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Performance Evaluation of Electronic Circuit Simulation
Using Code Generation Method without Array Indirect Access

Akira Kuropal | Kewr Kimurat  and HiRoNORI KASAHARA 1

This paper evaluates performance of a fast sequential circuit simulation scheme using the loop free code without the array
indirect accesses. This scheme allows us to get several tens of times higher processing performance than SPICE version
3f5 on a WS and a PC. The array indirect accesses for the sparse matrix solution in SPICE have been one of the factors
that prevents from efficient processing. This paper describes the circuit simulation scheme using loop free code without any
array indirect accesses and its performance evaluation shows the scheme gives us 2 to 110 times better performance than
SPICE3f5 on a WS and a PC. The performance by reducing the memory accesses overhead significantly.

1 XLz PR, % 2 SECHBEEE B ETEBEY 2
L—yaryOmEbFECONT, FIETHE T
EEOEEEROELRNC LY VLSIOEREIX vt v ¥ EToO BIT(Bipolar Junction Transister)
EFLU .| BIROFKET L RIEICZ KRR E 2 &2 FAS EECRIEEAWEETEIES I 2L —v a0
%Ebkofwé FTHETEEOY Iz —T 3 BESEflIZ DV TR B,
v 6)~18) | g4 B R O EMET T~ 7 BRI
@kb@ﬁ%&%ﬁ@—of&éo
BEFEBS I 2 — 3y OBEMRITCIERE < ER:= \ Y5 =
43 CHEREE 18)18),18) L RRELL 100~12) ) 9 S 2 l_?ﬁl%jéﬁﬁ - EE?@% d
FERER SN S, =7 T4—h, /2 V=T L—LarvnEaRIbFiE
T XV — g VEOREEET CMOS EIFELS T AEL . HEER AW ETERKS Ial— s
RSB ERAATREEARESN D EWORMER L oRMFEIZHOVTHRRS,
BdD, TITHL |, BEEEE AW FETEREO
@ﬁ%ﬁ%\it@%®@¢ﬁﬁmiaf8®i5
AR N5 2 LIXFRECh 58 12| K& . _ s = s
S LEL T 05 D00 s . & 21 BEEAZAVERYIal—3
7o, EEEOBTEEY I2L—& L LTELS AN Y DREFE

B) oy Ial—y gk
b T35 SPICE Tz ov L—v g VB ﬂ%EE“,,‘\ﬁEﬂT&%ﬁb\T@E%jﬁi_t@‘&'?‘ﬂ/ﬂﬁ’gf

MO 28—~ b U 7 AOEEES 28T -
NSRRI . e [ AR B 7 ) e 1T L BT OB IR L ) S

F%ig%fyéogmg&ﬁa\ggggvkv f(x,x,t) =0, x(t=0)=x¢— (1)
7 ADHMO T DI BN BI TN BEFIREET 7
AN, TR EOMAERILEMET SHRO > SHED. =S x BEMAEEEE DR DR <
o U 7 M ATh B, EHEEE VT EREARS A
KBTI . = OEFIRRET 2% 2 % L — #ﬁ%@ﬁﬁ%ﬁ%ﬁ%%<kb@4V79Vyb
PV —a— R EART S D EIC LY. BTEKY  Por BB IRXE < 7200 Newton-Raphson
Jal—va ERELT D PRS0, x5 K BPIRAORMILE LD,
o, AFEEWSRP C ECHMEL efiicone T EBMOIEBRPEN#U TR UL s R
LS BALT 2 AT 4 7R ERDFEND, AV Ialb—
5Ti4/TJV/Fﬁ NELELT, AT 477
R LI b e R oy b 1Ty T IZIRWARIE R T » 7 AR ¥ D BDF (Backward
BRI AT = e 4 17 TR wendal Formuta) SR SPICE © b A ot
neering, Waseda Univ. TV 5 Trapezoidal %, Gear #EH FEEL T\ 5, H

010


研究会temp
テキストボックス
社団法人 情報処理学会　研究報告
IPSJ SIG Technical Report

研究会temp
テキストボックス
2005－ARC－161　(1)

研究会temp
テキストボックス
2005／1／21

研究会temp
テキストボックス
－1－


BEE AWz~ b U 7 ZRMIZIE SPICE & [FIERIC
779 MEEZRW, EFERICETLHERLIT LS
RLEEtERHINL—T T ) —a—R 2 EKT 5,
DIF Tk, AFEORETH HESIMET 72 A,
ERACHR., EREN 5 —F 7 ) —a—F 7):8),13),18)
ZLTCAFEEZERALLETREREY I 2 — 2K
IZDOWNWTIRR B,

2.2 JIL—F27Y)—a—F

AETIT, ABFEKY I 2L —F BN ERT DL —
F T Y ma— RIZONWTHlR 5,

TDFGHE AARN—R2 N I RAEEE~ R
7 RAZFFOMBESL F RO R — N, =2—
R AERE 18 RBEREFEICBWCREETHDHZ &
BB TWD, Bz, V—F 7Y —a—FRiL#@E
WD Fortran SiE CitibIN7=7 T U MBI L DK
LY LB LEFETHIZ ERFEIL T
50, A& AINV—F 7Y —a—F ol LT,
X 112 SPICE3f5 DY 7 /L [al# cascaded rtl
inverters (23T 2R EBATHID LU 2 fifsk % ~7,
Z OEIBEOBEMMT CER SN D EEDa—R P4
RIIKI9001TCTH B,

T81= v43 * c46

C # LU deconposition T82= c48 - T81

T63= v206 + v207 + v210
v34= T63 + S9

T66= v207 + v210

v35= T66 * c28

T68= v209 - v207

v37= T68 * ( c2 / v34)
T69= v37 * v35

T70= T69 * c28

T71= v207 + v208

T72= T70 + c96

v38= T71 + T72

v4l= S5 * ( ¢c2 / v38)
T76= v41 * S5

T77= T76 * c28

T79= T77 + c96

v42= c45 + T79

v43= c47 * ( c2 |/ v42)

v44= T82 + c94

v50= S2 * ( c2 / v44)
T89= v236 + v237

v47= T89 + S12

v48= v238 - v236

T93= v236 + v239

T94= T93 * c28

v51= T94 * ( c2 / v47)
T96= v50 * S2

T97= v51 * v48

T98= T97 + T96

T99= T98 * c28

T100= v235 + v236 + v239
T101= T99 + c94

v52= T100 + T101

B 1: ApR=— R

X 1Tk, BlAXBREATIIOBERIIA I TEHK
v34 &L L TRINTWD, [FRRICK#HEIFDEESC
TN ¢ KOS DFAITER. v KO T OBAITE
BrRL WD, TZTVICHSEFRITVF LR
N—=R2=2 U 7 ADOIEFBERITHL T 1% 1 5HI
RBEICIECEVIESND, £/, 12120 A
T — bk A2 MIBEHRRAID B2 5 A0 7 HE TR
wEh b,

2.3 EIREETIER

ARETI., BSIEEET 78 X2 AW I 2 —
va VY FECONWTIRR S,

EEEEATHIRMAD B TR OREATINE T &
b ASR—=ZEREN, D=, SPICEICRFE SN

020

HHEBERKEY I 2 —v a VITEREROERD
72 DIZERFIRET 7 & 2 % AW CTREITH D EE %
1T5, LR S, ZORFIREY 7EX12LY
HBEEREZBRTHIEOERAEY 7 7 A EH (T
bbb, FryaIREE) BELRD, T L
FEE A AT RE D —D2 L 25T 5,
FITAFETIH V—F 7 V) —a— R AEFOE,
2 TOFREFEERIIXL CTESIOMESRE —8 A
FTRODTEZDHTa—R LKt 5, Aa—F4E
BIEIZ K0T — & FRREEIR b R/ NRICHN 2 5 2 &3
T&E, 2o, BSIORTRE., MET7T 7822 &<
Lz 2RI AR AT ) 2 EESRITHZ L T,
H—7nty¥ ECoOUBEOEHRILEEHTE D,
(72, SHBOF v AF T ut vy D22 ETO
WHBLERZ BT, AT —h AV FEDF —ZKTF
AT E BB L, WHHLE TRV E v 5 3R
bdh b,

2.4 TEHIEHK

£2. AFETIEIN—T 7 U —KfiFa—F D4R
RRC BN EITREOH R EZ D 372 DI FlRER
RV ERERE TV, a— R N CTEEIL B2 K
EBERALT S, fEkD a— R ARECIIERSINICTE
FEL I EBEALATRER B H D VIIAER b Z D E
BRI Newton-Raphson /L —7 T v KL HHE
SN TWEDIZHL . AFETIE, ERIGIRIC LY
T DON—FARER%E Newton-Raphson /L—772
i< BAMUDKRRFRENL —7 OSMUI~BETT
LT LEMWAREL 725 5, Flea—R ARy 2T At
T, FHEAEER AT — N A MOV T —
77 Y —a— RN A RRIRHC NESC e TR (SERTETR)
ZI{ToT\5,

S OIAREATSIO LU 2R TiE, ftEEZ A LEOE
ENDLATOERNEITOIOT, bHEROHEA
21T OB8E, ZOERO[E—F| B K ORI —ATAEE
DOEZRPHEZFAIN D, &2 TREITIIO EE
DS EITHNOLE b, BEEATCEET AL 51
Markowitz & AL TV A—F Vo 7 &L TV
Do THITED | HEEITINRESERNERICRD
HENEL 2D | ZORER., EREIRO X G rEk %
RF B N TE 5,

2.5 BTFEBIAL—FDER

AFEE BT LETFRIEY I 2 b — F R E K
217 T, ABEBFEIKEY I = —# X Fortran =23/ /%
ATO7 YV TakyPE LTEESN TS, 2—
W3 SPICE DB Y 2 s % AS95 L . SPICE
OEELE#HL < L TWESIEET 7 &= 2 & kR
L. SHIZEREHRE O ks 1T o 7= Fortran
SETERENa—FREREN D, ARSI
I—RIIWSRPCHREDHE~TukyPt<wi D
FAT 47 Fortran 2273 TR, ~VFIT L A


研究会temp
テキストボックス
－2－


WHILEEAZ 1T 5 OSCAR ~w/VF 7 L A HENFS]
bz 45 02D ZHNTar 4L, WSR
PC. OSCAREF v 7~ L F 7 u¥ v 4 CEST
THZLNARETH B, £7-4% . KEMEEIKDE
By B2 1T O ER Sy B R o M 514 % OpenMP T
SR L SMP #— N ETHETLEZY, S5ITEHY
%W%E&%Tﬁ%b%h%ﬁ%ﬁﬁ?%@%ﬁv
WNFT VA WHERE 1T OWEEL A7 U AV
rTH B,

FEFEESIaL—4E

[ #RH7 - Boli{b L —F 7Y —a—FHi A

OUTPUT

Fortran + OpenMP
Native OpenMP
Fortran Compiler

Fortran

Native Sequential
Fortran Compiler

OSCAR Multigrain
Fortran Compiler

Super
Computer
Cluster

Vector
Super
Computer

SMP|| OSCAR |

Single Chip
Multiprocessor

K 2: AEFEKS I 2L — 3 DK

3 BFEECIaAL—arni
HEEPAE
Tk, ABFHEKEY I 2L — g U OMERE
BH 7ot v¥ oD UltraSPARC-II X— 2D WS &

O Pentium4 X—A® PC L TFHMEL 725G Hizon
T3,

3.1 FMEIRIE

AFHICTIX SPICE3f5 fED BIT 2 &t ¥> 7 v
B R OO /NFERIEZ W22 LI kY,
H—7 0%y ¥ ToREMITICET HREMOHEIE
I XV FHEZ TR 272, FHili~ v OFERIC OV T
. R1IZRT, WS OfERIE CPU UltraSPARC-II
450Hz. L1 I-Cache 16KB, L1 D-Cache 16KB, L2-
Cache 4MB. OS Solaris 9. =2>73A4/V Sun ONE
Studio 7 Enterprise Edition for Solaris T 5, %
7=, PC DtERki% CPU Pentium4 3.0Hz. L1 I-Cache
12 u op. L1 D-Cache 16KB. L2-Cache 512KB,
OS Linux. =¥ AV GNU Fortran77 version 2.95
AThbB,

PO bR & U CTREMREIRE S I 2 —F
T % SPICE3f5? %7 5., AFHTIE., A
RFETERSNT Fortran 23— R &2 34 0L
T FEITIRT 7 A VOFATER > & . SPICE3f5 O

030

£ 1: 7l WS, PC DFFAl

WS PC
CPU UltraSPARC-II Pentium4
Clock 450Hz 3.0GHz
L1 I-Cache 16KB 12 u op
L1 D-Cache 16KB 16KB
L2-Cache 4MB 512KB
Memory Size 512MB 1GB
oS Solaris 9 Linux
Kernel2.4.26
Sun ONE Studio 7| GNU Fortran77
Compile Enterprise Edition | version 2.95.4
for Solaris

EHHY I —a v #n ®ﬂ@ﬁ%%mﬁbto

e, AT VT NED (ﬁ’i’ ’I‘rapezmdal %
BLO Gear tE~EEFE L 12358 OMERETHEEIT 5,

3.2 FHE#ER

X 3 135 RHiEI# %2 WS B2 8\ T SPICE3f5 &
OAREBTREEEY I = L —F D Trapezoidal 1% FH
ToBTERRMT RITREM 2 #2 Z 7 C/Rr L. SPICE3f5
T AARBFEBEY I 2L —F OFHE R ERE
W7 77 cad, X4 I3&FmEREZ WS £
128V T SPICESfs KUAEFHIKES I =2 —FD
GEAR &% AW 2 B IEfRAT EITREM 2 27 5 7 C
/RL. SPICE3f5 IZXf§ AAETREIKEY I =1 —%
DOBEEE _ EREBITNMRY T 7 TRd, K 513455
[H#%% PC _Ei2BW\ T SPICE3f5 M OAE F[HI#
I =2 L —# ® Trapezoidal % AV @ IEAENT AT
REff% #2777 C/rL . SPICE3f5 %t 2 ARET
EEY I 2L — X OWEW EREFNMRT T 7 TR
7, X 6135 MR %2 PC _EiZE T SPICE3f5
ROABFEBKS I 2L —F O GEAR E% W
BIERAT FEATRM &2 482 7 7 T/RL . SPICE3f51Z
*THABFEEKY I 2L —F OBFEEH EREH
W57 TR,

BREE I . 220D latch, 2bit FFEER. 3bit
FHEIR. 4bit MFEEF. 8bit MEER. 4bit nand [FIE
T,

AR SN TEBITHY A X, BITHKORRAT—F
AV MBUTE 217 T, K213, FHEREIRKA . FRE
1754 X, BJT #3868 L Trapezoidal tEIZ BT 5
AT — A N ERT, HlxiX. latch I8N T
FREATH Y A X 65X65. BIT # 14, AT7—h A
;& 65571TTH 5,

WS ETiX. B3I T & 512, Trapezoidal i5
%ﬁwt% @ SPICE3f5 & AE TR I =L —

Z X AK T 4bit nand EIFIZ BV CEJEARHTRERT S
SPICE3f5 Ti% 1100ms, AEFEIKEY I 21 —F T
X 10ms TH Y, REFEEES I 2L —HF 1T 110 £
WFRE EHILTE D 2 LR ST, 3bit REL
X, BIEMENTRIA SPICESS5 Tl 1200ms. AET
F¥&s 2 =2 —& Tl 469ms TH Y . KEFHIEKY
L2 b —FIX 2.6 (5 E EEILTE 5 2 &R


研究会temp
テキストボックス
－3－


# 2: TR B OFEMT — X
[ FEEEIRZ | HeAiH] [BJT 3| A7 —F A K |
YA X (Trapezoidal )

latch 65%65 14 6557

2bit Aes |114x114| 10 5745
3bit higs | 450x450 | 42 26250
4bit IE e | 378x378| 36 17570
8bit INEies | 754x754| 72 34823
4bit nand B | 754x 754 | 72 33203

N7z, 8bit MMFERRL, WIEMITIRIL SPICE3f5
TIX 1080ms. AEFEIE I =L —& TiX 210ms
T&;'o AREFEKS I 2L —F1T 4.9 ([F0BEE
BULTE BRI LNMERSNT, 72, 6 BIOFHMmE
BT TR 22 (Fo B LS R STz,

EHiz, B4R TEIIT, Gear EEHW-5
A@SHC%%&$ %@%/~1v HIIEHAT
4bit nand FEIEIZ BV CTHRIEMANTREEA SPICE35

T 800ms. AEFMEIKY T 2 —F Tid 20ms T
b1, KEFHEKY I =2 L —FT 40 S0 % EE(b
< ‘2_& AHZ c‘f ﬁ)%u»u éﬂff_o 3bit %%%%0&\ i@ﬁﬁgﬁ
Ff25 SPICE3f5 Tl 1880ms. ABFHHKY I =
L—# T3 430ms THY . AEFEE S I 21 —F
1T 4.4 50 E FE L TE A Z LASHERR ST, 8bit
TNEERE @ﬁ%ﬁﬁﬁ#SPMEMEUiHMm&
AEFEEY I 2 —FTiE 290ms TH Y, KE
FHEY I 2 L —H X 3.9 s mE(LTE 52 2:
DRI Tz, £z, 6 BIOFHHEHIL TR 11
EomEmBE(EA RSN,

1400 120
W SPICE (Trapezoidal)

1200 || EIAEH(Trapezoidal)
AT L

(Trapezoidal 90
1000

110 110

EATEFR [ms]
3
EER LR [£5]

200 40
y 5.8
' 45 26 4} 10
m

0 [ — o
latch  2bitRFE 3bitRFFE 4bithNHEE SbithIHH  4bit nand

X 3: WS ETo? SPICE3f5 IZ%F3 % Trapezoidal
EOEE M B3R

PC ETlE, K527 & 52, Trapezoidal
%ﬁwt% @Smcmﬁkﬁﬁ%@%/ 2 b—

213K T 4bit nand [BIEIZ BUWCEEMRNTIR R
SPICE3f5 Ti¥ 160ms, AETHIEKI I =1L —&F T
1L 10ms TH Y, KETFEIE Y IV —FI1T 16 %
WEE B TE D2 LRI, 3bit %%3%%
X EEMENTR SPICE3f5 Tid 180ms. A%E
@%/~1v ZTiX 109ms THY . AE %E%/
L2 —FT L6 E FHELTE 52 LR

40

N SPICE (GEAR)
= A FE(GEAR)
o A F )L HE(GEAR) 1%

HEER LR (£

latch  2bitFRHE2F bit REEF 4bithNE S sbithIEEF 4bit nand

WS ET® SPICE3f5 (249 % Gear i£DHE

X 4:
BErf

Sivie. Sbit MELNE . EBEANTE SPICESS
TIX 180ms. AEFFEIFKKY 2 =2 L —F Tid 90ms T
HV . REFEIKY I 2L —F3 2 (30 % 5
T%é kﬁ‘ﬁﬁwu éh?‘:—o iﬁ_\ ngmn:[:'fﬂﬁlﬁlﬂg
$ﬁfﬁ49&®mﬁmwﬁménko

EHIZ, MEIZRT LT, Gear EEFHWS
=) SPICE3f5 L 2&%’?@&%/ 2L —FIHEKT
4bit nand FEIRIZ B W CRIEENTFREA SPICES3f5

T 120ms. AEFFEKY T 21— Tid 10ms T
HD, REFEEY I 2L —F 1T 12 S0 % 5
IbTEBZ ENRMERINT-, 3bit REZT. BIEF
HrBf2S SPICESfS Tik 280ms. AETEIKY I =
L—ZCiE 100ms THY . AEFEES I2L—F
1% 2. 8{“‘5@@73_’ ﬁ]ﬁ'ﬂﬁf% AT & ﬁ’ﬁgmu éj’bf:o 8bit
INEEHT., BIEMATRE SPICESf5 Tid 180ms.
AEFEKY I 21 —F TiE 100ms TH Y, AE
FEEY I 2L —2 3 1.8 fFl s Bk T&E 52
LR SN, 2. 6 BIOFEE L TR
5.1 fF0mBENHER ST,

200 18

I SPICE

180 (Trapezoidal)
EAFE

160 (Trapezoidal)

- RFHEERLE

140 (Trapezoidal)

o
o

RATHER [ms]
EEREER [

20

latch ‘2bit§§§§ ‘ IbitRE R ‘ abithn S 2E ‘ Bhithﬂgiﬁ‘ 4bit nand
B 5: PC ETOEITHRHE KO SPICE3f5 (Z%19 5%
Trapezoidal YD 3 & A k3

P EDORERELY | AR XV EED :Ll/—v;;
>3 WS XU PC ETRIBIZEE(ET & 2 F03 R
T&EI,


研究会temp
テキストボックス
－4－


300 14
W SPICE (GEAR)
A FA(GEAR)
——FFHEE R EFEGEAR)

250

10

) I_\
0 -
latch  2bitRHEF 3b.t§g§§ 4b.thﬂ§§§ ab.muges 4bit nand

X 6: PC _EToOEITRH KL SPICE3S5 (X35
Gear {EO B W _E2R

N
=]
=]

o
=]

EITERE [ms]
EERLE (£

=)
=]

*7-. WS k& PC ETosEE R _ERIXE U AEM
ZRLTWAZ NS, 22T WS L CToBEEMR
ERIZER L TEYIRET 7 B 2ADBREORRIZH
WTRR B,

3.3 MESEREICEBZIAEYTIER
A—nN—A~ v FHIFEzER

M SPICE (Trapezoidal)
O & F%(Trapezoidal)

60000000

50000000

40000000

E
& L
& 30000000

B
®

20000000

10000000

AL

latch  2bitSRE 3bit§§%§‘4bit}]ﬂ§%§‘8bitﬂﬂ§§§‘ 4bit nand
B 7: L1 D-Cache ®Z [ (Trapezidal ¥%)

X 71X, SPICE3f5 ® Trapezoidal i&. AFIED
Trapezoidal #5122V T L1 D-Cache D2 M [E1%K
ERLTCWD, MENIZREE, 877 713, £
5 SPICE3f5. AETEIEY I 2L —F DfERER
9, NI KRR EZ R L . 0D latch, 2bit
HER. 3bit REZR. 4bit MEER. Sbit MMEER. 4bit
nand FIEO#ERERT,

K7z, KEFEEY I 21 —#iX SPICE3f5

1Z%f L C L1 D-Cache D& MRIEIE % HIR CTEX T\ 5
Z L BHEERTE 5, 4bit nand [EIEIX, SPICE3f5 @
L1 D-Cache D& MRE¥AS 4857 FEITH D . AKEF
E# I = L—4 D L1 D-Cache D& REED 165
FETH D, T LV, L1 D-Cache ZRREHIX.
BlFIREET 7 B RADBREZITR-7Z L2 XV HIT

050

60000000

M SPICE (Trapezoidal)
O A&F & (Trapezoidal)

50000000

40000000

30000000 r

SREX ([

20000000 -

10000000

0

latch ‘2bit¥5§§‘3bit§§$‘4bit71ﬂ§§§‘Bbithﬂgiﬁ‘ 4bit nand
8: L1 I-Cache D Z MR [EI¥ (Trapezoidal i)

60000000
M SPICE (Trapezoidal)
O & F%(Trapezoidal)

50000000 -

40000000 ~

30000000

SREKE]

20000000 ~

10000000

el b

latch  2bitRHIE 3b.t§g§§ 4bithnH 28 Bb.tnugés 4bit nand
B 9: L2-unified Cache DZ ML (Trapezoidal 1£)

ENTWVWBHZLERbND

X 8 i&. SPICE3f5 @ Trapezoidal 5. A&E T[]
B I 2 L —H D Trapezoidal {EHZDWTO L1 I-
Cache DZREHZRL TW5, MtEISRIEE.
W7 771X, £5» 5 SPICE3f5. RETFEKEY I =
L —Z OfERE T, BENIAFHEREEERL | £
220 latch. 2bit FeHER. 3bit FRERR. 4bit MEIF.
8bit MEEF. 4bit nand EEDORERZRT,

K{IZk ., KEFFEEY I 21 —# X SPICE3fS

1Z%fL T L1 I-Cache ®ZREIFZHIFFETE TV 5D
T LEMERTE D, 4bit nand [EI#IE, SPICE3f5 ®
L1 I-Cache ® &R [EI¥AS 5108 HEITH Y, KET
[\ I 2L —& ? L1 I-Cache DB REIEA 165 5
ETHD, 2LV, L1 -Cache Z2REEIT. &
BAn#k & O* Newton-Raphson ND/L—7 REX %
BAMA DR BN —T SMU~BEN T 570 Da—
RUVRNTIF ¥ Vo T afTiRolfERE L THIR
INTWBRZ ERbnbd

Boix. &Hmmﬁmemmmm& AEE B
¥ I 2L —# D Trapezoidal EZ DV T D L2-unified
Cache DZRBEHZRL TW5, HitEISREE.
W7 71X, 5D SPICE3f5, AETFEKEY I =
L —F OfERE AT, BENIAFHEREEERL | £
225 latch. 2bit FeHER. 3bit FRERR. 4bit MEIF.
8bit INH %, 4bit nand EIEOMERE RT,

Kozl KEFEEY I 21 —%iX SPICE3f5


研究会temp
テキストボックス
－5－


1Z%f L T L2-unified Cache D& MR[EI¥ % HIJK T & T
WA Z & BHERTE B, 4bit nand [FIIL. SPICES3f5
@ L2-unified Cache DZRRIEEAS 2062 HTEITH Y |
AEFEFE I 2 —F D L2-unified Cache DB
[E1%S 169 I TH B, L2-unified Cache 2 R[EI%K
X, BSIRIEET 7 ¥ ADBREEITR-T-ZITEY

B SN CnWBZ Eilbnd,

4 FEOH

AT, BEEEEEZAVEREY I 2 —vayv
DOEFELDOT-DEFIMET 7 & 2% AW in—7
7V —a—RzAWRT D FEOREET o1, Z
DFEZELY WS KO PC ETH—-Tunty¥zi
FWTHEITL 72BKC SPICE3f5 L L T, I =
L —3 g VIR KT 4bit nand EIFEIZ IV T

WS E® Trapezoidal ¥ T 110 %, GEAR JAT 40
%. PC _E® Trapezoidal 5T 16 5. GEAR VAT,
12 fEmEETE %,

SEEITIE . WS £ Trapezoidal 35T 22 f%. GEAR
ET111%. PC LD Trapezoidal 15T 4.91%. GEAR
ETH1MEEB(LTE 2 ELHERTE T,

Fiz, ZOBEmBOHREBIERL TV HESR
EEbRVWL—T 7 ) —a— N AR E EREHRED
A—RE—VarDOPRTHLZLEN AT T 7k
A OHE T 5&EEBL Tl T,

414 . BSIM3(Berkeley Short-channel IGFET M
odel Version3) ~DAFEBEHEZ TR > TV FIE
Thd, -, FEIEEEITR T B OKEEH D
MRS AT — b AV b LYV DI HRLEE
WHIWEZRE | Kfx 725N % BETERIIZ AL E R T
FATB~AF T LA WHLEE D3 OFHRE
T o TV TETH 5,

S5 3k
(1] SR, “WHRBEEH, = v T4 (1991).

[2] http://bwrc.eecs.berkeley.edu/Classes/IcB
ook/SPICE/

[3] ROl 1=, B e, OFRE /M, V)11 &, AR (A«
AET A I AV a— ) T2 AWZETRREY I 2
V—3 g o ORUKLE /T E R R S IR | 16
AL 2 FICEE, Vol.37, No.10, Oct.1996.

[4] BRERE, U INF v TN TF T aty ¥, Fif
11 4F B3P HIFESS 363702 5, Ak 11 4 12 A 22 H.

[6] BREHKXZT, “ETEES I2L—%”, 2000 4 FarHRE
% 055562 5, K 1243 A 1 B.

[6] Sadayappan, P. and Visvanatan, V.: Circuit Simu-
lation Shared Memory Multiprocessors,IEEE Trans.
Computers, Vol.C-37 ,No.12,pp.1634-1642 (1988).

[7] Fukui, Y., Yoshida, H. and Higono, S.: Supercom-
puting of Circuit Simulation, Proc. Supercomput-
ing’89, pp.81-85 (1989).

[8] Yamamoto, F. and Takahashi, S.: Vectorized LU
Decomposition Algorithms for Large-Scale Circuit
Simulation, IEEE Trans. Computer Aided Design of
Integrated Circuits and Systems, Vol.CAD-4, No.3,
pp-232-239 (1985).

g ed

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(19]

(20]
(21]

(22]

Lynn Pointer: PERFECT REPORT:1, CSRD Rpt.
No.896 (1989).

White, J. and Sangiovanni-Vincentelli, A.: RE-
LAX2: A Modified Waveform Relaxation Approach
to the Simulation of MOS Digital Circuits, Proc.
ISCAS*83, pp.756-759 (1983).

Saleh, R. A., Newton, A. R.: Iterated Timing
Analysis in SPLICE1, Proc. ICCAD*83, pp.139-140
(1983).

TR, BREH, RANGHRT, WAERE, KA
SPICE [l 2 2L —#7 BT IERIEEESE, Vols2,
No.1, pp47-54, 1999

Cohen, E.: Program Reference for SPICE2, Elec-
tronics Res. Lab., Mem. No.ERL-M592, Univ. of
California, Berkeley(1976).

Newton, A. R.: The Simulation of Large Scale Inte-
grated Circuits, IEEE Trans. Circuits and Systems,
Vol.CAS-26, pp.741-749 (1979).

BE, By 2L —va CEROBIE”, ETIERE
FFRBATIIFEH S, VLD90-44(1990-9)

L.Dagum and R.Menon, “OpenMP: An Industry-
Standard API for Shared-Memory Programming”,
IEEE Computatinal Science and Engineering.,
Vol.6, Num.9, pp.943-962, Jan 1998

BE, “VLSI By I a2 b —va v BREFPRWIGE C
531, No.6,1987

Duff, I. S., Erisman, A. M., Reid, J. K.: Direct
Method for Sparse Matrices, Oxford Univ. Press
(1986).

I.N.Hajj, “Sparcity Considerations in Network So-
lution by Tearing”, IEEE Trans. Circuits and Syst.,
CAS-27, 5, pp.357-366, May 1980

O.Tanabe.: LU Decompoaition on Distributed
Memory Machines. IPSJ SIG Notes,pp.55-60 (1995).

AR IR B ST B BESUL o oS T EAR ) IR
H%43E Vol.44, No.4, pp.384-392, Apr 2003

A B, B M, WA RE, SR HE . <
FyFwNF T ak v ETORMRLELFINE &
LIRS FCEE, Vol.40, No.5, pp. 1924-1934, May
1999.


研究会temp
テキストボックス
－6－




