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Parallel power flow computing in power grids based on a preconditioned BICGSTAB method

SONG Xiaozhe!, WEI Guo?, LI Xue?, WANG Changjiang?, SUN Fushou?, LI Zhenyuan?
(1. State Grid Jilin Electric Power Co., Changchun 130000, China; 2. School of Electrical Engineering,
Northeast Electric Power University, Jilin 132012, China)

Abstract: In order to solve the large-scale power flow problem accurately and quickly, a parallel algorithm for power
flow calculation based on the inexact Newton and CPU-GPU heterogeneous platform is proposed. The efficiency of
power flow computing can be effectively enhanced by improving the solving efficiency of the correction equations which
are the most time-consuming part of the Newton-Raphson method. For this reason, the Bi-Conjugate Gradient Stabilized
(BICGSTAB) method is adopted to solve the correction equations according to the asymmetric and indefinite
characteristics of a Jacobian matrix. Then, in order to improve the convergence performance of the BICGSTAB method, a
two-step preconditioner for the Jacobian matrix is proposed given the characteristic that the Jacobian matrix is analogous
to a sparse diagonally dominant matrix. The convergence performance of the BICGSTAB method can be improved with
the two-step preconditioner that consists of the improved Preconditioner with sparsity Pattern of AT (PPAT) preconditioner
and the improved Jacobi preconditioner. Next, the above power flow algorithm is transplanted to a CPU-GPU
heterogeneous platform to achieve power flow parallel computing. Finally, different test systems are further used to verify
and analyze the performance of the proposed method. The results validate that the proposed power flow algorithm can
solve the power flow calculation problem accurately and quickly.
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Table 3 Reactive power and voltage phase-angle at the maximum error

TIhh& F AR
R - e Rkl AT SR AR —_ g Riik ARSCHR A AR
Mvar Mvar R 2 /%o00 ©) ©) R 2 /%00
case1354pegase 7267 265.953 360 265.953 330 0.001128 5131 -26.204 302 -26.204 297 0.001 908
case2383wp 2115 -2.925 625 -2.925 608 0.058 107 1568 -5.038 276 -5.038 278 0.007 095
case3120sp 121 61.894 119 61.894 123 0.000 646 861 -11.052 040 -11.052 038 0.001 793
case5738 1788 2.750 257 2.750 257 0.000 021 268 27.680 242 27.680 242 0.000 014
case9241pegase 8340 -15.243 123 -15.243 222 0.064947 1386 62.269 014 62.269 014 0.000 022
case_ACTIVSg10k 13561 -20.465 436 -20.465 435 0.000489 10080 -45.476 958 -45.476 958 0.000 110
casel1624 8340 15.243 123 15.243 122 0.000 656 4691 -33.661 086 -33.661 086 0.000 033
case13659pegase 6103 198.639 102 198.639 105 0.000 027 803 -16.595 547 -16.595 547 0.000 015
case_ACTIVSg25k 55556 2.148 525 2.148 525 0.000 013 55543 -14.535 550 -14.535 551 0.000 112
case_ACTIVSg70k 27039 81.227 015 81.227 029 0.001724 28146 -67.928 744 -67.928 740 0.000 589
= 4 FRTETA RS REAMIERORE
Table 4 Iteration times of power flow algorithm with different preconditioners
ARG PPAT Tiikbi M3t PPAT kb2l Jacobi TiiAbEE it Jacobi FiikLFE IR B 3
case1354pegase Ak 3/162 3/655 3/328 3/84
case2383wp 5/1384 5/271 e 5/910 5/133
case3120sp N 5/497 5/6479 5/1264 5/198
case5738 N & 6/915 Atk 6/590 6/216
case9241pegase NG 6/1176 N N 6/472
case_ACTIVSg10k ENEd 4/559 NIEH NIEH 4/361
case11624 N LEsss 6/1280 N e N e 6/465
case13659pegase Ak A NIEH NIEH 5/838
case_ACTIVSg25k N e N e N & N & 4/3701
case_ACTIVSg70k Ak AL AL AL 5/3501
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Fig. 5 Eigenvalue spectrum of Jacobian matrix
after different preconditioning
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Fig. 7 Computational time of power flow algorithm with different

preconditioner under different calculation accuracy
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Table 5 Power flow computing time and speedup ratio of

CPU-GPU heterogeneous platform
CPU-F&  CPU-GPU #4941

R ks oitkes
case1354pegase 0.584 0.589 0.99
case2383wp 0.839 0.852 0.98
case3120sp 1.186 0.999 1.19
case5738 2.595 1.406 1.85
case9241pegase 7.913 2.952 2.68
case_ACTIVSg10k 4.330 2.207 1.96
casel1624 9.356 3.329 2.81
case13659pegase 15.773 4.409 3.58
case_ACTIVSg25k 71.668 10.078 7.11
case_ACTIVSg70k 379.816 148.962 2.55

& 5 Al H: X FMERNRS, T
CPU-GPU 5 #4°F &5 19 J- 47 Wl ik v 55 #E B b 56 T
CPU T &R HATEI T ERER BEA, FEFF 2
GPU FFA7 s i} [a]#f LR kb CPU 5 GPU [a] )%k #s
LHEA]; BE RSB K, HF CPU-GPU
P& BT RIR FAR AR I, R CPU P
EREBATEIR T AR, BE g e TTIs 7.11 £
AT I ASCIET CPU-GPU M4 134T
WEVEAE KU B ) R guiinit Hh B A R
FIRR, AR AR I S B R AR B L ) R Gk

DT =
5 %1

AR ST A A 2 5 o B AL B
BICGSTAB VAR 45 A U DX B I L ) R G0
WAHE 7, T CPU-GPU S & SEHl i
RGN IHAT IR . B A FNK R G0t prig 77
FHATIOAE . 7T, HSRESRAT

1) P ER AT VSRR AT S ) R G
THHERR AR, Steg APkt 5as R,
TR ZEER AN

2) AiTi st PPAT TiiAb 35 it Jacobi TiAb 3
FHGS & BUHET EERE R PR B TRAL B 5 7%, WA R0
HHE T EEHE FERF R 0 A, T3 BICGSTAB V44
SV

3) P $ IR AT v S5 R AT SR B H
KRG PREERHE, SEGEREHE, THER
=SIRSISTE R

4) Fir#EET CPU-GPU 5441 & 1T MR 5
AR ST CPU ~F & B HR AT MR %, 6 KU B
WCHL ) RGN T SRR IR T 3

K ) RGBSR 2%, 1 R IR T RS
2R, FRIN_EHT REVR BRI X A0 B A FE R
B BT, AR SRR A TR, AR
SRR, KaE I RERILER A,
NRGAG R, BT e R A% . [,
I AT SR SR N FH B R ) R G ) A - B )
A, W N-1 2R, AR AR E M A,
DA 2R RACR .

S E

(1] BRflids, 20k, YL, 5. BT T8RO 22 1R B
WA S35 R GPU RALSEHLL). i RS,
2014, 38(22): 63-69.

CHEN Deyang, LI Yalou, JIANG Han, et al. A parallel

power flow algorithm for large-scale grid based on

stratified path trees and its implementation on GPU[J].

Automation of Electric Power Systems, 2014, 38(22):

63-69.

[2] RF&, T8 HE % ETYRYOENZHR
BAEHBEME —HMREED. B hRERY S5,
2018, 12(14): 46-53.

WU Sunong, YU lJinyi, TIAN Zhuang, et al. A unified

power flow algorithm for AC/DC hybrid networks using

modified augmented nodal analysis[J]. Power System

Protection and Control, 2018, 12(14): 46-53.

[3] ERFF, ORWesE, WIE, & BT REGEENISL AL
(1 R EEL S X AT A0 R B (9], e PR HL 2, 2018, 54(10)



R, 5

£ FTiALH BICGSTAB 1 H /1 RGEHITR HEATHH 55 1%

- 27 -

(4]

(5]

(6]

(7]

(8]

(9]

[10]

179-186, 193.

HAN Xuan, QIU Xiaoyan, SHA Yi, et al. Optimal
dispatching under grid-connection of wind farm based on
variable confidence chance-constrain model[J]. High
\loltage Apparatus, 2018, 54(10): 179-186,193.

R3O, KETT, RE, & TR R R AR 1t
SRR MR A ]. B B SEEROR, 2018,
16(10): 19-24.

LIU Kewen, ZHANG Guofang, YUAN Chen, et al. Fast
nonlinear iterative method based on graph calculation for
power flow calculation[J]. Electric Power Information
and Communication Technology, 2018, 16(10): 19-24.
I, SR, X, 5 FET R GMRES [

AKI SRR S, B THORSR, 2007, 22(2):

98-104.

HU Bo, ZHOU lJiaqi, LIU Yang, et al. Inexact Newton
flow computation based on preconditioned GMRES
method[J]. Transactions of China Electrotechnical
Society, 2007, 22(2): 98-104.

g, FEIT, X, S e He T A BRI A
ELIRECH AR AR 2R R 0], B R GRS
i1, 2019, 47(12): 177-187.

LI Ting, XU Weiting, LIU Xianglong, et al. Review on
planning technology of AC/DC hybrid system with high
proportion of renewable energy[J]. Power System Protection
and Control, 2019, 47(12): 177-187.

BEOG, BRik, MOM T, &5 ET RS REVENING
W % H AR A O] R B2, 2020, 56(1):
162-168.

HUANG Jingguang, CHEN Bo, LIN Xiangning, et al.
Multi-objective optimal operation of islanded microgrid
based on crow search algorithm[J]. High Woltage
Apparatus, 2020, 56(1): 162-168.

BOCHE, SR E, S E, & ET UG SRS H
IR RS WA R[] R E R SlERER,
2018, 16(10): 25-30.

ZHAO Wenging, ZHU Lingyu, GAO Shuguo, et al.
Research on fault diagnosis method of power transformer
based on multi-source information fusion[J]. Electric Power
Information and Communication Technology, 2018,
16(10): 25-30.

ZHU Jiahui, CHEN Panpan, GU Chenghong, et al.
Techno-economic analysis of MJ class high temperature
superconducting magnetic energy storage (SMES) systems
applied to renewable power grids[J]. Global Energy
Interconnection, 2018(2): 172-178.

JEBRZR, R, Rk TR LU R TAL
AL R AL [I]. B AL AR AR,
2017, 37(1): 55-62.

TANG Kunjie, DONG Shufeng, SONG Yonghua. Power

[11]

[12]

flow algorithm based on an iterative method with
incomplete LU  decomposition  preconditioning[J].
Proceedings of the CSEE, 2017, 37(1): 55-62.

i, EI7 . KRB ) RGPl ok 57 VA T
A BIRG R 5%, 2012, 40(9): 38-42.

XIA Pei, WANG Fangzong. Study on fast power flow
calculation methods of large-scale power systems[J]. Power
System Protection and Control, 2012, 40(9): 38-42.
TR, PR KRB LTI RRART S LU 2 FHE].
ML TR 5 A, 2007, 43(28): 29-30.

ZHANG Yongjie, SUN Qin. Symbol LU decomposition
method of large scale sparse linear equations[J]. Computer
Engineering & Applications, 2007, 43(28): 29-32.

[13] KULKARNI AY, PAI M A, SAUER P W. Iterative solver

(14]

[15]

techniques in fast dynamic calculations of power
systems[J]. International Journal of Electrical Power &
Energy Systems, 2001, 23(3): 237-244.

P, AR, WITst, . BT Beowulf ZEHENIRI
B F R G TFEIRAT PCG SRR H T H AR ZEHR,
2006, 21(3): 105-111.

LIU Yang, ZHOU lJiagi, XIE Kaigui, et al. Parallel PCG
solution of large scale power system equations based on
Beowulf cluster[J]. Transactions of China Electrotechnical
Society, 2006, 21(3): 105-111.

XIVE, FZR, WIT5t, & PR CG ik KA
BRG], E Bl TR AR, 2006, 26(7):
89-94.

LIU Yang, ZHOU lJiagi, XIE Kaigui, et al. The
preconditioned CG method for large scale power flow
solution[J]. Proceedings of the CSEE, 2006, 26(7): 89-94.

[16] VORSTY H A. Iterative solution of linear systems in the

[17]

[18]

[19]

[20]

20th century[J]. Journal of Computational and Applied
Mathematics, 2001, 123(1): 1-33.

LI X, LI F. GPU-based two-step preconditioning for
conjugate gradient method in power flow[C] // 2015
IEEE Power & Energy Society General Meeting, July
26-30, 2015, Denver, USA: 9-13.

XTE, EE, LA, A PV R RC R R 2L
PERR TR ITEL]. B RGO S5, 2019, 47(3):
17-22.

LIU Kuan, WANG Chun, WU Huicheng, et al. A linear
power flow calculation method for distribution networks
with PV nodes[J]. Power System Protection and Control,
2019, 47(3): 17-22.

LI X, LI F, CLARK J M. Exploration of multifrontal
method with GPU in power flow computation[C] // 2013
IEEE Power & Energy Society General Meeting, July
21-25, 2013, Vancouver, Canada: 1-5.

YANG Y, SONG A, LIU H, et al. Parallel computing of
multi-contingency optimal power flow with transient



.28 - €& REP B A

stability constraints[J]. Protection and Control of Modern
Power Systems, 2018, 3(2): 204-213. DOI: 10.1186/
s41601-018-0095-z.

[21] ZHOU G, BO R, CHIEN L, et al. GPU-accelerated algorithm
for on-line probabilistic power flow[C] // 2018 IEEE Power
& Energy Society General Meeting (PESGM), August
5-10, 2018, Portland, OR, USA.

[22] skife'k, F1E, ®CHE, 55 FT GPU [ R&AfLE

RN IR T IR D], W R E Bk,
2015, 25(22): 90-97.
ZHANG Yifei, YAN Zheng, ZHAO Wenkai, et al.
Application of GPU-based block reduction algorithm in
power system small-signal stability analysis[J]. Automation
of Electric Power Systems, 2015, 25(22): 90-97.

[23] YU Z, HUANG S, SHI L, et al. GPU-based JFNG method
for power system transient dynamic simulation[C] //
International Conference on Power System Technology,
October 1-5, 2014, Chengdu, China: 8-13.

[24] SAAD Y, SCHULTZ M H. GMRES: a generalized
minimal residual algorithm for solving nonsymmetric
linear systems[J]. SIAM Journal on Scientific and
Statistical Computing, 1986, 7(3): 856-869.

[25] VORST H A V D. Bi-CGSTAB: a fast and smoothly
converging variant of bi-CG for the solution of
nonsymmetric linear systems[J]. SIAM Journal on Scientific
and Statistical Computing, 1992, 13(2): 631-644.

[26] BENZI M. Preconditioning techniques for large linear
systems: a survey[J]. Journal of Computational Physics,
2002, 182(2): 418-477.

[27] DEMBO R S, EISENSTAT S C, STEIHAUG T. Inexact
Newton methods[J]. Siam Journal on Numerical Analysis,
1982, 19(2): 400-408.

(28] EHMN. AR RG MY JL5T: BEsdi R,
2003.

[29] JEIRA, FEE, ARKHE. —Fr GPU-CPU i 5AE

ZRINE S N-1 SRR TR E LT
FE2A4R, 2018, 38(15): 36-43.
TANG Kunjie, DONG Shufeng, SONG Yonghua. A
real-time N-1 AC power flow calculation method based
on CPU-GPU heterogeneous computing framework[J].
Proceedings of the CSEE, 2018, 38(15): 36-43.

[30] CHEN'Y, SHEN C. A Jacobian-free Newton-GMRES (m)
method with adaptive preconditioner and its application
for power flow calculations[J]. IEEE Transactions on
Power Systems, 2006, 21(3): 1096-1103.

[31] %KH, BREZR. HATEA LU 4 A TRAL IR A i
WIHEJEN]. 1R GA 3, 2002, 26(8): 11-14.
CAI Dayong, CHEN Yurong. Solving power flow equations
with inexact Newton methods preconditioned by
incomplete LU factorization with partially fill-in[J].

Automation of Electric Power Systems, 2002, 26(8):
11-14.

[32] #r[Ffe, Ztamt, X%, iEA0T ML B H R [M].
b5t s i, 2015.

[33] kM, JLME K. T GPU MIMBLLe 1t R G HITR A1
FHEREEVED]. THENLRLA, 2013, 33(3): 825-829.
ZHANG Jianfei, SHEN Defei. GPU-based preconditioned
conjugate gradient method for solving sparse linear
systems[J]. Journal of Computer Applications, 2013,
33(3): 825-829.

[34] FLUECK A J, CHIANG H D. Solving the nonlinear
power flow equations with an inexact Newton method
using GMRES[J]. IEEE Transactions on Power Systems,
2002, 13(2): 267-273.

[35] JEhl, sEMEE, (ETEE, & A TIEAUREIR TSI 2

HE Jacobi FRALEE J7E[I]. B ARG HBNL, 2018,
34(12): 87-92.
TANG Can, DONG Shufeng, REN Xuegui, et al. Improved
Jacobi pre-treatment method for solving iterative power
flow calculation[J]. Automation of Electric Power Systems,
2018, 34(12): 87-92.

[36] BAIME, XUA, ZEmRM. Mibiio Ll mas 1 R oF
fTHHEL]. THEHLER, 2000, 23(3): 255-260.

CHI Lihua, LIU Jie, LI Xiaomei. Parallel sparse
approximate inverse preconditioners[J]. Chinese Journal
of Computers, 2000, 23(3): 255-260.

[37] IDEMA R, LAHAYE D J P, VUIK C, et al. Scalable
Newton-Krylov solver for very large power flow
problems[J]. IEEE Transactions on Power Systems, 2010,
27(1): 390-396.

[38] XU, e R GG E AT T 550 7T[D]. &
M ARAB L 1R, 2019.

LIU Ye. Parallel calculation of load margin in bulk power
grid using CPU-GPU architecture[D]. Jilin: Northeast
Electric Power University, 2019.

[39] LI X, LI F. GPU-based power flow analysis with Chebyshev
preconditioner and conjugate gradient method[J]. Electric
Power Systems Research, 2014, 116(11): 87-93.

[40] ZIMMERMAN R D, MURILLO-SANCHEZ C E,
THOMAS R J. MATPOWER: steady-state operations,
planning, and analysis tools for power systems research
and education[J]. IEEE Transactions on Power Systems,
2011, 26(1): 12-19.

WS BEHEA: 2019-12-04;
fEEE -

RBE# (1986—), %, hE, HAIAER, HRTF @A
W, 7] % %A% 5424, E-mail: songxzjl@163.com

o OEH1995—), B, MEHRL, RGO AN ER
“Z Mgt £ E-mail: guowei201@aliyun.com

{&EIHER: 2020-02-25



RidE, 2 EETHiAT BICGSTAB VLM B ) R IEAT 132 77 %

- 29 -

ERIT(1989—), F, AL, TEHATEASE
MR R e 2 DAL, B RRY AR
E-mail: cjwangneepu@163.com

(% £Hm)



