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g, SCH HLCSR ] 31 31PAD FEAIEAT (I HL, 342 900 ANid Fe B . s b 3L AR PR T 2240
ARk 1T R g F AR AN B AR, PR ARAGIA R A A DG, (ERH B A R A i g
WIEAD A N(ip,io),ioc = 0.2ip, HRWILZRIES D N(gp, go),go = 0.2gu. SEEEHR LXK 1 Al
%= 2.
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Table 1 Accuracy comparison amid different algorithms

Nodes Conductors GSOR ICCG LSOR2
(k) (k) Mean error Frmax Mean error Fmax Mean error Fmax
89.64 180 0.96% 4.70% 0.96% 4.70% 0.96% 4.70%
202.44 405 0.47% 3.39% 0.47% 3.39% 0.47% 3.39%
360.24 720 1.44% 3.52% 1.44% 3.52% 1.45% 3.53%
563.04 1125 Base Base 0.0015% 0.0021% 0.0068% 0.0085%
810.84 1620 Base NA 0.0010% 0.0018% 0.0103% 0.0125%
1103.64 2205 Base NA 0.0003% 0.0008% 0.0151% 0.0184%
1441.44 2880 Base NA 0.0013% 0.0027% 0.0201% 0.0243%

xR 2 3 MEZEMEAHAILER

Table 2 Efficiency comparison amid different algorithms

Nodes Conductors  Simulation GSOR ICCG LSOR2
(k) (k) Tsim(s) Tsolv(s)  Accelerate  Tiolv(S) Accelerate  Tgov(s)  Accelerate

89.64 180 2396.6 336.6 7.12 307.9 7.78 21.20 113.0
202.44 405 17350.4 2641.3 6.57 1411.3 12.29 69.70 248.9
360.24 720 47422.5 7629.8 6.22 4344.7 10.91 158.36 299.5
563.04 1125 NA 15604.1 Base 9168.0 1.70 308.14 50.64
810.84 1620 NA 28523.7 Base 15288.3 1.87 559.38 50.99
1103.64 2205 NA 48496.9 Base 24157.7 2.01 1024.05 47.36
1441.44 2880 NA 69608.7 Base 35625.0 1.95 1758.47 39.58

AR Monte Carlo(MC) B8 7722, Hl GSOR S35 5000 ANBEH U AEAT K A#, LAZREL 900
AN s s AR AR IR 1) T 22, HOABAUIN TA) ) Ty, 7573 0K H GSOR 5% 42 )7 ICCG 5% LSOR2
GRS R AR R, FIVHSAZ A R AR, SRR F 900 ANt R s 0¥ 07 22, JLAEATI A Ty, XHF
BN H B, AR SCHR TR A R Gkt 3 PR AR VAT SR 900 N8 22 1A~ 14 i 2 A g K it
7, FRIRZENT 1.5% KR ZEDNT 5% ZAEMEE REBIET R, KU vo, IENT /4T 775
ORI (BRI 138 1T DAS B STk [11]). 5 TAROR S g, ASCUARTE GSOR sKff4h Kk giit th
T PIRRSR AR T TR 900 T ZE R ZE AR KR 25, IR RARZE /N T 0.03% XRS5 5, ]
DU #EH A H LSOR2 HAFI GSOR U ABUAH [m] 1R K MRS 5, MSEHG £ FEIE B T AR SCHRR 8 3 D 4 HA 1)
“LSOR2 I GSOR EAHHFIKEEE” HI4ie.

M 2 WS A (1) RN IR, 3 Rk AR ISP T AR, RS LSOR2
FLZ T4 I GSOR M ICCG Sk, i n] LA E] 299 £, (2) X TR, 5451
GSOR HyEAHLL, Jafir) LSOR2 ykn] LISkAY 50 51N, (3) 5 GSOR HiykAHLL, FET LU 7 fif
(1) 1ICCG HkH P, IR T P/G WAOHT I REEFEE 5 %, B HE6E, P 45 R st 0 &
HOERE, 22T LU 201 ICCG FLZE I THEMAA A GSOR HiLEh. L6k 1 MR 2 T
AT LAS X RE IR 4518 LSOR2 S n] LATECRAIF RS BE AU RTHE N, KRS S P/G WS S HT R
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Table 3 Reasons for LSOR2’s high efficiency

Circuit Nodes Conductors GSOR LSOR2
Blocks (k) (k) Nit Accelerate Nit N Nsor (k) Relaxation percentage
900 810.840 1620 147.71 50.99 151.60 41.03 5.060%
1225 1103.305 2205 147.87 67.97 150.83 42.05 3.811%
1600 1440.720 2880 147.55 77.78 151.48 41.12 2.854%
2025 1823.085 3645 147.87 89.09 151.47 43.28 2.374%
2500 2250.400 4500 147.02 111.03 152.74 35.65 1.584%

% 4 LSOR2 1 RW BIBEELLE
Table 4 Algorithm comparison between LSOR2 and RW

Nodes Conductors RW LSOR2
(k) (k) NN ARw Mean error Fmax NNAsoRr Percentage Mean error Fmax

89.64 180 926.70 0.81% 2.90% 49.59 5.35% 0.105% 0.121%
202.44 405 2182.12 0.78% 3.14% 557.46 25.55% 0.023% 0.033%
360.24 720 3992.18 0.79% 2.97% 901.35 22.58% 0.038% 0.049%
563.04 1125 6328.24 0.87% 3.49% 1078.08 17.04% 0.069% 0.080%
810.84 1620 9238.06 0.86% 4.42% 1423.63 15.41% 0.437% 0.486%
1103.64 2205 12626.04 0.99% 4.62% 2559.78 20.27% 0.193% 0.221%
1441.44 2880 16581.23 1.10% 5.43% 3830.40 23.10% 0.289% 0.327%
0.89% 3.85% 18.47% 0.165% 0.188%

O T A LSOR2 S mBer M el AT T T — /S350, R S50 v i BB AN 900 BRiz 3t
] 2500 P, B¢ LSOR2 M « iEAKEL Ny« B UGEHA 501 JIECTF M NNsor M LSOR2 (1)
st JR e e S AR A 0, T Bds 21 T3 3 . fe3R 3 b, BEAE R B e n, 5 GSOR $03%
AHLEE, LSOR2 LM Eb A 50.99 I INE] 111.03; M T2 MM Ny AT N Ngor, LSOR2 HIFA
oty 3 L 20 B o B R B P 48 Tt PR e D, DL R gE SR (1) LSOR2 Sy HA R k; (2) LSOR2
LR RS PeE T e IR R, Ry I B I A SR

BENLAT LS (RW)IT J&— Rl SRR SE, QN AT P/G M i AT 17 R L ity
Br B AR RS S, AR LSOR2 A RW HHELFTA 900 /™ n) FUY 5 () FiL s AR AL S0 4,
1 LSOR2 MMz Z= Rk 1077, RW [FBENLATE XER A 10000 X, BEALAT E I KA B FEL %%
B KRS (PN AR BRI 9 s 2 T 7 0. 55 ICCG Sk BT 15 v s AR A 10 301 B2 A1 1)
FHEE, FTRAZETHHE 900 AN i) 1T i i KRR 22 5P 25, R 4 JIH T Ffg s el ok NNV Agw
J& RW BEREAN )T S BATE 1 RUREL, NN Asor A& LSOR2 SRR ) #15 s (A it 7 s B,
TR ETET NNAsor/NNApw. R 4 TR 45 KM (1) LSOR2 BVAN ik, ‘e rfa b &My
REDCH RW 5H32: 18.47%; (2) LSOR2 HLHURI, & I K 2 5 P8R Z24A 0.188% F1 0.165%,
M RW 507543900 3.85% F1 0.89%. Kk, 5 RW HykAHLL, LSOR2 Syl e —M Ui P/G W e
(ST AP
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Table 5 Algorithm comparison on accuracy and efficiency

Nodes Thermal conductor GSOR ICCG LSOR2

(k) (k) Accelerate Fmax Accelerate Fmax Accelerate Frmax
220.5 613.21 23.75 2.32% 7.55 2.32% 371.5 2.42%
544.5 1518.01 24.44 1.67% 5.53 1.69% 745.3 1.66%
1012.5 2826.01 24.31 0.57% 5.49 0.57% 1109.6 0.55%
1624.5 4537.21 24.57 1.84% 5.38 1.83% 1403.2 1.83%
2380.5 6651.61 Base Base NA NA 69.3 0.05%
3280.5 9169.21 Base Base NA NA 77.2 0.05%
4324.5 12090.01 Base Base NA NA 82.5 0.05%
4900.5 13701.61 Base Base NA NA 90.1 0.05%

4.2 3D ADHER SOR Rt S A%

541 ¥y B, AR GSOR. 42 )& ICCG. LSOR2 X 3 M VEA LB F 3D 4 Hr H
R E ARG M R L 5 SCHR [12) —FF, SERIEI BS54 900 B, SR A AR AR U5 U0 B
P I R R A B R B 55 R AR, 3L 450 AN RGTL SR LR R T 2S5
A 1 RUIIEAR A RN FLE GG AR A PRS0 ) S 2 (R AR O, (HAH EAbST. S AR IR A o AT
N(ip,io),ioc = 0.2ip, AFWILMIESII T N(gp, go), go = 0.2gp.

TSI AT ARG anER 1 Ak 2 BRI s, RS S S B AT R 5 h. ARSCAERH MC
BLAUL I VEREL 450 AN H AR AR A 138 7 22, SERBRII TN T, FF2M SR A GSOR 83, 425

BATEIA Teore. I Thim/Tioy, AT AR ENZSRME TN L, FEAR AR, Fok it il 3 Fiok
fE TR 450 AN 22T 2 R KR 22, 3K 5 XA IR KR 25, I KR 2/ T 2.42%
XFERIEE IR, v LG HASCRES LSOR2 J7ik 542/ GSOR 7k, 4R 1ICCG Jiik AT H AU [F]
THERZE . SRS I0 i, A SCURYE GSOR skffsh Fok gttt LSOR2 K@ ik sk i 450 4
By o5 2 e KR 22, N KR 22/ T 0.06% XA R, ol LUE ##E tH LSOR2 A A7 F1 GSOR 4
AHIFI R SRAFRG FE, 3E— 20 A SESG A1 FEUE ] T AR SCER 3040 T4 1Y) “LSOR2 Al GSOR. HLAT HH R RS 57
H4ie.

MW 5 TTLAEE—S A (1) XFFRT 4 AN 3 FPoRAR 7T T, RS LSOR2
LR T4 )R I GSOR Fl ICCG Sk, I nl LUAR] 1403 %, (2) X5 4 AN K, 54250
GSOR HikAHLL, JREBHI LSOR2 Sk vl LIRS 90 5N, (3) 5 GSOR HykAHLL, 3T LU 40
(1 ICCG HEAA A2, HIRHAET 3D HIrHT I REGH R 7 XA, xR X HA AR 6
REUERER 3D ST, BE T LU 08 ICCG Hdfe T T RBeR SRR, L6038 5 BT oW
A LA I AR IR 4518 LSOR2 B3 v] LAZERAIE RS BE I ATHE ~, KR ESE R 3D W # I i

4.3 P/G MBIRFIXHE SOR HiFAE

FESCHR [13] H R L SOR 51 (SDSOR) i HUIT B bt b A7 PRadt il k. A7 7R FH GSOR
SLVEAT LSOR2 FLyEXT 1000 AN T i i b b AT Hod ik, 7% T GSOR SiL#kiiz %= e, LSOR2 5
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Table 6 Algorithm comparison on 1000 single open-defect P/G analyses

Nodes Conductors GSOR LSOR2
(k) (k) Tsolv(s) Tsolv(s) Accelerate Fmax

89.64 180.60 117.97 9.22 21.84 0.002%
202.44 405.90 381.84 21.84 21.84 0.002%
360.24 721.20 1155.78 45.23 21.84 0.002%
563.04 1126.50 1767.141 77.36 22.84 0.002%
810.84 1621.80 3300.578 115.30 28.63 0.002%
1103.64 2207.10 7742.594 163.50 47.36 0.002%
1441.44 2882.40 9197.094 239.14 38.46 0.002%

ERARWTR ZE &1 = 3¢, AMRIUE LSOR2 HyEM Rl bt 181 HARSLIG 25 T8 6 . 541
GSOR HEAHEL, JAEBn LSOR2 Skn] LLFEAE 21-47 £ hnas, i H i KR 2100 0.002%, XK H:
LSOR2 Hy2 1] LAZECRUERS BEMTHTHE T, MR BEHE = 5 T 4% R (g I 250

5 48

B AT 70 28 AR ) PRI i R, AR SOOI TSR A, 3 H R R AR st S,
$5 R st T AARAS 5 4 R A st A R RO A stk 18, i JFG Pl AR sth i [ 2SR BT T A
SCHSE LSOR2; MRJE 45 G Sebn it 3 A BAR IR, 251 T LSOR2 SAMI ks, SR 1
BRI RA S IK 42 )R SOR 5k (GSOR) MLMAAIR MRS RE, EEERCRREI M 12 DR
MERIS EF, ASCIAR IR KRR L /) 25 73 A7 BEE 0 B Bk 78 NSk B, ASSC A okt 2 2%
RIS LB BE T SR 1 — AT R SR R R BRI A2

&% ik
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Localized relaxation theory of circuits and its applications in
electro-thermal analyses

LUO ZuYing* & ZHAO GuoXing

College of Information Science and Technology, Beijing Normal University, Beijing 100875, China
*E-mail: luozy@bnu.edu.cn

Abstract In the high-performance IC design with increasing design complexity, it is a very important design con-
tent to efficiently analyze IC parameters. Thus, the electro-thermal(ET) analyses including power/ground(P/G)
analysis and thermal analysis are hot topics in today’s IC research. Since ET analysis equation has a sparse,
positive definite and strictly diagonally dominant coefficient-matrix, we prove that the ET analysis has the ad-
vantage of locality. Owing to this advantage, localized relaxation method is formally proposed, which has the
same accuracy as the global relaxation done with the constraint of the same truncation error limitation. Based on
the localized relaxation theory, an efficient and practical localized successive over-relaxation algorithm(LSOR?2)
is introduced and applied to solve the following three ET analysis problems: (1) Single-node statistical voltage
analysis for over-IR-drop nodes in P/G networks; (2) single-node statistical temperature analysis for hot spots
in 3D thermal analysis; (3) fast single open-defect analysis for P/G networks. A large amount of experimental
data demonstrates that compared with the global successive over-relaxation(SOR) algorithm, LSOR2 can speed

up 1-2 orders of magnitudes with the same accuracy in ET analyses.

Keywords integrated circuit, electro-thermal analysis, SOR algorithm, power/ground network

1296



