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i 32Tk, Western Digital ) SweRV EH1 A3 28 2 3247 4%, SR FHOZR IR /K 42 A1 XY B& iR An B
Wite 7ESZIN11-139, FRATT T I8 SweRV b 3 22 (1 3 A HE A3 LA R A MK 28 M B (1
1%, TESCER14-161, FRATNE T WAl 26 % A0 FE 2% vh A BEECHE . kI MG MM G . T AR ok
St iR s, sta Lok bR B AT T

VE: JTUEASZIGHT, S sES. HarrisfID. Harris it [f) (B3t At B0k R45#))
(RISC-V}ii A, Morgan Kaufmanntifit, fEi#X[DDCARV]) HIZE7.7.475. ARSI —LL N
BRZIEARTIE K -

HEbR AT A — P REN S =y AL B AR VE BRI SR B o bR B AL BE 28 B 5 B AR R 1 22 A
RIS, WTERAT 2 26452 PUT RSFIRSMISER IF AR, (EALPE &R v] DLAEREAS Ji AT A0
RAEZ RS, M mArrtiE. K157 9 [DDCARVI A J 1 X0 #% i by i Ak BE 2% (14 75 451
HE

CLK CLK CLK CLK
CLK
pPC RD Al
A
‘| b— =% 01|
A o RDA @ A1 RD1|_|
Instruction 1: a5 Register = A2 RD2[
A Fila RD2 = | L3
Mamory o w05 1 Data
:::EL—' 1— Memory
W
w2

&]1. [DDCARV]H (¥ E7.68: X EBIEAEBIER

SweRV EH1JE — AL T B Fros AL BEES B XU B AR AL PR 2, AN a2 7T LA . i
ATRIPRAC M 2682 o LR AR T DL —IRVERS S PSR B R A R IR 2 0 2 3m L3 A7 45 3C
i 2 AT LA SR ERAVE S IFERAD AR S RIPAME Oin bk B AR 222 3R A MH,
WSEIASHI T HR) « SweRV EH1AL PGS AR AR BB E . —FaRIEEE. — KR H-A7
B TE AN ERUK R ERE S . T IX B TE 2 e AL, A A2 &5 w] DATR] I $004T — %
MALFEARIZHE (AL R BUERFMSLIAFTES . EIEWSRR14h i, Aeash R
A FTEEE. FBREEEN - FREBAEEE, FUIEARRLER AT — X3k
Ty BB B AR, PINIBUF AR B AEALSR 45 51 45K E K

Br T AEFHEEZE B B 2 4), SweRV EHAASLRE L P HAT SIS TR S EE . H2, nJLFRS
VAEEARRDNT 77, DA 56 4 B R P A5 I /K 2R 0 25 B AE N I S R ot . BRARIS L, OUER R
LTRSS (nSweRV EH1) fFEMHE (IPC) NoANH KSR . BIRK R, SEhEF
B TIEIE BB ACIRAS : ELPRIIFEF R, MRRRACE ST IO XU AL FE AR, MEREIE W 218
1.3 1,505, BN INEE — Sl i 7 A T 2 iR

Imagination K %411 &l — RVfpgaskdi17: brihgT
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RS20y, BATR BT B AORE S, LREAE F SweRV EHA LS S AUGUR S i B (14T
HNo R, MY, AR LS EIITHRIZE]

2. BRSSXURM

TEAH Y, JAVEEF P AT S8Ry CGR2AFD @& HPIRALIE L4l
SRS, AR (BE2.BT) BE AN PSR IRIESR & AP SR AL S T BRI

A.  TOFISLHRALIES

FEARFR >, ARG X b B 2 (R RE e £ B R S ATXOUR St SweRV EH A% L I& AT IR AT fE
A8 —F, FESRIR1THI B, RATNH T InTBC EA R BN ZIhEE (FRUKZSAT . 20 3T
M. bR

AR AT 1 1471,000,000 (0xF4240) JGEARIIE; IE3A E AR E DY 2L INALTR 2
(add. sub. orflxor) , JfHinopfR A, LUEH - REM B AE & IGER. XMk
[RVfpgaPathl/RVfoga/Labs/Lab17/Four AL _Instructions+ 2 {ftPlatformlOIi H , mJ#R#E 7 %
XFHAAT AT i B ARE

.globl Test Assembly
.text
Test Assembly:

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

1i t0, 0x0
1i t1, 0x1
1i t2, 0x1
1i t3, 0x3
1i t4, 0x4
1i t5, 0x5
1i t6, 0x6

lui t2, 0OxF4
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, tl1
xor t6, t6, tl
INSERT NOPS_10
INSERT NOPS_ 3
bne t0, t2, REPEAT # Repeat the loop

.end

B2, 4 TKALIR A T

Imagination K %411 &l — RVfpgaskdi17: brihgT
Hi4<2.0 — 20224E4 H
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TESE2 AR, TATEARYE Verilator 147 B 25 5 UL & Nexys A7TFF KR _EIPATEE R, i El2
AR TR R T SweRY EH AL 28 F M PATIE L. ik, FRAVERE TG H LR 4%
B4 A UK BT ThRE -

1i t2, 0x400
csrrs tl, O0x7F9, t2

FEF2.AGE S, AV Verilator 1) 7 F 45 R LA K Nexys ATFF R IR ERIHATEE R, 40 #T
B2 (RS P AE XU S SweRV EHA AL B ES i (N HAT S 0L vk,  RORG Rt S A 1 (0 i 2%

K4
i. BREISweRV EH14bIE S HIBATIEM
RS E T, SweRV EH1S H 2085 — 408k, DR RPAT 41845 . B3

NANERP R LR SweRY EHARCE N R B 45 R . FRATBENLIEE T REPEATHE A (1)
—WER RS —OEAR, B B UOERIIFED .

add sub or xor

Signals
Time ] o 34 5 6 7 8 "9

dec i@ instr d[31:0]= [hEEEEIE] 0OGEGE33  |40AEBEB3 |BOEFEF33 |GE6FCFE3 20808613
dec i@ decode d=
i@ inst _el[31:0] =

a ff[31:0]=
WAYO0 EX1 (10%%) b_Tf[31:0]=
out[31:8] =

waddre[4:0] =
B 5 weno =

dec_il instr d[31:0] = 3 |DDGEDE33 |40GEBEB3 |DOGFGF33 |OBGFCFR3 0
dec_il decode_d=I

il inst el[31:0]=
a_ff[31:0]=

WAY1 EX1 (&) b ff[31:0]=
out[31:0] =
waddrl[4:8] =

IE]'_E:; wenl=l

wdl[31:0] = ]

K 3. B2 R P e R 5FSweRV EH1 b FEEE FHIMF &R

PRI, PSR ER IR 4 (B M55 dec 10 instr d[31:0]A

dec il instr d[31:0]) , {HAGHEOSKE L KX EPATHIE, KIVIEER1HAKILDRE
O2% 1k, f§59dec 10 decode dffldec il decode A THiETE 4 &M NEEALN B ALk
FIEX1EL, {5510 inst el1[31:0]1f1i1 inst el [31:0]4 B SEIM BAE KON E
R4

- JEEKO:
o TEBMMIAREIF, F5dec 10 decode dA%Z N1, HARHLEL, X T3AT]
P iU 26 ALTE %, JLEI 91,

Imagination K %411 &l — RVfpgaskdi17: brihgT
Hi4<2.0 — 20224E4 H
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o VFRIMTBINIES (dec 10 instr d[31:0]) &R0 HE
(i0_inst el[31:0])

o TEBMIMARHEIF, F5dec i1 decode dAZN0; HARHWEL, XFTFAT]
BT VY46 ALFR 4, HAEIIA0.

o VRMTBIUNIES (dec i1 instr d[31:0]) A&fEi%3]
(i1 inst el[31:01) BUTHEL.

B, RGBSR BI0EERALU (ZUPFERTE Saff. bffAlout) , JFHMAE
M&FAE AN SR A0 (S WNAAER T IE Swaddr. wenflwd) .

K4 7= N0 TE T AN RSB BRI R S (EXS) BB U 26 ALTR i B o 1 I3 45 52 (179
AN (129) o BEAKITTAEA BT U2 ALTE2 i H noptia 4, Jyfil e i, B R B R

CEER

|
Cyc3 | Cyc4

| |
Cyc1 : Cyc2 | : Cyc5 | Cycé : Cyc7 : Cyc 8 : Cyc9
| | | | | | | |
Decode add : sub : or : xor : : I | |
| | |
________ I [ I I Y I Y
EX1 I'{add [ | sub | 1| or |1 | xor || | | |
| | | | | | | |
________ I e B e e e R
EX2 | I'ladd | ! | sub || or | 1] xor |! I I
| | | | | | | |
________ r--—-|/—-——"—""—"H"—"——_"—_"~"Tr1~-_ " "1 _ " ~"“"“"r - ~-—" "7~~~ =—=—=
EX3 I | I'ladd | | sub [ ! ]| or | I]| xor || I
| | | | | | | |
________ r---[I-———"—"-"-"-"r"_ """ -~ " -“r—_ """ 7T_ """ ~——=—7°
Commit : : : : add : sub : or | 1] xor |1
| |
________ r---.|—-————1—~—"—""~"r-~-"~—"""71"_ " ~"-"-"r-" """ 7T-_ """ —_~—_~—~—°
Writeback : ! : ! : add : sub : or : xor

El4. 108 EF 4K ALIEATR

A% EEBITEFIIARES S, FF0i B4R TE S5 B K 2 BB B 2[5 5
B Bei R 2. T RAE A LR AL E S A . el
[RVipgaPath]/RVfpga/Labs/Lab17/Four_AL_Instructions/test task1.tcl.

% MERE2FTR KB 4R T HI BT A nopfi £
HERE3FTHE. ZREFHTHIPCEZ /D?
IR ESATIER, I IEIR1S HIIPCE B4 & I FUY -

Imagination K %411 &l — RVfpgaskdi17: brihgT
[ 4:2.0 — 202244 A
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HERRE2THI PIRG4S, AR ¥rSweRV EH1MIXUK M TRE. IUFE, REFFE%MF, SweRV
EH RS FI R PAT I BOR B P 45 % . BISPR NP T Ha R . SZai—#, K
MIBENLE R T REPEATEIA H 10— AN (HEER —UUSAR,  BOE R UGS RIIMFD

ii. XK IFESweRV EH1H BTG

add or
Signals Waves
Time 44360 psq
- s s - clk=
. dec i@ instr d[31:0] S mE
e dec 10 decode d=
i0 inst el[31:0]=" [CEEEEE
WAYO a ff[31:0]=
EX1 (10%1&) b FF[31:0] =
out[31:8] =
waddré[4:8] =
H5 weng =
— e e e e e e o wdB[31:0]=
B dec_il instr d[31:08]= 4QEEBEB3 /|DOGFCFB3 |

dec_il decode d=

- il inst el[31:0]= 46BEBEB3 |

WAY1 a ff[31:0]= [ FrFFFFOE
Ex1 (&) b Ff[31:0] = (RIS

out[31:0]=

waddr1[4:0] = LN £

EE=] wenl =

wdl[31:0] =

& 5. E2 KRR FEEN R ST SweRV EH1 AL FE2E FRIfF 4 R

FFFFFFDD

PRGN, AR S %8S (B W5 9dec_i0 instr d[31:0]H
dec_il instr_d[31:01) , JHHAERGNHY, I0EEMNEE RS FHATHBOLE %
TE“/Q"\O

- IEEKO:
o XTFRBIFHIIUXALIES I, [§5dec 10 decode dIR% N1 (F
AN SRR S RTINS
o VMM BLMIES (dec 10 instr d[31:0]) 2ALEFI0EE
(i0_inst el[31:0]) o

o RTIREITHIVIFALIE S I 2%, {F'9dec_il decode diR#E N1 (5
SN SR AE IR O EAT B .

o WFMMBITES (dec i1 instr d[31:0]) 2AEIEFIM1EIE
(i1 inst el[31:0]) o

ik, RGESMFHEMELEE A0 FALU (B RHELERFFESaff. bffflout) ,
I H ol AN TS S5m0 (S MBS S Swaddr. wenfllwd)

Imagination K %411 &l — RVfpgaskdi17: brihgT
Hi4<2.0 — 20224E4 H
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6Tz 10N T RS B BERIEXST B DU 25 ALSE it . B o 1 IS 48 5E 74
JAH (A7) o BRI N T DU ALIE 2 Bl nopfa <, JufRi sl L, B R RoRix et

ERa
Cyc1 : Cyc2 : Cyc3 : Cyc4 : Cyc5 : Cyc6 : Cyc7
10 11 | 10 11 | 10 11 ] 10 11 | 10 11 | 10 11 1 10 11
| | | | | |
Decode | add || sub [i| or xor || | | I I
___________ I N N N [N R
| | | | | |
EX1 1| add sub [I| or xor || | | I
___________ e ol N N [ R
| | | | | |
EX2 I I| add || sub [i] or xor |1 I I
___________ e o 1 _— - 1 _ o ___.
| | | | | |
EX3 | | 1| add sub |I| or xor |1 1
___________ e e e e e I e —— A\ T —— A L .
| | | | | |
Commit | | I I| add [| sub [I] or xor |1
___________ R F R DN bl R R
| | | | | |
Writeback I I I I 1| add || sub [i| or xor

Ke. B EE (0F111) P4 TEDR

£ RS EFIIARESS S, FF0iRIE6 M T 2552 B /K 2 N BERSB Be 2[5 5
UIeE =0 =R I YL A E N W A &7t N (& L
[RVipgaPath]/RVipga/Labs/Lab17/Four AL Instructions/test task2.tcl.

A MR E2FTR RS EARH T A nopti %
HEESTHIE. ZREFHTHIPCEZ/D?
IR EPATRER?, 39 UEER1S MIPC2 45 & 1 R HiUY -

B. EMHEXHEKPIFmulig>MPRALIES

TEAT Ay, FRATHG 434 B 7 AR P 75 XUR Bt SweRV EHA % LI FIBATIB L. AR ES
—ANAT1,000,0000GEARBIER ;s JEA A5 HAHSS B B Sfmu L 18 2 AR 2KALTE 2 (mul.
add. mulflsub) , JF Hﬂnop?‘éé\@ , MEH P RESS A B R IOEAR . XY FE 4 HAH
ST BATEAEVerilatorH AT 05 B #r, RIBEREZERGES, I EFE LT ETIT N
HEAT A BB . UF R [RVifpgaPath]/RVioga/Labs/Lab17/TwoAL_TwoMUL_Instructions 42
ftPlatformIOTH , WIHR#E 75 ZXt Hob AT 04 pi AME K.

.globl Test Assembly
.text

Test Assembly:

Imagination K %411 &l — RVfpgaskdi17: brihgT
Hi4<2.0 — 20224E4 H
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#

11
1i
11
1i
11
lu

RE

0@

1i t2, O

# csrrs tl, 0x7F9, t2

t3, 0x3
td, 0x4
t5, 0x5
te, 0x6
t0, 0x0
i tl, Ox

add t1, t1l

PEAT:
add toO,

INSERT NOPS 10
INSERT NOPS 4

mul t3,
add t4,
mul t5,
sub t6,

INSERT NOPS 10
INSERT NOPS_3

bne tO,

nd

x400 # Disable Dual-Issue Execution

F4
, 0x240

t0, 1

£3, tl1
td, tl1
£5, tl1
t6, tl

tl, REPEAT # Repeat the loop

B7. BE2%mul B LM2KALIE S KRR

FEBLRRFP T, AEPRER AR B AT B BOROE — HFmu LR 2 M — 2R ALTE S, Blb & I sfei%
EIELLKI0 (B EIE. K8 N7 L FP A2 XU Fr i SweRV EH1 AR B ES {7 5
g, FABENLEI ¥ REPEATHE A FH K — SN CIRSE — UGS, BUE RIS RBIMED .

mul mul

Signals
Time
S clk=
. dm{?&j%s?{}ﬁglﬁﬁ:: B6 B26EBE33 |
s dec_i0 decode d=
ie_inst el[31:0]=
WAYO0 EX1 a ff el[31:0]=
(i) b_ff_el[Bl:B] =l
out[31:0] =
waddre[4:0] =
5 wend =
N wd0[31:0] =
. dec_iljs?_d[_Bl:_a]:T BOGEBEB3 /4B6FBFE3
i dec_il decode d= ]
i1 inst el[31:0]= ADGFBFE3
WAY1 a ff[31l:0]= [ FFFFFFCC ;98
EX1 b ff[31:0] = GooeBoOl |
MEE out[31:0] =i FrFFerce
waddrl[4:0] =
B 5 wenl=l
wdl[31:0] = FFFFFFCE ||

8. E7HREF I RS R

Imagination k2t %] — RVfpgas3617: #abr g

i A2.0

—20224F4H
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PRI, PISRIBEE IR S (B 05 Sdec_10_instr d[31:0]M
dec_il_instr_d[31:0]) JFRHRKIZEHATIH B

- JEBKO:
o XFF oA BT A AT DY 25 48 A R I 2% %%dec_io_decode_dﬁlﬁ%?ﬂ
CRANP AR BB R BEAT 3D
o WMMBHIIES (dec 10 instr d[31:0]) {EHEEIRI:EHE
(i0_inst el[31:0])

- JEE:
o RTuRBIH T VY SRR 2 %%, {59 dec 11 decode diRZN1
(AN SRAE BB AT B
o PB4 (dec i1 instr d[31:0]) AL IE
(il inst el[31:0])

i, RGESMHANEERNRERPMALY (Z0E5a £ff el. b £ff elfllout, UAES
a ff. b ffflout) , FFHSMEHPA AR S0 H (S WM K@ 15 Swaddr.
wenfllwd) o

% RSV AP INARESS S, JFm ik gt ARSI B 3 18] 5 B B 5 4
Wi FTLME ] DU AL B SR Bt A
[RVipgaPath]/RVfpga/Labs/Lab17/TwoAL_TwoMUL _Instructions /test_taskMuls.tcl.

55 MIER 7P IAEIA 246+ BT A noptd 2
HEE8T i E. ZEFHTHIPCEZ/D?
SRR ESATRER?, B IESR1S IPCR B AF & I FUY -

il RS L B B R SLI0, IFXS BRI g R

3. 4

1) 1 BENS AR WUR S AT AR BT B R K Fe 2 4L, I 5 B2 M7 s i 7 2R B
FEFF o

2) oM (UEHH) SweRV EH14b# 2% 5S Harris f1D.Harris it 2 #i4t  (Buv St fiit 5
WUk R45#))  (RISC-ViiRA, f@FK[DDCARV]) H7.7.4% b iRiiEmr AT Ch
AR, ZAEBOEEIPS ) ZRIMNESR.

3) 4rH#DDCARVH7.7. 4 KIE7. 70 IR, %R AL T X3
[RVfpgaPath]/RVfpga/Labs/Lab17/DDCARV_SuperscalarExample T iPlatformlO i
He. A BT KRR, ESweRV EH1 LT (T E—FH
X, WMBRnopta4) o MRS EING R, A WE, R DURS AR IPC,

Imagination K %411 &l — RVfpgaskdi17: brihgT
Hi4<2.0 — 20224E4 H
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b  Temporary values

x12 [ x13 [ x10 | x11 | x5—x7, X29-x31

Imagination k%1% — RVfpgaskd17: bR AT
[ 4:2.0 — 202244
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RS — M E A8 LU Ja M (0 00 S 0 2 1 B2 AL 8%

1. %G LARVIFERIE: 51— FLARFERZEIE LB IEL

2 AEBHAS ) & B B2 18] S RF A P RE R e A B A

3 AL B2 AT LI 5E 36 7 SCTRIM

A QIR HFAR LM, AT RETCIE RN A

SRR P B R E TS, WA ZR RN 2 5 P 2 4

a) HeEZR)4b P 3% 5 SweRY EHA AL 3 28 1) J& 1k o

b) LI ALEANPGTEE, TR FIARRISC-VARILKIEE —RIEHIER CGF—ER R
A FEXUR ST SweRV EHA AR ES EIHATIE Ol . BRI AE#E1T4000 1% AL 5 1B H 1 Fh
(R R RGN .

c) MK HSweRV EH1ALHEZ3 A5 NXUA Bt SweRV EH1ALHZSR, fntb A% b7 i
BB R BT R ENRAR T I VS XU S AT

d) HEHHAI/ES FARRISC-VAUS, VAEXUK S SweRV EHAAEE S b I B iy 1 14 g
(EE 7 R IE3 . )

e) TN REIFRISC-VAIY, I EIEM MRIOERSE R T IEEHR M RER. R,
HHHS/ES B IRES, PATEXUR ST SweRV EH1ACEE 2% - S8l o8 m PR R

6) (LIT4 7% FDDCARV T #1945 °77.30, 7.32F17.34. )

B3 SweRV EH1AbH s IEAEIZ4T A FAVES A Be. [ —F, SweRV EH1#4 B #7t.
T LM — D REBS L — N E IR IEI 55 R I 7 8 R Ot BRA1FEFIDCCM, 4 4RFS
FrBABRN—AMEFR R, IEE AR AR, DR RIS RATH) .

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) fliHVerilatorfIGTKWavelj EiZFEfF. /- fraii, FEErxr & A WIFE I LR A4
* RPORLE R S AT R ? KR FR S RIE EPATI B ? FEACFLELIR & ?
* KPR A A7 A% BEAT SR AR AR 2
* R LR S I DL ?
b) X FxfEfF, AEANCPLEZD? Juls HBIRME, WRIEEKR LTS, #il
BRESR.

c) fEFS AL EPATHFEIRI M, R R 5 I XUR I A B 28I (1 45 R AT F .

PlatformlOi H [\ #4211 F : [RVfogaPath)/RVfpga/Labs/Lab17/DDCARV_Exercises-30-
32-34. Pt E A —NMEHR T, DUEH 5 S B Ch] s BR 2 — OB ARSI
ARATIEARHAT 341D BT DU R 14 B - E 28 dh AT .

Imagination K %411 &l — RVfpgaskdi17: brihgT
Hi4<2.0 — 20224E4 H
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