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A Development of Distributed Parallel Processing algorithm for Power Flow analysis

°Chun-Mo Lee,

Hae-Ki Lee

Chung Cheong College Dep. of Electric automatic Eng.

Abstract - Parallel processing has the potential
to be cost effectively used on computationally
intense power system problems. But this
technology 1is not still available is not only
parallel computer but also parallel processing
scheme. Testing these algorithms to ensure
accuracy, and evaluation of their performance is
also an issue. Although a significant amount of
paraliel algorithms of power system problem
have bheen developed in last decade, actual
testing on processor architectures lies in the
beginning stages.

This paper presents the parallel processing
algorithm to supply the base being able to treat
power flow by newton’s method by the
distributed memory type parallel computer. This
method is to assign and to compute teared
blocks of sparse matrix at each parallel
processors. The testing to insure accuracy of
developed method have been done on serial
computer by trying to simulate a parallel
environment.

Key words : Power flow, Paralle]l Processing, Block
method, MPRLD ordering scheme, Distributed memory
type parallel computer, Jacobian matrix
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a9 21 FH Ax2dd MIMD ¥8 AJEY 72
Flg 21 The structure of shared memory type
MIMD

parallel processing computer

o] Al2®E Z4Zhe) TR MY} Sty Frhek sox]
€ FHslEE T2 ag9e] Hald 3L Joy E of
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Interconnection Network

P : Processor
M : Memary n
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Flg 2.2 The structure of distributed memory type
MIMD parallel processing computer
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Fig 3.1 Task graph depicting the forward
substitution for element scheme
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Processor #2
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Fig 3.2 Task distribution among processing
elements for block schemes
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Fig 4.3 Task dlstnbutlon for Ysus and Jacobian
matrix
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Fig4.4 Proposed task distribution for Jacobian
matrix calculation
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-3
o) 4 (5 2@
Blockl Block?

Interconnection
Bus

a3 51 ¥gdE 62X ¥d A8 AF
Fig. 5.1 The tearing of 6 bus model power
system

51 2d HEA T A2 deold
Table 5.1 Line Data of Model Electric Power System

. Half line Off-nominal
Between Line .
R charging turns
Buses impedance N .
admittance ratio(a)
1-5 0.08 +j0.37 0.007 -
1 -4 0.123+j0.518 0.010 -
2-3 0.723+j1.05 0. -
2-6 0.282+j0.64 0. -
5-3 0. +j0.133 0. 0.909
5-4 0.097+30.407 0.0076 -
4-6 0. +i0.3 0. 0.976

A static shunt capacitor at bus 5 is present with admittance=j0.006
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¥ 52 2d AYAFY 24 dolH
Table 52 Bus Data of Model Electric Power System

Bus LoaB;izg Specified Dor\t:r(:tll,‘i,riit
No. Type BOMW) VoltagelV -
QMVAR) | ] Qmax

1 |Slack| - - 1.05 - -

2 P-Q| 05 - 1.10 0.13 0.2

3 P-Q|055 0.13 ~ - -

4 P-Q| 05 005 - - -

5 | -] - - - -

6 P-Q| 0.3 0.18 - - -

rie
2>
o
flo
o «E

ZE MM dde Ty

TR e HFEHE A EHA AT

Aol o3ted AT T2 ALY A do
B g 7 TEAHM 44 AfE ge e
le T2AHA, F AEdHolAE T2 P H o
HE ditdd vz d8A71E By 93ty =
gdalgoen, a7 He A4 3 ARE A
%317 A3y EEIA &L AZES £33 W
¥ 73 Jacobian ¥ F L L& A4 279 =
Hd282 F8HE AFo A A Jacobian 3 E 9
zdyg JygL AEHIMSY ¢ A3 E v,
HAEI}IASG

5.2 Jacobian &89 nd P} 2lH AIYXHF
Ao WEA

RdAS Hd2AF2 By MPRLD NIy
o2 AAMEE JEvE2A PFFH(Yous)d T39
Zt RAES ¥ A% 21502 HHEIYE &
533 o] F3 . o] olEvHA FHEL AA
3 doly 3wy 93td 349 Z =2 AA
"#a” "#b”, "#c’9 Z+ 1A A A E 549 o]
FFAZAT olE H AY FE3 4= Fod
Hse ZANEE Jed Aol

¥ 53 2dAFY o=vd2 E (Yiw)
Table 5.3 Admittance Matrix of Model System (Yous)

1 2 3 4 5 6
1 0.9922 -0.4339 -0.5583
-j4.4025 11.8275 j2.5820
2 1.0214 ~0.4449 -0.5765
-j1.9545 j0.6401 11.3085
3 -0.4449 0.4449 0.0 0.0
j0.6401 | -j8.1649 j8.2715 j0.0
4 -0.4339 0.9880 -0.5541 0.0
j1.8275 -j76517 j2.3249 134133
5 ~-0.5583 0.0 ~0.5541 1.1124 0.0
j2.5820 182715 j2.3249| -313.9995 0.0
6 -0.5765 0.0 0.0 0.0 0.5765
j1.3085 j0.0 j3.4153 300 -j4.6418
Block Block | Interconnection
Block 2
1 1 Bus

E 54 Z Z2AM9 7193Ad 38 oj=rs P
Table 54 Assigned admittance matrix at the
memory of each processor

1 4 5 6

y [ooe o T-om -
j4.4025 | 518275 | j25820
Pr by g | 0% [098%0 [0Sl +]700 -
ocessor #a 18255 | 76517 | je3240 | 34153
_ [ro5583 -|-05541 -
O | jeseo0 | 2320
00 -
6 13.4153
2 3 5 6
2 1.0214 - | -04449 ~ -05765 +
11.9545 10.6401 i1.3085
~0.4449 ~ | 04449 - 00 - .
Processor #b 3 | oo | s | isams |90 790
00 ~
5 i8.2715
05765 - )
6 iLaoss | 00 00
5 6
11124 -
0 + j00
Processor #¢ 5 i13.9995 00 + i0
05765 -
00 - 0.
6 100 146418

23y 2dA %o st 2 £8e 948 £
g4 4 (diakoptic equation)dll 934 Jacobian

PP l%ﬂ AZHAH dutde g 2
o] EEE 4+ Ut
APi Jua Ji3 Adi
AVi
AQi | _ Jz2 Jes |/|Vi1||
APc Afc (5-1)
J31 i Jaz | Jas3 [AVel
AQc /1Vel

Zt Z2ANY AYgAAd ¥FE q=vEHz
FAFG 2 dolHE R AAR WHd oo
Zt zgHA 93 Jacobian FHY EZHAFE
Z8sld ¥ 5504 E 573 o] F3RAC.

® 55 "processor #a” oA F3ZA  Jacobian HH
Table 55 Jacobian matrix obtained by "processor #a”

[J11] [J1s]
765007 | 96631 | -232490 | -55410 | -3.41530 | 00000
o3l | 76u13 55410 | -2.32490 | 00000 | -3.41530
2329 | 55410 | 503600 | -1.14032
55410 | -232490 | -114082 | 5.03600
341530 | 00000 341530 00000
00000 | -341530 00000 | 341530
[J31] {I237]
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H# 56 “processor #b" A TR Jacobian FH
Table 56 Jacobian matrix obtained by "processor #b”
[J22] RER)

2.15006 -.71071 -.48939 -1.43935 : -.63415

-.71071 898221 .40041 -8.27150 00000 .00000 00000

-.48939 40041 7.34759 00000 ~-8.27150 ; .00000 00000

-8.27150 .00000 8.27150 .00000

00000 -8.27150 .00000 -8.27150

-1.43935 .00000 00000 1.43935 -.63415
-.63415 00000 00000 -.63415 -1.43935
[s}
[Ja2] [J23"]

£ 57 "processor #c" A Tl Jacobian 3E
Table 5.7 Jacobian matrix obtained by processor "#c”

[J33°]
.00000 2.22480 .00000 .00000 )
222480 2799900 00000 00000
.00000 .00000 .00000 1.15300
00000 .00000 1.15300 9.28360
GAl & ZRAMNAN TE 4E dZF BE9
Jacobian #HL& & (5-1)d] 2lsjAl AAlE W o

3ted E 587 o] TR}

¥ 58 & 42 H¥E9 Jacobian #E
Table 58 Jacobian matrix of Interconnection bus

[Jzal
1330750 = 108448 00000 00000
1.08448 1469150 = 00000 00000
00000 00000 | 4.85465 51885
00000 00000 51885 ©  4.42805

HEHo2Z HEAYS A JacobianP B =g
o o3t FHA gL ®599 BT U A
o] tistd £ ¥hHol Jacobiand o H S
T3t¥ ® 5107 o] dojA.

¥ 59 HEAZZ 93 JacobianF B 2dge o
s P31 gk
Table 59 The value by Jacobian matrix modeling
for parallel processing

2.15006 : -.71071L i -.48939 -1.43935 : - 63415

-.71071 8.98221 40041 1 -8.27150 00000 00000 00000

-.48939 40041 | 7.34759 00000 -8.27150 00000 00000

-827150 | 00000 i1330750 : 108443 | 00000 | 00000 | -2.32490 i 55410

00000 | 827150 | | gga48 1469150 | 00000 | 00000 | -55410 | -2.32490

143935 1 00000 | 00000 | 00000 | 00000 |igsses | sisss | 341530 1 00000

-63415 | 00000 | 00000 | 00000 i 00000 | giges | s4vges | -2.82490 | 55410

~2.32490 | -55410 : -3.41530 60000 7.65807 96631

55410 | -2.32490 00000 { -3.41330 { 96631 764433

E 510 £aH3<) Bl 93t @olA Jacobiand H

o} Fat
Table 5.10 The value of Jacobian matrix by
serial method
2.14998 -.71067 -.48935 -1.43931 -.63420

~.71067 i 898135 40037 : -8.27060 ; 000000 .00000 00000

~.48939 40041 ; 7.34837 00000 | -8.26068 | .00000 00000

-8.27060 | 00000 1330672 | 1.08446 | 00000 i 00000 | -2.32494 i 55410

00000 | -8.26068 | 1 08446 1464265 | 00000 i 00000 | -55410 | -2.32494

1439310 00000 § .00000 | 00000 | 00000 iygss7 | 51335 | ~341667 | 00000

-63420 | 00000 { 00000 | 00000 | .00000 i 51gRs | 442767 | 00000 : -3.41667

-2.32494 ¢ -55410 | -3.41667 { 00000 ; 7.66045 96634

55410 | -2.32494 00000  -3.41667 | 96634 7.57613

o]} o] E =FAAM At HWIXIE 3
Jacobian ¥ 9] Edge] AR &AL W o3
o d& ZIdA Yeldes BZe oae AlEYolA )
Aol dole A A5 Xl 73t FAHoA
A o= WHXEE 38 Jacobian FH] 2dF
o] 383 £YPFHASLS & F Utk
E 511 7t Z2AMA HE2 FdE AXoY 2
Table 5.11: Parallel forward solution obtained by each

Drocessors

"Processor #1,#2”

_ vy = [L17'b()
AU
Processor #1 Processor #2

1 13030
2 -.04314
3 10870
4 -.06245

5 00236

6 -.14719 -.38137
7 -.02929 89908
8 -.21430 27319
9 00804 12036

"Processor #3”

dm s | y@) = [L]1baG)
6 -.10703
7 08113
8 -19139
9 15450

E 512 4 ZEAMGA F3d A9 A
Table 5.12 Backward solution obtained by each processors

"Processor #3"

AWz | x{@) = (U Yyl
6 - 22392
7 12751
8 -21971
9 15450

"Processor #1,#2"

di s Processor #1 | Processor #2
1 04475
2 -.27008
3 .25497
4 -.23791
5 14854
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3 513 Serial 2 P8 HRUA HEBAL A
Table 5.13 Serial computation result of lst iteration

x(i) = [ 46,1aV|/iV] ]
Aoz 04755

e - 27008
NAUNS 95497
Aeg - 23791
[AV4l/|Val 4854
e - 922392
IAVsiﬁVsl 12751
o -2197
lAVsl/slvsl 15450

AgE WaAAY Y QAT I S A7)
Z 74 & B2 23" Mg ol A B
dE A4 E [LLIUIA Sl 9] old 849 &
o 93l HLEH), o] FLAEL oj=vds
o] AqAGe] wet A 5 AT B, FARMY
A BE dEAe gy A4 A& WS 8
3 FgS v XA do. a3 BE|Y % 3
A= -9."7]‘#“’*3 Hl 3l o] g —’5}°ﬂ "J‘lﬂt
AZte FAE £ 39S A2 Fn, A% 27
A4 *rﬁ FEREY BH = FYIEY 2 F
of Hldled vj- A Hog, 4% 9429 (interconn
ection network)S ©] 83 AR P I (communi
cation overhead)o] w|$ otz EE7YY FF
BEL A7) 43 doly P A kol H
8l ol A @),

6.8 &

AGA T 2FALA B $45 = Jacobian ¥
4t B dHely 33 WEAHe A
d2FAL AAYg H2ES H43A 9 B =8
dre A4 AHAFT A4 FA4M AF A A
H+& Newton o & #AEg zZHANL Ysio
Jacobian ¥ AL E TYF LUAZE AN
o A Ao I HEXHE AEHoE HeEg
T e 7S AAstHen, 44 dH2F AL
o AL My xd AY AE HAYH HEL
3t AgE 7ol AFE AyYE & UL =
At ¥ 4Age gdy AFEHE 4 Zagxe
A mzagor FA AEgoAM AFE WY
of 93t F3F3cl. T ALY dat HolH g
nge Z} ZAMe A4 ZE HeE e T2
AA, &, AEHolAE Z2aYd dlolgg 44 A

2

2] 4PA7Ie e 93t sy

=EdA Y 8¢ NS g 2o

D BEAHE st sidd MPRLD MEdd
B AYATY LY L HEd AHxF
AXe AAE A ¥ F Y& WBAY =
2ad7 719 & %*35}93.‘4.

2) 3EAFHY 4 ZEAAN i oj=vEa

YosW B B23 €9 WHE AA}EG

3) Az FALY HEAUE 99F Jacobian 3
Hel AaAAH A3 2dy ye AAs
AQov, RdAYAFYd Wl 4 =AY
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