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Abstract. With the improvement of the nanometer technology,the influences among temperature , leakage power and
heat conductance become increasingly significant and it should be taken into account in 3D chip comprehensive thermal anal-
ysis to solve the accurate temperature based on the iterative solution. The comprehensive thermal analysis method uses the
nodal power density vector and the heat conductance matrix to solve the nodal temperature vector,and then, refreshes power
density and heat conductance with the obtained nodal temperature. In order to improve the efficiency of 3D chip comprehen-
sive thermal analysis, this work uses the heat conductance matrix as the precondition under a setting temperature. Then it pro-
poses an efficient algorithm TPG-FTCG( CG with the Fast Transform-based Preconditioner) which has double-loop and low-
er inner-loop iterations. According to TPG-FTCG’ s fast inner-loop convergence rate, this work removes TPG-FTCG’ s in-
ner-loop part then proposes a more efficient TPG solving algorithm TPG-Sli( Single-loop iterative ) , which only has single-
loop iterative and fewer iterations. Based on the GPU parallel computing, this work compiles and refines TPG-Sli’ s GPU-
parallel-computing algorithm. Experimental results demonstrate that:On the premise of precision losing ,the TPG-Sli’ s GPU
algorithm can achieve about 120X speedup compared with the TPG-ICCG algorithm, which uses the classical and efficient
ICCG to deal with the 3D chip comprehensive thermal analysis.
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P[] 52 J B, HCoR fig B2 J2& TPG-FTCG 1 3 {5 A 4y,
12 TPG-ICCG ) 56 % 2245

(3) 5 TPG-Sli _ o #H I, TPG-Sli _ ., i 355 GPU 47
i A A B A I vk i as A 7 s ), e ) SR i 1 R 2
TPG-Sli _ . [ 2 £ 2245, J& TPG-ICCG #Y 90 1.

(4) 5 TPG-Sli _o, #H L, B T4 P X M A B G, Tl
FEFER AT, W] LA CPU i 55 GPU v (4 5040 3 15 i)
], {75 TPG-Ski ., FEBF B R A4 BE B XA TiE—2 1
FEAIG. Ao, JHE SR il 3 B J2 TPG-SLi_g,, 1Y 1.2 £, J2
TPG-ICCG [ 120 £ 4247

(5) 4 EFR ARSI IE R T 4 RO B AR s
4 TPG OBl 42 & 1 120 A%, 3145 1 1 25 09 sk
W RUEN T B R PR L M B = A A A3, 20 AR 3
BRI 5 3 9 7 16 TPG Bkt A7 ekt

x2 AEHEEWMESRER
Casel Case2 Case3
Algorithms

Time(s) T, /T, T,/T, Time(s) T, /T, T,/T; Time(s) T, /T, T, /T,

TPG-ICCG(T,) 13690 Base Base 12053 Base Base 12879 Base Base
TPG-FTCG(T,) 625 21.9 21.9 804 15.0 15.0 760 16.9 16.9
TPG-Sli _¢py (T5) 202 3.1 67.8 215 3.7 56.1 304 2.5 42.4
TPG-Sli _py (Ty) 129 1.6 106. 1 143 1.5 84.3 136 2.2 94.7
TPG-Sli _ygpy (Ts) 109 1.2 125.6 121 1.2 99.6 116 1.2 111.0




1306 H, + = % 2016 4E
F3 HiEMBHEIL
TPG-ICCG TPG-FTCG TPG-Sli _ ¢py
Parameters Golden
Value Error Value Error Value Error
T (C) 78.196231 78.195622 -0.000609 78. 180692 -0.015539 78.141363 -0.054868
Casel Ty (C) 78.101935 78.101519 -0.000416 78.093433 -0.008502 78.057004 -0.044931
P oy (W) 80. 194368 80. 170624 -0.023744 80. 161273 —-0.033095 80. 160237 -0.034131
T, (C) 81.481079 81.486108 0.005029 81.436856 —-0.044223 81.422451 -0.058628
Case2 T,..(C) 78. 157804 78.162403 0.004599 78.117964 -0.03984 78.106626 -0.051178
P, (W) 80. 183141 80. 169842 -0.013299 80. 160871 -0.02227 80. 163021 -0.02012
T (C) 82.426832 82.428755 0.001923 82.410445 -0.016387 82.264097 -0.162735
Case3 T,..(C) 78.230618 78.234756 0.004138 78.219453 -0.011165 78.117496 -0.113122
P iy (W) 80. 187963 80. 184032 -0.003931 80. 160837 -0.027126 80. 158132 -0.029831

6 #ig

AR % 8 T/P/G Z [BIA HAE WA [ TPG 573 Hr
TIEAT T RGBT T F4R TPG 5850 SR ik 3
PR T — 3 T PR A B A e TSR A PR 2
MAEIRG % TPG-FTCG Ko H oot 19 #1568 55 9% TPG-
Sli, JF H4i5 T TPG-Sli F-3%& GPU JEA7 g A TPG-
Sli _ gy 05 BB T TPG-SH . SEIREE SRR,
TPG-Sli _ e 535 AN AT LUPR B M 547 TPG 5 0 Hr , fiE
%5 3D S 7 HEA TR I 25 A R A

5% Sk

[1] Liao W P,et al. Temperature and supply voltage aware per-
formance and power modeling at microarchitecture level
[J].IEEE Transactions on CAD,2005,24(7) :1042 —1053.

[2] Liu Z,Tan S X D, et al. Compact nonlinear thermal model-
ing of packaged integrated systems[ A ]. Proceedings of
ASP-DAC] C]. Yokohama:IEEE,2013. 157 - 162.

[3] Wu X H, et al. Area minimization of power distribution net-

work using efficient nonlinear programming techniques[ J].

IEEE Transactions on CAD,2004,23(7) :1086 — 1094.

Daloukas K, et al. A parallel fast transform-based precondi-

tioning approach for electrical-thermal co-simulation of power

delivery networks[ AJ. Automation & Test in Europe Confer-

ence & Exhibition[ C]. Grenoble ; IEEE,2013. 1639 — 1694.

[5] Zhan Y,Goplen B, et al. Electro-thermal analysis and optimi-
zation techniques for nano-scale integrated circuits[ A ]. Pro-
ceedings of ASP-DAC[ C]. Yokohama:IEEE,2006.219 —222.

[6] LiP,Pileggi L T,et al. IC thermal simulation and modeling
via efficientmultigrid-based approaches[ J]. IEEE Transac-
tions on CAD,2006,25(9) :319 —326.

[7] Wang T Y,Lee Y M, et al. 3D thermal-ADI—an efficient
chip-level transient thermal simulator[ A ]. Proceedings of
ISPD[ C]. Monteray : IEEE ,2003. 10 - 17.

[8] Luo Z Y,Tan S X D, et al. Localized statistical 3D thermal
analysis considering electro-thermal coupling[ A ]. Proceed-
ings of ISCAS[ C]. Taibei: IEEE,2009. 1289 - 1292.

[9] Zhan Y, Sapatnekar S S. High efficiency Green function-
based thermal simulation algorithms[ J ]. IEEE Transactions
on CAD,2007,26(9) ;1661 —1675.

[10] Oh D K, Chen C P, et al. 3DFFT; Thermal analysis of
non-homogeneous IC using 3D FFT Green function meth-
od[ A]. Proceedings of ISQED [ C]. San Jose: IEEE,
2007.567 - 573.

[11] Qian H F, Sapatnekar S S, et al. Fast poisson solvers for
thermal analysis [ A ]. Computer-Aided Design [ C ].
Monterey ;: IEEE,2010. 698 —702.

[12] Lee Y M,Wu T H et al. A hybrid numerical and analyti-
cal thermal simulator for 3-D ICs [ A ]. Proceedings of
DATE[ C]. Grenoble ; IEEE,2013. 1379 - 1384.

[13] YanJ Q,Luo Z Y, et al. Accurate architecture-level ther-

mal analysis methods for MPSoC with consideration for

leakage power dependence on temperature|[ A |. Proceed-

ings of ISQED[ C]. Santa Clara;IEEE,2013. 178 - 183.

Feng Z,Li P. Fast thermal analysis on GPU for 3D-ICs

with integrated microchannel cooling[ A ]. Proceedings of

ICCAD[ C]. San Jose:IEEE,2010. 551 —555.

[15] Huang K,Yang X,et al. Efficient electro-thermal co-analysis
on CPU + GPU heterogeneous architecture[ A |. Proceedings
of ISQED[ C]. Santa ClaraIEEE,2012. 364 —369.

[16] Chen J,Wu X J,Cai R. Parallel processing for accelerated
mean shift algorithm with GPU[ J]. Journal of Computer-
Aided Design & Computer Graphics,2010,03:461 —466.

EE®IT

[14]

EAS J,1966 4RI, L BIEUR. &
LGS L Sl AL RE A T B, BT Y M
PR A S U R BILR Bl 2R Gt T B LR R o AR
et

E-mail ; ydpan@ ustb. edu. cn

i
<@
FEHE B 1989 AWM B DITE A RN R ARG T

EPEREIFAT IS T A W5 L AF.
E-mail :3706157@ qq. com



