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Spike-FlexiCAS:A RISC-V processor simulator supporting flexible cache architecture
configuration

HAN Jin-Chi'?, WANG Zhi-Dong'?, MA Hao'?, SONG Wei'*

!(Institute of Information Engineering, Chinese Academy of Sciences, Key Laboratory of CyberSpace Security Defense, Beijing 100195,
China)
%(School of Cyber Security, University of Chinese Academy of Sciences, Beijing 101408, China)

Abstract: Cache simulators play an indispensable role in exploring cache architectures and researching cache side channels. Spike, as
the standard implementation of the RISC-V instruction set, provides a complete environment for cache research based on RISC-V.
However, Spike’s cache model has several issues, including low simulation granularity and significant differences from the cache
structures of real processors. To address these issues, this paper modifies and extends Spike’s cache model, naming the modified version
FlexiCAS (Flexible Cache Architectural Simulator), and refers to the modified Spike as Spike-FlexiCAS. FlexiCAS supports various
cache architectures, featuring flexible configuration and easy extensibility, and allows arbitrary combinations of cache features, such as
coherence protocols and implementation methods. Additionally, FlexiCAS can simulate cache behavior independently of Spike.The
performance test results show that FlexiCAS has a significant performance advantage over the cache model of the currently fastest
execution-driven simulator, ZSim.

Key words: Cache architecture; cache side channels; RISC-V; simulator
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i LA A5 & (40 Verilog. VHDL 25)FF 4 b 73 %8143 4% 75 BN K (B AR 7 208, TR G i 391 40 152
THER 2R W Bl o A 2 PR B (R4 5 5 2 1 S AR LM 3K () Ab B 2R S5 4. A P SR 5 S I 90 Ak B 2 AL 2% T
A RE SEILAN VAL 2 U3 R A8, S8 Re TS BT R 8 IR N SR AR AR PP (47 R DA A 280 1R 00 H U 3R 484 v
MRS, 40, GemSWISE 5 F AOABAL 28 B AL 7 X AR M ) B VE SN 55, SCRF 2 Fh4E & SRR R 454 (14 I,
BRI AN AT 28 M T SR B ZE T R, B RISC-V RIS RN, £ 14X RISC-V
PP 28 A5 15 & 5¢ F 2. SpikelHE RISC-V 1§54 #2581 %% (Instruction Set Simulator, ISS), ‘& /& RISC-V {§4
R BIARE LI (golden model). A A K RISC-V 18 2R T Hr 59 e #8415 67 Spike b SE2IL I IUF LA R VEAN,
T 1 H GDB it 2% B 181X Spike A& &, 1 0] LA &1 | OpenOCD 1217 {E Spike 2 L[ RISC-V AT
7. AUk Spike J& H i 32 £ RISC-V {5 4 &£ i 58 B8 17 3%,

GAFAE N B 2R N AE T IR, BT AT ENL R R RE R BRI, RN SENRZ,
ERTHI R T E B REARI RN, BEFZEBEANBERFR .. ZHE S EZRELARNES RRE
ZHH M. B A R T EALE X KBS A ARG A B AW B AT IS UL 5 A B 8 T R 2
BL, EEHATRTER . DRIE R AR SR AT B AR T DA T R 3 7R DB K I A7 R 2R 8 (B b FHR0E A B H bR 2 A2 45 4.

SR A7 PR IUL 2% TF S A7 015 18 0 A0 9 400 th % 1 5 S s v . B R IO B A 3l ik & i A R 1%
JEE T S HERE . SR AR R LB ) S B e () s ARV 2 S SR AT A L 8% R AT B8 AR O,
T B RAFMAS TE B, — R B 57 A it th A A B Y, o — S [ A it A2 X I R R4 4 A AT 1B
o, WEAEBENLAEI > R RHEE AT (skewed cache) LA BCKE I HHE AR 2% 51 5% R B HS 4 (1) Mirage Cachel'”), X
S 57 A8 S B FR AT T AR 2R AT T T RR B IE.

Zx b, TR EAF BT A R AT R R A e IT AL, I X A A T8 00 B B0k DL BB & el ) 42 44
HEAT WA AN A AT PRI AIE, Z2 A7 A 4035 ER 9 TG AN T B 1) A €8, (RIX 0 AR AL AR 4R 7 0 JUAN AR
(DZHFFGAF I AT, XA BeXT EEA R (E e pe 22 7. )RRBBAMESOE B S 122, BERITNEAF
BERE A T Rl 20T B 11 2R R4 N H DR B2 R 23, AL 9 75 AT el B DA SRR TR AT A 22 4 2 75 A 8O A L il
k. QB R A ZAIT NN ER R RRMGE. R ITEH A7 & AN B A TR 2 — A
Wk 7 18) BRI (A 35 W I Tk % 3 P 1 B0 SR SR AIE T () R AT 5 W R 75 AR, T IR G A7 I 0 5 B AT 4R (
SPEC2006M" ) FR BUPE B8 404, DA I I R B8 00 2% BE B S HF T B0 (0 3525 47, B BB B N A 7 88 B4 2% 2 St Hh g
HAEANFR T IEAT.

Spike f& RISC-V 54 FRAEACFERS 5 HOAL T, {H Spike 25 AP H & 1H B b2 /R 0] BE I $E 05 FLIE
B, Ui BRI T ZAE, HABRNZAAIHAT HLR AR i ], Ht Spike FIEAFE M 5 H L2 1% 4b 8
BT EMEIRRAF. BAERKUL, Spike HIZAFHEVE LLR JL i BhIG: A7, Spike MIZRAT 451X
YR A M 2 B MR R A7, FEEE A RS RE RS e k. A SRR R 4Y, Spike MIZ A
ABE B A% D 2 L — 5 4 5 47 (Instruction Cache, L1-I)5 %422 17 (Data Cache, L1-D)Jf A Fr £ %%
8N, ZMREHAELZZEEBIEMEBERERN —FMN _REANEWHERZ. X8
B3 0477 AL AN . Spike HPACA TN 477 35 38 B 1R 4 44 55 8% 4% 46 2% 17 (Translation Lookaside Buffer,
TLB) bk, S B S0 HITE 1 55 I i e G247 SRAFVERETEAR AT B2, Spike MIZEAFAR YN SCRF ST IR B KL 5 IR
B UimikE. DARBR R IRBGESR bR, TN T AP R EE 2 4R Re R bR, AN TR S AL
HARWE, S0 B 5 BA RS BN, SMRERF USRS EAE RS A EEZ LR
L.

AN Spike MIRAFBLILHAT T4, Bk, AR E . Sy RMEEGRANER, BRAY R T
Spike FIZEAFHIAY WG AP A dr 2N FlexiCAS (Flexible Cache Architectural_Simulator), 1805
Spike 71 % v Spike-FlexiCAS, 1 Z% 7 BB IHHE sl R

() RIGME. £ ETREMFARR L, ASCHE WS (inclusive) B A7, 13 FHEE M (exclusive) 27

A7 AEE A & dEHEE 4 (non-inclusive) B A7, TELEAF — S W b, SCREEE T #B AR T H 31 MSI
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A MESIZ2 47— BV SbAb, 38 S RFHENAS 18 B X 247 14E47 7 X 1 skewed cache P & Mirage
Cachel'. FH 754 F B T LAAT: 2 b W S ] FR 2B A7 5 MR b AT 4L, 32 B Al Atk 1 Acb 28 28 55 00 35
PR A7 A T B B ok 1) 2 A7 A 400 2 AR AS B 1
(2) BEHUb. B R, ZEAFAS R AR UE T o R, KRS AN TR T T R A
M Ak, FH P TR B AT CATE R A AR AT (0 S At B b B TN R A R A7 A5 . DS RESE IR
HEe HEZ A7 N, SRR AE — SO 13 4 B X TR B SO LA R SR ]
(3) ATEERMERR. W B AR SRS A Spike B — AN FHEBL S Spike HEATAE K. PGB AT LA
R AT AR AN AT AT R EEAT O B SERR LB B AT DL S AT A 1 4R R 5 A AR R S 3 AT 4R
J A B
@) FEMERE. AR, %S AR EL AT IR Zh BB 88 ZSim! V) 28 17 MR 20 78 36 R A7 AT A UL b
BAWBMMERER Y. MAh, EMANZERE S50 JEF T, 5 Gems 11 KA B RKRELA T T %
84 M GAT B R B KL #0% (Kullback-Leibler Divergence, KL Divergence)# Eb At #5401 28 ¢ /8.
ASCH 1 TR TAENSR, WENHR T HArE N AMA 1A 5B L 23 AT AT SR 1 227405 DL R
SCFFBAFAT N H B AF BRI BB LML 2% S 55 (K B A7 0 1k 15 AR SO T 10 28 1758 8 (40 A [ A RS T
RLOEE 2 WA BT BRI SEIL, AR @ G DR R odE . . 5B
BCRA B o] B AASE FH S5 350 4 AT I 3R, 58 3 T BT R A7 AR FlexiCAS #: A\ Spike S E A4 fif T MR L 5y,
4 TR T Spike-FlexiCAS Q0] 38 UE — BUME WS IERf P . Y745 T Spike-FlexiCAS 7EA [FIfC & T 191 5% LA
Jfd I SPEC2006 Yl 5E Al PARSEC M AEPO0P Aty 44 4b 23 455400 8% (IS AT TR BE, R Ja /2 ARSI a4 DA K JE .
AL IR AL FlexiCAS LA K5 Spike £ BiJ5 1) Spike-FlexiCAS HIAAS AT LLid i A 883235 15(1)

https://github.com/comparch-security/FlexiCAS (2) https://github.com/comparch-security/spike-flexicas.

1 HXIIE

H 20 40 90 EAR LK, AR S A LT — Le 88 AT LUbE A T A7 I s P W ThEE B IX 4y, SZAFR
% 0] LA 43 AT R AR AN 2% (behavior simluator) FIE /57 S AR 40 2% (timing simluator) 2K, 47 AR I A0 5
Wk, RAE@HE FRRLRAE AT N, BT S AF I E R e bRy . Bk R 28 DL 36 1IE 2% 47 424
O TEAff . BF e S 0L 45 DU 308 5 6, 5 4 ) T R A B B, B S AU T 2 A B4 AR I SR MR AR AE 2 (0
BF ), 3 A1 5 SO P AR A28 00 47 JL 0 B — M8 T AT N AR U8 . SRAEAR AR CE AR 88 =X b mT DL 43 o =
AT IR 5} (execution-driven) X! | 1/i B UK 5} (emulation-driven) %4 Fl{jj 77 7 51| BR 51 (trace-driven) Y. $UAT IR B A A
WS 3 B R BB A & LiET, XERFEF T84 % (nstruction Set Architectue, ISA) 7
FAHLT) ISA 2. 17 B RSN AL AL 25 U 2 B g — A B R BRI AT RSP, XHE1g T F2% Mg 473 A mT
PAik ISA AIRAEIREFEAM T GIE1T. 4775 W B B ARG 24T 1 AR R 05 427 5 B BN, 1X
P N AETE ISA FEA B IR, A B IRAG07 47 5 51 5 v] DUET XA [ (1 22 4 e B 3k AT 22 IR 01 01 0 75 F kg
ITRRIF, ABAE B A7 5 51— M BB R 0 s SR T A9 (1 I 8] 4.

GemSP g — AN ELUR AN AL |5 Gk ZR 45 O RLADL %, & SCREXT 2 80 ISA (1 X86. ARM A1 RISC-V %)
FEF AT, GemS B M5 Fl GEMS & H 1k, HILERHNERETES THANEABEE: Classic B LA
J Ruby #5784, Classic #% HSCRERE T 7 #1481 /LB MOEST — S0Pk Bl Ruby A58 )& — A o) i B JF A
FERLH AL 1 2 A2 A Y, e 4 488K Y 3B 5 (Specification Language for Implementing Cache Coherence,
SLICC) R SEMLZEAF — k. ] SLICC I 5 B g LR AF AR BY ¥ 2% AL AF (i H 3« G247 58 KPR ZS IR 75 BT &R
EE R W A8 19 2R 4. SLICC £ 15 JF & 3T 247 — BUE B RN T 8, GemS HR A 1R £ i1 SLICC 7 B — 3L
PR {H SLICC WA &K B R K H H i A KE M, HAjid A Hah B85 % H SLICC R4 &
GAFITY. GemS BT & 8 BN IA R MBLES, SR RERPER, FIE R EF AW TR LR K.

Pin®2 & Hi Intel 27 FF R KIS A& kB HEARAE LS, & AT DUE 0 ) FE PR 38 AT (0 2 b 3 N 4% o 0
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XTFE TP AT RN AT 48 4 0. AT DT 10 bbb 56)3E 4T G o A i, BRI Pin 432 T X2 /5 1 M BE TP Al DA
Bk, ZSim!"F1 Sniper® V4 & $hAT B8 3 ALK P AR R AE RIS, EAERE P g AT A R @ Pin
RIIE A IEE R, H PRI BEABLE 11217, % Pin MIFRE], ZSim R AEEA X86 i &£ ML 45,
ifi Sniper 7E 5T 1 58 B sl Hh B IR N T X RISC-V 3 #5024, BT B4k i Spike i 56 2 513 245 72 7 51, 1
FH Sniper [ 2% 47 15 74 3k 47 H Ak

Pycachesim!”'fl Dinerol VP& HUZE R AL [ L4025, BT A& WAE T R %0, R B BB 40 72
FIEEAT, RBe UG AZ)F I i N R A7 AT N, Pycachesim X2 HEAT, L TREA AL RS
RS XR, HEALFLZ %A, DinerolV M RXRHAEHENEEXR, BEEXFZREFIFN
S FE 2% %47, DinerolV [HBLTE 2 & H T #U% 10 H 1. CacheFXPL& — A TP 17 & A MEIHESE,
BESEI T Ceaser!''l, Ceaser-S!'2. Scatter Cache” 52247404y, tHT CacheFX [/ 4 /&N T WAk A7 1) &%
b, PR B0 A R [F) T 2 T4 B AR — P B A BB M2 HEFEH R —ZENS
5, R — A2 EE BT — S BURERE (1 AES NS, DA St R SR R — R T
W B2 A7 UROR SE BN RN 32 3 1 — 28{5 B {H CacheFX WIZEAF 45 RS0 — R A7, C T EEX 2 P itk 4T
5B, R Ad & Jo i ] CacheFX 3847 MR S 1Tl 2 7Z I M .

1 X E T AN ) A BE AR AL AR SRR E R A SR DB AT AR T b, 3R 2 KR T A B AR A
T3S 1) G AT A5 TR BB Y 2% A7 AR UL 28 S RE R AT RFME RS L. b GemS ) Ruby 22 /7155 21 B AR R IR 2 I 2%
R, EAFHEAMERMNAEGE—R, Wine HiEA LR = RRAAEN T RGN — R
MHEE A7 I B =R AT e — BB RS MR Intel ™V 77454, Sniper 1247 B M KL HF
6] — /N AL ER S R AL T FE AT R0 L A [E A 3 2% 0 22 A7 d B sk AT [F) 20 X — Fh— Bk s Bl oy KL
25 LFTIR, FlexiCAS & HEIME—— N ENT A & SRR M RAABAL, XN LLE 3 &3 i — Bt b i
PRt 7 A,

T FALBEER LGS 0 07 R LE AR

RS \ e g - g
T oy RSCV 5 EAR K i A 1 FH B
Spike-FlexiCAS X X v E B ~10MIPS
Gem5 v v v E T ~2MIPS
Sniper v v v X T ~0.5MIPS
ZSim v X X X T ~60MIPS
E= i HIK#H, X = AT IKB) A
B= 1TA%, T= WFH
15 B0 BE (1 S A N 4 A R A
* Sniper % T ARM/RISC-V 8 44 J& ffj 47 /7 41 3K 5 B [ B 4L 3%
T2 A ALTR AR AL B I SR A AR R R Bl B SR A7 AR AL 2 SRR B A7 A I 0t L
_ HBRA —E s —E v
G 4T AERA B i ég
Zoq | R | MRS - oy
- X El=a) HIAE
Gk B = MOESI | ®*
H s Hew I H MSI MESI -
{43
Spikeis lexiC v v v v v v v v v v v v
Gem5-Classic v v v X X v v X X X v X
Gem5-Ruby v v v v v v v v v v v X
Sniper v v v v X X v v v v X X




2208 Journal of Software # A% Vol.xx, No.x, July 2024

ZSim v v v v X X v X X v X X
CacheFX v X X X X X X X X X X X
PyCachesim v X X v X X X X X X X X
DinerolV v v v v X X X X X X X X

2 FlexiCAS BYZR#91% it

AR [ B AE— U W SORN G2 A7 245 40 2 Y8 A7 i) AR = AN dug R 3, BAARER T E AR
Tife. ZeA7om M 20 WS 55 A B 4, — S BUUE T @ WAL B IRARAS ML, G A7 25 1) 01 5T S A7 1N B8
o] 7% ELB 22 A7 I J2 38 FH 1 2 4 #2322 1 (Application Programming Interface, API)%: 2 45 i 11, fikug O 1
S5 E I . T A SO B AR R Tt — AN SR 2 T — BUE M ZAF S I AT E . 518 UK A7 A
025, BRI UL B =805 04T T DO el GO B A13T B B AR E. 2 J5 (8 R DUIE e A B ) 1) 3t 8 40 i
LRI R, K 1 FR, — AN SCRE— S PR 122 47 (Coherent Cache) FH 8 #3113 11 (Inner) 38 FH AU i
F(Outer). — MM (policy) F % 747 i 45 14 (Cache) TU AR L ZE i, o Py A0 35 1 RT3 1 67 506 . A
BRI R, A, WA BIRZ A7, RS — A P .

L1

ﬁoherent \
Inner
Cacly 5

Cache @

\Ou:-_er
N /

H

Kl 1 CoherentCache 414K

2.1 BEmA

PR Sty 1 FH A0 sty 1 bR SR AF (N AE) HEAT IS B0 1 DA SOE W S A B3 B AR R T A
(Master), & 1AM S 5 4F 9 T R (Slave) B9 T SR AT 1 P9 M0 iy 11 AH 3 42 F 047 1845 . 75 — B S 47 N B,
P ity 1 38 2 i) A7) ity 10 6 5 45 13 SR I PR L 3% R 48 T SRR AT IO P O oty 1. A A0 g 1 R A0 ity 1 7 A LB S
55 I 2 MO 35 45 10 2 R A5 i) — BOVE B A DAk s e AN B/ R R AT AT AS T (AR 75 1) T G B A R 3R ) A
RN A SR 2 W RAFAT i S5 M (W TR i e BE k0. B 2 EBRRR T — NS A L B 23 A% AN
SREANRG, GOEBEEAE DN EE MRS EMBIESA. M THEAEARIEAS, FikE4%
WA T AS HRE RN ELE, K5 T REFRE R R SRR RS E. N T HEfiil s 4 2%
FEMIX —AT N, FlexiCAS FINEXT R 1K G247 AN sy 111 BN A SCRF— B B, BRI 52 N R AT R H I
MG R, NS 58 REG0H— SR .

BEWBI A LS% T IR RISC-V AL FE 2 Rocket-ChipPY#1 H_E R4 Chipyard™! et jfr £ FH (1 TileLink —
T LA Bt DA R A 444 (02 383 VRGN T L R RGEAF (NAE) I Y AN s 18R R R A g R 2K
B @RI LRI DR, SKI(Acquire)1E SR F T~ _E R A7 K A AN fin vh B A8 G R A7 SR (R AL BRI i
F (i A FEZZ (SR EFHFONIESCIR (M), 1% T (Grant) PRI/ 3K 1 2217 B 10 B0 IR (B 45 02247, $R I (Probe)
AL T4 E FREANB SRR, UESHERNZEENN, TRELNEAIIKZ N EAN, FER
b G G IR BRI SROFe 0 R ik () 2 A7 BT 8. 5 Bl (WriteBack) H T8 L A7 R R A2 T 51 3R B 2L



$he- "% :Spike-FlexiCAS: X H4 4

P Y S R B R REEAE(N AL MR (Flush) 2 X B 128 47 He TG0 20k 055 4% il e BAL 18 45 S R 2 47, BXT
THREZGX KA E-FEMNESR, EASH TRER RKES BRI PRIER, 0852 A28 RETNR
MEKR. 5E(Finish)#; B Z 7 H T8 A N REAFIERFLS LR, KHLEAF (Last Level Cache, LLC)FI

A7 IR] A ﬁfiﬁﬂi%f%?ﬁ

B MR EBLE 69 RISC-V 4 2 BAEME

f%

E— — ___‘H__“

LlI 2 Inner|
Cache .

11D 0 Inner
Cache

\%uter
<4)>

(7
| 111 Inner ~ ‘x
Cache

L1D-

L Inner
Cache

P
| [Inner
L2-0

Inner|

:fi}
o
o

Li]
A

[wﬂ
:

|
Vs
( Inner
L2-1

Inner

Cache
Oute

—HEE
) . .
LLC-SO0 Inner LLC-S1 Inner|
Cache \% Cache \—H
II RESE
RE
B2 — NI = RELEN RS
T3 LTI REAFIEAE g AL v B R A
e 5T BELEG EELLOG NG
3 (Acquire) a2 11 A 11 Lﬁ%ﬁﬁﬁgﬁfﬁﬁ* uﬂwtéfﬁ&m
£ (Probe) shwsi g AR LIRS R
5 [l (Witeback) BUHREARRE  EmmesE— gy O PREERTE
(Gt S 1 Tﬁ%ﬁ@%é?%ﬁ%ﬁm ILcﬁﬁggﬁﬁﬁ
P (Elush) Py 38 1160 93 SR — A B 47 B KA
5% i (Finish) PSS AU T F 2Rt itk e I e KA

BT E T REAA(NAD)TEIBEI, —REAFIE T B % AT 8.
ey IS HUL e AT B D) R
LR AT T LS NS B4R, 0 AL HE b B 224715 R I, He 4
AR AR BAZAF N, X NSEH A A7 5 S (memory fence)ZF [l 25 #5

PGRAFIAE AT B

2. R4

R4 —YEAF GBS EERE R

R R BEAE X R X86-64 1H
SRAT R FH A B vl 2R
AR T HE.

4 VRN IR T AR AR A% A —
ASEHH clflush F5
fCms, G RRTE 4

HERA #t S R NE i
i i B TRk B E

£
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5 ik, 5 HE & RS Ak
il ik P TR R — A bk
5 Hudik B R 5 | ik
M A7 7 K& TR R A 2 A

HARSEIL b RGAT I % R RGAT A7 fih 245 K DR A A5 95 55 A B O R AR, FlexiCAS 1A 3t 11
UML HEZR 0B 3 fro. PO S AR Do k2, 5 SCT IR AR B3 rh e 1 pR . B0 35 12 P 3 11 448 7K
H ARG O, BT AS S SRR A RGBS R O, I T A F 55 A0 B AR Al Y4 1 R
BT OB TER AT R R BEAT 7928, HFe o o 00 s A0 605 Sl e v 0 3 11 R 4 R B L P s
AT TR A S R R MAR A S AR AR E M (0 S5 A B AR X B D AT TS Bk e 2
T2 550 SERED, B DK EER NS5 Bk fm 0T — A 58 58 B AL BLE 5 5%
P s 1. 3 DL ERERURSCROHEZR, 7 AT BAAE 2 5 IO R B X S A7 454 5 22 (X0 388 1 o 11
PIE £iE

virtual acquire_ resp()

ST RO BEERNED HretmmxO
virtual access_line() virtual access_line() virtual access_line()
)

—HriEmfiEn

virtual probe_req()

K3 A ) UML HESE ]

2.2 TR

TCEHE (Metadata) N EAFE R A% OE G 7, EEEAARET RIELE W TR (DR Hhk
FIATEE A I B i M bl 0 L e, AR HOBE A FT e i 2 R — 7 4, R R B AT Mkt
FLA LU AR N AT B bR 2 A A TE e B 8E b T HBBE VT D, (2)IE SR B IRES: RGEH M E A — B
WHE T BAFRATRERIRAS. i, 5 MSI PRtk EL, MESIT P51 N T 84O SR A, — Bk vl 75 2R
PBAAPPPIRES . AT B 1) F 55 DL R TiE CRPIRZS MLk g J5 8 3. o, e S Bl AF 1) SRS I,
TCHR 6 T B AR AR RS, BB A E MRS B A2 B . Q)L = IRER: fER M H R FF
ZAE—BHER RS, AT RACTERERD A DB T R IEAE, JTEURIE AR T Il R EEAIE EREL R
AMIT, LS R — SO 43 131k,
2.3 HiE

TE AT G AL ZE , AR P /N FRAEG A 64 715 FlexiCAS MU 64 T INEZAEHR, 163X
FrF P Bl A s B AR YU RN, ALl T AR Al O 0 2 7 R R R A TR 11 PN A Y R R e A AL 3
B G 0T~ 2 A7 45 1 (R R 2R AN (15 18 o B0 1) P AT PR B0 IE 553 28 R 7% B2 70 25008 A 3 R AR B S 40 A [R] 48 A7
LU R B R T 5 LA RO TE S K37 B, FlexiCAS AR ] DL A7 fik FL A f9 22 A7 B 35005 M7 i ook o ) 1 3ok i
Spike-FlexiCAS H HER WAt 2 LA H0df (1 77 20 FH FlexiCAS B AF LAY,

2.4 BEFHEHS RN
SRAT BN A7 A6 SR AT (1 70 B30 R 500 -4 0 B AN 00 B 1 10 iR )2 6 101 B (b 4 T 15 o 1 R A TR 55 1



#h4W % :Spike-FlexiCAS: X 4 4 M) X & Bt £ 69 RISC-V AL B AEME 2211

AL PR X LG LT T AR AT LA A LA JUAN T ()BT — ANk 2 1 AR G2 A b A b 9 HLAE A R S L T IR [
TXAH A1k %o L (9 9% A7 B 4 8 B (BR LR IR [R5 LR R A7 ). ()FE A 8 SR 6 1K T BRI ik 811X AN SR 508 ZEOKE 1)
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13 [ BESEFRAN RO ML2H AR O EE,FREALSLE — BB HR

14 11i[i]->outer->connect (12[i]->inner, 12[i)->inner->connect(11i[i]->outer, true));
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