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1. &G

HEAEERT > TR HTSweRV ERH1E &R S8l PR A R T A1 B HTE S0 - B8R TEH1HER
RSt G - RPEAE R Do ITRIIEE AL CssaREUR © (0B BRI - EX1 ~ EX2
EX3 - f23¢ (Al BEX4) MIREEE - (IWEEZFHEICEEMFE - ERMHEA ST
BT R E Y EER7 - MTEESEER VN EER16h I REHN 7R & E: )

Stage

i Aot

:

3 —Sanront
Load/Store Pipe 10 Pipe 11 Pipe Multiply Pipe Divider

s =ul - (| = i

6 | oocz | || exe ||| exe | | wm2 | St

Pipe
7 oot | s | [ee | [L2,

Stall Point

EX4
B Commit

IB1. SweRV EH1E S : HSHRE T T addis SHYSE4-OLEL

28T TR raddffg CHVBBEI R IR (IR ERERB AT FSRER) - £
SRS > WG EaddiE < - LB E £ H CRIYER D EE IR EEE - 553577

o TR R (AR RR SR L% I i a d ot < ATl D BRISUDIE AR AR S A oA SRl i 5 <

2. SweRV EH1#%.(»addiE ST

EARE S B E A B 28R EG] - 2ZHpsif TR E P E & addfs < - Bk
[RVfpgaPath]/RVfpga/Labs/Lab12/ADD _Instruction$g it T PlatformlOZ 2 » iEfs(F nl iR B FH
BOTAT - BRI E AR o WISwWeRVref SR EE2E0 /ATl - RfE SR, - AREZ 28 {1
FRYEFE < o [bAh > BT (RS » M e MR E i A addfs< » BFE—2K » R FIE %
SIFTHEEREE —IER - AR DA TREL (18) RanhaviEn T ETIRE - SEEHUERE
ESERHN AT e TP P EIRR E V&I - Bf% > (EIRFITEAER B S E | R TR IE— -
addf5% ({EE2% DALERIHER ) RifRF T Fnop (MEIR(E) 155 » DUERFEEFE
Pl At 2RI AT 5 /1% 7 addd5 S TRk -
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.globl main
main:

1i t3, 0x4 # t3
1i t4, 0x1 # t4d

REPEAT:
INSERT NOPS 10
add t3, t3, t4 # t3
INSERT NOPS 10
beq zero, zero, REPEAT # Repeat the loop

t3 + t4

.end

[E2. addfs<Hhl

WIFAEPlatformI O BHEY ~ 4ReF 2K - AEFARUSAHFESR (it

[RVfpgaPath]/RVfpga/Labs/Lab12/ADD _Instruction/.pio/build/swervolf_nexys/firmware.dis

) o Alg#Hladdfs< (0x01de0e33) firjitaZ 2= ((ir k000000108 -
0x00000108: 01deOe33 add t3,t3,t4

| % : Bpagietb32(iryr (0x01de0e33) EEHENRISC-VAEETIESadd £3,£3,t4 -

A.  addfsSHVEARIIT

& 3R 1 B2 F2 Ay Verilatorti i > HL b BUR T 182 FYFR S UE R A 55 0 SR A T
addff % - iErRE C AR EER SRS « EX1AIE[E] (Writeback » WB) FEESAHRRRY—LEERTE © LA
LESRFHBURHERER addif < - Wizie < BBI0E EiBREE = (ElEE - 5518 > BTAT
RHYER S FERN0E 2 -
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Hii4:2.0 — 20224E4
© Copyright Imagination Technologies 3



imagination
university programme

add t3,t3,t4

Signals
Time

15108 ps

dec 10 pc d ext[31:0]
dec 10 instr d[31:0]

raddro[4:0]
- raddrl[4:0]

waddré[4:8]

- wend
wdB[31:8]

- E:JE[B—I:E]_]

3. E2-h&EpIREE Ay Verilatorfsift

.4%ETTLL|0 7 HEAE R Y S DU IOA I B Taddf5 < HYSweRV EHTESGRILE (2R
E2PHE) - FREEE TGO TR SN FRFE AR

o HEHi: fiEns  BHE TSI F K o BIBI0EE#EAAES
o AHAIH : EX1 : EEALUGTENDE -
o HEHi+5 FIE ¢ (R A EBHRORINNAGS R AL FEEE -
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add t3, t3, t4 CONTROL

Instruction Register UNIT

dec_iO_instr_d)

Imagination
university programme

Decode EX1 EX2 EX3 pnCommitWriteback

(signal (dec_decode_ctl)

+

\

28 (83) | agdro e I | A P
29 (t4) raddr1 8
28 (t3) out
waddr0
wen0
1 5| wdo PP L | P
REGISTER

ALU
FILE (exu_alu_ctl)
(dec_gpr_ctl) Pipeline Pipeline
Registers Registers

E4. #fTaddf5SHISWeRV EH1E 4R

(285 © £ F CRHE - EMEST HIBBOERE - Rt - AL T S BB ({EGSGHIZETH)
SR

RS AR EfIAEZR (Vivipgasim) o

fEPlatformlOH » BEEELL T BEFREAVEZE
[RVfpgaPath]/RVfpga/Labs/Lab12/ADD_Instruction -

1EfEZE platformio.inith & 77 FRVfpgafsifit —#EAIfEZE (Vivipgasim) HYIERERETE o

{5 Ff Verilatorze A= e85 ( EAFET) -

1EGTKWave [ BfELEHN -

(i FfE Ztest_1.tcl ({E£[RVfpgaPath)/RVfpga/Labs/Lab12/ADD_Instruction/{ 2L ) Ff
B 3p RS AH [EIVERSE - Bl » fFGTKWave | » #—F T File — Read Tcl Script
File ; (g% — SEATCHE SMEHEZ) Wi fEtest 1.tclfEZ% -

Fe6 T Zoom In, (Hk) () #581E15000 ps -

BAPTRFIEI 0 o3 A7 (B 3 R AR T A E 4 R ] > DARLER R E 4R P Y adats < - BASUT T Frit -

A - A © sl5fdec 10 instr A& 32 Ti%#345< 0x01DEOES33 - £RISC-V

> addf5 CHVIRIERS T (2 R[DDCARVIAYITB)
00 | rsl | 000 | rd | 0110011

o] LIS ERER0X01DEOE3BE A ER, © add £3, t3, t4 (GEEL(E - t3=x28Ht4=x29) -
fEiE— W E - REE ARG I SR e i - A [ —FEE: (EX1) - EEOTRIAHEI0

EHEEEFIALU - SiFiraddroflraddrl (EFLAHEIFRR) BEaddff CHYRIEAIR
Uit - sloftafipEafE T —(E (EX1) FEEHXEIALURIE - AfIHHYaflbEE
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s E R THEIEE - HRHEMIES - aflbage@ A FEAVE  FIa0 > bra] AR IR -
HIIRHER EAVE B D o EALiE < -

o I+ EX1: $fTaddfE % - Elika fEMIb fEEIEALUAYER A CABIH 535 Ry 7
1) > MElsfout BEINARNEER (8) -

o HHII+5: BME : &K% o FEAEEENE - DUERGEREBEHTwA0 = OX8RE I (7 e AE AR
o AP EEEEANER - BRABHRwen0 =1 (BABM) - INEGEREEEIGE
RIFE AR Fax28 (LIHEIFOR > waddr0 = 28) - A[LIEEHR » fE8E TARAVEN] ([E
e —EEEE) | BFEREx28T T Fs¥r{E (dout =8) -

saac(E o Al EEGTKwavel R X B GRSV E RIS  Mltt - FIFIRERERSE L > % — T 5

A AREEFRN "B, o B30 - waddrOBRFHHEAIFE (28) MIAZE
NS (0X1C) ETHEEE - AESHR -

5. LIS AR waddr0

B. addisSHVER T

AERTTRFEEAER 7 B st oA a d s S B IERY 2B B (TERBEIRE]) - 20 e B3 R
ORI B 2R -

[E6FR I addfs <2 BI0E T I ARy X Z T RAVEEAIE - B 10YE4 T AR
o~ CEERr R (EE AT TEE) - EREHBLEICE E et #laddfs SMHBARYERIIERN - HAE
TR A REB FIRRANERN - FEHERIRH A BN RALE - BB ESRAY AR Ry 2
@ - BT ESweRV EH1 VerilogfEsH i EFAVEIE M - 9t (=) ForVeriloghzz{HEH
HYEHSRIEE

| ££3 : 7FSweRV EH1pEEE 3 Verilogh e 1k 116 oy £ TS HERIENSE -
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Decode EX1 EX2 EX3 Commit Writeback

U Pipeline Pipeline Pipeline Pipeline Pipeline
dec_i0_instr_d [31:0] i0_ap [19:0] Registers Registers Registers Registers Registers
Control Unit for for for for for
iOr [14:0] Control Control Control Control Control
(dec_decode
_ctl) - dd [66:0] Signals Signals Signals Signals Signals
: i0]ap_e1 [19:0]
- e3d
I
g
& ALU =
gpr_i0_rs1_d Ql — (exu_alu_ctl) _ %
dec_i0_rs1_d [4:0] o — aff ap s o
raddrO [4:0] I aff— | b =
dec _i0_rs1_en_d | ey < -
rden0 rd0 [31:0] S o [iOwbre
dec_i0_rs2 d [4:0] | a44r1 [4:0] out [31:0] = = | sultff [T
: = . 7]
dec i0_rs2_en_d rdent = bff ;O_' @, [i0edres o
wen0 1131: gpr_i0_rs2_d B IOEIZt;?s o, i0e3res § S
wadgro | 1itol i0_result_e1 [31:0] = = [Lueir — o e
exu_i0_result_e1 [31:0] 9] e o
wdO | ™ =
=] — =]
° ? 3
Register File 2 g' o
(dec_gpr_ctl) o 8
4 o
i0_result_wb_raw [31:0]
dec_i0_wdata_wb[31:0] = i0_result_wb 2.1
MUX|
dec_i0_waddr_wb[4:0] = wbd.iOrd[4:0]

dec_i0_wen_wb

[E6. LBOEENRITERESCERNEEET

Imagination KE25+# — RVipga®¥ip12 : Hiffi/#§H1E < : addfF<
FfiA2.0 — 20224E4 F
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i fRUSPEE
W B Tl - bR B 2 = W I £ SEAEHS
o BHEOEITREIEE A RS -
o HEEGHERFERTTAHE S FXEEEREE -
FE TGRS addfs o0t BRI R — Lo AR RHER ST G S e -
S < TS0 B A PEHERSR -
WEEE10Y552.Cal oy Fritk -
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/include/swerv_types.svi
TEFe | SR RSN T T /040 - Hp = (45 REERTEE (Arithmetic-Logic » A-L)
TS EREHRY

e alu_pkt_ t:EREA-LIGCHYEELE

BRI EERSE10_ap CEEE0) MIil_ap C(ZEPR1) FEHSFSEL{EH4H dec_decode_ctl
WNERERATEE » WAERGEHIT (EX1-4) [EELERE (FEEE0RENSE10_ap el
i0 ap e2 10 ap e3f1i0 ap e4d > #EE1AEHFEi1l ap el ~ il ap e2 1l ap e3
fil_ap_ed4) - EMMEEAREALUSHIELERITRIEZEREGT - E¥iTaddig<
I > 10_ap/il apbk 1 FEFIALTEZERIERSEIMYRTA ALTIEE £0 -

o valid: FonisE—RAREIALUTE S

o add: Fonige fraddfg<

BRSO PHHE A EA-LIE SN > S18E10_ap/il apHIFTANALTH A0 (EEGHGR -
valid =0) > Ef—2KI0/N1T ALUFRAAEIEH -

e reg_pkt t:EEAIHVESEi0r (AEERO) Milr (iEER1) {EfH%Hdec_decode_ctlyi]
EFE  FREMER - EfMEEMERIFEFES (Mirs1fMrs2) AR HIETFEE
(Hfizrd) AYEmSE -
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o dest_pkt_t:ZFHRIAVEHITAN RIS ELE 5 4Hdec_decode_ctiNEEHEFIFEE » il
FEFTE FIERIEEE (EH5feld ~ e2d ~ e3d ~ eddfilwbd) {HE - TEEZ(EMNL - FlATREE
OFiEES 1 HHES 0 B 788 © 73l f510rd[4: 0] Mlilrd[4:0] °

SIS B SO SR S TAOMSEL - 10z rs1/ilr . rsl
Mi0r.rs2/ilr. rs2FRENEEIEN > B TEMFEISIS R B PR IS B (7238 22 DB R WA (@ A
HE T ($H5Eraddr0 ~ raddrl » raddr2fllraddr3) -

% * £ Verilogie =t (f5i4Hdec_decode_ctl) o= F4{m {5 F 1 0 e ERARAEARHS
PEEHAUE (FasfE s -

i HAPZERES A EREEREAIEE: - 10_ap/il_apit/EIiEfEEN - ALUMEATER
AR VT THYIRME (ARG Bi%) - datBREMEE - BiFastE =TS AR
GER

{E% - 1£Verilogfe (i (HHeHexu) =10 apMldafZehlERSRA0 (A e I Bz (EH%
F#IT (EX1) FEEL - HHAh - BHREEZIHAAEFINGRER RIS R S B AP 2
1% > AAAER BB Fas B EA -

AR AN B S AR T RS < X B B Y

WERA1TFTIL - SweRV EH1EH S E & S AN TR SHIEE - fERIEIEE - 55— 8
WS - BB E HE EETIRE - BGGR - WIRA-LIFCAEERRO0 L > LA A
RE(HXFNOEE B > RA-LIESEEE T E - AWVAFR R EARIVEE - £ R
FreviEst (E2) o —EHm B e mis0 E ¥ adaf5 S THES (B & T EX B —RAL
5% WIbe/EREEXRI0EE) - AlERE R &R e B BI0E EHI TR R © A
it 2 2{ldn AERIT AT ? EGURIHEZE ? L AEAGI > IR E RIS R E 1 W [EARRRER S
HEFN0EE - EMERGT{£dec_decode_ctifHH it - frexutidH P HIALURER (F£ /)
i > B SRR ALY ) - iE W ERRRERSE &

e 10 el ctl en (fEALURNEEWtr#fsenable) @ ZatatHUAA
dec 10 ctl en[4:1] » EIEfRIEHIHETE HERONEEBTIEE: (EX1-3) DARFEARPEER
DVERIA (1) BEEA (0) < 3FEFEE > REBEAEERL (OISR - BRATEERE)
R ZIESTRERIEEN » BB E R TREENIHENERE - B EERAESR -
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e dec_i0_alu decode d (FFALUNESEMrantifyvalid) : AIRMBEORZ AR i/ i
AR A ERIEEIALY. (FRFPIRHEE R ST ez sEfE) - ARG -

W EERSE AR - ALUAREAE I —FSEz (EX1PEEZ) #hiTaddfRfE -

2% : EWERSE (10_el_ctl_enflldec_i0_alu_decode_d) HIEAMBIZIHE
F o EANEGEAEEREE o (BT B{TEiR4H dec_decode_ctiflexutt E— 73 4f -

[ER A BB 1 Tt - g A SR IA AR AR P B B IR AR (1E3: 1 R BRRAFE (fE 4108
(10_rsl_final dffli0_rs2_d) (ZRIE6) - {EAFPIaddlss T - HifEi A EET
iﬁ’“*’*ﬁ%ﬁﬁaﬁ%ﬂﬂﬁ%ﬂﬂ% :

J ~{I$§‘}/\‘L”*“' 10 rsl final d[31:0] =gpr i0 rsl d[31:0]

o EET([Em A EET i0 rs2 d[31:0] =gpr i0 rs2 d[31:0]

2% ¢ f£Verilogie =B (fiitHexu) g JUREMNYS SEFR (56— (8 AEST)
A E IR B AR (6T ERBIRARKE Y FaEEENIA) - ARERFtE
Eiﬁﬁ/\ - REEMIHES MR E B R Atay e T T i -

[ 7775 ¥ﬁi'ijzﬁﬁuﬂs)ﬁﬂ$l3EPE’JVerIIatorff§%i
i0 ap[19:0]

* i0_ap.valid (¥ Nill.teH5SMEPHYFIAAERE Fandpi0_ap_valid 5%
E%ﬁz)j/\[RprgaPath]/Rprga/Labs/Lab1 2/ADD _Instruction/test_2.tcl )
10_ap.add (& Nl tehs S F VI EE Fan$4 £510_ap_add)
i0r[14:0]
raddr0
raddrl
i0 el ctl en (fFALURNE EH @4 Benable)

e dec 10 alu decode d (fFALUNE[EHar#4hvalid)
e gpr i0 rsl d[31:0]
e gpr i0 rs2 d[31:0]
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Signals
Time 15186 ps
clk
dec i@ pc d ext[31:0] BEBEE1E 9110 |PRAEE11E |PEEEOIZE |BEO
— dec | 1E] instr d[31:0]
= Toapl1970]
i@ ap valid
il 10 ap add
—__— - 1_Brﬁ4-ﬁl]_

raddre[4:0]
raddri[4:8]
gpr i@ rsl d[31:98]
_gpr_ie i@ rs2 d[31:0]

a[31:ﬂ]
b[31:0]

a ff[31:0]
b ff[31:0]
[31:0]
B8[4:08]
wené
wd@[31:8]
dout[31:8] e Be7 BERRRRRE

[E7. E2&FIFE=AIVerilatortsi§t - BIEIZEHERSAI Y G estE N RR

£% : 1B CHYER FEEE7 RAVEEEEE o FTLUEA LA M ER Y. (o5 1
[RVfpgaPath]/RVfpga/Labs/Lab12/ADD _Instruction/test 2.tcl - 535 - #%.tclfgZE T fy—1Lt

FEHINLTTEEA TR -

SN R ETHETE - 40 ESCHTIk - BivalidfladdfirgtAdh » 10 apfIFrA AT A0 « HAh -
MgEi0r B & addfs < E’Jﬂﬂl%f%f 50— (& B B 7 es Vs A 0% » fEAi0x. rsl?’FD
i0r.rs2 FHUE FE8fE (%%uﬂﬁ)ﬁraddroﬁﬂraddrl) G A A B (B PR L 45 1058
gpr i0 rsl d=a=0x7Hgpr i0 rs2 d=b=0x1° 5% —ILJ\EZ;EJvalldﬁenableuﬂ
S Ryl ’.Iﬂﬂog BALURE T — {l HHEP@FH

£ - EE267E AT - FaddfECEBRRBIEALIES (BlAnulis<) - BREE10_apafstHy
FrAMALE S ER0 - FEHYO0RFI0 ALUMEESER (HINEZIES - EX1IRERIOEEHIERSka_ £
Hib_ £ERFORFFAEE) - ] LA F BE] 7 Sa AT FHAEZEtH F AV test_2.tchE %K -

Imagination A5+ - RVipga 5312 : Bl : addfs®
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i /==("=1=V) 8
i.  BITREEZ

ﬁn%%ﬁﬁmlﬂﬁﬁz}ﬂ » SweRV EH1E & VU{ETE (%%E %AHEPE*JIM 10/11 ~ SEHMILIS

o fAN - mEEE —EIFESRIERAR o THEEE D RBIEFEE - EX1/EX2/EX3 (10/11E
‘é) * M1/M2/M3 (5258 ) #1IDC1/DC2/DC3 (L/Séﬁ) TZISE:%;?EP > FPIRFEEEEREE
103 » Erh &{Taddis % - AdAfs S HYI0E EHY T ZTH B AEALU tr S HELIEN 5 HAS %
FIFERPEES -

i. EX1PBEER

P& B TALURRE — A B hnvZ - SweRV EH1HY R {ir#E#H B8 T (Arithmetic-Logical
Unit » ALU) fEfE4Hexu_alu_ctl (fi7fd
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/exu/exu_alu_ctl.sv) HE
o AR AHexu (firjid
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/exu.sv) FEHFHL -

I&QETT'O%;LEXWbExEP@AEI’]ALUEI’] TOIEAERE > DURALU s Ho— St A/ s R Y
R - 5FEE - RS ARG EALU P EE a4 -

Decode I EX1

i0_ap_el

i0_rs1_final_d a

> out —— exu_i0_result_el

i0_rs2_d b
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2 lu ctl i alu el (.

t] alu chodP d
( exu flush final
( 10 rsl Tinal d[31:0]
( 10 rs2 d[31:0]
( dec 10 pc d[31:1]

( ch i@ br immed d[12:1]

1:] _result el[31:0]
] TLu=n _upper_el

( 10 pIPd cmch’r _upper el

[E8. I0AYALU (exu_alu_ctliF4l) : SfEEE M Verilogf2 =g

ALUBRA @ ALUE A (afllb) {ERERSEEEL FIE6 T Fr s By Wi (iE3:1 2 s BrkH BE % (40—l
Frait ) - fEexu_alu_ctIfHEH N EL - Evalidfllenableslsidy Ry 10F - MIEE F&5 (affAl
bff) P EITIEHRISIE L RE RIEXPEEL -

ALUFEFHERGE © ALUERSE10_aplEfpiSPs e RN T i (FaclE > B2 18
alu_pkt tHAGER) - ZESEBERE FaEE (WE—EoRm) - T EX1EP Z el
Wil 10 _ap_el » EAEALUNHEIENaitifsap (2 FE8) -

ALUBEgH : ALUER R R SRexu_10_result el HfF (2FHE8) - sZalat HMHVELR
e EREFIEX2 (2H[E6) - Efiriifitidec_decode_ctltf (G5t EiEES

i0 result el)

i@ result_el[31:8] = exu_i@ result el[31:0];

(32) ieeZresultff (.*, .en(i@ e2 data en), .din(i@ result el[31:0]), .dout(i® result e2[31:0]}));

B n s ek |

E% ¢ Hsubff CETHIE 7 TAVEBEEDIAYEEE - S5aCHE - 1 DUES. tolfE ZE R s s
FIEHET -

TB% : éﬁﬁffﬁzﬂexu alu_ctIf B {EATNIE SR EES I Verilog B {E - B 97 8 B R EL A F
B2 R L B AR 0 R AR (28 B o W] DA Verilatorfsii(E R E B -

.en({enable & valid), .din(a[31:8]1), .dout(a ff[31:0]));

.en({enable & valid), .din(b[31:8]), .dout(b ff[31:0]));
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bm[31:8] ( ap.sub ) b ff[31

cout, aout[31

sel adder = (ap.add | ap.sub) ap.slt;

({32{sel logic lout[31
32{sel shift sout[31
32 {sel adder aout[31
({32{ap.jal | pp _ff.pcall pp ff.pja | pp ff.pret pcout [31:1],1'b0}})
32{ap.csr write ((ap.csr_imm) 7 b ff[31:0] : a ff[31:6]))
slt_onel);

E9. exu_alu_ctiEHINNESS

ii. EX2REX3[HER

78 LR LT B flr- e 15> TR D (B8 - B E St -5 B Hofh 7R 22 = (& A HA A T

:ﬁfmﬂfé’ﬁt/\@ﬁ” (BN A ~ (87 ~ FEF) BEP > BUEERT]/D - 3ERE > £
BREETR - BRSSPI LA N EIEENIIEE - (H/ESweRV EH1EHFE4R RIS T > Frats
< WA IR FEAHE S = P B -

TEARGIT > MUARESE SE BT HE GE 7 Ei% - Eft 54 dec_decode_ctl - 7EX3HY
SNLEEFRE T > L0 _result_e3 (2HEG) - §§3'1%E%ﬁﬁ%%ﬂfggﬁ11El’].4$[ll8
HEUR o IEZER AT - EICIEMENE B PR - B25 M HIAS R EHI0E E R L
(10 _result e3 final =10 result e3) -

(32) i@e3resultff (.*, .en(i@ e3 data en), .din(i@ result e2[31:0]), .dout(i@ result e3[31:0]});

vdffe #(32) i@edresultff (.*, .en(iP e4 data en), .din(i@ result e3 final[31:0]), .dout(i® result e4[31:8]));
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