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Modeling the effects of multiple-input switching

DING Wenjie, JIANG Haiyang, ZHANG Zhanhua, CAO Peng
(National ASIC System Engineering Technology Research Center,Southeast University, Nanjing 210096, China)

Abstract: With the advancement of integrated circuit technology and the increasing operating frequency of circuits, the impact of Multi-
ple-Input Switching (MIS) effects on circuit static timing analysis has become more prominent, exacerbated by process variations. Tradi-
tional Single-Input Switching (SIS) timing library construction methods struggle to handle violations of hold time and setup time. In re-
cent years,several MIS delay models have been proposed to characterize the influence of MIS effects in timing analysis. However, most of
these models overlook the impact of input switching time and load on MIS effects,resulting in pessimistic and less accurate predictions.
Furthermore, these models individually model each unit without considering the relationship between MIS effects and the transistor-level
topology of the unit,leading to decreased accuracy and higher characterization costs. To address these challenges, this paper proposes a
novel MIS unit delay prediction framework based on heterogeneous graph neural networks. The transistor-level circuitry of multiple-input
units is modeled as a heterogeneous graph, providing a comprehensive and effective representation of factors influencing MIS delay. Multi-
ple-input gate MIS effects are trained as a unified model within this framework. In the context of the 16 nm process, the proposed model
is validated on multiple-input units. The experiment results indicate that while reducing the modeling cost to 8. 8% of the cost required
by the ANN model,the model achieves an average error of only 1. 19% for units. Compared to the ANN model, the accuracy has im-

proved 2. 05 times.
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54.05 3.31 )
NANDA (35.33%) (2.16%) 1.53
44. 69 2.34
NOR2 (40. 63%) (2.13) 110
52.95 2.73
N 1.
OR3 (39.22%) (2.03%) 39
56. 59 3.54
NOR4 (28.14X) (1.82>) 194
39.08 2.26
2 .
AOIZ1 (45. 44 %) (2.63X) 0- 86
39. 30 1.93
C
Ao (40.52X) (1.99X) 0.97
43.51 2.02
AOI32 0.
13 (45.80%) (2.13%) 95
38.19 2. 14
OAIZ1 (45.46X) (2.55%) 0 84
OAL22 40. 03 1.78 -_
(35.11X) (1.56X)
45. 66 2.44
S Ay 5L . .
FRE (38.40%) (2.05%) L1
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5T SIS 43 Hr 1Y BT RE AT AH b, A SCER H 1 MIS
T B £ OR W] B8 98 B rRMSE 7E 0. 84 % ~
1. 94 % 1 S5 BBl N, AH B SIS 40 BT RS B 48 i T 28. 14 ~
45. 80 1% ;¥ rRMSE Jy 1. 19 % . 4 L SIS 3 ks 13 42 v
T 38.40 5, 5 ANN'BLRIA] L L AR SCHE A9 MIS #o0
B P AR AE N R 00 E S EE 4R = T 1,56 ~2. 6 i, fEiX
SergE P ERE T 2. 05 £ ISR RUEN] L AR U R
BT GNN H5 5 (g 45 k) L Je I S5 0 181 1% 8 43 25 07 36 4 MIS
RN FAE b B AR
3.2.2 FEEEH T
A /INTT N B FE A A R X AR SCHR M B T 5% BT GNN
¥ MIS HL T S 0 45580 5 56 T ANN' g MIS 50T 2 i A5
RUPEAT T AT 85 X b, A BT R 19 0 BT 48 S 4 3R A8
RN 45k A4 BT 55 B 19 SPICE 15 E R TP 84 . A Sc gl
A ANNC LAY (10 {5 B F 856 L 4
x4 AXHEG AN BRI BHEFHEX
Table 4 Comparison of simulation costs between
this model and ANN'™! model

H N, N¢ N, N, N opte
ANNH 8 8 8 8 222 822(11.3X)
A AR TR 40 3 4 195 840(1X)

Xt AN B0 A A g AR DI ZR AR AR AR iy 5%
YR iy AT 8 I (6 7 0 A B A T A TR] AR
ZH A PRI R ) 0 R AR A RO 3 3 D5 AT U ()
EIN

N
ce

Nowpe = (N X Ne X N, X N X DN, i (2

N e FERIS EAEARAE, N, b B A 5 46
BFH AR BIE A% N R 8 R E 8GN,
Sk i A s ) B R S AR, N R A T A G 2R
SUEANEG N, AP ITTAE N, HH AT
BT R MIS BLoe A A B, AR SO AL ANNSY 5
TN 25 4 b 7 A = (2) TP & TR (B AN 36 4 BT A,

A HIT A AR L i B (O FE 5
PIECHE 13 B A S0 5 ANN'YBE R 43 531 75 22 47 B 480 AN
4 096 AU ZRREA A SCRBE R ARt ANNS RS RIAE R T 8. 5
5% 9 0 ELIF 85 T B LA S B3 AR I 25 R 44 3L ] F 8 . AR ST
BB X R 2 iy 11 Mooy 1A% 2 £ .8 A gk 3 4>
JOFEAT 05 B0, it ANNE AR 0 35 ZE X3 3X 11 Fh 8ot iy 1
5.2 f5 AR5 8 A 4 A RSEHETT 07 B, ANNS R R 55 22
XF 544 (= 4 X 136) 4> ot AR AT 05 B L A SO T
Xt 408(= 3X136) 4 #yu iy A B2 AT 15 B, X N ) BT
AR RIER 2O PS8 @A 2) A LU AR S
R [ {75 BLREAS SR 195 840 4>, ANN'C AL [y [ B FE A
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TN 2228 224 AN R 4 Lt RS2 3 TA S
DI B A T Ah B 5 7 FUAR SC A 5 5 GNIN 25 4, ANNE 8
TPy BT B AR SCRE R B 11, 3 4% .t it 2 Ul AR SO R
(47 BT RS AR ] T ANNI RS 8. 8%
4 45 iF

ARSCHEH T — 5L T 5 07 R i 48 0 4% %) T A A
T A 2 o A T S TN A 0 £ Bk T MIS A R
RO . LY 45 5 golden SPICE ffj HL45 R W) & R
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