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TR TR =N (S5014-16) 1, FATKHERIKELZ B . IEWD. PattersonflJ. Hennessy
LR GHFEVLARNE M) (RISC-Vi A, Patterson & Hennessy, © Morgan
Kaufmann 2017) [PaHe]f1554.5% h prik: IR/K L AFAE T — 5555 TLVALE T — /N Bl A 1)
PATHIIE N . REFHMEFAER . AEMARKUKER.: SHER. BEBRMEH
Bk

IEnPattersonfliHennessyrE[PaHe] 1 ik, EAEAEA SRk B APAT IR LA E T S EHE S
TAEPATHS, W RAEGHER . EARSLGH, AT 2 HrSweRV EH1 AR M5 B .

ESZIG159, FATK 2 HTSweRV EH1ALEESS R sE —MEK (BHEEK) . IE4lHennessy
FPatterson?t H (IHHEMNAREEK: BEWHFF L) [HePal—HRIE6RF ATid: /KL E
SCERAE B/ 5 U 100 R T 6 U 5 76 AR K ZR AR R 28 E S SR AT 8 2 IR AN TR, B R
AR E K

G, £ RKERAEHER . EWS. HarrisfID. Harris?E 5 (B & it fiit Eplik 245
. RISC-ViRA) (FA1Fr2 NDDCARV) —HHIH7.5.3 ik, anBAEBdE K& A ik
P B ORIk 45 S BT HUAR, MG kA 20 B . 1ESEIR16, FRATK 4T SweRV EHA1
AbHE 38 A ) B

2. SweRV EH1H & B K

AR, FATR U W] SweRV EHAAL B 25 m] G & AL RS540 B R PRI DL . BEFPES 1
B BE S AAS IR A7 AR R, 3R 10 6 HE AS R RO - A AT

N T UL — RSO, BATKEE S 2.AM PRI — N E T BEOREE S (mul) WRB], [F
AR e A 7ESweRV EHH AT B AL, 2 A I SR ae b i A6 sb ik A7 3k o #r o [BIAE—TF
GSGIAE3HR A MEEAER 4, HIE4 )8 TSweRV EH1H1 L RISC-V MY & CEEERE AR
HERAREY B o A THIATIHIES, SweRV EH1ALH B AE R VEEE (S WL 111KKE4) h
ST AR R Z BTk T (RDFREZ AR E 4 R RUK L TRIESRS) , Lol
=AMBG: M1, M2AIM3.

BARKYL, EARGIF, PFnul it SAER— HREA M B T SweRV EH1 A4 —/ 3
T, BB “ASFF R ENPUTIIE LG [PaHe]lt, KBS E K
FEAE I ARGKZE A2 A HIRE AR IO AL BEER P, 28 2R mu L IR L JRE 15 50— R TR BT 58 B
KR RE A BN . A (I ESCTRD) . SweRV EHA A 2 i K & ke ik ds
PRLE SR — 2mu 1 F8 OUEIR — AN, fE55 — 0 RIATR 2 Se RIA I S — BT BL (M1) | 4k4k
BB (M2) JE LRI AR AT o IX RO T SR RE AR AR G T (UK R S5 LEAR IR
IKEREERE & 51D, (HRESAEXTPERE RN (DN RIS AR ER A5 B R
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R A Bl CGR2.BE) . =R ER— HA AR S B, i — %R eI
WA ATHAT PR ZE 3. I F, BT SweRV EH1Z28K @ hn & W%, AT BETE A —
NEWIN KSR A CESERA TP RORIINE) . SweRV EH1[ &7 f7 8% 31 F
A=A, KRR X MO T M E . BT/ EAOMO A A8 S0 1, Bk
SR R TT SEXSREAT AS BRI EOR,  (ELRENS CEANIE R E BERUR (NI DL AR BRI Rh 454 B 1

MRA — PR BPI % RN AT Hdivig®: Bk 17 BRI IREIA, 24 S0 K R T 5%
H, BAVE U 5 — AT BRI S B Fl . REX— R BIA M g5 B K, B3R
AR RTE, BATEWEMAET M

A, BERDR B 2R FIR AT MImu 1364

RISC-V M¥y" @it 1 FEmule 4. HiE4S ¥ rs1 Srs2Mil, LA B T HIRSFEE (rd)
. mulHLZHE SRS (3 IL[DDCARV]IHIf#B) -

0000001 | rs2 | rsl | 000 | rd | 0110011

% W DN ul$82RE1T 5 L1 27 W SR-E R S BEAT AT SR 7L . Rl A
IKEERT BLIIFR A0, b dilhr GRIESweRVreff1 254384y, mulfg A —AMFRAmul pkt t
(R E 4t KA, JF HHdec_decode_ctlfiE X | — A4 Amul plfifE ) .

FeiF BT AE R texu_mul_ctl

([RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/exu/exu_mul_ctl.sv)
S, AR SOATIR, BLELITRRKZR I, HRESNE WAL R . AHRKER (53E
WKL O ek ds alia/b th 1 45k B Rrid R PR e 152K .

£ K&K EHexu_mul_ctlfVerilogfthd, 7T f#EsiEunfit5. 5idfkE, RISC-VEFE4%
FerEtE 4 (mul.s mulh. mulhsuflmulhu) , FFHPTH X L4 500 2 0 0 Fr .

PEN—IURT %R >, AT LA B T3 e BUE I )L FR3feis B o0 ok B Bt i i e

B B R B AT P 2kmul 48 %, XM 152 B S B B OXFFFFJGEA (B +-2E4165,535)

FIPEH . mulfg SRR LA R BoR . AFH, mulfd 4 BHIEFE) L FnopdE 4,

M TR A ER LR e . 8%, B ASRATENA R ERE, OHT R nliE L S BUN 4
HE K
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.globl Test Assembly
Test Assembly:

1i t2, OxFFFF

1i t3, 0x3
1i t4, 0x2
1i t5, 0x2
1i t6, 0x2
REPEAT :
beg t2, zero, OUT # Stay in the loop-?

INSERT7N0P579
mul t0, t3, t4
mul tl, t5, t6
INSERT NOPS 9
add t2, t2, -1
add t0, zero, zero
add tl, zero, zero
j REPEAT

OUT:

t3 * t4
t5 * t6

.end

B1. BA P K ESLEmul LR H

YA 3% [RViogaPath)/RVfpga/Labs/Lab14/MUL_InstructionZ ff:PlatformlOji H , LAf# Al LAAR
PwR Lo T EAESAE T . e H S5 T L ie 11 R A M se T S 2s &5 B8
T ANH T 5 B FNFT ED BT R T B E . o U AT — AN B B AL oS TR FE B ARE IR G
R (R a8 P kmu 1 382 BN ) (.S

fEPlatformlOH T gmiFliH, SRS RIC gm0 (M T
[RVfpgaPath]/RVfpga/Labs/Lab14/MUL _Instruction/.pio/build/swervolf_nexys/firmware.dis) -
HER, mulig4h T Hiht0x000001e8410x000001eckt

0x000001e8: 03de02b3 mul tO,t3,t4
0x000001ec: 03££0333 mul t1,t5,t6

%: WX %3207 {H (0x03de02b3F10x03ff0333) & 75 X M RISC-V 22 #4 H 1] $§ 4 mul

t0, t3, t4Ffmul t1,t5,t6.

245 7 A5 — IR A R a] B AR P 1R 415 LG L
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Signals
Time

35888 ps

dec i@ pc d ext[31
dec_i@ instr d[31
dec il instr d[31:
al3l

b[31

out[31

& 2. B19 5~ K Verilatorfi &

% EHCKIEN EESE2R M0 B, DL T RN B ST wTRAE A te SO
[RVifpgaPath]/RVfpga/Labs/Lab14/MUL _Instruction/test.tcl

MBI BT . DLAL SR R R BB R 538 P 7K £ A mu 1 AR AN A5 5 o

- A W &muligATER — A BA G B . 450 E R IES = FnuliE 4
(dec il instr d = Ox03ff0333) # AT —FrE, Ai#2H — %muliE 4
(dec_i0 instr d = 0x03de02b3) CLifNE FIHI N HIT,

- B B Fnul R FERUKZIRIE SR — BBl (M1) 4T, T3 —Fmulif 4
FEPERST BUAE A o

- M2 B Fnul R AERUKLIRIE SR BBl (M2) 4T, M3 —FmuliE 4
FEH BB (M1 4T

- A3 ZEREREE R AR (G —FmulifE 2 Nout =0x6) , H—FmulifLFik
EX3.

- A4 MBS R AR GF T %&muliE4 Aout =0x4) , H T &muliE 4 F)IA
EX3.

- JAMi+6: AR SCHHE S kmulig 4 (£0 = 0x6) SRR
- AT FAEER OIS T Fmulin S (£1 = 0x4) SR IR

K3 FT R 9 B 7 B 8 i SweRV EHIUK 2 B 4 4 it . DACERBERG I B, ACERXS 5B
B, CAURIEAHTBL, WBAREISH B 2% —%mul {5 BN D , K2HILHR
AT B i (B AR Ssthric ) IR (bubble) o £ — A (i+1)
H, FRARIKE GFERE, - 4Fmulif S OB 21EE%0, JFHER1EGES T —%iEL
(nop) .« fEMAMI+2F, H—Fnuldf LA THATHIE “Hr B (M2) , T8 —Knulff 24t
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THATHE BB (M1) o FEFRi+6Mi+6, M 2kmul #5285 HL A5 RS [m| 2 F5 47 48 0 fF (7]
LA BILE K200 A i+e i+ 7 B HD .

. Cyclei | Cyclei+l | Cyclei+2 | Cyclei+3 | Cyclei+4 | Cyclei+5 | Cyclei+6

EX3 IO ; C WayO

| | |
mul t0, t3, t4 (03de02b3) i D Way0 i M1 i M2 i M3 i C Way0 | WB WayO |
| |
| | | | | | |
mul t1, t5, t6 (03££0333) Dst Wayl, D Way0 | M1 | M2 | M3 | C Way0 | WB WayO
| | | | | | |
| | | | | | |
nop (00000013) | A Way0 | D Wayl | EX1 I1 | EX2 Il | EX3 Il | C Wayl | WB Wayl
| | |
| |
| |
| |

| | | |
nop (00000013) |Ast Wayl , A Way0 ' D Way0 | EX1 I0O ' EX2 IO

&3, BB RBS I PAT

5% HESH U S B2 07 AT UL (B AUOQIEM Fmul$84) o BARSRUE, 40
X248 2 AT AE XS S5 FIERD I By Fl 5 P A I B, S Lt fen i i K 42
- fEfERifu_aln_ctl (W 55BMBO Y, XM &IR S RATRE LS LA ME 5
- #P%0: ifu 10 instr
-JE#1: ifu i1 instr
- fEfHtdec_ib_ctlt, XPIKIRSHATHRAA CFBNFHEMED o BER, EREEER
T, 18 PR Lo gz X o I 2 3770 e 45 AN [R] PO e %
- J#%0: ifu 10 instr > dec _i0 instr d
- J#%1: ifu i1 instr > dec_il instr d
- fifithidec_decode_ctl (PEIGIMED) A, XKL RATREHELMHNEIE. Kk,
EATRK AR S BAT A PATH B $REZH BOA R 5B Bt -
- JE#%0: i0 inst el > i0 inst e2 > i0 inst e3> 10 inst e4 > i0 inst wb
- JEH . il inst el > il inst e2 > il inst e3> il inst e4 > il inst wb
FATHRAL I PTG X L5 5 1. telSU A
([RVfpgaPath]/RVfpga/Labs/Lab14/MUL_Instruction/test_AssignmentWays.tcl) .

% NEAPRERGE A S nopds 2 I HISweRV EH1 2L AG P RE TH B ds AN
M GATHAE. CIRKIESARIEREE) , MLl irR. EohE2H iR )E,

FIIEUGE BT E TN MREIE R,

BUE R BEIRIA N ARSI, LA BIERAR A ik . AR AE SR 4 A QRS A U I 14 AR 3R
BHIER .
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£% . 32 [RViogaPathl/RVfoga/Labs/Lab14/MUL_Instr_Accumul_C-Langiifit 7 CFEF
fIPlatformlOLi H , HCHE 7 H T B I0AEEA g R levd: ot 45 3

: SHTCRRFT

- PATOT RO BB RSN, HER, CEFEREEIILHIE THi%.

- fEHISweRV EH1F R TERE T Moz I EA R FEA A, IR MR ARIEE
%), SRR TR .

2R R R, FECE BTG N RERE R,

- HRISC-VIL %15 5 U — MU FE e 4 2 5 CRRASHEAT BB 3 45 % P BA3R
B EIPC,

- BILECHEFTIHMRSCVY EBIHFKMSEREFEBEBREFHFTILE. ~ik, EHH
platformio.iniF [ LL R 47 :

build flags = -Wa,-march=rv32ima -march=rv32ima
BHECA:
build flags = -Wa, -march=rv32ia -march=rv32ia

XA R M RISC-VI 454, T2 A H b 24T I K.

% BRETTHRERF, KM EnuligSBH#ONPI%1wig S (BEXDCCMD . ME R 5
ASHR 5y R > S5 B SR AU AR BT U R 0 854 B

B. HEESHBRFANIITH=%E<S

SweRV EH1E — 28k tbr AL 1 28 (GSGHIZ B ffs2i b O R Bt i 1 I ThRg, szig17
B EVEGH T o X ERE A YA DIE A 2 R AT 4514 . E=IBAER—H
WRER — BRSO, RS RAESGHERK . £ TSweRV EH1RIZER, XMEHSTE
ERATTRE, HAE, B —MRRIE RS R A X E K

- HMBDDR2AF k& R A PAFIERS, oRf IR S 1T, ZARBmRA N A I R4
Pamy, ERBEANRISH B AE P BOR S UE SN A 48 S (Rt B 5 ke A A
FD .

- WERAE R AR ZE R CRIVRE 3 5 5 Ak 4 o BB BITA I, Ab PR SR 4k B AT A OB T
HEHHE TR L), WATREA A CL RGN : S Ah M2k 35 A2 IZIA M 5B, JIf Hik
i R ENFAB AT (Pl KadddB L)

- XM, =R ER A JFD 5T
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IR AR RAEMA S, WPRE AR B E R, I HERXE A= 4502 —Rn2iss
frayrfrae SN . (Hag, mTSweRV EHAH (IsEi@1 /) Ll 17 =A5imH, ik
A UAEAE T (AT A PEREIR D BTG DL N RBRIX A 4514 E K o

B4R R B BB T X RO, SRR IR AT 1% JEBL 2E 1wiE 2 13655 addfs &, XELFR4
& EHZOXFFFFIIEA (R165,535) MITEHH . 1w S ERIF LA ARE ER. S1wiE4
R EED BRI S ER# SaddiB S TR B ER. AH P A EHinopfE4 .
W, BEEAPATEMA HEE, (T 3RS MR

REPEAT:
1w x28, (x29)
add x30, x30, -1
add x1, x1, 1
add x31, x31, 1
add x3, x3, 1

add x4, x4, 1
add x5, x5, 1
add x6, x6, 1
add x7, x7, 1
add x8, x8, 1

add x9, x9, 1
add x10, x10,
add x11, x11,
add x12, x12,
add x13, x13,
add x14, x14,
add x15, x15,
add x16, x16,
add x17, x17,
add x18, x18,
add x19, x19,
add x20, x20,
add x21, x21,
add x22, x22,
add x23, x23,
add x24, x24,
add x25, x25,
add x26, x26,
add x27, x27,
add x31, x31,
add x3, x3, 1
add x4, x4, 1
add x5, x5, 1
add x6, x6, 1
add x25, x25, 1

add x26, x26, 1

add x27, x27, 1

bne x30, zero, REPEAT # Repeat the loop

PR R RRRPRERERERRRR R BERRRP R

B4, K IRIAT IERH ZE 1wis S M 36%A-LTES KRB

XA % [RVipgaPathl/RVinga/Labs/Lab14/LW _Instruction_ExtMemory#¢ it PlatformlO i H ,
DUE AT DR YR 75 E 0. M EAMERE T . ShIi B )4 8 2 T S50 11 AR E 5 B PR R T B as 1)
git: BT — AT AT AT RN R TS A . oSUEE R — AN L ST T Y
REMRVC ARy CARB o 2 AERH 28 Lwda 2 A (1. S
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WEISHR, fElsu_bus_intfiide (R 01D HIR1G 324 881l (5 5

lsu nonblock load datal[31:0]#RMt4F1FasCfF. BAN, FERERIBTBUERG. ZIRKE
AT RSG5 4> Bl Id {5 5 dec_nonblock load waddr[4:0]F1
dec_nonblock load wenf@ft&AZFfAas XM, M H A AT ETA S NEHE . X=M55
I LA AR BB = AN S I T (waddr2. wen2Flwd2) BENFFAER SCIE, WEFTR. 16
WA, FESERATRIEeHr, FATHEIULRT 1 25 778 3
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Pipeline continues execution
of instructions that do not
depend on the load

Pipeline
Registers
for
Control
Signals

External Memory

(Isu_bus_intf)

DECODE STAGE " DC1 STAGE |]
Pipeline Pipeline
Registers Registers
for for
Control Control
Signals Signals
Register File end_addr_dc1[31:0] =
(dec_gpr_ctl) full_end_addr_dc1 [31:0]
wen0
waddr0 Isu_addr_dc1 [31:0] =
wd0 full_addr_dc1 [31:0]
wen1
waddr1
wd1
wen2
waddr2
wd2

Isu_nonblock_load_data [31:0]

accessed through AXI Bus

A

v

Lite DRAM
Controller

I

dec_nonblock_load_waddr [4:0]

dec_nonblock_load_wen

Imagination k24| — Rvfpgasizii14: L5 E K
[ 4:2.0 — 202244
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add x23, x23, 1
lw x28, (x29) add x24, x24, 1

signals
Time

clk=

dec i@ pc d ext[31:8]=

dec_ i@ instr d[31:©

dec il instr d[31:©

1=
]
- Lsu_rsl_d[31:9]
lsu offset d[11: E]]
1[31:0] -
]

FFFFAF13 ) i : 85 BE166613 7 : 196913 |BE1ABA13 |OB1BEE13 BO1CAC13 93 108126213 108138313

Vi [ S B REA% 25T 51 5 TS R
éh%éi#hﬁ%ﬂii HIH2 .

T 7 rs1 dci[31:e
- offset_dcl[11:8
full addr dc1[31 E]]

— lsu axl arvalid=
lsu_axi_araddr[31:0] =
lsu_axi_rvalid=l

lsu axi rdata[63:0] = [N + {CA11AB1EBADCABLE

dec_nﬁbmc [lﬁd_?ad?r [Z E]]_:l 5]
dec_nonblock load wen=
1su_nonblock load data[31 E]] =|

= T T T T addre[a:e] =
wen@=
wd@[31:8] =
waddrl[4:8] =
wenl=
wdl[31:8] =
waddr2[4:0] =
wen2 =i
wd2[31:8] =

Kl6. B4F~FFIVerilator{i E
X} B A7 AR U R AT I = AN 5 8
- 1wBEAFFEx28 (0x1C)
- addB ANFHFHx23 (0x17)
- addBEA\FHF#Ex24 (0x18)

Imagination K%l ] — RVipgascif14: 4544 EH K
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lw x28,

add x30,

add

add

add

add

add

add

Imagination K211l — RVipgascit14: 45 EH K

i A2.0 — 202244
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(x29)
x30, -1
x1, 1

x1,

x2, x2, 1

x21,x21,1
x22,x22,1
x23,x23,1

x24 ,x24,1

(000eae3)
(E£££0£13)
(00108093)

(00110113)

(001a8a93)
(001b0b13)
(001b8b93)

(001c0c13)

' Cyclei-17 | Cyclei-16 | Cyclei-15 | Cycle i-14

DECO

DECO

ALGN

ALGN

Ext Mem  Ext Mem

EX2

EX1

EX1

B7. B4 BB RHIT

EX3

| Cyclei-1 ' Cyclei
| |

| |

| Ext Mem | WB
| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

l l
ws

| |
W

| |

| |

; COMMIT ; WB
| |

| COMMIT | | WB
| |




FI6 AN &I 7 7 9 A AL e () Verilator 77 30 DA S R 3 B X i 30 A BE A LIS AR R PRAT 15 0 15 W 14

f£5%: EHOHIHEN FESE6H 14 Jid 8. i FH 3L test_NonBlocking.tcl ({E
[RVfpgaPath]/RVfpga/Labs/Lab14/LW _Instruction_ExtMemory+ $24it) . .5 JLIXK “Zoom

o
|

In” k) (—') #81%60120 ps.

o BEe R T BLUR BT R
- AT 1wiR A AT AL L

- EEI16: 1A A G b IR s AXIA Z R B A AR B . AN ARG S () e B
S Em AR A LA R, DR BIE N .

- M5 X MR M adafg & AT Y
- A LwiR S MPIF T R adaff S BN RIS B, e iE N A 3. X T]

it SweRV EHAZF A7 88 KA R I =AM o LS. VR, FFFasdm 50 2 bt
ﬁi&%”ﬁi—\‘o )I%’—“%’)\XZ:S\ X24$DX28 (%?‘ﬁ%%OX']?\ 0X18;FDOX1C) o

H£%: BRI aKE (EHERED 5RBASWE4F RN E (IR #HiTH
B NI TR ER AR S .

% BET7 PR S S E 2B TR 6T B 07 JBEAT LB . AREE A INE S U
JE A EIF IR

% f£HSweRV EH1 R ML RE tH s M B AR HA4 . SRR 1RR
), WSERATF TR . EoEeF i EE, FMER S ST MREENESR.
R P 3R 5 A 3T B Dy PH 28 3 BN 3R A5 1 45 R AT EE AL
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imagination
university programme

1. FEQTEH PLRAETT R AR b o3 i 7E 6] — A B B TA LIS B I P S LT A 18 % (AT BAJT#fr
R AAEEE I FESLV AR S MERAE) ZHKAENGWER . LML E
AL Platforml O H -

[RVfpgaPath]/RVfpga/Labs/Lab14/TwoConsecutiveLW _Instructions.

3. %4

2. (LUTFHGAIERET (i HHARGHAET) (RISC-Vik 4, Patterson & Hennessy
([PaHe]) ) #1194 >74.22. )
HA NHMPRISC-VILgiES A B:
sw x29, 12 (x16)
1w x29, 8(x16)
sub x17, x15, x14
beqgz x17, label
add x15, x11, x14
sub x15, x30, x14

BRBLEATR SweRV EH1A B S BN R A — IMFffias (EBAR S MHHE) - £
FIEOL T, BRRFEFP 5 2L — 2648 U5 R AE (0 R — A I % 2 — 2 Fi S BRI, 2y

FAES B S
a. LKL E LR R FR RS /ESweRYV EH 1AL B 25 (13X — {5 A8 i A< Hh (1 9k
VAR

b. M E, At A Kk & {5 nop K& ?

C. R WA FABXMEM B T IE S, Al /£ F A Innopk
THEREE B R . RES XX AN A B AT A [F B R 2 R mT L, 35 U A 75
%o IRARE, EUHEE .
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JiA2.0 — 20224£4 A
© Copyright Imagination Technologies 14



imagination
university programme

KRR T RARRERS (div) o HmuliB4—H, divig4)E T SweRV EH1H 3 FF
FIRISC-V MY & CEEECRIERERIL IR HET ) -

BIRA - RO B 2% R BEAT RIDIVHE &

divig X rs1 Mlrs2 PAT A 1T 5 BEBERZ IR 4 RAF M ErdF . divIHLARIE S /LW T
(% JL[DDCARV](#t5%B) -

0000001 | rs2 | rsl | 100 | rd | 0110011

EF: WX diviE AT 5 SR 2P X FER-Z R & HEAT AT SR AT 5T BRI
FRAKLEN BRI, SirEder CGRYESweRVrefff1 25434y, divie&H —MRN
div_pkt tHIFEELHEA, F Hididec_decode_ctlf & XL T — 4% Ndiv pllifE
5) %,

T PATIXETES, SweRV EH14LFE 28 7E #i Hrexu_div_ctl
([RVfpgaPath]/RVfpga/src/SweR\VolfSoC/SweRVEh1CoreComplex/exu/exu_div_ctl.sv) H
SEL T — AR K Z A PH ZE 2 F BRIt . M Tni 2 7 EE34 R R A5 R, (HARYE
ARG OL, WATREm /N T IE . SRk o s it ) L /ME S (div stall.
finish earlyfifinish) RIGRFRIER LIRS,

f£4% . 1 &k Hexu_div_ctlff)VerilogChE, T fanfl - HERE. oAb, ©BSITES
div_stall. finish earlyMfinishffm. fEN—IRA[LLZ: ], ATULAH H CHBRIER
JCEL R L R BRI R B e L By BT

K8 KR BIIAT P2k divia &, RMAFIR LB S EEOXFFFFIGEMN (RI+2£i1)65,535) [
fEAd . divigSERP A ORE ER. 52 HMRBIHR, EAGIT, noplfiFisd,
PN divIR 4 O B BRiE BT i s e I 10 5 i AR @ Ba & . 5N s IRy —
B R APATAETH H AL

.globl Test Assembly
Test Assembly:

1i t2, OxFFFF

1i £3, 0x8000000

1i t4, 0x2

1i t5, 0x2000000

1i t6, 0x2

REPEAT:
div t0, t3, t4 # t0 = t3 / t4
div tl, t5, t6 # t1 = t5 / t6

add t2, t2, -1

add t0, zero, zero

add tl, zero, zero

bne t2, zero, REPEAT # repeat the loop

.end

8. BikELSLdivig &R pl
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XA [RVipgaPath]/RVipga/Labs/Lab14/DIV_Instructionf fitPlatformlOIi H, PUH n] LIAR ¥E
TEHT I EAE LT . I H A Snul f8 SIS —FF, BT 525011 i A
PERETH AR 451 .

WRAEPlatformlOH T IT . S H , RIGFT I RICIw AT (AT
[RVfogaPathl/RVfoga/Labs/Lab14/DIV _Instruction/.pio/build/swervolf _nexys/firmware.dis+) ,
M2 7 Pl divEe44A7 T #10x000001c0F10x000001 c4 4k,

0x000001cO0: 03de42b3 div t0,t3,t4
0x000001c4: 03££4333 div tl1l,t5,té6

FESs: 6 UFIX X324/ {H (0x03ded2b3 F10x03ff4333) J& 75 X N 48 2 RISC-VZE ¥4 th (11 458 &
div t0,t3,t4fdiv tl,t5,t6.

BIOZ: Y 1 IR BE LIS A 8] B8 P R e (1 417 A O o
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div t0,t3,t4 div tl1,t5,t6

Signals Naves
Time

clk=

dec 10 pc d ext[31:8] =
dec i@ instr d[31:0]=
dec_il instr d[31:0]=
div_stall=

i@ _block d=

i1 block d=
dividend[31:0] =

9. B8F =Pl Verilator{i E

£%: £HCOHTEN EES OB R Hd s, CLEHT AR 24T

MO BT . LA TSR B R I 2 538 KR P 2k divig S AR 5

- PiSkdivIBATER - ERE RN B (dec 10 pc d_ext = 0x000001c0, EPZE—
ZedivifFe A Hidl) o H—2kdiviE4 (0x03ded2b3) i M TE By B T AT,
K BRI B EL (#F&% = 0x08000000, F4%r = 0x00000002) KiXF|MHIT. iE
W, BATNBEBREUER: T RORIIME, MRS AR Kl (34D .

T SweRV EHAHWBRIEZBHZER, div/a MM KA SH0R 1T, ARIETA,
B BB AERLZE R, T R — DB B s 450 B B 2 65 — 2 diviR 8
%o WER2EE A, AT HABTERT LU ETERE, Bk Bk g i K 2t BlA 35 5
—AEREAR . A, BB BIBREARINE IR, OGO 25 8 PR A

- WKEAEE — &k divia & AT HIE &5 (08 — RBRE S A RS 5
div_stall =1) . ®ALLER], 45510 block dflil block dA1BIPHZE,
PROFIEEE 14 fH2E . b4k, PlfEdec 10 pc d ext = 0x000001c4, X &1L B
LR e S S (= Rt Bih el

- BRIEBIUTHE Sout £ M ERML R, MERTAHFAAE (10 =
0x04000000) . #J LA BIBE FRi%kIZHIZ 015 i R 45 AL, BN A U100 dan HE AR 2
2.

- WREER)E, BB, RUKLESIAT (div_stall =0) , HJkdivig%
HESRIESRIC. B)a, E34NEMIE, % % divie SIS R E N 474 X
(t1 = 0x01000000) -
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S —RdiviR S, BT IHERSIIERE, % 2kdiviE L ZJa MR L BaE
7o A, ERFHON, MRS TRk (IR ARZERR R -

EI10 T 7= A B 8 1) 7 il vl i SweRV EHTRU/K A 45 2 . 2458 — Sk div g & E A7 BEAG I
CAMD , hTSweRV EH1PHZERRIEMERIEAICH LM E R IR, 5 2 divig & M5 2k
B AATH B E. (HENHELSERTHER-sthrid. ) )&, 341N HME (8
Wi+34) , F2kdivIBLSERBUT, JHET2:1 2 BT Ok 45 RS [ B A8 S0, st
HIEAFTR. RN RIS (+35) , Ja8HRAWE. Ra, ERAMI36H, - kdiviis
THEHIAT, BT SweRV EH1BHZERRIERIRR, 5S8R KR 5.

|
| Cyclei+34 | Cycle i+35 | Cycle i+36 | Cycle i+37

| Cyclei | Cyclei+l | Cyclei+2 | Cyclei+3 |
} } | | | | |
| |
div t0, t3, t4 (03de42b3) | DECO | DIV-1 | DIV-2 | DIV-3 WB | | |
| | | | |
| | | | | | |
div tl, t5, t6 (03££4333) | DECO-st | DECO-st | DECO-st | DECO-st DECO-st | DECO | DIV-1 | DIV-2
| | | |

I I I
DECO-st } DECO-st } DECO-st } DECO-st

| |
add t2, t2, -1 (£££38393) | ALGN | DECO-st | DECO-st | DECO-st
| | | |

|

|
ALGN-st | ALGN | DECO-st | DECO-st
|
|

| | | |
add t0, zero, zero (000002b3) } ALGN-st } ALGN-st } ALGN-st } ALGN-st !

! | |
add tl, zero, zero (00000333) i FC | ALGN-st | ALGN-st | ALGN-st
| |
|

ALGN-st | ALGN-st | ALGN-st | ALGN-st
| | |
|

| | |
FC-st | FC |ALGN-st | ALGN-st

|
FC-st | FC-st | FC-st

bne t2, zero, REPEAT (fe0396e3) } FC-st

E10. B8 BIIEIHAT (—stiaiRnm B i=iEL)

% A E0H BB 5 B I 2T A B9 B0 AT LU AR TR AN = A
IR FIF IR

£%: HSweRV EH1H A MERETHBER M B AR HEM . SRAKES/RIE
%), SRR PTIR.
ORI G, FMECE B/ EH? MREmEs.

5% A FRRBERRBABRE, T TS R RS S E AR R . @ A
W B A A A L.
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