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Abstract

The Bordered Block Diagonal (BBD) method is a classic approach for solving the large and sparse
linear equation systems generated at the bottom level in transient analysis of circuits simulation.
In this paper, an improved BBD method is proposed, which introduces a fine-grained parallel de-
composition based on columns during the boundary decomposition to alleviate the issue of un-
even thread workload in the classical BBD method, while enhancing parallelism. Numerical expe-
riments were conducted using a matrix of 8 circuit equations, and the results show that the pro-
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posed improvement method achieves a certain speedup in LU decomposition for the test matrix
compared to the classical BBD method when using 2-thread and 8-thread scenarios.
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1. 5|15

BEE DR EE R LB A E N R B, BT %1t E shfk(Electronic Design Automation, EDA)N T HL-F-45
B H RS . EDA FR 12 2 F8 R F THSEN U Bh B TR A SR 58 BGER K RS B HL O8 B Th B AL T
L R PR (EAEA R A, BB BRI B ) SRR R 2, B TS
PRI R e o BRAHEE KRR i L 1) R SR e 38 2 T 2 I D Re AR i B BN b e D TR — A,
IARE RIS B AR K, BT REE AN —RHBBEME . I, BFR&IEEMERL,
O B R T A b T TR 0 R Bk . SR AN e DUR 2 R 1 A BT s R = A L, GV E R T3
Bk, DRI v R P R AT LA AN TT D

HL A7 B R FH U SR A AR AUL A 23 AT L AT R A BRI AR, 22 EDA RO HIR 2 — . dlid |y
PR, TARIT AT DAFE S bRl 2 RUVPAS B I Thae . FRe MEAIvERE, AT 524 B IR AR A . BRAR T
% 1) .3 T SPICE (Simulation Program with Integrated Circuit Emphasis) /i 2 8% [1] . % T B 25 20 H 45 B2
SPICE fi Rtz —, HIKER—RIIMBL LM77 R4

43 Hext 1321 (Bordered Block Diagonal, BBD) /7 ¥2: 4 — 28 FH SR SR i it £k 14 75 R 20 1 28 L 14T J7 v
223t BBD J7VE 1 R RN 7 PR AL REUE M@ AT 5 EHE P 50 BBD 4504, AAJE FHERT LU 2 fExt
T FRHATRAR, FEHAE LU SR BBD HIZr SR LU A fREAT IRAT NI . 770 ek
NFHAT o AR T R BB SR, R A 3 8T USRS I Y — R AR R T AR
FREOEPER AR, I FL AR A Byt v] DR AR DO R BT o0 e, aX Sy i1 S SR K 7 AR 2H 1 R BUE R
A AN 25 B B i AT 5 A A o s R ) BBD 45404, I AERE B, izt T TR A &
RAFHFLERCYE. 28170, L BBD G5t T80T MBI ARG A, XSRS P~ R Fik, &
SCHIE AT B RS 22 ML) BBD 598, S IR (At st DA S PR SR i FL S 7 R4

He
2. 5=

2.1 HREX

BUAR B8 75811 E Bl 4L (Electronic Design Automation, EDA) HL# 511+, SPICE (Simulation Program
with Integrated Circuit Emphasis)fjj 525 [ 1] HEA AN SO 1 S I v fE . SPICE & —Nid F [ A2 Bl
HLEROT LA, EREMEAESCPRaiG Fi R 2 A, 7E & b SR A AN st Tl Ay KRB AR B I RE T, T 1948
KERRIMEA . /%HIHT SPICE i KA EHATT, WORMHES) T EDA TR &, SPICE KfiH
FOAA T HRUER IS R BRI T A

EDA HARMIN: AR TV AR BT 5l 1 LA KRS i L ™=k, R R a2 T 2 1 D Re AR A
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FIEAS A . R A AR R B B OR R . RGE I R A AR R, YT P B T 1 39 R A
P TR

F5T SPICE HIIAR HLEE {7 B 25 B R A1 &P S BEIKT FLER 73BT, E.4E EL IRt (Direct Current, DC) 73 #ir 48
Uit (Alternating Current, AC) 7t Ry WA 0. REUZES M. Mrd - B Hd, 1HEE
BT S EIR DT 2 LT A A KD & . RS2 H7 (Transient Analysis), BFRESIRIGE, ©
X HL % ME NIBEAS UG B R — ARSI H] 2 (R FL g b FfE SR gL, S SPICE $2 LM T A 1 1
Diferdr, fERHUANR G155 RS H B IE 3 02 — A ASSCHI FUR S 17 B 2 AR 2 11 07 PR 40
ISR R, XFSEBR SPICE A7 HL48 K1 R i T 28 B A4 pl FRL B P R R e LA 23 3

22. HXTIIE

[E| A SV 22 2 3 0 LB DT REAL KSR AREAT TRITTE, JFR T 2R ZRERRSR[2] [3] [4], M7
EW A N EERENIEAGEPIRE . M T BERE, SUERANAT RS T HEE S SR H
FERLEAT EL A, X SRIBENE TR AL IS AOTE IR U D, I OIS AGRAE i Ty R 4L iR, 3L
TSSO A R T 7 A R . ELERVALE AT AR BN SERRECE b i R A B AR v T A, (HEEE
AT AR S 2 SRR R, [, BRI R, R dE AR - S OGRTER BN R
FIRGERENE TR AL i X — RAN G R B A M A AR 454, It ERGARE W EE A MARIK LU
AR S5 DT A KRR TR, Xt AR ISR B A AR IR AE I — KA

BBD J7 ikt — JOR MM 4k U7 R A 22 M B[] [6] [7] [8] [9], "eRIETA IRyTTi R b X 37>
fE B iR, Z20H) BBD J5ikHA RIEFHIEEE R L, (BHEIFAT AR 5 RBUMT A M . AT
T L) BBD JyiAEHTEGHE, P T AN ERE R GBI AT 1, A B DAR N F A T FR AL
KA
3. BHRSRMAMIATE

e B T IRA N —BIE A
Ax=Db
Hep ZF05ERE A AR n 4563758, x A n 4R E, b Rn4EAEm. 48 BBD FiEaRT
BRI B, W AT 9 EHE R R BOE R AL W R B s B B 4 B S R B R -

Dl C1
DP CP
R - R, G

BOR “HFsk” TR HIRRBERR BBD S50, Bk, nxn JEERE D, BRSR AL, ng xn, 4 FE R N
(FABAE, N, xng EAERE C, BT A HE, 1=1,2,+-, p » Ng X N 4EREHE G FAILAH, B S, +ng =n .
i=1

HA5 BBD S5/ REFR A BBD HikE .
Xof R B B0 4T B AR SR oK IR T FR LG AR A T R T RE A
(PAQ)(Q‘lx) =Pb
Hrh, P RATEHIEM, QZFEHIM. Lt BBD ikl LU /K fifi% 7 FEH 153 (Q‘lx) S
T IE o 7 B PR R e AT AR B R GG R A . 2281 BBD 7 v 9 R S LU @ R s
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Figure 1. Classic BBD method LU decomposition process
[ 1. £8 BBD /3% LU 2 iERTIE

B A R B AR A R LR . &2 245 DL SRAL S A AL B O T BIMAE S . fEFTA
XPAPL ATRE I SRR SR F R G, BT AR L AT I A . 1K A
BBD J7i%EHI LU 4

EI— RIEHA R TR S5 7 R e il XA AESEPRse i, AR . #MEH. Bt
HO) BN B E AT AR — KR BOE S W AE S A R, DRI B s R i 1t s IXAE TSRS R X 5
FE VLSRR g AT B B — @ AR 3 . (RE BB AR B s T8N X AR HORD &N R A DL 4 2 A0
FREIANE, AR B BIT S B WARE, RIULRFE 5 AT 5 I AN [ 24 5 58 BRAT 45 T 2k
FRIGAE TAERS, Jese (U AR oA, Xt R AR A S B T TR 2% .

4. SRR Amias %

B 2R R AR AN R A, A SO A et YRR B AE SR A BRIl S AL FE AT R, sty
V5 LU R RE an i 2 B

EN4E1 LR CO4ES

2 ol

Figure 2. Improved BBD method LU decomposition process
[ 2. wu# BBD A3 LU Y fERIE

FESPIRTFARTT, AT VR SOMIL B R 5 AR 45 LR HRAT A e TR REE 7 53, 4R
HEAT S GE A0 A EORT R 2 S0 TR BUA I, SRR TIIFI LU SMR. EAMRINTFIA, 5%
it BBD 1A, LTI BB S« SRE, 7 SRS A T XA S5 (R A SR AL B
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EATE X PR G Q2] DUACER R 73, RIS A% fy e O 58 O B AR EL S R 5 B i oy, IR AT
BEATALRE, |1 LU 20 B BB G 2R [10] AT RIIX LEA AT AL B AN G B R s )i, AP oAl
SERCT X AREAT G )R, L TP Eogs 5 RREdE AT AR, HAl AR I R AL B AR & B
5y, BRI GBANIL U BRI AT . FIRE G B A BRI B N F AT RN AT o i SGE T IR AE SRS & B At
BEATIIAS O AL I B IFAT 70 M, AEASAERS A 5 AT RS S SR By AR A 2R AR AE HEAT IR 5 B 73
fEIS RE D BCRISE 2 4RSS, e AT RO SR AR 2 A% S0 BN il L

BRI, fERa NI G B S A RIIAT T B R RER R AR A B gt e 2k
SR EBRITEOL, A 3 Fik:

Figure 3. Conflict in the parallel processing of boundary block and column coupling block
B 3. HTAIRIAF RS FFEARET AP

RIS S B o EE0 R — S AT A B, (HAZAAE SR S B P IE R SE AR R, 1 LU 73 fiff (1 A B A
KEAFH, AFYA BB A G ZAE SRR G SR P R — 51 QAL S s 4 REEEAT, DRI R e S B )
ABEAGANE 1, DIEIR 9% TR TSR BT X T X RS DL, A5 R A B 5 040 ] 4.

= =

Figure 4. Using dynamic scheduling to solve the problem

4. FEREhSRE RRE

e 5T A B IA S B AR R L BB IRE S B, HEAT SR & B A BB o 3R — S AR R, AR5 S A
AP B — IR R S S AR PR SE G, PR AR A T [ S B (R A 2] . DL RE R 7 ORI SR
(AT fg, TS BRUR IR 9% A — e AR AR T SR

5. ¥{ESCIE

BUE 5256 Fh 3 FH 1 22 8 BBD J7v2: DL AR SCHE H A escidt BBD 77 VA CH+S2EL, g PRI AN LA
A5 56 2 (EFC 4 AMD Ryzen 7 4800H 1) Windows 3£ 3 F 34T .

5.1. MIXABINTE

A Sz I6f8 FH Al R 5k 1 SeBR i B g O fR e, 3t 8 ANMERE, B RAES B S ERE R, H
FEARAE BNZE 1 s,
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Table 1. Basic information of test cases

=1L MARGELRER

ey i3 BTN FigEs AR
autols 33,822 186,186 5.50
aaadc 194,262 1,289,026 6.64
avdac 228,366 2,182,647 9.56
buck 250,750 1,828,185 7.29
dll 234,405 2,046,883 8.73
serdes 549,375 2,616,120 4.76
himc 704,359 3,992,118 5.67
topsim 261,895 2,864,714 10.94

5.2. LU 9 RERE L

FEHEAT LU F3-ff 8 FE LUBERT, FRAT 220 TOAL B B G e i 47 471 AR 4 4 460 BBD ik, I HAR
P AR p R AP — 8 T e RS, FRATINIE A 2 224 8L BBD J7ik. 2 4f2
Hudk BBD J7i. 8 R4t BBD ik, 8 At BBD JiiAM LU S B L . X T AN DI
FROTIESAT 30 IR LU 73R, W45 R0 0 et [mBCEIME, A =R, SR 2 fos:

Table 2. Comparison of LU decomposition speed
2. LU SERE LR

T FB 2 8B %4 BBD 2 LR BBD 8 &AEZ 4t BBD 8 L&i2su# BBD
autols 45 42 29 24
aaadc 65 69 48 53
avdac 1907 1833 1053 882
buck 403 391 167 158
dil 3258 3247 1439 1304
serdes 868 856 583 650
himc 2169 2143 305 297
topsim 4283 4172 2998 2491

MEZIGEE AT UG Y, 1E 2 ZRAEAFI 8 ZRAERT, AXSCHEH NGt BBD J5 A 7E RER 4 ik R I
T4 8 BBD 7.
6. &

T H B T R PR SR r) A, AR SCHR T — g (B S i vk .l e dr, RATR I
2 8t BBD JiEAAELRTE TR B A . I EZL # BBD vkt enti b, A SCHE il et 5 i AE 41 R
G T R I NCAB R SR AL (BN FRAT o0l SRff T AN M. BUE SRR R, ME
i BBD J7i%, ek iR LU s B — 2
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