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Fig.1 Overall process of power grid topology analysis
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Fig.2 Natural division diagram of power grid’s
undirected graph
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Table 5 Comparison of whole process calculation

time among different algorithms

4 THE IR / ms
D5000 5775 CPUSIIL(84kFE)  GPUML
casel281 17.328 8.274 5.188
case3472 56.272 21.611 12.313
case5208 93.489 34.956 17.913
case34110 305.938 90.748 42246
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Table 6 Calculation time of each module based on

GPU algorithm

R - B/ ms
B casel281 case3472 case5028 case34110
AR S AR RS 2.404 6.663 9.910 21.944
TN T A 1.644 2.515 3.289 7.284
HATT BN AT 0.206 0.431 0.618 0.981
A N AR 0.196 0.426 0.585 2.799
I 2 3 oM £ 0.362 1.097 1.849 3.320
IEAT L8R AT 0.141 0.402 0.560 1.922
AR 0.235 0.779 1.102 3.996
SR / ms 5.188 12.313 17.913 42.246
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Global power network topology analysis algorithm based on GPU acceleration

ZHENG Yifan',ZHOU Gan',FU Meng', WANG Ziheng’,FENG Yanjun'
(1. School of Electrical Engineering,Southeast University, Nanjing 210096, China;
2. China Electric Power Research Institute, Nanjing 210003, China)
Abstract: With the expansion of power grid scale and the improvement of interconnection level of power
system, the calculation amount of power grid analysis increases significantly. GPU(Graphics Processing Unit)
and other parallel computing devices can improve the calculation efficiency of large power grid analysis,
but the serial power network topology analysis has become an important factor affecting the calculation effi-
ciency of parallel algorithms,which needs to be accelerated. As the difficulty of power grid topology analysis
acceleration, parallel algorithm can be used to accelerate the global network topology analysis. Therefore, a
global power network topology analysis algorithm based on GPU acceleration is proposed. The power system
grid model is abstracted into a compressed array form,which is convenient for parallel decoupling and invo-
cation. Taking frontier array method as the basic idea, an optimized parallel substation topology analysis
method is designed to explore the parallelism among substations and nodes from power grid characteristics.
Based on this,a global power network topology analysis algorithm based on GPU acceleration is proposed.
The test results of examples show that compared with the traditional serial algorithm and multicore central
processing unit parallel algorithm, the proposed global power network topology analysis algorithm based on
GPU acceleration can achieve 7.242 times and 2.148 times acceleration ratio respectively when applied to
large-scale power grid. The proposed algorithm significantly speeds up the global topology analysis of large
power grid and improves the overall calculation efficiency of all kinds of power grid analysis, which has
potential engineering application value.

Key words:large power grid;substation topology analysis;parallel computing;graph theory; GPU
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Fig.A1 Topology structure of power grid’s undirected graph
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Fig.A2 Conversion process of power grid’s undirected graph
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Fig.A3 Workload allocation schematic diagram of advanced frontier array method
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% 1 suH T w4 GPU #4y

1: While f77E] 35443 #HT do in parallel

/le.g. GPU bid 5 LR FREII B bid 5] ¥ 4=threadPerNode
I/e.g. GPU tid~(tid+4)"5 B FEX B rid/4 5B A

2: stationNodeNum=Iscsr[bid+1]-Iscsr[bid]

3: While fEAEMIERAT SARVT L do in parallel

4 While F 32044 0 do in parallel

5: FLELAR K R where F[tid/4]==1 do

6: V[tid/4]=currentTopoNode where tid%4==0 do /{745 F
7 adjNum= lacsr[j+1]- Tacst[j]; /At AREER KA

8 for i=tid%4: adjNum step=4 where V[i] is zero do

9: F[Acsr[lacst[j]+i]]=1; 1738 [ AR R R
10: end for

11:  end while

12:  _ syncthreads(); /2R R )
13:  currentTopoNode++; /FFUE B B AR N A
14:  end while

15:  D[bid]=currentTopoNode; JARSBEAT 5k 1 i B

16: end While
HE | BT RN CPU B4
1: for i=1:stationNum do
//e.g. CPU stationNum 7~/ i R K E
2: DI[i]=D[i|+D[i-1]; IS i Bk
3: end for
4: busMove=0

5: for i=1:stationNum do

6: for j=1:nodeNum do

//e.g. CPU nodeNum 375 % 50 S W BT Al 2

7 VI[i]J=V[i]+busMove; IMETE BT e i
8: end for

9: if [ 3N busMove=DI[i];

10: end for
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Table C1 Calculation scale of a power grid
BUH P A RN RN BRI A

FAE 223953 34110 9384 7527

Mis® D

B 2 BIRER AR T
1: While fEE3RFN YT AWV )3T do in parallel
/le.g. GPU j T LR FEXS BT j 5 R 15 1

2: While F A 4220 0 do in parallel

3: if F[j]==0 do

4: continue; /[F BN 0, LIRS
5: else

6:  VJ[j]=currentIsland; 1117 At 45
7 for i=lacsr[j]: Tacsr[j+1] where V[i] is zero do

8: F[Acst[i]]=1; 138 AR

9: end for

10:  end if

11: _ syncthreads(); IR FE[F G
12:  end While

13: currentlsland++; JIFEUE S BT BT LS

14: end While

MisR E

R El HAIWEXSH

Table E1 Basic parameters of cases

5l PN EAEC NN AN RN BRI RS/ iRk
case1281 18488 1281 1667 6121 16691 308 1534
case3472 49442 3472 4360 16554 43012 922 4004
case5208 74163 5208 6540 24831 64518 1383 6006
case34110 223953 34110 7527 83107 148718 3512 7277
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