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Abstract: This paper presents the huge but useful formulation of expected security cost optimal power flow
(ESCOPF). Corrector equation, which has special structure, of interior-point method (IPM) for ESC-OPF has been
given. A novel parallel IPM based on Multiple Centrality Correctors ( MCC) has been proposed to solve the

formulation of this ESCOPF model. In our novel algorithm, iterative times can be reduced and CPU time can be shut

down because of the good speedup.

Key words: interior point method; parallel algorithm; centrality correctors; expected security cost

1 5]

A A Coptimal power flow, OPF) [a] {8
Se vk E o SN\ ) Carpentier $2H. £48 00 OPF
5% £ B W52 AT 47 OPF [al it thgh & N-0 [w] i,
Bl O il n) 1. 3T 4F 2k, N-1 4 Z 2 AW FE A OPF
) AL RS R T 5T B AL B TR — i el g R — A
R RS B 9 OPF [R]85 78 CRUE B )5 22 4 19
R4 T T8 m /MU 19 32 17 AR S 5002 i il 10 22 4>
24 R B A ) 3% [A) B (security-constrained optimal
power flow, SCOPF)™', #15 F & 4t I % 1) 22 55 IF

il

Wi BEHEI: 2013—03—19; fEEBHA: 2013—05—22

FRACE 200 JF H % I8 A RO A AT BERE R
It OPF g2 i (1) 15 A8 =5 ik 22 4 20 o S A 1)
i 0] # (expected security cost optimal power flow,
ESCOPF) ™, SCHik [4 16 Bl — A2 1E A 5 i 1 T
OPF [R] R i, As 1 AR 4F i BUE ROCR

2 FEERREAREMHBREE

1 ESCOPF w1, SCHR[3 % 4 [n) 225 J& B A
— AT MA & — LY. SCERE3 I AEE P.
Damrongkulkamjorm 1 T. W. Gedra. i J5 XT iZ 4
RIJRIF TURARIBEGE S IS T3P MEUR. 2%

HEWEB: ERAKFFIELTH (71201049) ;)75 H AR 2410 H (2013GXNSFBA019246) 5 ) P K 2= R 3 4 % Bh I H
(XJZ110593) 5V i S A A BHAIF B Bh 30T H (2011061.X028)



138 B2 AL

2014 4%

SCHR3.5 A S N ESCOPF A .

K
min 2 C(Y") + >, 2 CHY",YH)

vty k=1
R(Y*) = 0,k=0,1,-+,K
jg(Yk <0,k=0,1,-,K (D
d"Y',Y") <0,k=1,-,K
Y Oy ST AR A A 4 ] A R A s Y

R R A A ARG R TR kAR E I A 5 1 AR
EARS AL & BB RS P K A AR & A ik
Wi o' N ARG TR R ATRETE s o W RGER A
SRR kB ATRETE. O (Y AR R G F AT s 17
P CH (Y, YD) A RGEAEWIRIRES YO, R A ks &
TR AR Y R BB T . 10 O
AT A A5 L A — B A 29 05 o O ST Y A
SR, — O B Ok R AR S A X
P ¢ MR AR " W E R AR
(R & 200, % 29 R PP — JBC AL 5 S R A S O
R A5 i N T A 8] 0 S S 00 O 2 R B A
PLI S 29 5.

3 ESCOPF WHIT&HOREN=EE

X [ B B0 A 11 B 4% K 15 . ESCOPF [] /81 i) #
BOE 28 OPF (19 K £, R & N S5 K i ES-
COPF W g OPF it & K152, 8 T BefE S2 i
153 ESCOPF 25 3 LAXT L J) R G2 i A7 8 L 76 ol i
SR A B (AR 6] B, 5800 RS 4 L, 456 D
1750 A0 AT SR SR itE— 25 WD T S ), A 2 4
#t ESCOPF #F A S Y — A~ 2 F-Be. AT/ 2
D TE (Multiple Centrality Corrections, MCC) £
ARSEAT Sk, I 5L T ik i MCC 45t T — oK i
ESCOPF M 147 47 AL 2 vt N SR

X (L) s B A A 5t AR ok AS 3 X AR il 45 20 4
PR DN PN R ENCE G N = S NS L
Lagrangian PRECANT .

K xk
C’(Y“)—#E(Zlns)vLanC Y+,

k=0 i=1
Y — ;Q](Zlm,) + Zﬁh’xyk) -

k=0

Zu (g(Yk)er)JrEv AR, Y) )

k=0 b=

(2)

il B Lagrangian R 20 X 48 &£ Y°,Y*,

Lagrangian & A'» o' LK of KSR R o2 5) 0 0
FRANT

IC(Y") ICH(YH,Y")
L +2H T

T AR (Y") g (Y) | Nt ddH (Y, YH)

A oy o’ 7y —+ Ev —?}YO

(3)
0 0
st U g T S,
ICHYR,Y') | dRt(YH)

VL = TrkT+)\k lQT+
7 vk !z a k /z

P R LA & W
Ve L= 2hY") (5)
Vil = 2h* (YD) k= 1.+, K (6)
VoL =+ g (Y) =0 N

Vlf‘Ilz Sk+gk(Yk) :Oykzly'"’K (8)
VoL = s; P+ d"Y", Y =0,k=1,--,K
€D

VSoL:—#‘%jt uo<:>UOSOe—ye:O (10)

Vil = pt bt k=1,  KSU'S e— po —
S

0.k =1, .K (1D
Vil =— gt 4 bk = 1, , KOVS, e —
\ 0
pe = 0.k =1,.K (12)

Hrr.p > 0;H Inst,Insly 18 5%, "5 " >0,k=1,

LKV >0 k=1, K5 S = diag(s),
U’ = diag(u) e HITAITEA N 1 Wm i, S =
diag(s") . ,Sh = diag(s4) ., VF = diag(").

K (3) ~ (12) 4 ESCOPF [a] {5 114 3T ) e A5 1 4%
Bl @, ¥ @ 4% B (3G 10 4)(6)
(8)(12)(9) (11) W7 T 47 HEF , 3 A I e Y™ 4 e
A Ford. R MCC N &K R iR ESCOPF
[F) R, 75 ZE AN T AB IE T .

W, Wy Wy o W

Az, w (2)
WlO Wl 0 b 0
Azl (1)1(2)
W2o 0 Wz 0 . - .
: 0 0o . 0 ' )
{ AZK (u[((Z)
WKO 0 0 WK
(13
itEP’Z:[Z();zl;"';ZK:I’%:[Y(J;A(J;u()§S(J]’
o= [ YA dysy P k=1, K, Wy, k=

0,++, K 52 8L OPF [0 25 Y & 1F 7 F2 H A3 2K L &%
Hko,o,o,o;o,o,o,o;o,o,o,o;J

*@’WkO:ng: { L
O,O,O,O;DYG 705070;0507070



o 2 A 4 T PR A 2 AR O 0 9 0 A 9 347 22 G P A 0 139
L PCYY) CPYOYY Lt B, | A% [ ]
Ho =m —5yay +Z oyayr v W - L BOKT Az 7
AR Y O T H R : L B“ N
3.1 EEFBHFTRE " R
FRATHRE R o - 1A 8 R A8 IR 7 AR R L Az =
A (13) fitn R . T land Ll
We 0 0 Wl O [ ex (2] (19
Az w (2) L, = w(Z).i= K,1,2,,K—1 (20)
0 W, 0 Wi
Az w, (2) K
0o W, W Zl= ) Loty = w (Z) — > Byl D
, : : =
o0 0 N o1 (2 Ly"Az = L Az = £— fyi= K,1,2,0,
Wik Wo Wy W, | As L w2 | K—1 (22)
(14) ko — ER R, K A6) L (A7) # 4B
XT38 A& TF 7 B2 (14) , #8547 Cholesky 23 : A KA B S Tl B AT LR AT SR AT 385 50200
We O© 0 W H K AT R = M 7 AR L 1T LR AT 3 AT oK
o W, o W it R (22) K K+ 1AM Y b f R AL A
: oW, W, | = A LAIFAT 347 3R A
o o Fe TR 4 — [R5 SR A6 T 7 B A7 JLA~
W W W e W D7) < OB LS4 FFUAE R 9 5 9K 26 £ 9P A7 32 £
ML, A AR s @ H T 50 B 0 43 A7 09 T B AR A L [l
L RKAFZ 0T DL e o0 43 f Ja 045 B 3 ARk
L, BRI > a5 AR B, LAk 2D 1 B sk (]
3.2 HiEHR
B B, B, L] (D Fﬁi‘?ﬁjﬂﬂﬁEﬁrﬁJ A,
. By ™ REEEBIFAT AR Z RO N R R, TR
1T By, T 115 Mehrotra FUII A IE J7 1], S T 808 Jr {8 4 =X
L BT 15 QFS) iaﬁﬁ:
’ : MZ =—W(2) (23)
" B FRATT 9 2 i 3% 4C 2 27, PCIPM 5 (9 7
- Lo B8, — A+ A R AL TS LA B E
Hrr, ,
LL " =W, i=K.1.2.+,K—1 (16) s .
o v e © s m A,
By = Wol7%yi = K, 1,2, K—1 (D w2 (23) B MIEFT 2 (15) ~ (18) B3 119747
LT —w,— S BB 8y AMIRRIEA 0= 0,8 — W IFAT AL 5 by 7 1
= e B
SRR T T Rk, AT
r, = 0.999 5 min{mm{Aa Tl At < o,Aa\ Aust < o,Z ‘% Aush < oJ ,1}
(24)
7, = 0.999 5 min mmgu Au<O,Auu1 Au<O,A Av5<<o] }
I 0 6T 8 ) B @ BIEH W A,
2 (s 4+ 7,A,5)" (u—l—z’pAu)—O—Z ifj%;ﬁiﬂ?:u*(i) (—E— ) 1
(sﬁ,JrrdAsd) (v + wA0) (25) Zn& * an
H(@23) T w = [o;o;o;ye—A.suAuae], A w =



140 B2 AL

2014 4%

(050305 pe — AsiAuie; 05 pe — Ashu Avie ], i= 1,++,
K, 8 W I mH AL Hd AsiAde DL K
Asg, Avie W51 AAT LG I 78 F000 6 ) B i 22,
SR b g S X5 56 ) B & OE.

TE B AR BRBE PN oS3 v, A SRk AR 91 SR R B
w0 s ), ik AR W Sy B BE B PR, RS
Mehrotra 76 CRk[8] i@ o K E M BE L R BT,
T B 8 3 AL AT DA AR AR IR BT B (H R T
i B Y Taylor B2 H AR B (1 & 24 M (15 3%
A B A R Y TSR] ST A BT . AR SC I AT
W Z PO N, A 23 h MBE D &
Oy EAE S DL BN T SRR M ok i — 2P 4R i ik
AR e DL s AR B, I B 258 B b1t
=N E RN

(2) PPREZ L RIET M A = A, + A,

O WHE A, KO KPR, = min(g, + 0,
Dyzy = minCr, + 6,, 1) 3B H T & . 28 = 7
+ 0By s 2l = Zh 4 talpus

@ FEAC A s B A AR A v DR D TR) R Y P
8 KKT & @ B #bfe FRUE: R 3 8 K F o 1y 2
JE . A BRI BRAER T AL AE T s T Y AT IE AR ALY
MR, R Z W) 22, S E— 2B R AR Y
L T SR\ AN Sl e RN BN TS A
Aoy = [S"U"].BIA cmy, = x(my | H) oo
H = [ Buin s B s — AT LLFIE B = 0. 14 B =
10, H

me  m, € H
My, = 4 Puin 2 mo << Banin 2

Buaxtt Mo = Bt
ﬁ@éﬁi[gg}%Amhn@im.

kT Tk
d d

@ 4 a =— [050:05m,—m]. & o =
030505 My — m; | et s
—[ . “}J1quﬁemﬁ

03 my — m; | e
AR (20 454, B2 A = A, +wh, wE
O, 1] TR, & w fifg A P RKEK,
M T, Ta.

D=+ W Hoy =+ w0 WE A, =
AVE O, BN, ZHOKRIEZR.A = A,

D WP OREN A ULERELK .1
153057 0 2 A A, JIF — R AR R R B S Wk
A k.

4 hESHSH

FHASEE 8 ] Matlab 2010b % 5 #2757 . X
14 45 g2 300 9 k3 4 ARG AT RUE LS. 58
BF B 2 ER RS T 8 AT fl BT
2 IR AR W REA(E B Intel 15 2520 XU 4k
PHE%,2.5 GHz,3 MB 17 ;4 GB RAM; Windows 7
64 bit #AVER g8, 1 s AR ] T I8 LK W 52 L B
Bt , £ B R 50 % F Matlab Parallel Computing Tool-
box (PCT) 4.3 &7 8 L E 1 4 Matlab
i) JobManger,1 4~ Client, 16 > Worker. i & 4
MY EEARZFOLZR 1 s, e i & 48 19 1A 3
HBAE R Sy £k 65 BT 65 00 I, X T T % U 1 B S AT
A Ia) L, O 15 T2 2k % 1) e R ABE 3 R O, LAt £k 8% 11
R R AR 0. 1/ B2k % AR

T2HHMTRLBPITBITMITAELS R, Ik 2
NGRS iAW) G 5wt A P NN B 5
FR G REAE B LAY B[] Y s 8K

LGt TR AR EITR L E 4D RER
FEAT I LA B0 B0 0 S L B Ak B g R K H B
RE 515 21 A P T, ] B o] R ASE A K, B0 0k o 3k L
O ok 3, S DR Sy [ RN B A A T T o
FE A5 00 /0N SR AT TE BT LR ) AT R
[ERYIESEA

1 MNEXRHESH

UERERA R K AL 2 i
IEEE14 14 3 20
IEEE30 30 6 41
IEEE118 118 16 179
IEEE300 300 21 409

x2 HESMTHESER

UERNERA AL RS /s
IEEE14 33 2.03
IEEE30 19 4.81
IEEE118 41 34.13
IEEE300 39 83.22
IEEE14 41 158. 31

5 HWRIE

AR SCEEA S A MCC AR DL R IF 478 g 1
WL T — AR ESCOPF [a] 8 () 347 N



el

258, 45 TR B0 A 2 R DUV (R ) 0147 2 PO BOIE N R B

141

BB AE R i ESCOPF [a) {5 fisf 45 ] LA 38 5 X6f Ji
(5] RS A7 0 i T 7 A 158 25 L A I T o ) L [
B Bk A B ) AT I b, AT R M 3 A SR
KA ESCOPF [] .

4.0 ¢
3.5 ¢+
3.0 b
25 ¢
H
H ool
B
15 L W IEEE14
' o IEEE30
#*= [EEE118
1.0 ¥ IEEE300
pa o e
2 4 6 8 10 12 14 16 18
Worker#{ H
B 1 FTitEmER

S E K

[1] Wei H, Sasaki H, Yokoyama R. An application of in-
terior point quadratic programming algorithm to power
system optimization problems[]]. IEEE Transactions
on Power Systems, 1996,11(1) :260-267.

[2] Monticelli M P A, Granville S. Security constrained
optimal power flow with post-contingency corrective
rescheduling[ J]. IEEE Transactions on Power Sys-
tems, 1987, 2(1). 175-182.

[3] Damrongkulkamjorm P. Optimal power flow with ex-

[4]

[5]

[6]

L7]

[8]

[9]

pected security costs[ D]. USA: Oklahoma State Uni-
versity, 1999.

TR, 55 75 B, WL AR T R AR A R AR OE
PR I SR P LT ], B R4 AR L 2005,29(9) £ 25-30.
Condren J,Gedra T W, Damrongkulkamjorn P. Opti-
mal power flow with expected security costs[J]. IEEE
Transactions on Power Systems, 2006, 21 (2):
541-547.

Mehrotra S. On the implementation of a primal-dual
interior method[ J]. SIAM Journal on Optimization,
1992,2(4) :575-601.

Gondzio J. Multiple centrality corrections in a primal-
dual method for linear programming[ J]. Computation-
al Optimization and Applications,1996(6) :137-156.
KRB . XA BT, %, MPI4-OpenMP iRA i
AR TE R FUAE =% #9 L2 1k 7 FR ALK g v g iz JH LT .
i F 22 5L, 2011,28(8) : 157-160.

Matlab Inc. Matlab parallel computing toolbox 4 [ EB/
OL]J. (2012-11-10) [2013-04-20]. http://www. math-
works. com/access/helpdesk/help/pdf_doc/distcomp/
distcomp. pdf.

EEE T

= R 4,979 B, PRI, R Ur 19 IR AT 5 A A
S B R .

BklgE 5. 979—) Mt B HUR. W57 0 O IF AT B A
PSR B H R



