBiE4 k2217
e 512KiBICCM (Zk1b) . HihikSaE: OxEE000000 — OXEEO7FFFF
o 128 MiBAIMI A7 fif 2% : Hihk3EFE : 000000000 — OXO7FFFFFF

WMRRE R (RIS En] BEsaiE R, BAISARamhaE) , MR E 4%
2frF_4 (EF128471) : ESN[ETifu fetch data[127:0]. X LME2HGEAREILK
L ULRE S 268 2 i Kt TAE. = ANEMIX (qOff. qlffMfiq2ff) fHZn LA —
AN K128 07754 A

ii.  XPFME

XFFFH BAEN AR B L e (ZWEIZ) , fEfRifu_aln_ctlh st x5 fr B st g AT
N EEAES:

o BANFHIMEEMBAREPI %3208 XU BL AN A R S AF A Se ik 1) 12847 45
AR PRI KRS, BTN A X qOf £y qlEEM Qe X 5K4R 2l (E
Fifu 10 instr[31:0] CGHEPKO) Mifu il instr[31:0] CHEIE1) 54 SweRV
EH1 ()5 — 8 (LR , SR )5 17 i 72 B P dec_ib_ctl H 52 3L (1) 3 A 47 & &7 17 48
(Instruction Register, IR) .
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o fREIRS: RISC-VIEAEIE AT R (RVC) @il #th . 7 BIEUM % 17 2% 7 B i R/
T TU A BB 7 25 A7 a5 i LB ORIV 55 48 2 I KN B840 . 484 KNI G 7T 1%
RIRA . DhFERI T 35 A7 % 23 (8] (2 ILDDCARVIIA56.6.575) o W FEHr B8 0 B R &
XEE1BAL 4R 2, SR JE K HAL I8 BB 3202 48 & M BB By . it 72 Hif_compress_ctl
MERPAT, SRR 548 (Biifu_aln_ctl) PIEBsEH{b.

E4a$E4 . #h78 CRYSweRVref.doexE 5553 7 H i# B T SweRV EH1 R K46 154 B AT,
FHRH T — 55

C. WM. #IT. RIXMEFHBE

FEAHIA T, RASAHTSWeRY EHUKL MRS, T, JRACRIESHBL. (4%t T ikt
BT AL BLEE, A2 L 0 S 4
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DECODE STAGE

INSTRUCTION

REGISTERS
(dec_ib_ctl)

dec_i0_instr_d [31:0] CONTROL

dec_i1_instr_d [31:0] UNIT
(dec_decode_ctl)

" EX1/DC1/M1 " EX2/DC2/M2 "

CONTROL

SIGNALS Control Control Control
Pipeline Pipeline Pipeline
Registers Registers Registers

EX3/DC3/M3

wWB
STAGE

COMMIT
STAGE
Control
Pipeline
Registers

Control
Pipeline | ——
Registers

raddr0 [4:0]  rdO [31:0]—

raddr1 [4:0]  rd1[31:0]—

raddr2 [4:0]  rd2 [31:0]—

raddr3 [4:0]  rd3[31:0]—

waddr1 [4:0]

waddr0 [4:0]

wd0 [31:0]
— | wd1[31:0]

Register File
(dec_gpr_ctl)

Store
Buffer for
DCCM

Lite DRAM
Controller

DCCM
Lite DRAM
Controller

ALIGN & MERGE

result_e3

i0_result_e3

\ 10-ALU-E4

3-1
MUX

7

Isu_result_corr_dc4

AN

3-1

i0 result_e4_final

3-1
MUX

i1_result_e3

11-ALU-E4

MUX

i1] result_e4_final

i1_result_wb :
rdo_ dividend
] ividen
rd2 —|mux 34-cycle Out-Of-Pipe
a1 » DIVIDER
divisor (exu_div_ctl)
rd3  —|mux
i0_result_wb o

B4, FG. $AT. RIWEFH B AALE



i.  EEHE

IERY B It Veriloghgi s i+ SC
[RVfogaPathl/RVfoga/src/SweRVolfSoC/SweRVEh1CoreComplex/dect . 7EAEAE W,
BEI Y B A1 T A T FAE S5

o XEAUMATEIIHEBHIES: EHIE T N UMEE, RALE
[RVipgaPath]/RVipga/src/SweRVolfSoC/SweRVEh1CoreComplex/include/swerv_types.sv
HE Lo MMM S 4 E R BT ALU (alu pkt t)  FRIEHTT
(mul pkt t) . BR¥EHIG (div_pkt t) MZH 74 (reg pkt t) &,

T AL : 75 CRiSweRVref.dooxfE 454354 HH 4 & 7 SweRV EH1 4b 3 35 rf
FrHEHE S AT A E B MER U, R T — 4. fERHsER T,
BATIE SR SRR B T A R 28

fikdec_decode_ctlH STHL 145 il BL T HCAE BT JLAN P BC LR « IR X9 5% Aoy B 21
— B %3248 4 (BEEON(E 5 dec i0 instr d[31:0], BE1ANES
dec_il instr d[31:0]) FFXTHBATEEN, RNEZMASERIZEGES. BSGH 7%
fil ot (Fithdec_decode_ctl) [HmZetii&l, B oc o AN BLAE =I5 5 mie
AMEEER (i0_decHli1_dec) R4S (10M1i1) AUk ERIES (10 dpfil dp,
HEMY Ndec pkt_t) , REHEZANFIT S 8 HIXLAE 5 R MK LT A i
EHES, BN “F1E” (10 ap. 11 ap. lsu pfilmul p%) .

i0[31:0] = i0_dp = i0_dp_raw -
dec_i0_instr 4310 | i0 dec ~(dec. okt B i0_ap (alu_pkt_t)
n -
® (dec_dec_ctl) °“ i1_ap (alu_pkt_t)
decode
i1[31:0] = il_dp=il_dp_raw (dec_decode_ctl) Isu_p (Isu_pkt_t)
dec_il_instr_d[31:0] ' i1 dec (dec_pkt_t) - -
inst - out mul_p (mul_pkt_t)
(dec_dec_ctl)

&5, =T

e BT UK &35 A7 s (FERATARIC NIRRT ) K IX Ly Hlf5 5 1L 58 2
JREESUR KR BL, XK R FF A7 AR AL T S UK LR BUZ 18]

o MRS REELHIEEIFRMERMES: WE4APTUR, SweRV EH1EFEPI M EEEEE (10
A =D RFEEM —DREAAEETE (LS) , AN, IBAHE— ML T IK L AN
1345 IR T24% . BESRARSVEIGSERUG, AL PLERR AR B DU AN SR IRK R 2 —

o FARZIEM 7 IRLAEI0/NMEE F AT
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o RMAFHEL/SEIE T IAT.
o FEIRL L IIEEEIT.
o CREHATIITE S X BIBRIAE I

ETENAWRZ NIRRT N (—RAAEKRO, 7 — kAl , WEHE
FTREMS I EESAT . B0, — LRl SRS

P25 S R AR AR AB BII0MIETE -
— R EAREEIG SN 4T (mul) R0 AERN0 (BRI1) MISRIEETE.
Ve CERBEHE) IR ELSEIETINT, TSR SARIEEE T HAT.

BRI RS, 24— R EPI SRR S LAV NS, fFERCEEE L (BIanE R, AR AESEE 14-
167 ik Eeff i) o IXEETE LB AR RS L E - -

o WA FmuliB AR AN RS, AR 2 mul 84 IR — AN R
R E R (SEIR14 XS T VR 0T

o WEMMNHRAEARZH (Arithmetic-Logic, A-L) F547£ [F— 1A N #E47 %65,
D3B8 o 58— AR AL AR A I IR — AN A SR T B 5 5 i B B RS (SRR 15 HR T h it
AT .

R TSRS, UM E TSR N RS vk, US4 B IRk (S
K4) ZAERTRERIRIEBOh BT IR $, IR UK ZH A7 88K AL IR 2 T LB BL. X4
Z R IT KA Y exu ) 55279-3284 7 SEIl CHIME 2 BE TT OCAL Trexuli e N, BATH7E 3
PR BCTARD o HA AR R RIE AT U T -

o FHBRITH. KT HAEANSCIEAE RIS BUB L 55 MR G, A R AE LI 5P kAT
SN SR E B E RN RTE B4 3 R4 2 I SR AT AR G, T LR
W, AL ERE F .

o JMBEPFHE: —LERISC-VIEAME LA F IR, Hrp B R E TR S AR it
K AL RIS IE B N RAE B4R 31 M4 2 B8 JT S h BEAT Bon, —INER T B
ANED .

o HAFHMXME: SweRV EH1AbEE g ol M arf7as U (1816) A4 kim H 3N
S GEER, =50 DR EAh & (a2 85 S F g mg, BOYEM T
FrE WL, BATRAE UGS RISESe i gt AT 04 o IX S8R/ i R AE BN i I3 AT
PR 2 o SR B A AE AR SCOF B N DURE AR 5 (K 2 FRAE B 4110 3:1814:1 2 BT e
BEAT RN NI HGE I, RER S AR R IER.

A E i G — A5l (raddro ... raddr3flwaddroO ... waddr2) PAK
—/MAERE(ES (rden0 ... rden3flwen0 ... wen2) , JE&EREEATER. B
i A — 320 B EIE AN (wd0 ... wd2) , B2 A — AN 3247 5 H 5 4
(0..1d3) o A ras A EE32032f 1 a /74 (FROAX0-x31) , HAxOREHEEZEE]0,

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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raddr0 +>
rden0 ————»|

raddrl —=2<—» 32

rdenl —21«—— ’ rd0

raddr2 —57f—> 32

rden2 —L1« 7 rdl

raddr3 —=2—» 32
s

rden3 —L<—  32_hjt 32 registers rd2

waddr0+> (x0-x31) 32
——><—»rd3

wen0 #» d

wd0

waddrlﬁs'—>

wenl jf—b

wd1l

waddr2—2«—»

wen2 —1_>
wd2 —32-

&16. SweRV EH1- T F ()27 /788 X4

f£%: fEftdec_gpr_ctif SLHLE A7 85 31, IFAER HedecH i sl fh (2L
K7) . 4 #r# b dec_gpr_ctl 1) Verilog fC S J2 £ B (5 5 M F & (A T X
[RVfpgaPath]/RVipga/src/SweR\VolfSoC/SweRVEh1CoreComplex/dec/dec_gpr ctl.sv
F) , UTMHETESR. HER, SweRV EH1A MR RTFA T 2N a 788 L
4, {HRVfpga & gt Ml F I e BANE H — N3 748 X (S WX dec.svif)
%4021T: localparam GPR BANKS = 1;) .

ld c_10 waddr wb[4:0 e e ). ec_i@ wdata wb[31
C _11 waddr _wb[4:8]) ( il wel Do ec_il wdata wb([31
nnnhlnck load waddl[ 0]) nol 2 (1su nnnhlnck load dafa[ 01),

rdl{gpr_i@_rs2_d[31
rd3(gpr 11 rs2_d[31

@7 ﬁﬁ%decl’ﬂﬁﬁ HI A7 A7 A8 S SEBIAL

ii. BATHE

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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TEANT R, BATE /> HrSweRV EHA H o] A E M A AL A : AN BEUEE (10 EMNE
B) . —PREFE. —NERAAEEEBEA A JERK L34 RRESS .

I0/MEIE: WA EAERATIE R R BN REAE, 39 NEXT. EX2F
EX3. XMHAMETEMEXH B3 & — M E BIER ALY, R HATH ARIZH (Bl 724,
L) UL B IRIGE (W £ ek Z 4 5, EX2FEX3M BT D BAT S, (HAZ0E it ix
N BOEA-LIEAS 5 HAM T E A H YRSB4 XM (BlndEa. fAiEmaikss) it
1TSS . FESRE12, AT B VR4 /5 ATI0/11 5 18 .

RIEEE: RIGEEEERASTULAE R EHNZAAMEB: M1, M2RIM3. %5 iE 06—

MRS HAT BBCRIA IS A WisRi% A . FESCIR 14, JRATRSE PRI B sl A 8

R (LIS) Bil: LUSHEERAPLUGEE K. ERR13%, RATHRANRZIX &R
IKERBE A% . SR ANIEAE S A Y BT L/SE AT . EaIE3NMEL:

o DCA: {EX—BrBL A e P ICIE IR 25 47 35 S U Ik AN ST B AL AR IR oF St

e DC2: 7E%8 —PBrBt, BHIR A M HIDCA v 1 55 A M bk 32 BROAE il 2% o 20 OR s k- ook 55 1)
DCCM, W5 e IR UMY, KR dkatiatr, AaEfE. B, R B
BIEAAER, WITIKE T RE R 215 LA A ], FAREUS T FH 2/ BH 2 2 48 0 4] 3 FH B
RN AL, FATRAE 5 T (1 S2 48 ot — 2 7 fr

e DC3: 7EE =B, HImBATHFAMEGIH (i, wR 2 w7k 2 FE — bk 17 e
TERAT, WA BE 75 R R 2 AP R A B 6 R BN B o TELRI B, 12 hifTR 20T
RSN A, WRERFEE LA . RS BB 2IDCCM, WS048 A1 b ik 78 2 1% 3]
DCCMX R ¥IRAFAEAF G P X - CEMNFRATTE LI A3 A T A RE ) 5 T 5 45/ e
B TAAAEA, AR A hE S5 I AXLE 2 R IR BB A% (Lite DRAMEZ il 28 & HE X%
TGSV

BRiESR: MUESREEAP L AGER. ER M ERKERIT, R LA R A
o TIG14K B W RIS SR

BIN3AZERIFR: 1 =APATH B (EX3/DC3IM3) Lk CnE4pTR) , 1301
ZEIT R CEE—A) MIERFEIE (10/11. MULELL/S) HUEHIEL 4R . XA ZERTT
FAzTdec_decode_ctitith . 5O SCHR) L7 2 BT RN EI8 T n . 1% Z BT R =
G VNECE

1. I0BEER: 10 result e3. LIA2KI/HTiZKE.

2. LISEEBZR: 1su result dc3. L3R HHZEEE.

3. WEFELR: exu mul result e3. LKA,

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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Control Signal

i0_result_e3 32,

exu_mul_result_e3 32, 320 i0_result_e3_final

32
Isu_result_dc3 —

ie_result_e3_final[31:6] = (e3d.i@v & e3d.iBload) 7 lsu_result_dc3[31:0] : (e3d.i@v & e3d.ieémul) 7 exu_mul_result_e3[31:0] : i@_result_e3[31:0];

8. iEid3: 1L BT B FREX3L R : EMVerilog

1E255: WRIEE8H T L B IT R HINL . BIER, BHINERETe3dd, ZESH i%dd%
WMAKLAERE], F— M5 HEH B EFEEMERAER CBXREHWAMAMEHE, 153
SweRVref.docx) .

iii. BB
TTE'”IKMEX, I3 ZERIT R (R —A) I FE RIS R HF AR ML R (-4 . 5
T FROAH ICHRIK 77 2 B T R WO R . B =AM
1. EX34%: 10 result e4. (EX3MIMLHIARKMHL) -
2. BIEJSHEEEIE: 1su result corr ded. U1K AHHAIIR.

3. HBIALUZR: exu 10 result ed. N7 AL, XEALURTE R4 TR
o WHRTSCHNIA, IXEEALUWLE Y BLEE B R b 2500 N R R HAREHEIES OF
3%-@2?&”!:! Iy -Lﬁ Jhﬁi‘i‘!fc\15)

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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Control Signal

exu_i0_result_e4d 32,

i0_result_e4 32, 320, i0_result_e4_final

Isu_result_corr_dc4 22,

exu_i@®_result_e4[31:0] : (ed4d.i0v & edd.i@load) 7 Llsu_result_corr_dc

B9, @it 31 BB RIEFRAL R: EfMVerilog

| (% RO L BT KPR BIAL, Xty bIfifr T Hitldec_decode_ctl.

iv. EIBHB

e A B CRISFBOD 8 QB 6 flrs B AT PS5 i 1 (ORI ) R 25 R 5 N3 A7 & 301
(FESI 1470, TATREBIMINERE =1 50 (2) O o JHRITA FEE AR A4
HEIROAEGNAGAE (BIDS8S. A<D, IR A PIIT R IE . F1F
SR RS AL RE (S 5 A2 BB BUAE BT R K 2y A7 s S 11t o

D. Verilator {45 E 41

AR, AR ESweRV EH1IUK & AT HAT I P 26 38 2 AT /2, oL
o ARG T . J5 T S5 I8 F Verilator (/] 2R AT WAL AL B 25 1% 045 5 0RO
Vo 3 P15 3

BN REBPATEMOFT /R R FIARHS, S8 Enul filaddig 4 (DA ERHER) , BEEL
PRAGIAI—HB 5. A% [RViogaPath)/RVioga/labs/Lab11/ExampleProgramizfit T PlatformlO
TiH, XFEEARE TR Z . 05 A E AR . fEPlatformIOFRFTHF I H 374 3 (TR
ONTHE) , ATBLEIE e vSCodencini i R R T ED . RICHCH (BT
[RVfpgaPath]/RVfpga/Labs/Lab11/ExampleProgram/.pio/build/swervolf_nexys/firmware.dis)
RIS . 1B R, PS&HE A4 A T itk 0x000000F0F10xX000000F 4 4t :

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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mul t3,t4,t4
add t5,t5,té6

X EIE AT EAAAE ) L knop (TE#ME) R VRSN SRR, XFHE RS i stttk 17 7
Mo noptB S A RGNS . fERISC-VH, nop##i Naddi x0,x0,0, J5&mLNE

J~0x00000013 (1327 1 #5452 o

KB 2 ST A R —nopfi4 (12]10) fAK

e Cfaii e W, 2 XA ESFEE0Y, {HA] LLEPlatformIOWi H H&EF)D .

NIHREAR I, FA T 12 SweRVref S ) 25 25873 Pk A RL FEAE 1E 73 SCT &8 A R 4 46 4

1i
1i
1i
1i

x28, 0x1
x29, 0x2
x30, 0x4
x31, O0x1

REPEAT :

mul x28, x29, x29 # x28
add x30, x30, x31 # x30
INSERT NOPS 10
add x29, x29, 1 # x29
INSERT NOPS_10

2 * 2
4 +1

x29 +

1

4 (later iterations:
5 (later iterations:

beq =zero, zero, REPEAT # Repeat the loop

3%*3=9, 4*4=16, ...)
5+1=6, 6+1=7, ...)

K10. 53 HF A Emulfladdig S K~ BIERF

E 1A 20 7 AT B0 I RE P I Ab B 2845 5 [ Verilatorii T . 1 s ok B AT =Mk 2k

BrBe (FC1. FC2FIXIFF — ZWE3) 55 .

B12Fm ok B AR BIES (B4 .

T 5 EMEARE 2L BATREERIT D A, (HIFCE, XK REXTHBL (E11
A D BB (120720 .

K E U TMES, MTERSEERUKER IREESR S (LEuRERX I B4, dechRERIF
PR B BIHE 2, exBRERX (X = 23—

whERER [FI E BB 54 ) BURSRFINS

B A
SRy

ifu i0 instrMlifu il instr
dec i0 instr dffldec il instr d  >FEEHENTES

10 inst el#lil inst el
i0 inst e2Mil inst e2
i0 inst e3Mil inst e3
i0 inst e4Mil inst e4
i0_inst wbMil inst wb

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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mul t3,td,td

add t5,t5,t6

Signals
Time 48580 ps 485908 ps
clk=
ifc_fetch_addr f1 ext[31:0]=
ifu_fetch_data[127:0]= BF3303DEBE33
ifu_ i@ instr[31:08] =
ifu i1 instr[31:0] =
B11. FI = MRK LB B EMEE: FC1. FC2RIX5F
mul t3,t4,t4 add t5,t5,t6
Signals
Tirne 48708 ps

dec i@ instr d[31:
dec il instr d[31:
raddro[4:
raddri[4:
raddr2[4:
raddr3[4:

rde[31:

rd1[31

rd2[31

rd3[31

i@ inst _el[31

il inst_el[31
a_el[31

b elf31

a ff[31

b ff[31

i@ inst e2[31

il inst e2[31:

i@ inst e3[31

il inst e3[31

exu mul result e3[31
il result e3[31
i@ inst e4[31

il inst e4[31

i8 result e4[31
il result e4[31
i@ inst wb[31

il inst wb[31

18 result wb[31
il result wb[31:
waddre[4:
waddrl[4:
wde[31:
wdl[31:

B12. 5B E: #65. EX1/M1. EX2/M2, EX3/M3. X FE S

Imagination K211 %l — RVfpgasidi11: SweRV EH1MCE . 45 H4 A Ak 0
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F%: RS ]R (WGSGETH A HiEd) 75 H i HENL EEE EA A E125 f1h 1

T

- WAEERFAE R B RSO (Vivpgasim) .

- fEPlatformlOH, FTIFELL FAL BRI ITH
[RVfpgaPath]/RVfpga/Labs/Lab11/ExampleProgram.

- {3t platformio.init i 3L FIRVIpgafli £ —#E i S (Vivfpgasim) [ IERf 4% o

- f# M Verilator 4 sl JEE (A ) .

- fHFHGTKWavedT JT#ik .

- [ fFtest 1.telfiitest 2.tel (1E[RVfpgaPath]/RVfpga/Labs/Lab11/ExampleProgramf
RAD AT S5 E1TAE2FRE SMHERES. Ak, fEGTKWave &, #ifi “File —
Read Tcl Script File” (3t — S TClIASC ) , MRGikiftest 1.telsktest 2.t 1.

- LK “Zoom In” G () $3)%548600 ps (FRIEFRIAE T AL, H—
YAEAREAN)

[ B 73 B B AT B 20 (1R I LR B 3 AN 4 R B o B o B 35 55 AN K 2R B Bl SR Bk A —
SE(E 5. DAALE SR R A(EXS BT I S e iiK 2R 4 (mulMladd) o

- FC1: fEEMKIE— AP, 55 1ifc fetch addr f1 ext[31:0] (FEFiHE%,
RALGIR G B8 muliR bt (RN, 75/ (ifc_fetch_addr fl_ext =
0x000000F0) &

- FC2: FEEM1MS AN, R has it —MHm128615 5, HhufmEiIExs
Bl A TR %S (mul g E SR, addMAAEER) -

ifu fetch data = 0x000000130000001301FFOF3303DESE33

- WS EENMEE —ANET, MHET12864E 5 R BN 248 2 314 K 45 SweRV EH1
A2 TR A 8

ifu i0 instr = OxO3DESE33 (i#i%0)
ifu il instr = O0x01FFOF33 Ci@i%1)

- PR EEM2M0E AN E AT, PS5 4ES BHT PR —— B\ B AT A SCE R R EAE A 1
AT ERAE, FRAE RIS (B R BN, (HATPL% B SweRVref.doex Frid i i — gk
BHIAL o BEE (HARHME) B Trd0. rdl. rd2fllrd3d.

rd0 = 0x0000006A
rdl = 0x0000006A
rd2 = 0x0000006C
rd3 = 0x00000001

- EX1/M1. EX2/M2. EX3/M3FIEZZ: 7ER128: FoRIN=/EHIF, $ATmykmsesk. £
EX3/M3&E R, RPN 3:A L BT Bas R, R EE R B .

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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10 result ed4 =exu mul result e3 = O0x6A* Ox6A = 0x2BE4
il result e4 =1l result e3 = 0x6C + 0x01 = 0x6D

- E5: EE12105E AT, R AR ES R A A SO

waddr0 = 0x1C wd0 = 0x2BE4
waddrl = 0x1E wdl = 0x6D

3. SweRV EH1H K84 H 83

TSN 0 8 PR B M 0 T A BB . PR MU A 2 M B 58 o
YU AR, TIEREFRIT, BIHTIOM 4. AT IR, 4954 0T
EIREE S (CPD 364 T A frep/oR frpiEL. TERH/EE T 5 S0 50

FESE12-20M, FATHE  HAME FH SweRV EHA H (1)1 BE T H 8 Sl & A0 LU BCAS [R] R RE

SEpRIEEME: 7E 02 [RVfogaPath)/RVipga/labs/Lab20/RealBenchmarks, A4 T =4
ScfrM ] (CoreMark. Dhrystone G AHE) , 525620 K A& A1kl SweRV EH1 4k
HE IR IR . b7 XA SweRVref.doexfE 5563 7 H ] Bt iA T X e, S2I6 200 & I
FR IR JLAMES

A. SweRV EH1H Hy g8 Hhae

RISC-V SweRV EH1f& /7 it 2% Tt (https://github.com/chipsalliance/Cores-SweRV/blob/

master/docs/RISC-V_SweRV_EH1 _PRM.pdf) 44 7 RISC-V &b H #% (1) 3 A A 44 P g e 40 2h

Aeo WAUSEIILL MRS, XAt S B HIALIR ST 4% (CSR) -

e mcycle: HidEHERMTELIKE, hart (BELFRFE) CPAT A IHER & 3%

e minstret: HidFALEM H LK, hartch 5 H ) $E 2%,

e mhpmcounter3-mhpmcounter31: 29/ HAhHAF 11288 . HAFEFZCSR (mhpmevent3—
mhpmevent31) AWARL C5NAEMME, SECEEE) FHFA, HTEEHA F 4 2250
MR IR . X HA RS LA E X, HEAFORE, Rom “TEMH .

FAEPT A TH S AR T LS . KT E S L HAH L AT R AR A B0 — Fh Bk skl . B
Wk, 7ESweRV EH1H, WA FHMITEEE3%16 (mhpmcounter3-mhpmcounter6) K FLAH N
FEAFE A (mhpmevent3-mhpmevent6) 1E% TAE, MEAHE#87£131 (mhpmceounter7-
mhpmcounter31) J FHAHRN (I H/F % F2% (mhpmevent7-mhpmevent31) 146510, X Lit
A A RE tHmgpmeZi 74514670 (0 =251k, 1 =ffige) =i,

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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SweRV EH1#2F R 2% F M #73  (https://github.com/chipsalliance/Cores-SweRV/blob/
master/docs/RISC-V_SweRV_EH1 PRM.pdf) FE4H448 7 SweRV EH1 9 (¥ P04 fE i % 2%
(AT A A

- DA FREGA AL T F AR T A

- AR B bR R SRR R T e
- FrHER TR e/AR IR T

- [FRBTH A f RE A L T

- beERIE

- beiEE TR s

- SCFFEETARAESOCHIL G g I 253 27 17 25

R T7-25 T SweRV EHA A1 (1504 o] tH-E s, IX S FHAEE R Atk AT VI A
#1. SweRV EH1H T i+ HF 4R

0 fRE 17 CSRiF/5 34 SB/WBJH i # {=

1 R A 18 CSRE5/i==0 35 DMA DCCM= % Ji #8715
2 54 w2 17 fnh 19 Ebreak 36 DMA ICCM 4 & 1 %7 1
3 R e i N 20 Ecall 37 RESE

4 154 O 21 Fence 38 B 5 S o

5 1667354 LIt 22 Fence.i 39 RS H

6 320 H L ERK 23 Mret 40 TLUE B

7 B4 O 24 N ERET 41 Y SRR R

8 154 O 25 I ST 42 BLBLHEE -2

9 LR 26 HHT 43 KO ST 55 — 1d/st

10 Bk O 27 53 AT 44 BB H S AT

11 R OIRE 28 TR A e 45 TH4 BLRHNR

12 FEfif L3RR 29 o 5 4 JE A 46 Hls B AR

13 BEHAXFF 30 D R 47 HTE4 B L%, AieE
14 R B e 31 J& [R5 I 4 48 T H SR, A
15 ALUCHRS 32 TilF5 A e 49 il E AR

16 CSRi i 33 JE R4 50 A (LI o b

B. B i¥ Western Digital ) 4t # 2% X # & ( Processor Support
Package, PSP) et 58

TEZARRBAIE R R Rl m Bk FiE2, WD PSP

( https://github.com/westerndigitalcorporation/riscv-fw-infrastructure) = f)—Lb R ¥t 7 —
e R P ERE ML V. WK iR IRGSGH 1 B %¢ 3¢ 1 PlatformlO, Ubuntu R4t H N A7 7E
PR RN A

- ~/.platformio/packages/framework-wd-riscv-sdk/psp/psp_performance_monitor_eh1.c
- ~/.platformio/packages/framework-wd-riscv-sdk/psp/api_inc/psp_performance_monitor_eh1.h

Windows: .platformioSC I F P S0 (C:\Users\<USER>) ., iBVER, WREHR &
JE I RGUE L Re A G B SO S K o

macOS: S7ELinuxs—#f, .platformioSCFJeqr T E /% (~/.platformio) W . ‘

T .o (psp_performance_monitor_eh1.c) SZELHIREL, T LABAT B Ind fE/AE 1 MERE A
7% (pspEnableAllPerformanceMonitor) . Bil#as 5FH RN

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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(pspPerformanceCounterSet) BEREO T AR (pspPerformanceCounterGet) X
KHHAE

2ttt (psp_performance _monitor eh1.h) fEtypedef enum
pspPerformanceMonitorEventsH{RHERH AN FI AR

[RVfpgaPath}/RVfpga/Labs/Lab11/HwCounters_Example s $#28t (L Fo-p] (13D #6814

i FHSweRV EHAH [ DUANRE AR TH 5w skl & A, 7540 CHERSHI 77 SN T £ iR

#9703 MainbR%]:

o  WIHEMWUART (uartInit())

o fHAEMEMFITE(8% (pspEnableAllPerformanceMonitor (1))

o NEANTEIZE (D PSP COUNTERO - D PSP _COUNTER3) ZACENERIFHM: CHAH.
7ESE. EIESE ) 77 N IS iR 119 77 )

o EHUII##F (pspPerformanceCounterGet (D PSP COUNTERO))

o WH—IMEHRMICHIET (Test Assembly ()) FHFERIEHUTHES

o fEHEHprint fNexy s BN EARHIME.

M R AR MY Z )G, Test Assembly () BECH A E R 1,000,0000K; %fEH
SHEABAREZE (AL H5LR— MRS, RICHRSCI b SR E3IK R, DOy miE T
FERA RAE IR AR 327 ML AR 15 2 B 1E -

Test.C3l 4

#if defined (D NEXYS A7)

#include <bsp printf.h>

#include <bsp mem map.h>

#include <bsp version.h>
#else

PRE COMPILED MSG ("no platform was defined")
#endif

#include <psp api.h>
extern void Test Assembly (void) ;

int main(void)

{
int cyc beg, cyc end;
int instr beg, instr end;
int BrCom beg, BrCom end;
int BrMis beg, BrMis end;

/* Initialize Uart */
uartInit () ;

pspEnableAllPerformanceMonitor (1) ;
pspPerformanceCounterSet
pspPerformanceCounterSet

pspPerformanceCounterSet
pspPerformanceCounterSet

D PSP _COUNTERO, E_CYCLES CLOCKS_ ACTIVE) ;
D _PSP_COUNTERL, E INSTR COMMITTED ALL);
D PSP _COUNTER2, E_BRANCHES COMMITTED) ;
D _PSP_COUNTER3, E BRANCHES MISPREDICTED) ;

cyc beg = pspPerformanceCounterGet (D PSP COUNTERO
instr beg = pspPerformanceCounterGet (D PSP COUNTER1
BrCom beg = pspPerformanceCounterGet (D PSP COUNTERZ2
BrMis beg = pspPerformanceCounterGet (D PSP COUNTER3

’
’
’
’

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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cyc_end

instr end
BrCom_ end
BrMis end

while (1) ;

Test_Assembly () ;

’

pspPerformanceCounterGet
pspPerformanceCounterGet
pspPerformanceCounterGet
pspPerformanceCounterGet

D_PSP_COUNTERO
D PSP _COUNTERL
D_PSP_COUNTER2
D PSP COUNTER3

’

’

’

printfNexys ("Cycles = %d", cyc end-cyc beg);
printfNexys ("Instructions = %d", instr end-instr beg);
printfNexys ("BrCom = %d", BrCom end-BrCom beg) ;
printfNexys ("BrMis = %d", BrMis end-BrMis beg) ;

.text

1i t1,
1i t3,
1i t4,
1i t5,
1i te6,
11 a0,

nop

add
add
sub
or

xXor
bne

.end

lui al,
add al, al

Ox1
0x3
0x4
0x5
0x6
0x0

REPEAT:

a0,
t3,
t4,
t5,
t6,
a0,

0xF4

Test Assembly:

Test Assembly.S 44

.globl Test Assembly

, 0x240

a0,
s,
t4,
e,
t6,
al,

1
tl
tl
tl
tl
REPEAT # Repeat the loop

firmware.dis XX

000001e4 <Test Assembly>:

led: 00100313 1i tl,1

le8: 00300e13 1i t3,3

lec: 00400e93 1i td,4

1f0: 00500f13 1i €5, 3

1f4: 00600£f93 1i t6,6

1f8: 00000513 1i a0,0

1fc: 000£45b7 lui al,0xf4

200: 24058593 addi al,al,576 # £4240 < sp+0xf0788>
204: 00000013 nop

00000208 <REPEAT>:

208: 00150513 addi a0,al0,1

20c: 006e0e33 add t3,t3,tl

210: 406e8eb3 sub t4,td,tl

Imagination K :i1% — RVfpgasiit11: SweRV EH1RLE . 45 AT fg L
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214: 006£6£33 or €5,iE5, &l
218: 006£fcfb3 XOor t6,t6,tl
21c: feb5l6e3 bne al0,al,208 <REPEAT>

E13. Test.C. Test_Assembly.SFifirmware.dis

f£%: 1% GSGHTIRTENexys ATAR AT B3R T . % TIPS, Rifg 3 K14
PN EE S e

main

uartInit();

pspEnableAllPerformanceMonitor(1);

Test_Assembly();

pspPerformanc
pspPerfor

pspPerformanceCounter!
= pspPerfor

printfNexy
printfNexy
printfNe:

== [ n
- Ouit: Ctri+C | M

ructions = 6
1000019
13

Kl14. $4TTest.C

5% EENMSHURTEF BTG ol b . vk, wZfE A
pspPerformanceCounterSet BRETE Test.c XA B AP = HAF AL E . 1HER, Al
fEFHWD PSP A1 € SR FL B AN F A (R )
.platformio/packages/framework-wd-riscv-sdk/psp/api_inc/psp_performance _monitor_eh1.h.

flan, AR BN RISA fr H B AR SR AL WA AHE S o Test.ofT -

pspPerformanceCounterSet (D PSP COUNTER3, E BRANCHES MISPREDICTED) ;
%Tﬁ&j‘\jﬁ—“ pspPerformanceCounterSet (D PSP COUNTER3, E I CACHE MISSES);
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A5 {ETest Assembly bR PR At AL FF HAL & A F B F - S H 4t 7 UM RI4R
WL Al e S, BN, Al k. BRik.CALGSUR UK EREF I B K
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