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1. &

WI_ESCAt > Western DigitalfySweRV EH1 B 8323211020 - BRAI O E RN REAR R %
aT o EEB11-130 - JFI0H 7B SWeRV R B S5 HY B AT Ut DU BHEE SR PE B HURFATE
il FEER14-1600 > [T 48 T AEZ i BR e TP s B DR ~ PERIANSSEAERRTE - Betfig bl
EWERERIR > wi ] DU ImE R E T I !

Bs: © BHGARE ST - e BiES HarrisF1D . HarrisFirZ 11y (Sl 3% =R s G 24518 )
(RISC-VHi A » Morgan Kaufmanntifi » f&5f&[DDCARV]) MEE7.7. 46 - AEERN—IbA
B2 B NENIREE -

EREET TR TS IE = I B2 e Y SR Rl - IR R T Es B & B (R Y 25 {1
BIA > AEREITZRIES - STHRIRIGORVIERIL S - [ERH s o] DEEHEE T
EREZNIES - EillfeEE TR - B 1577~ BDDCARV] R 5 A F 8 T 8 i 2 2y i 5]
tEME -

CLK CLK CLK CLK

CLK
pC RD Al
A
| = o1
M A 4 a1 RD1|L
Instruction 1: a5 Register = R =
M. Aé File RD2— r = Dat
Aoy e O a
:’:EE LL""'H‘ Memory
W
W2

[El1. [DDCARV]H{J[E7.68 : i e B pR I 23 E

SweRV EH1Z RSB B Fronm B asiy SIS By - FRE IR 2 7] LFEEL - #h
TTHHERWGRIES - ARSI DA— RIS MR B 5 SSCBARHE S - Sl pEREras
T ZE A% A DIE AU EACRE T WAERFHEEIA T S e W EE (0 b—(Es B IR ZE AR
H > WEEBR1SH AR ) - SweRV EH1EBER R REEEE - —FRAEE « —FF#k
A-EEFEEN—EIFEGRIRESS - FrAESEEI R 2BILH - IR LS ] DAERF T
—HEII R (AL) fESSEREMIRBIINAERES - HIENER14FATLL - EEEES
FHE—RIRAEE - —RERAEEN—REA/GEFEE - WA R R — BN T —H
Ak~ BREBEAMHEFIES - MEIEFAERERYFEALIE RS 3 S E b -

bR T IEFHZEE AN 2 41 » SweRV EHAR IR PR THIBIREHE S 3 « (22 > AILAEHRE
A TERE T HBIE > DL A soR F B E SRR B RS E Y SR « BRI T - EEpkiats
HpaHEs (2SweRV EH1) gzt & (IPC) MERERIESSGTAYRIE  EIEAVE - BiEE
ARG - A ERAVE T (CRR e B RS T R R pa B R - e g1
1. 35 ¢ EH S PR AP S T A B AR
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FESB2ER 57 > FATRF AT A BRI AE S > PERfE F SweRV EH BELE RIS SAHRRIFAUTT
Fy o Rtk > FESHIERSY - TG TR (E B E I THEIRISE -

2. HIgCHERES

FEAE > B EEEAERN © F— R (B2.AH7) Ba—(EhmURALIESH
peviERE - S (EfE (552.B61) B — i MRRETE S I IRALIE < 3 Ry Ak -

A. TUFREIIHVALIES

AT T IR AL E 2 th rRE U E B R ORI 5 5 SweRV EH1RZ L ESRITIRFAYANEE -
[EAE—T - EERIHKT#RB S - FAT 048 T AT ECEAR FAV O ThaE CE&RET ~ 05T
A BIREE) -

AR E—{EF171,000,000 (0xF4240) JUERAYER 5 AdpE TS 6 & HREIIAYALTE <

(add ~ sub ~ orfillxor) - WiHnoplE &Y » LUEERISEMEEEEEIER - K
[RVfpgaPath]/RVfpga/Labs/Lab17/Four_ AL Instructionstf#gAtPlatformlOE 2 » nlfR g
HEAET T ~ BEEELL -

.globl Test Assembly
.text
Test Assembly:

1i t2, 0x400 # Disable Dual-Issue Execution
csrrs tl, O0x7F9, t2

1i t0, 0xO0
1i t1, O0x1
1i t2, 0Ox1
1i t3, 0x3
1i t4, Ox4
1i t5, 0x5
1i t6, 0x6

lui t2, 0xF4
add t2, t2, 0x240

REPEAT:

add t0, t0, 1
INSERT NOPS_10
INSERT NOPS 4
add t3, t3, tl
sub t4, t4, tl
or t5, t5, tl
xor t6, t6, tl
INSERT NOPS_10
INSERT NOPS 3
bne t0, t2, REPEAT # Repeat the loop

.end

[El2. fETIfRALLE SRR
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FESE2.AGE T - BAPTRHRIE Verilator Y BLEEGE R LU K Nexys A7BRZ ERVTEEIR > 3 iTlE]
2R AE AR S SweRV EH R B Es h YT TIE L - Ryt - FRMIERZZURALERFEE A LU T /Y
RIS HIE S S ThRE

1i t2, 0x400
csrrs tl, Ox7F9, t2

FESB2.AGER Sy > BFTRIR R Verilator IR REGE R DL K Nexys ATRHEEM EAVERITER - 20
l2¢ﬂﬁiiﬁfﬁﬁd‘ﬁASW6RV EH1 R B 2 PHVERITIE DL - Mt - SRR AR S e A R
f5<

i. Hf55SweRV EH1REHES FHVEAT RN
FEEIFC4HRET - SweRV EH1 & ELR2RESEE RIS - EEEEI AT — RIS - B3AT
TJ%IZEPE’JEJET FEiESweRV EH1ZHAE T AVMBEIE R - TMETREE 7 REPEAT RS T HY
— RN GEB—XER BeEGEUgMEE) -

add sub or xor

Signals Waves
- B ps 392008 ps 300 ps
Time - o _2f 37"4) 5 & 1 8 "9
N S — I ST S S
dec i@ instr d[31:0] = [LEEEENE 0BGEGE33  |40REBEB3 |BEEFEF33 |BE6FCFE3 20808613
ey dec i@ decode d=

i@ inst _el[31:0] =

a ff[31:0]=
WAYO0 EX1 (10%538) b ff[31:0] =
out[31:0] =

waddre[4:0] =
A wen@ =

dec_il instr d[31 a] = DBGEGE33 |40GEBEB3 |POGFGF33 |[BOEFCFE3 | I8AO6613
dec il decode d=
il inst el[31:0]=

a ff[31:0]=
WAY1 EX1 (ME&#H) b ff[31:0]=
out[31:0] =

waddrl[4:0] =

i[5} wenl=l
wdl[31:0] =

3. .ZEFE’J$£_QE$-?§ASW9RV EH1pREEEE EAVBLERGER

fehGiss - W RERS AN ERAGE S (2R 5idec_10_instr_d[31:0]1 4
dec_il_instr_d[31:0]) - (AEMEROEIFHE ML THITIREL - AR A TIAE
EfEH - Eiikdec_i0_decode_dffldec_i 1_decode_dﬁﬁﬁ’\ﬁﬁm?§/7\%§"‘@EE%F SEL{HAE
FIEX1PEES » uﬂ%}ﬁio_inst_el [31:01F0i1 inst el[31:0]47 B ESE1FEERAYEELORIE
FEAFHIIES

- F
o TER[ETIEHET - FMshdec_10_decode a4 t1 i B - B
Fr o RATIEALSS & » LT A1 -

Imagination KE2 5+ 4] — RVIpga B5i17 : BEEET
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o fREBFEERMFES (dec 10 instr d[31:0]) E{HEFI0EE
(10 _inst el1[31:0])

- B

o FEFMIEVERIF - EiFEdec_11_decode_din#t k0 ; HESHIER - $HFR
B MU iALIE < - BEI R0 -

o [EUSPEELAVIES (dec_il instr_d[31:0]) AE{EEE]
(i1_inst_el[31:0]) #ATTFEEL -

AL - RSEFERZKEI0EENALY (2 MRS PRYEStatf ~ bffflout) - I HEM®
MEFaERVE ABERPR0 (2 RRBRER T HYEstwaddr ~ wenfllwd) -

&4 TR Rl OB B RSP L EI 5T ] (EXS) PEERHIVIRALIE <l T fEr 1 B3 F5 ERY9(E
A (129) - HZEATHIREER U RALIE S EEHInopfs < > HFEHIER - BT REIRIEE

5%

| |
Cyc3 | Cyc4 |, Cych

| | | | | |
Cycl | Cyc2 1 Cyc6 | Cyc7 | Cyc8 | Cyc9
| | | | | | | |
Decode add | I | sub [!'] or | I ]| xor || 1 1 1 |
| | | | | | | |
________ r———" "1 _~"-"-"-r- -"-"-"rT-_"~-"~—""Aa-"~"~-"~-~""-"""799"°"~"="\WQ/ ~"=~"=-"=-
EX1 I'ladd || sub [ 1] or |1 [ xor | I I I
| | | | | | | |
________ I e e e o [ Y I
EX2 | I'ladd | 1| sub |1 ]| or | 1] xor |! I I
| | | | | | | |
________ rr--—-aM-—-——"—"" _—-_"-r-_ "~ " A\ - -"-r--"-="q--=-=="r—-=-=="
EX3 I | I'ladd [ | sub | | or [ ! | xor | I |
| | | | | | | |
________ r---|/|——"—"Y7T"-"-"-"r_~-""-"919I-" " -"“"rFr —_—-—"-—"7”-" """~~~ ~—-=-=-
Commit ! : | I'fadd [ '] sub | | or | 1] xor | |
| | | | | | |
________ r---,T—-———"—"H1"--""~"-""~"~"Tr-"-""7"""_"_"-"~""“"r°"- " " 7T - ~-—""~—-—_~—=—="
Writeback : ! : : : add | 1| sub | 1| or | 1] xor
| | |

[El4. 1025 FHY4FRALIE S

£% © fEESAVIESE I AEHENST - W07 IR E 4V 2GR T E 4R R I AR I L EI 5 [BIFE
EEHVHE S0 o AT DACEF LA fir R LAY tefE 25
[RVipgaPath]/RVfpga/Labs/Lab17/Four AL Instructions/test task1.tcl -

£ : MERE2FT AR LA T AYATAnopfE < -
EEE3TAVESEE - ZIEANTEIHIPCES /D ?
FERHE M ERTEE - s e GHIIPCE BT SITHYTHI -

Imagination KE251#] — RVipga 517 « AR E#IT
Hi4<2.0 — 2022424 F
© Copyright Imagination Technologies 5



@ imagination
university programme
ii. EEREEIESweRV EH1HHIS{TIFIL

AR E2 PRI RTE < > AR SweRY EHTHVEEIR S IRE - 3R4E > HERF SR > SweRV
EHTRHEBHEEIA BT TIE B ARG < - [BISHTR Rz FEr(H IR REGE SR - Bl il —4% - 3
MEEHEEEL T REPEATHEIRE TP HY— A GESE TR BETEEMSIHED -

add or
Signals Waves
Time 44360 PS4 2 3 5444!;";! Psg
clk= [ [ ] [ ] [
— _de c_iE] _insﬁ dT3 1 _B] il 00613 BEGEBE33 |PEGFEF33 | AEEE6E13
RS = j —_—

dec 10 decode d=
i@ inst el[31:@]=

WAYO0 X a_ff[31:0] =

out[31:0]=

waddro[4:0] =

A} weng =|

— e e e e e o o wdB[31:0]=
dec i1 instr d[31:0]=1
dec i1 decode d=

il inst_el[31:0]=

WAY1 a ff[31:0] =
EX1 (MEE) b ff[31:0] =

out[31:0] =

waddril[4:0]=

2| wenl=l

wdl[31:0] = [

5. B2 HIRE AL ETE < SweRV EH1pR 23 ERYBRERGE R

FFFFFFDD

fEHSE o SRR S BRI S (2 R3kdec_10_instr d[31:0]4(
dec_il instr d[31:0]) - M HAEFEMEN - 108 EMNEES G H#TTIEEE %k
R

- B0 :
o HNEWIFAYTUFRALIE S HIRAfE » Bl5fdec 10 _decode dfh#é 1 (55
NIRRT R TR AT TR ) o
o WERERSELTES (dec 10 instr d[31:0]) @EEFI0EE
(10 inst el[31:0]) -

o HNEIFAITURALTE S HIRAfE » Bl5fdec il decode dfh#éf1 (55
SN RAE R ERO TR AT TR ) o

o MREISENIISS (dec i1 instr d[31:0]) EEMEEIEHE

(i1 inst el[31:0]) -

Rt > &g ERAmRER (10R111) FRIALU (2 ZERIFRER T HYERStatf ~ bEfflout) >
Al B & A A R st 2= B AR (2 RpFRERS T AvEstwaddr ~ wenfllwd) -
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&6 A7 Ry | ORI S 8 T e 5 I R ZIEXSPE Ee Y DU RALTE Ut © (&l h R T BIS HE e iy 71
B (127) - HZERHBEERUGRALIE S EEHnopfs < » HEFEFIER - BT REUREE

5% -

Cyc5
10 11

Cyc 6
10 11

|
|
|
|
Decode | add sub ||| or xor
|
|
|
|

| |
Writeback I !
6. MifsEE (10f111) FRIMEIESRK

%  TEESHYE R I A EHENSE - W07 RRE6HYE R R~ E 4R P (RS P B 2 5 [al
BRI UR o AIDAER DA U B TR LY. e 2L -
[RVfpgaPath]/RVfpga/Labs/Lab17/Four_AL_Instructions/test_task2.tcl -

£ : MERE2FTRAYER LR AT A nopfE <
EEESTAVESEE - ZIEANTIHIPCES /D ?
FEBFE N EETIES > B GHVIPCE AT S THITHIY -

B. EMRFENRIfmulis SRIRIFRALTE S

TEARE R B RE i 7 SR AVAZ =0 5 > SweRV EH1R% 0 EIFHYBTTIE L « A2 =0E
E—{E#7 71,000,000 KAV ; AEFE T 3862 G AAHACEE Y A fFmu LI5S FIRT FRALTS <
(mul ~ add ~ mulfilsub) - AiHnopis<HEIE - DIEMFHERENEREESIOE R - BIUFR
5 AL - BT Verilatorh T - S8BT~ 1 ZAVEHSE - WEEEE R TV
AT R TR - BRI [RVIibgaPath)/RVipga/Labs/Lab17/TwoAL_TwoMUL _Instructions
thfEHtPlatformIOE % » FIARE R E A T ~ FEBERIELT -

.globl Test Assembly
.text

Test Assembly:

Imagination KE251#] — RVipga 517 « AR E#IT
Hi4<2.0 — 2022424 F
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# 1i t2, 0x400 # Disable Dual-Issue Execution
# csrrs tl, Ox7F9, t2

1i t3, 0x3

1i t4, 0x4

1i t5, 0x5

1i t6, 0x6

1i t0, 0x0

lui tl, OxF4

add tl, tl, 0x240

REPEAT:

add t0, tO0, 1
INSERT NOPS_10
INSERT7N0P874
mul t3, t3, tl
add t4, t4, tl1
mul t5, t5, tl
sub t6, t6, tl
INSERTiNOPsil 0
INSERT NOPS_3
bne t0, tl, REPEAT # Repeat the loop

.end

7. B 2fmuliE SRI2FRALIE S HIRES

AT - EES BB AT E A — a5 SR —RALIES - INILEHERZRE
EEIRI0 (Z) EIE o B8R Ryl 7 AV A R A E SweRYV EH1 R #lZs F AU
SR o APIREIEERL T REPEA TR iy — I RSE— T REFIEAITHEE) -

mul mul

Signals
Time
—_— e e e clk=
decj@_?nsﬁ_d[_ﬂﬁ] =
L dec 10 decode d=
ie_inst el[31:@]=

VN Ex1 a ff el[31:0] =
b ff el1[31:0] =

(GREEE)
out[31:8] =
waddre[4:0] =
=[] wen® =
S wd@[31:8] =
decjljs’?_d[_ﬂ:_]; BOGEBEB3 |40GFBFE3

dec_il decode d=
i1 inst el[31:0]=

WAY1 a ff[31:0]=
EX1 b ff[31:0]=

(MER) out[31:0] =

waddrl[4:0] =

=5 wenl=
wd1[31:0] = S T Tl s B G

8. 7 2z RyEEER

Imagination K51 — RVfpga BT 17 « i EHIT
JfiA2.0 — 20224F4
© Copyright Imagination Technologies 8



imagination
university programme

sy - R A ERIGES (2R 9kdec 10 instr d[31:0]41
dec_il instr_ d[31:0]) WRHESHEEIITIEE -

- RO :
o EFREBIFH AT AT IUERTE S R EYRIfE - EHSkdec 10 decode d#a%%Fs1
( AN RAT RS o TS ) o
o fEMEFEERIIES (dec 10 instr d[31:0]) ZEEZBRAEE
(10 _inst el1[31:0])

- HEpER1

o EIREBIFRT AT IUERIE S R EYRIfE - HSkdec i1 decode d#R%%F1
( SHNFIRAE RS i TR ) -

o FRUEFEERIIES (dec il instr d[31:0]) FEFIINEE
(i1 inst el[31:0])

Rt > &g EHNE BN AR FAVALU (2Ha5%a_ff el ~b ff elfllout » DUKENSE
a ff~b_ffflout) - W HEGMHAMEEFSEERS A EER (2RSSR EHRTE
waddr ~ wenflwd) -

2%  TEE 8IS B II A EHENSE - WRFHRTRE SR RIS B R S IS B A5 SO -
AP DA M B fRHY. tefg %S
[RVfpgaPath]/RVfpga/Labs/Lab17/TwoAL _TwoMUL _Instructions /test_taskMuls.tcl -

25 : MERE7 oAy LT AYATAnopfE <
EEE8 AV - ZIEANTIHIPCES /D ?
FERFEN EETIEE > B GHVIPCR AT S THITHIY -

EFEE SR EE T - WERERER -

1) EHRESE R SIS S HITHBN BRI CHEE - B B E 2 E 7 Frr 2 2ROy
R -

2) st (B45<) SweRV EH1Z g5 1S HarrisH1D.HarrisAr& b4 ( Bifirakat fImEHE
A2 Z:4EfE)  (RISC-VHCA » fEfE[DDCARV]) 557.7 AR RIEIE R EE (K
(R, - ey CAEEN PIEft) ZRIAvZEE -

3) 4rHDDCARVEET.7. AGHIET7.70FH MRS - sZAE=N &kl
[RVfpgaPath]/RVfpga/Labs/Lab17/DDCARV_SuperscalarExample ~#PlatformlOE
Fh o (SRS A fE 52 - FESweRV EH1_E#fTa2 2 (BIidie—FE
3> F#MiBnopiES) - ERMESIGER - AVENE - TR LIS RIEEIIIPC -

Imagination KE251#] — RVipga 517 « AR E#IT
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PR - IRIBAE SR 5 SweRVref.docx (552871 ) Tl - (FRIEEE ST - RifFEE
SERMIBHS N E AV TEE R ELR A 15 S ThRE R AR FE S R A T PR -

4) ESEREPIRER  FiESadd 59, s8, tl1B#Badd t2, s8, t1 - fREEE
HOGETE - ATASE - ATt LU RERAIPC -

A% o IR AR K SweRVref.docx (55261) FRTiL - {2 HEHE ST - FHEAEATR
FORF SR _E RIS T 45 R BRI A 15 S ThRERF VAR FESS R AT TERRE -

5) (LU #HEER (EhGT#IkET) (RISC-VAlK - Patterson & Hennessy
([HePa]) ) Fi9%24.31 - )

FEARGE T > BAFIREE RS S la B as N 85 < e B A HYSAE » M7 f8 Al A (B TR O3
TTIVEREL - AGE FAVRES L T EE (HCESHRE)

for (1=0;1i'=j;i+=2) blil=alil-ali+l];

B/ D B LECRES R R LAV RES T s g 4 L TRISC-VAH GBS 12 =1 ¢
1i x12, O
1i x13, 8000
1i x14, O
TOP:
slli x5, x12, 2
add x6, x10, x5
1w x7, 0(x6)
1w x29, 4 (x6)
sub x30, x7, x29
add x31, x11, x5
sw x30, 0(x31)
addi x12, x12, 2
ENT: bne x12, x13, TOP

ARG DL T s

i a b  Temporaryvalues

x12 | x13| x10| x11| x5—7, x29—->31

Z A2 AL 1A [RVipgaPath]/RVipga/Labs/Lab17/PaHe_SuperscalarExample B & T » Eid
REGHE P HRAENEREELE - FE 8/ B - B g EEET A

- BEIESEx1 3904515 &8000 5 DUFHEFER ETT400020E(, -

- fHERTjalfsS -

- Blaflsaf5 BB LwMlswis < « BRI RFAUEAE N T T2 R8(EI TR -

Imagination KE2:1#] — RVipga B kgi17 © HIEE#IT
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e A —E B DL B A S5 SRR R L 2s

1. —FRIE S ARSI FIUERE » S—RUAR B EEE S SH5 < -

2. IR S S PE B TSR P A o] RERVEBIAERAE -

3. piias A IR e R ST

4. AR RIE S AHEE - RURIREfARIRF S -

5 MIRF—IEEBRFREYERES - MILARRTERRES -

a) ChEZ M 25s22SweRY EH1m B 256 Es M -

b) 4EEEREINFEE - Bn LARISC-VIEAXIEHMER —KEBIEN (55 —TEARR
4h) FEEETE < SweRV EH1R 25 EAVEITTIE - (EREEHETT4000 A TR R H A
( B2 e R Rt ) -

c) {EHEA5<SweRV EH1R 8558 K85 - SweRV EH1m B &5l » JIZREE R 2o/ 7 i
FEIRVEER - RSN ENBVELRURE e S8 T

d) EHPEYI/ER EIRISC-VIEHS » LIFE 5 < SweRV EH1E Bl gs FH I H S
fE - (EFFZRERERE - )

e) #E TKERIRISC-VIZHE - (K BB FIIARER B EBHIRIIER - A4
& > EHPIPIERRERIEES - DIEEE<SweRV EH1m e FE I E S HTRIEE

6) (L{ A DDCARV AT Z054627.30 ~ 7.327/17.34 - )

{B3SweRV EH1EH 38 TEAE ST LA FREAHEA B - M4 — T > SweRV EH1E A ER
7T ° A PAMBGER—ERE S — (BB A E RIS RV R R4 (Rt - FFIERDCCM - K
RS A Bl A — (B AR - YE et e — A > LIS Ra ) -

addi s1, t0, 11 # t0 contains the base address of the DCCM
1w s2, 25(sl)
1w s5, 16(s2)
add s3, s2, s5
or s4, s3, t4
and s2, s3, s4

a) [ VerilatorfIGTKWavett e 25t « /3 rdER - Wt B AL T ANE -
* BREETE S HETTRENS RIS TE SCEIX E R TIEE: ? IRXHPLERR < ?
* B S T R ASRIERIGEAGER(E ?
" AR R R R ©
b) HRFZIER - FEEEsHICPEE R /) ? SefiH B iR - AR SR LR T2 > HERE
THYES -
c) FEETECRaEEas DRITMHERY T o R REA(E A < pa B ES I USSR AETTEEER

PlatformlOE ZERYEL KU ¢ [RVipgaPath]/RVfpga/Labs/Lab17/DDCARV_Exercises-30-
32-34 - Froy TR ERHE A — (B E T - DAEREE S 3 A (AT {E RS — RS MY
(BT RAHEST 0T ) A6 B ] DA A REE R TR T HIE -

Imagination KE2:1#] — RVipga B kgi17 © HIEE#IT
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