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swervigz] B E2 G CPU | HFEpSweRV EH1 g B S5 VR SH#ETT H BIME © 5 HHE T
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fu_ite_ct
‘ ifu_mem_ctl ‘ ‘ dec_gpr_ctl ‘ Isu_bus_intf
- exu_alu_ctl Isu_lsc_ctl
ifu_compress_ctl ‘ dec—lb—c“ ‘ ‘ — — ‘ ‘ — — ‘
Isu_dccm_mem ifu_aln_ctl ‘ exu_mul_ctl ‘ ‘ Isu_stbuf ‘
deem.
‘ 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

[El2. SweRV EH1 3 EfE4H

SweRV EH1# 0B FEERSE - #7004 SweRVref.docxE 55 3% 47 e it SweRV EH1 &
o S AH Y 3 B A AR o T EER11-200F > T EHAE B2 o
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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 )
T qOff q0 [127:0]
iccm_rw_addr LOGIC
T ifu_i0_instr [31:0]
I INSTRUCTION
ICCM e a1 1270 | Aligner | ?diiI?;EcTS
(ifu_iccm_ | | (ifu_aln_ctl) ifu_i1_instr [31:0] 1o
mem) iccm_rd
. _data ifuaxi_rdata [63:0]
ic_rw_addr Il
1$ L] o q2 [127:0]
L, (ifu_ic_me
m) ic_rd_data
Lite DRAM
- - Controller
ifu_axi_araddr [31:0]

I DDR External
Memory

[E3. FC1 ~ FC2AIM I FRERAIRR LR - 5L » ICCMIFARRR - B REERVIpgaZdfifif
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ICCM ({Ef#4Hifu_icem_mem&{E) ~ {55 AL (18 > fEE4Hifu_ic_mem () HIDDR
HMEBECIRASARRL © ISFIICCMEN 1 — {4 —ryECiRe e flss (ifu_mem_ctl) #2281 - MAMGBEC
fEReriLite DRAMIZERIES ] - (ETHEERVpgaZdith - ICCM#HEH] » {5 1] LAFZ IR B 520 Y
SRR S EA -

WEBATR > F55 Akt (FBARERUIEifc_fetch addr_f1) {EFH—(EREHUEE (FC1) &t
B BRI6 R HIE T P55 - Z RGO EREREs (fEFHifu_mem_ctl
HE{E) : fetch addr fl=ifu fetch addr fl-

sl o BoA BT ST A B ATSR - B0 - T ifu, USRHEEEUERETT o sREBREIT ISR
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oS (EREAEE: (FC2) fEE5CEAG (EIDDRIMISECIEAS ) SICCMEEHY - dIERIE<1ir
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e 128 MiBY T e frkk-#iE : 0x00000000 — 0x07FFFFFF

WRERCEEE (RNZEEZ - BEREEEEE R > 2RI Rm+thE) - RISH{EEIREI40E
32 TiES (4EIH128Mr7T) : 5E2RENFRifu fetch data[127:0] - 12 B LAF2REHEEE
BRI EIAMRIE SR AT & T(F - Z(E4%EE (q0ff ~ qlEEMq2EE) %] LIEET
={EPEE128( TR S -

i HIPERRE:

R TS EAE MNP 212 (2 RE3) - fEiEsHifu_aln_ctiTE(E - H IR & HH T
{6 EBAEFS -

o GEEIR N FIREIREEMIFR32M TS S ¢+ B P B (B HAE fE S SC IR AR R LAY 1281,
TS S RIS S » B EBqOLE - qlfeflq2Efep - BRI 21
HWERSHEifu 10 instr[31:0] (#EEE0) Mlifu 11 instr[31:0] (#EEE1) {5ELS
SweRV EH1H Y E—#E (/S ) - ARfEFriEdec_ib_ctih E{EAYRI{EFS S B Fas

(Instruction Register > IR) 1 -
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/INIEAT T ERECRE & BT  25 i i AR BB R CHY ANV NENMB i TT - 150 R/NBUIMR
AIFERRCA ~ DIFENIFTRRHIEEF2EH (2 DDCARVAYE6.6.561) © B FEEGRHE B
FRER IS SR 16 L TTTE < - AR HE IR BME AR 320 U5 C AU AR PR B - ILEfE
if_compress_ctIff2H#{T - ZIEHAEERras (154Hifu_aln_ctl) AEREHIE -

BRGETE S /Aol SweRVref.doox L5558 77 ik 7 SweRV EH1 R BR4EE S HYET »
AR T —2E 8 T -

C. f#E5 - T - IEXNREFEE
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INsTRucTION [ 98¢0-instrd B1:01)  CONTROL | signaLs Control
REGISTERS [P . UNIT ipeline
(dec_ib_ctl) dec_i1_instr_d [31:0] (dec_decode_ctl) Registers

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

Control
Pipeline

EX3/DC3/M3

Registers

Control
Pipeline
Registers

COMMIT WB
STAGE STAGE
Control Control
Pipeline Pipeline |——
Registers Registers

raddr0 [4:0]  rd0 [31:0]—

raddr1 [4:0] rd1 [31:0]—

raddr2 [4:0] rd2 [31:0]—

raddr3 [4:0]  rd3 [31:0]—

waddr1 [4:0]

waddrO0 [4:0]

wd0 [31:0]
— | wd1[31:0]

Register File
(dec_gpr_ctl)

DCCM

Lite DRAM
Controller

ALIGN & MERGE

Buffer for
DCCM

Lite DRAM
Controller

i0_result_e3

result_e3

10-ALU-E4

31
MUX

L

Isu_result_corr_dc4

™\

3-1

i0 |result_e4_final

3-1
MUX

i1_result_e3

11-ALU-E4

MUX

i1] result_e4_final

i1_result_wb .
0 dividend
] viaen
rd2 —Jmux 34-cycle Out-Of-Pipe
rd1 » DIVIDER
divisor (exu_div_ctl)
rd3  —jmux
i0_result_wb o
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[RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/dectf - 1+ EEAF

FES RS B R B (A £ BT H

o HHEOEITHABIOE A EHIERSR - FERENGE Ly R - BT
[RVfpgaPath]/RVipga/src/SweRVolfSoC/SweRVEh1CoreComplex/include/swerv_types.sv
HIEFR o ELEHEIER SR ENVEITAAERE © ALU (alu_pkt_t) -~ IEEETT

(mul_pkt_t) ~FRABEIT (div_pkt_t) FIEfFEs (reg_pkt_t) F-

PRI TTRISERS © #H e SCESweRVref.doexE 5548 77 H #EfE 7 SweRV EH1pE#E 23
FA B RIENER T oy aH Y - A BAERIAERE » W T — ST - ERENEE
oh > FRATR e B R B AR s B O AHBE R RE Y -

f4Hdec_decode_ctl - & I Ay 22 il B TT HEUT AL A 24 (8PS B A AL ~ BRBRG ~ P75 KA E E]
AR R32MTE < (EES0 R Stdec_10_instr d[31:0] - #BES1 K aH 5k
dec il instr d[31:0]) ¥ HMETHRE - HEIRESELZEHESE - ESEUR 7%
HlE T (1H4idec_decode_ctl) Ky PRt » P2 B T o0 mwa flal Pl B A AR EAIRRSR - TR
{Ef54H (i0_decHli1_dec) {HMHFE< (10M111) EAFEARIERERTE (10_dpflil dp -
HAFAY fydec_pkt_t) - ARF(EEHITT (RS BERESS: HEEE s EAE
WS > AR TEE ) (i0_ap -~ il ap - lsu_pfllmul p%) °

i0[31:0] =
dec_i0_instr_d[31:0] ) i0 dec
inst - out
(dec_dec_ctl)
i1[31:0] =

dec_i1_instr_d[31:0] i1 dec

inst
" (dec_dec_ctl) o

t

i0_dp =i0_dp_raw
(dec_pkt_t)

il _dp=il_dp_raw
(dec_pkt_t)

15, FZEHIEE T

PRI RTTE A ERE TS (EE4T R BERIERE S ) KiaSiEfERat EEsR e
EURIER > B E QU FSREN S E RIS -

decode
(dec_decode_ctl)

i0_ap (alu_pkt_t)
i1_ap (alu_pkt_t)
Isu_p (Isu_pkt_t)

mul_p (mul_pkt_t)

o FHESOBIBEENEEWRMERT « WE4HTR - SweRV EH1EERIEREEE (10
1)~ —EFAEEN—(EE A EEEE (US) » 4 BERE—ERE IR
SAEIRRRIEES - BIRIG RIS SRR - P as R AT VU B E 42 — ¢

o HTEEM ) SHE I EEFHIT -
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o HAMNGEFELSEEFEHIT -
o RAECEBAKEENT -
o HHITHIECEI D EIRRAEE -

IR 2 I RS S TS (— R0t - S—RAEEE1T) -~ MERETE
AIRERFRRERATT © Bl - —EE Al RERYAH S RLAT -

o MR AR TS S A RO EE -
o —REMIEEIESCA—FERE (mul) FES0RIEERN0 (Hl1) ABRAEE -
o FUIERSHFEN (BABGET) EOMEUSEEDIIT - EECEREE BT -

BEAVE & PR RS S RS RR - (FAEREEEEN (PIAERR - HITRAEER14-16
ML) o EEEE I GRS L E o I -

o RFIFRmuliE AL R —(EERANER - ATZE RS — fmul 55 E 8 —(EE R
HERGEREE R (ER4TREE TR )

o HMIRWEMEHRE e (Arithmetic-Logic - A-L) T5S1E R — I P #ET TAES -
ANEERE S RA-LI S R — (A B IACH R B R &R She (FER15 RS It
fTefdlontr) -

FRTERES SN EOVE BEERIEERERTT - Rt > M3 141 ZE5ER (257
[E4) GAE AR ER T B TR - W E R R R R R AR (IR L - B
EEFARBE A exuly55279-3281T B E (HIEEZREBARA L/ exuf A HE - B ItERES
PEER TAE) - Higw AERTHYACRE R REAT T -

o SFRREE | AZUERIMHRBMEAE RIS B B ST AR O > TR EE RS T
AT o AR SE R R R AR A CKAE B 41931 F14:1 2 PR BHRE TP T B A EEAE
R EREURZEAL -

o I1rBf @ —LERISC-VIES(EAIILENE IR - A S BT E s S i Tieft - 2k
B I RIERE R ARAEEAHY3: 1R14:1 Z PR FAR T U > — (BEIRZEARALR) -

o HIFESMER 1 SweRV EH1EHIZE A HIVE (FastEZ ([E6) AAEEHUEBERA
SR AR (FHER > B=(ARANHEPHREEA DB S E FasfE R T R -
WRTEERARFEEL > HIRELRER T - EXE/RHpER A
FERHEEII TR GRIE < » 2K E B s 18 25 Ay A& (E R ERRH 2R AE B 4HY3: 1R
41 PR BAR TRUR o RfEEER  REUREIEF IS E AV #EE -

B B E A — (50 efizhk (raddrO ... raddr3fIwaddr0 ... waddr2 )
DL —{E 11z e ERSE (rdenO ... rden3f{lwenO ... wen2) > {&EKRIEE4TE
T o BAEBHRTA —E32( TE AEREA (wd0 ... wd2) - SEEVHEERA —(E
32f s AE R (0 ... rd3) - E{FastExEa32(E32f tlFeas (5
x0-x31) » HAxOREEERFO -
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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-

[El6. SweRV EH1thr] YV EI 238X

2% : fFii4Hdec_gpr_ctiT E{FEfFestEs - WArFEHdec R HERHE (257
[&7) - rifrtHéHdec_gpr_ctlfyVerilogie =(hE ki £ B aHskAEEE (LFEZE
[RVipgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/dec/dec_gpr_
ctl.svif) - DIBEEE TAETT - 3518 - SweRV EH1GRHEZE naTE & (88 Fes
&% - {[HRVipgaZ 4 i (E FHVAHRE(E T — (B fFestE R (2 RIEFE dec.svily
2540217 : localparam GPR BANKS = 1;) °

ld ec_i@ waddr_wb([4:0]), (de il Do ec_i@ wdata wb([31
c i1 waddr “wh[4:8]), i e ). 1(dec_il wdata wb[3

nonblock_load waddr[4:6]), nonblock load_we 2(1su nonblock load da‘r:ﬁ'[ 1},

r i@_rs1_d[31:0]), .rd1l(gpr_ i@ rs2_d[31:0])
1:0 rd3(gpr_ 11|2r![ ']]

fE 7. *%@decwﬁﬂﬁﬁ%??ﬁﬁ%’ég‘%{ E

i BTTEE:
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FEA/NES > TR HrSweRV EH il FIE BV LA A © M{ERBEE (10EENNE
) -~ —ERAEE - —HEAEEEEN (5 FE R34 EIERIESS -

MO/ © i B B A o AR BT - P93 5 = (BB 99378 AEXT ~ EX2R
EX3 - (B IEX IS B9 (0 & —(E VBAERIIALY - SeSyBiT ST (i sk
) DRI (0 AL A0 - EXZRIEXSISELET /D RAEHS  (BOE A
(IR ERPA- LIS S SLECA A5 5 = (B F BB A IS S0 (PO, - BEERITRLS) o
I - AEEBR12  JRIPHRF R4 ST TION i -

FOAEE | AT EEEATIALEETR - T = HISE - M1~ M2FIM3 - 328 E a5 —
{EREHE TR ECRARSEIERASS - AEER14T > MR ERFt oA E E -

BAMETE (LIS) BIE : LUSEEEEAT DAHOETR - fEER13% » RIFTEEAFRRERE
SRESTE - ANEFIE SHEBUSEEHRIT - EEMEMEIEE -

o DC1: fE5—[EEL - IAS BT BB R F e A AN HEAT A RS EAR DG T AL L -

o DC2: {E55[5E: » # AT HEHIDC it RAVALMEERGCIRAS - ARAHEHBEIDCCM -
ARG & Ry 1EDE - BRIEERT > A 8EE - B2 > QRFIHEE ELRE
f o AVERATRERR R (E 28 (] - EAGHUARPHZE/FEPH ZER ALl 5 FH LUR AHRR M2
FAE » TR I E R T —0 0 f -

o DC3: {E5E=[&E » BRIETHEEMGH (FIa0 - AR A2 E — kA E 2R R
T - RUATRE R R B ik GE AR EV B RHE A FIB AP EY ) - TEILPEES - GEEFEIE S
GBF GRS - BIERFEARE R - R AGRFHLEIDCCM » AUERAIL L EE T
DCCMZ B b 74k e P 4k (IEAERMHETER 13T o maviies) & MRS AGRIFL
BRE] EECRAS - ATE R A EEAXIPE R PEHEAEIS NG (Lite DRAMPZER ISR EHE
HzacREHIERD -

Bri&es © WASEE AT O GER - ER—EIFESET - RS MEEIIAGT A
R o BEARE A TR RS o

R 3: 125 ERBHRE : £5F = (Eeh{ TS % (EX3/DC3/M3) &E5ls (AE4FR) {5 i {E3:1
ZEShARE (RS —(E ) EIEMERYEE (10/11 - MULEKL/S ) S5 SMIAERE - E Wi {E ke
BAfiLrdec_decode_ctlitidH o - EBilim P OMH BRI - 77 22 REFHRAAIES AT /R « 5% 2 EFaREN =
[ELap N

1. I0BBLGER 10 result e3 - EE12K 3 HaZprsik o

2. LISEELGER  1su result dc3 - BEISFHTEZEERK -

3. FHEEEER  exu mul result e3 - FE14IITZEGK -

Imagination KE25t#] — RVipga#5#11 + SweRV EH14HRE - &5 IAE R
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Control Signal

i0_result_e3 SEVVEEN

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];

E8. ZEi3: 12 EXFARNEEIEEX3EER « Ef1Verilog

{E% © FRIBE8 M2 BEBARERYIEHIML T - 85 EE » ZEHIAITTEMNTRe3d > %NSk 5k
Ao E AT - B—(EENSR R PH BT e AR L EE A (CHRATERILTTAYEREH » 552 A
SweRVref.docx) -

iii.  HEACPREL
TERRACPE B » W31 2 RE5HRE (s —(H) BEEE O P FHREENGER (SRE4) - 8l
S OMERRIBRN 75 2 REBHRAIEIORT R - TA =(Eim A

1. EX3%EHR 1 10 result ed - (EX3HY3:1LELBHRANIERL) -

2. EIFERHERER © 1su_result_corr_dcd - EERI3KEMaZEEK -

3. EHBJALUGER : exu 10 result ed - B TRIEELER, - BEALURIEE4FHEUR -
WHTSCATHL > B ALUTE HIRERNE iy LB N EE R IRIES (AR
& > sE2 AEw15) -

Imagination KE25t#] — RVipga#5#11 + SweRV EH14HRE - &5 IAE R
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Control Signal

exu_i0_result_e4d 32,

i0_result_e4 32, 320, i0_result_e4_final

Isu_result_corr_dc4 —2<—» /

exu_i@_result_e4[31:0] : (ed4d.i0v & edd.i@load) 7 Llsu_result_corr_dc4[31:0 i€

9. #Z1#3: 1S FRPHRRNEHERA4ER | [EfIVerilog

[ % : 1RIR B9 2 BB RN RIAT » i te el (T A B4 dec_decode_ctl - |

iv.  R[EFREL

g —EPSE: (REIFEEL) (EHMEORTRAYATME R AR (0F11) REERE AR F e
% (gAY - RFIFFEERFEAS =R AR (2) ) - WIERTAEISE AWM
R AEESABAEFS (MIOSHES ~ fiFfE<..) o WIIERTAE EI T M RS
% o it anan SRR SRR AE AR A P P e A2 NG FR e B AR T s Pt

D. VerilatorshgyfssgaEs

FEAE T TR RAESWeRV EHTE SR -FATRI THYRI RS S BV EEETE - e RAT24ED
T 4EEHIERER - 1R B BRAERE (5 F Verilator S A1 B2 A L R B 25 Y P DR R B2 SIE 228 48 [ ]
A R

PE NG TIEN 1 OFREVER IR A - AR EmulMladdfE < (LIALESEREER) - EfTE

LSRR —ER 4y - BRI P [RVIpgaPath)/RVioga/Labs/Lab11/ExampleProgramifit 1 PlatformlO
HZ > EEERERE ST - SIS HEER - fEPlatformlOh AR A #ETT4R:E (fRE

CAFI7ER) > EJLX?E?E?&%TVSCMGE%BE@}%Héﬁ%%iﬁr%) o fAHERREER (LRt

Imagination KE25t#] — RVipga#5#11 + SweRV EH14HRE - &5 IAE R
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[RVfpgaPath]/RVfpga/Labs/Lab11/ExampleProgram/.pio/build/swervolf_nexys/firmware.dis )
GRUNMANIEESS - 5518 - WIS <70 I irk:0x000000F0710x000000F 4% :

0x000000£0: 03de8e33 mul t3,t4,td
0x000000£4 : 01££0£33 add t5,t5,t6
EMRIE SRR FAE & Rnop (IEER(F) 155 LR HBLHANTS SRl - Stk it T4y

1 > nopfE S FEE LGHIREE - FERISC-V > nopfiiffisaddi =0, %0, 0 @ RELRIEHE
F50x00000013(y32(ir yeikasta < - IERAEAMSTER T R EELELIK—EnopfF< (1£]10)
AT (BEHELER  BEfEERASEE100 - {Ha]LIfEPlatforml OHZE R FE]) -

Rl REE R, - TR 2 i SweRVref S RH B 28] 73 A Zithy A% (5 0 ST Es A BR 4 <

11 x28, 0x1
11 x29, 0x2
11 x30, 0x4
11 x31, Ox1

REPEAT:
mul x28, x29, x29 # x28 = 2 * 2 = 4 (later iterations: 3*3=9, 4*4=16, ...)
add x30, x30, x31 # x30 =4 + 1 =5 (later iterations: 5+1=6, 6+1=7, ...)
INSERT NOPS 10
add x29, x29 1 # x29 = x29 + 1

INSERT NOPS_10
beq =zero, zero, REPEAT # Repeat the loop

E10. R Emulladdif SHIEFIRE

(&1 1A 25 R shd T 10 ey A2 = R B ey Verilator iz 2 < (811 P B 2 B Al = {1 & 4%
PEE (FC1 ~ FC2RIEZ — 2 RIE3) HIENIE - 127~ A2k 5 HErlGEAvEaE (2 RIE4) -
Fo 1 LB SFME 4 OriF— 2 FAPTRHERI > RoRi(EE - (HEEECE - ERIRE S E BRI
(EMTEVERD FIERSREE (EI12092ERD -

fE e DU ERER - FRME ? EEEGIFEHHE S (1EWEHEA TSRS S > deciBHEMS
PEELIES » eXiBHEX (X= R =) TIREATIRS » e dIBHHESIEEAIES - wh
EHEREIFEELAVE <) U\Ezﬁﬁﬁﬁi%? CTEERVER (Ryi0fEEMErt0 - Ryl LiEEEER1) -

e ifu i0 instrfflifu il instr > B PEERATE S
e dec i0 instr dffldec il instr d > RS EF AT S
e i0 inst elfilil inst el SEX1E IR S
e i0 inst e2flil inst e2 S>EX2[EEHiES
e 10 inst e3flil inst e3 >EX3[BERNIIES
e 10 inst e4flil inst e4 TP 2
e i0 inst wbfllil inst wb >R EIFEERATE S

Imagination KE25t#] — RVipga#5#11 + SweRV EH14HRE - &5 IAE R
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mul t3,t4,t4
add t5,t5,t6

:}3“:; : 48550 ps 48560 ps 48570 ps 48580 ps 48590 ps
clk=
ifc_fetch_addr f1 ext[31:0]=
ifu_fetch_data[127:0]= BF3303DERE33
ifu_ i@ instr[31:08] =
ifu i1 instr[31:0]=
1. A ={EERIEBAURLEE : FC1 -~ FC2RIHE
mul t3,t4,t4 add t5,t5,t6
Signals
Time 487608 ps
clk
dec i@ instr d[31:0]
dec il instr d[31:0]
raddro[4:08]
raddri[4:08]
raddr2[4:0]
raddr3[4:0]
rde[31:0]
rd1[31:0]
rd2[31:0]
rd3[31:0]
i@ inst el[31:0]
il inst el[31:8]
a el[31:8]
b e1[31:0]
a ff[31:0]
b ff[31:0]
i@ inst e2[31:0]
il inst e2[31:0]
i@ inst e3[31:0]
il inst e3[31:0]
exu mul result e3[31:0]
il result e3[31:8]
i@ inst e4[31:0]
il inst e4[31:0]
10 result_e4[31:0]
i1 result_e4[31:0]
i@ inst wb[31:0]
il inst wb[31:8@]
18 result wb[31:8]
i1 result wb[31:8]

waddr@[4:0]
waddrl[4:0]
wde[31:0]
wdl[31:0]

[B12. SiePEE IR ¢ RS - EX1/M1 ~ EX2/M2 - EX3/M3 - B R15T/E|

Imagination A2+ #] — RVfpga g s11 : SweRV EH14HAE « 45HEFISAEES 1R
Hii4:2.0 — 20224E4
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£ © LU PEE (MGSGETE el ) £ H CHIEM FEE B 1 1FIE 12 Ay

i

- DR EA R EAIAER (Vivipgasim) e

- {£PlatformlO » BHARIEL MM B AVEZE ¢
[RVipgaPath]/RVfpga/Labs/Lab11/ExampleProgram -

- TEfEZplatformio.inid 17 FIRVIpgatsift " HEIFEZE (Vivipgasim) HYIERERSK

- {EMVerilatorzE A FEEPT (EETPF) -

- [ERHGTKWavelH e -

- [HEFfEZEtest_1.tclflitest 2.tcl ( {F[RVfpgaPath]/RVipga/Labs/Lab11/ExampleProgram
AL ) BAREAE 11 AR 1 2R R SR AR [EIRVERSE o Rt - EGTKWave | » $#%—1 ' File
— Read Tcl Script File ;| (f£Z — BEITCHESHEIEZE ) » AR EEEtest 1.telditest 2.tcl

EES

- R TZoom In, (KD () FEEIE48600 ps (BRI ML
RAERIN) -

IR 73 EE 1 1 L 1 20 R 7 DA R [ ST 4 - A [ - ] o 0 $ B A 18] 5 40 P B A BT gy — 2
aat o DAL EsRRBURAVEH ENR M REEERIHES (mulfladd) -

- FC1: FEMAVE—(EHEIF > fi5tifc fetch addr f1 ext[31:0] (FExETH#ES -
AL S AT ) BAmu IS SIIRE (B > #5#7) (ifc_fetch addr fl_ext =
0x000000F0 ) -

- FC2: fEEMAVE _(EHEH T - f5SsC A2t — (e 128 cafst - Hoh EiEiriEe
# P TAIRIGRE S (nulLISREEDR » addIALEEDR) ¢

ifu fetch data = 0x000000130000001301FFOF3303DESE33

- BPE  fEEITAYE @% {EAEFA R > REHTHY 1287 TCaR T T R HURI 55 < 73 3445 SweRV
EH1 G &1 {1 1

ifu i0 instr = OxO3DESE33 (iEf&0)
ifu il instr = 0x01FFOF33 (ZimEs1)

- REES  EEN2095 —EERA T o SR GRS TS - B SR T SR
fFeslE - WEAZESIIT (EHOREUR @‘JLA]%R?SweRVref.docx@% ACHT I Hp— L
PERlfT) - EEOT (EfFEdsE) BiRrd0 ~ rdl ~» rd2fllrd3d -

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

- EX1/M1 « EX2/M2 - EX3/MIFIR3E © {eE1265 TAH = BB T - SiinAmes «
EX3/M345 55 » (9 FIRIES: SRS S - 208 (B BRSPS -

Imagination KE25t#] — RVipga#5#11 + SweRV EH14HRE - &5 IAE R
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10 result e4 =exu mul result e3 = 0x6A * Ox6A = 0x2BE4
il result e4=1il result e3 = 0x6C + 0x01 = Ox6D

- RE : EE120VRE—EET o RS EE s tEE T

waddr0 = 0x1C wd0 = Ox2BE4
waddrl = Ox1E wdl = 0x6D

3. SweRV EH1 {828

BT AR B R e o F R BE S T s 2 o T R BH B R BE - TERSE T EEs 2 H iR Ry s Ean
— AR AR E T es - ANECERSTEIEAE - BB TS S8 - YTHY AR - BIRIESHIE
RS EHAE (CPl) ~ 55 Pl TR/ ar th 2By ~ (ERE/SE R TR oy 8% -

FEEER12-2000 > FFHREE I I SweRV EH1 Ry REE R ACH EAIEEEA FIHVIE(E -

BEEE | &R [RVipgaPath]/RVfpga/Labs/Lab20/RealBenchmarkst » FfIFEH: T =1
HIZER (CoreMark - DhrystonefllgZ {5z ) » FER209 & EFfACHESWeRV EH1E
HERHYN[EITHEE 3 SweRVref.doox{F 687 th i G4 TS L fEH - E 520/ R
FER IO R S {8 (7S -

A. SweRV EH1HA 3 REE TRz

RISC-V SweRV EH1f2 %5 TEMZ2Z T} (https://qgithub.com/chipsalliance/Cores-

SweRV/blob/master/docs/RISC-V_SweRV _EH1 PRM.pdf) 114Z2 7 RISC-VE 25 A EL AR TS

RERETRE - WHEIELL T AR TS - B st HEs 2 AR E 728 (CSR)

o mcycle : HIBFAEEIFHEILIZKE - hart (BEFGHTSE ) T THYIRF A AR

e minstret : HEAEERREILIK » hart /& K8 -

e mhpmcounter3—mhpmcounter31 @ 29{EH A 451828 - HFEEREEZICSR
( mhpmevent3—-mhpmevent31) FBWARL (55 A(Ef{E > SEAEAE) Eires - HRE
HE B E B TR E Y - BB ERHFEER » HEHORY » Fom T
gﬁﬂ °

WIEFT AT RS R ZE(E - ot s A EN B E e 4R 0 —E A8 E - B
BezkER - f£SweRV EH1H » HEEAET#E33%6 ( mhpmcounter3-mhpmcounter6) J; EAHE
HISEAEREERS (mhpmevent3-mhpmevent6) 1EH TAF » ME{FE18237%031 (mhpmcounter7-
mhpmcounter31) K HAHFERHFEETESS (mhpmevent7-mhpmevent31) tEEFZRE0 - 32863
BRI FHmgpmcEi{72siArt0 (0 ={FH - 1= BtH ) 24 -

Imagination KE25t#] — RVipga#5#11 + SweRV EH14HRE - &5 IAE R
Hii4:2.0 — 20224E4
© Copyright Imagination Technologies 18



SweRV EH1E GG TElI2% TMHYEE

Imagination
university programme

7% (https://github.com/chipsalliance/Cores-

SweRV/blob/master/docs/RISC-V_SweRV EH1 PRM.pdf) 541142 7 SweRV EH151 (00

(ESRE R T RS YR M

RIE -

- DUEEAE6Af TR ST RS

- BTSRRI
- PERBEEREE TR MR RS

- [FIETEE R E R RE

- PR
- PEEENIES

aTEEs

- A AESoCH RS THY BT 17 25

2O HYRRT-251H T SweRV EHAHEYSO(E il 54 » B E R

1T T -

1. SweRV EH1H YA EEAEE
0 {75 17 CSR:fi/% 34 SB/WBEHA® {5
1 B AR 18 CSRE/:E==0 35 DMA DCCMZZ 5 e =
2 55 Mg eh 19 Ebreak 36 DMA ICCMXZ 5 B 1A =
3 ] Eé\mﬁwﬁt@ 20 Ecall 37 FLEBIINRS
4 SEHEAT 21 Fence 38 S T
5 16@[7&5 e 22 Fence.i 39 S BT
6 32@55#5 T 23 Mret 40 TLUBER
7 ST 24 5y EHRAC M 53 SBERABERE
8 }E%Eﬁﬁﬁ% 25 5y ST RIS 42 ELHERH Y — 5%
9 FEECHEAC 26 T 43 R HERC S — Id/st
10 FriEEde 27 Sy SZA BT TR 44 BRSPS B AT
11 AT 28 HRECEE 45 TESTET RS
12 [Ecamt 29 B ER I 46 HRIE RS
13 ARSI 30 fEts IR 47 S BRI - JEIHEE
14 i ARBER 31 & [E5 B 48 ENERIBE R R  JEIHEE
15 ALUEHES 32 TaSIE B 49 hETEHEER
16 CSRFiHL 33 [ 50 1 I P S

B. i#iEWestern DigitalfyEIE2EZ#2E{ (Processor Support
Package @ PSP) (& RI38(AEET8IES

Y Fas S RE R

ARG R

Gk 2R E - WD PSP

( https://github.com/westerndigitalcorporation/riscv-fw-infrastructure ) Hf— by #EE it 7 —

@Eﬁaﬁﬁéﬁxﬁﬁﬁ%ﬁﬁﬁ%f’ﬁD%E‘&, RGSGH YR IHZE T PlatformlO - UbuntuZ:45H fEfF

FELLUT Mg ZE -

- ~/.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 :

ok -

.platformioE BRI AN iA 5 & &R A (C:\Users\<USER>) A -
SR 24 Re it P ek AE 22/ 3

nﬁif%z: ’ ﬂﬁtt:,?ﬁ%

macOS : BEfELinuxd—%E »

.platformio &R} H X FE R (~/.platformio) 74 - ‘

FEHE.ctE%E (psp_performance_monitor_eh1.c) BE{EAYEY » AT LIELT

ﬁ BLY2% (pspEnableAllPerformanceMonitor) -

Imagination K551 — RVipga ka1 : SweRV EH14RE - 4EMRIRAER: ¥
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(pspPerformanceCounterSet ) SJERGET#E3E (pspPerformanceCounterGet) 2
SR -
AR %S

higZ= (psp_performance_monitor _eh1.h) fftypedef enum
pspPerformanceMonitorEvents P PRy EHESEG-HY2TE -

[RVfpgaPath]/RVfpga/Labs/Lab11/HwCounters_Example 2Ly DL N & ([&E13) 7B T

el SweRY EHA iy VU ERE RS ST BEs AN & - BHE ~ 75580~ EFERHT 7 LR TS

Y77 3% e Mainpl#y

o IB{EUART (uartInit () )

o EyrFnFEREETEES (pspEnableAllPerformanceMonitor (1))

o FyEEFT#EE: (D_PSP_COUNTERO - D PSP _COUNTER3) f5EZLHIENVEM: (A% -
TECH ~ EFEXHY 7 SR IS 280 77 %)

o GEHET#ES (pspPerformanceCounterGet (D PSP _COUNTERO) )

o NI —{EEEIHEEESES (Test _Assembly () ) I FHIGEHGTEES

o (FHMREprint fNexysliHS{EFEESIE -

SR ST RSV MG (E 2 1% » Test_Assembly () MR E 1R 1,000,000%K : 5%l £
ahEFE s (AL) 5N @RS - MERE R BURERN3AVKE » LUT R
R R P T RS 32( STt estE S HYME -

Test.CHZE

#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 */

vartInit () ;

pspEnableAllPerformanceMonitor (1) ;
pspPerformanceCounterSet (D PSP COUNTERO, E CYCLES CLOCKS ACTIVE) ;
pspPerformanceCounterSet (D PSP COUNTER1, E INSTR COMMITTED ALL);
(
(

pspPerformanceCounterSet (D PSP COUNTER2, E BRANCHES COMMITTED) ;
pspPerformanceCounterSet (D PSP COUNTER3, E BRANCHES MISPREDICTED) ;

cyc beg = pspPerformanceCounterGet (D PSP COUNTERO) ;
instr beg = pspPerformanceCounterGet (D PSP COUNTERL) ;
BrCom beg = pspPerformanceCounterGet (D PSP COUNTER2) ;

( );

BrMis beg = pspPerformanceCounterGet (D PSP COUNTER3

Imagination KE25t#] — RVipga#5#11 + SweRV EH14HRE - &5 IAE R
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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_COUNTER1
D _PSP_COUNTER2
D_PSP_COUNTER3

’

’

’

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

.text

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

nop

add
add
sub
or

xXor
bne

.end

lui al,
add al, al

Ox1
0x3
0x4
0x5
0x6
0x0

REPEAT:

a0,
t3,
t4,
s,
t6,
ao,

OxF4

Test Assembly:

Test Assembly.SfEZE

.globl Test Assembly

, 0x240

a0,
t3,
t4,
s,
t6,
al,

1
tl
tl
tl
tl
REPEAT # Repeat the loop

firmware.disfEZE
000001e4 <Test Assembly>:
led4: 00100313 1i tl,1
1e8: 00300el3 1i t3,3
lec: 00400e93 1i t4,4
1£f0: 00500£f13 1i t5;5
1f4: 00600£93 1i t6,6
1£8: 00000513 1i a0,0
1fc: 000£45b7 lui al, O0xf4
200: 24058593 addi al,al,576 # £4240 < sp+0xf0788>
204: 00000013 nop
00000208 <REPEAT>:
208: 00150513 addi a0,al,1
20c: 006e0e33 add t£3,t3,tl
210: 406e8eb3 sub td,t4,tl

Imagination KE25t#] — RVipga#5#11 + SweRV EH14HRE - &5 IAE R
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214: 006£6£33 or t£5,E5,tl
218: 006fcfb3 Xor t6,t6,tl
21c: feb51l6e3 bne a0,al, 208 <REPEAT>

E13. Test.C - Test_Assembly.Sfifirmware.dis

(% : #IRGSGHTHifENexys ATH EETE13FHVAER - $CAIERYUEEN: - ELEEIE14
FRHYSER - MRS I4E

cyc end;
instr end;

uartInit();

pspEnableAllPerformanceMonitor(1);

pspPerfor

Test Assembly();

d = pspPerformancec
= pspPerformancec

pspPerformanc

yc_end-cyc beg);
instr_e

TERMINAL

e, debug, fault, direct,

M e n N,1 --

Quit; Ctri+C | M 1 : gl ol d by Ctrl+H ---
3000339

ructions 6000872

1000819

=13

El14. #if7Test.C

£% © EEN1M3FTREAVIE RS T 8as O E HA B - Ryt DA
pspPerformanceCounterSet AT Test. ciEZEHE T RHIEEAFHIAERE - FHFEE > FILAE
FHWD PSPHEZ e F=HY E LS E N EINEM: (WFR1FR) - .platformio/packages/framework-
wa-riscv-sdk/psp/api_inc/psp_performance_monitor_eh1.h - {4 » 40RZLHIE NS A R E A
F oy A ar L ALVEIEREZE

H’%Test.cﬁ : pspPerformanceCounterSet (D PSP COUNTER3, E BRANCHES MISPREDICTED) ;

¥ 1T * pspPerformanceCounterSet (D PSP COUNTER3, E T CACHE MISSES);
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{£% : fETest AssemblyEiEft AN WinE A FAEFR G R T IR -
HDERAEMIES - PIOEA ~ fF ~ & - BRA. DG [SBRERTENER -
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