E3B3EFTH
2013 % 7 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.33 No.7
Jul. 2013

— IR B A A Tl N e LRI
PU JFH 1L

P)

*FF
(FaXFE L4

LRk

SIAEFR,TH AR 210096)

FEE ., AT A E sk R AL 404 P o9 5 MR (SDP)AE AL B K ALAE 251 o7 A2 2831 S mb 1) K K e )4 42
— A T A AR RZ (GPU) M Krylov T2 8 FH4T ik, &k R ARG 2 2 o Bk 3% £ 3% (QMR %),
FEASE B S B Ry R sk £ CSR A 4548 X T 48 GPU % #L Incomplete Cholesky F 47 7R 4L 22 45 [ 44 3+ 5 | i@
it xR B HLAE LK M 7 A2 40 0 3t AT AW, 5 A i) Cholesky B 4%k A8 QMR JF4T 5E 3% A A7 i % Ao 4541
BT IHRAF RAF O AT i b 10~100 AL 6 A R e d 5 AsE R AR 1% SDP FH4T A Bk A Y it Foad i 4

Y BT A AR A R

KEEW. s, FAEMX, GPU; QMR; R T4 Cholesky 2% ; 47 H %, Krylov; & ALY

hESEKS. TM 76 XEEFRISAD . A

0 518§

5 MK SDP (SemiDefinite Programming ) /& 4%
PRI B — Rl B R A T A 24 TR X R AR B A 07
S TR SE 00 2R AR T il 4 o B R (/N )
MR, HAT M IR B2 X SDP fEH 1 RS
A BE v 84 I A T 0 A8 5 SCRik [ 1148 SDP
SRR A P K KO ) R ST BE ), 15 31 T A
U A2 SCRR[2-3 [T XTHLAL A AR 77 45 0./
OB R R LTI — PR RO A [RINHFE H AR
bR BRI 25 b 249 SR A% P A R i ) O A R R
SRe FH RS 4 728 ROJRE B30 3 %) 45 21 (9 SDP AR HEA TR i
SDP S5 i WY H FA stk 0 1% 48 0 S0E FH I B0k
PLEL 25 & (UC) AL 70 1 0 LT J2 A8 36 2 ALK i A
A, B8 T — i EHOR R JUH R AR I8 W 2% %
YVRAEOLE | A i A 24 SR A R L 2 s
TE 2R BT A iR A

N SDP A2 AE LU 2 AN, BT N AF KR
H T A 2SR 6 208 B — A E R B HLAL
L5 AR A LSS Y A T R ) N A S T
S5 P9 B UOE AR OR AR R B o IR E
LML TT e A T EH AR RIS ), BT XA 1 AR
T 2P R R R )R A SR P R A B
AW Prs NAE 5 2 TRV Ax=b PR Y
RIBAH i A MR J7 RE L M 05 AT o3 O 4 1 s AXE
228, BEHEIE B RURE R RBOE K AT AR e, AN

Wis B E.2012-07-10; & E B #5.2013-06-18

EETH B ERE A LA R (863 # %) T8 B (2011-
AAO05A105)

Project supported by the National High Technology Research
and Development Program of China (863 Program) (2011-
AAO05A105)

DOI: 10.3969/].issn.1006-6047.2013.07.022

Gauss 1T Cholesky 73 \QR 73 55 st 75 #2 41
AR =M B =X 0 S A B SR W E =X AR5 3 it (]
RBGE A5 7 VA B 7 BRAL 0 ff L T ik — BT
FIAHERA A E R T [ A A A HE LA R AR AR X
SR T RTINS TR R IR R, &
AT 43 A iy Bk AR AT Kaylov 2 RIE W K28
o R VE A Jacobi 4R 7E  Gauss-Seidel 1% 1R
: SOR %, H IR/ F ik 1Rk B4 oK il R
B B e Ve 7 BE 2l W 45 G Krylov a5 ARk
Krylov ¥ %5 [0] J7 1 9 32 22 SR AR S 45 A0 28 10 1
AR 22 )i BES n D 8K 22 m) i, 38 2 FR B B
A WHEANZI G5 1 DR E N & ST, %
AR 223 = A 28 BB 87 T ) 385 114 3% 25 1] 7 = A P AR
BOSCP AT IESS PR GESE A AR /N | 38 B PR i
S BB, T IEAE B AR TT S /b | [] B
A AR A 1) 15 5 R A A R 1 R ik Bl T
WRLZ A A7k | PR Bk A i 2 1 T R 4
IATRIEI R AR

B8 R bt B B0 1 B 4L B & GPU
(Graphic Processing Unit) , J&—# F T % £ 44 115
2T b ERES TH R ROCE E R it cPU, €
A5 R GPU TEHL 1 R Gerh iy g 47 1 4
I, IS T MR, SCRR[6 138 GPU I H 21
WATE T WA T —E M e, SCEk([7-9] R H
GPU ZE3 7 WL ) R S BT M L 5
A ERATRRE U T R AR L

i v AR SDP Ak v R AR i 2 M R 2H Y
HRERCE AR T —FJE T GPU 1 Krylov 1%
B JFAT B I AT BB R R RO B P R
E T RE R A% R A B A 0L 4 /N B 25 5 (QMIR
20), I DA B 43 B4 R R B Al 7E CSR (Compressed



%78

T A — PR AL A T B P K E LR GPU R AT T @

Sparse Row ) f7fifit% =T 1 GPU SE 3L 1 v i S 15 119
Incomplete Cholesky T &b 3 J7 v Fl i 45 3£ AT &
SLH TR B PR A B AR I 4
PEIT BRI A 8T . X 10~100 HL 24 I EE 6 A
[Fi) F) 55 491) 6 A7 0 L A5 SR SR WY AR SO 2 — Rl 1+
O3 A SO SR AR AL 2H 4 T A0 0 Bk | T 3 381 0 i i
BRI A S A7) RS 1 5 v S I B

1 HAHFEBE SDP #HE

1.1 SDhpRiE
SDP S 2k PRI i 4 & — Fh AR SE I AR
), o BN AR ] T SDP AT PR GIESK A% 1
22 I A ] AU A 22 3 3 [] A WAL ST Fe I A 0
SDP A AR S XA E
Ji ) At

min C-X
st. A+X=b; i=1,2,---,m
X>=0
e (1)
XA [ AL
max b'y
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Fig.1 Structure of CPU and GPU
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Fig.2 Coefficient matrix G
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a. fEL HUE B 1) i P, flag=1,P, [flag] =
L FE AR N, 2, BT,

b. j=P,[flag],

c. R GLi,jINAE0ICH i-j>2, flag=flag+1,
P [flag]=i 5% P08 e WG L TR d,

d R j<i-1,j=j+1; G0N HHPR e,

e MR (<N, i=i+ 1, BEILE b, F W 45K
HE,

SR T HRE G DL CSR M AR, o it
S JFE M D7 AE 0 oo, A R TR ] A
K FH R =S A PN s B gt A BOLRE R
L G AR 0 o ry A7 R 1E Tk Rt HE R 4
PG BT B AT R, BL10 LR G b 1]
Incomplete Cholesky T 2k B4 B 31 55 119 17 21 £
JrERETHY 1488 W ZE 0 Bn 9 96 U, BRI
TH AR ) SO L 7E 4.2 g,
33 EF GPU MITAEE QMR HITH X

CUDA FF473H 5 kernel DAk F2 M 4% (grid ) 19 JE
AL LR A% 2 T 2R (block ) 2H 1K
M 4 > R AR B S 27 T A 22 (thread ) 48, 52 5T
I+ kernel J& L4 block A 847 FAATHY .

fit 1l GPU 25 8 5 T % BF 73 3t 1Y Incomplete
Cholesky THAL#E BETH QN 3 o | 45 5> AH Bk
SEXT LR B 2x2 Ml (F, F, F, F.) 5 B AH R 2k
T Bt (block0 block1 .block2 \block3) # 17 Cholesky
I3 SR SE S S BE B 43 L 2 FE B (block4
block5 \block6)XF AHI AT A E 0 JTLER 4T Incomplete
Cholesky 73, H I THiME F, F, F; F, TitH
BUN T block0 \block1 \block2 \block3 H1 & T2 %L
B 32 ;block4 block5 \block6 ZeFE 5T A — 4 X |
B —ATERBEX N THFE B h 178

Kl 4 fit7s i QMR JFAT5H %7 CPU A1 GPU th
HIAT: 55 %0 3 F m] LA SE SO AT A BT3RO GPU HY
17 32 84 i ) g 0 7 B AR B2 Bl CPU SR BE

bolck 1

3 GPU FRIES XIS
Fig.3 Mission decomposition in GPU
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Fig.4 Main calculation contents of CPU and GPU

FEAM T GPU & & # LB TIB LA, Xk
7 CPU BT @ dl s L% . EAEER
2 ,GPU AT 55 th & PE 7 R SR i 2 48 QMR 53 h
0 w,=M"r, 1B KIS AAERTHEA AR 2 it 7
i e AT LA 15 20 HE M G B0 IE 0] 70 B A5
BB i I G R 5 AL G R — Ik

1) 89 53 B SO AR AR B B4 5 R OF AT S R

4 HEISH

4.1 FERBEREBGNE

A LA Microsoft Visual Studio 2008 F1 CUDA
FHENFEARE R CIEFHES TET GPU I
Incomplete Cholesky T4b ¥ QMR FA7 5% | I 1E [H]
—FH L5 75 T CPU #Y Incomplete Cholesky
HR AT 43 ff R Cholesky L8275 3K fiff 26 M 7 R 4 1)
F . W4 .CPU N Intel Core 2,33%7@ 2.4 GHz,
A4 10 GB;GPU 24 NVIDIA Tesla C2050, {8 A7 43t
#1147 MHz,,
4.2 Incomplete Cholesky 17 i Ab B2 55 B B 1+ &

M AT S0 95 A8 AR Ry T 5 A7 0 o
e, X 3CH AR Incomplete Cholesky T4 ¥E QMR
M5, GPU FAT 3K il A7t W /T CPU
ATaEus PRt FO Bk i n B AT A A, K1)
T RE AN ] KA (1 FE [ 4T Incomplete  Cholesky
Jrfig s, CPU # AT 53E 1 GPU I 47 5505 I A& 1 i)
], nf A 44N 1488 FiT 2928 1 Incom-
plete Cholesky 43 fif (14 5% 47 58 34 14 A8 09 1 0] 22/ T
AT X i TR E AR R K BEIETE GPU N
A7 A CPU N A7 1] (9 18 1 i 22 1 FE — 2 B4 B 1) 3
(Y, B R 25O 2928 SN £ 14448, R BOEFE
R 0 A JE A R A B T s T B T 5 I
(115 AT LA G o 2k AR Py Oy XSE B OF AT

F 1 FEHAZIEFER Incomplete Cholesky F 1T 53 i

Tab.1 Incomplete Cholesky parallel decomposition
for matrixes of different sizes

TR /s

o N
i N o umm  cpugim TER
1 1488 00116 00143 0811
2 2928  0.1080 0.1140 0950
3 5808 04930 04650 1060
4 8688 12540 10720 1.170
5 11568 25970 19980 1300
6 14448 42030 29600 1420
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&, LI GPU I 475503 1% A8 (14 15 (8] 32 ¥ /N T CPU
T HEECH 14448 B RTIGES 1.420 MIFAT N HE
43 EF GPUB QMR b EHITEE
QMR LTS e R 1070, % 2 iR
Cholesky ELHziLFIIET GPU 1 QMR T4 BE 475
TGS TR AR L A Ty R S A e 7 1) s ]
F 2 REMAS ML R E KR

Tab.2 Calculation for linear equation sets
of different sizes

wE N E&gg”ﬂfﬁ& EARUCH D
1 1488 0.0851 0.0969 18 0.88
2 2928 0.4960 0.3590 24 1.38
3 5808 2.5710 0.6180 7 4.16
4 8688 7.9390 1.3790 12 5.76
5 11568 19.7800 3.0520 35 6.49
6 14448 33.5700 4.5090 37 7.45

5 Incomplete Cholesky IFAT R, 2 4%
h 1488 B | HLAZEL IS AT 12N F AT 5k B
AR BTN AT S R L BB R B Ok
AU 7.45 BIIFAT N L o A2 [R] B 4461 1
DU AR SOOI AT R A 4 JL R AR 5 vl A5 i
THANG B 25 5 R TRVEMIERTE, 238 N=
8688 i QMR I AT A i fr i [l 1 o0 A, & P £k
P 7 R e el FH A HE A AR g Oy R AL ) s
A4 1) 1] ) i 5 R LA M ) d Y R TR HoAll
445 CPU Ml GPU Z ] (1 %54l % 388 . CPU 1132
HAIWAR T A CPU _LAVBOT R AE ) BAR G M B 45
B AR Ly o> Incomplete Cholesky 7 fig AL AT
e RTE SR w, =My, WG IR TE SRR AL, SR H A
S PT HAT 0 R AT M BT, AR R A s ) o R s AT A
(i) Py 248 R 4 T s 1 6 I 5 1) a3 2 R ) i AH OC
BATIBHTE GPU IS8 R4 FR171k
3 QMR HFITEERBE S

Tab.3 Time consumption distribution of

parallel QMR method

T hcomplee AR RAERS AR
% p oo H

B Cholesky  WR B am e
1] /s 1.036 0.297 0.0098 0.0027 0.0335

L1/ % 75.1 21.5 0.7 0.2 2.5

44 EFGCPUBMHREKRBYAAEGEIL SDP
AR

h T RAEIE TR B #rE R 10.20.40 .60 .
80 1 100 L 24 B Bt 6 MK & 4,20 ~ 100 L5 4]
WXt 10 HLE G A ] H A LS E 45
B far B0 UL SCRK[ 19 ], BT A MLALYS % SR e 3 2y 0
T F 75 IR Ge L f 1 10 %,

FH SDP 2K figt HLAH 414 7] 0 — i 1 2 oK i s
AL EIEA WA F R — R 5] F a8 o] [5] i
ZET A ARG MR 4 0T E A 30 IRAE S

®4 FEEGIHNREITERE
Tab.4 Time consumption of interior point
method for different cases

L %gﬁ w;?%& PRV
10 HL 10.13 10.61 27 0.95
20 #L 39.02 35.19 28 1.11
40 HL 151.26 94.65 29 1.60
60 Pl 403.74 206.22 30 1.96
80 #lL 863.11 361.26 30 2.39
100 L 1414.19 542.36 30 2.61

PEATH AR B 25 2 5300 10 LR SR
GPU JFAT PN 45 533k 38 17 e 0] 20 K T B33k, bl
HR BB  SRFEME T RBRAX (6) it A
HE WG, GPU HATHIE M AT RCRAG 2] TR B,
TS H AN 10 HL &R G219 0.95 A48 K F] 100 ML R 421
2.61, fH/Z BT SDP P ik bRaR i 2 vy R 4L 4h )
LAt T B T 0 R — 2 T P O B 1 i
FLE/NTF R 2 Ry e,

ML A AR FLA S 3 2% R S TR] i
T8 B0 pR B ok e 0 3 — Be a8 H AT A SE PR g
L SR HIME DL 45 i SDP BT 2R i e fb e =X
I, 76 857 UC LR SDP AR R B S 2h 9% FH % F ]
SEAE 7 3 e A N SR A AT B AL ) B R s 15
PRSI FEAT LT VH LI | B bR o 50 B A S Bk
H B S 3R BORE AT LA UE R 45 SR A o
PE . 35 FiR KR AR SCR LN 6 451K fif 15 5
(EAT AR . 2 6 A% G L SR AR S VL S
HA BRI XT &% LR .GA EP .LRGA |
GAUC 43 48 FiAs W H b sth vk 3t fL 5k b3
P ATA i< 303l = O o R R ~ S 3 o (U = R

AL A SR AT AAR S b Ak P TE 3 24 5
R IZ 17 5% M R T A% e g i g il . A
F 6 ATLLAE  SDP M IF4T N ik AR R LU [

%5 ARAREWETHAE
Tab.5 Operating cost of different systems
SE AT /S

o

108 20HL  40HL  60HL  8OHML 100 #L
T}fﬁ 565585 1127476 2250912 3382437 4520544 5621979
# 1&

ey 565751 1127808 2251575 3383405 4521824 5623623

xo6o EMERTHERNIER
Tab.6 Comparison of calculating results
among different algorithms

i BATHLA /S
) 10HL 20K  40HL  60HL  8OHL 100 HL

LR 565825 1130660 2258503 3394066 4526022 5657277
GA 565825 1126243 2251911 3376625 4504933 5627437
EP 564551 1125494 2249093 3371611 4498479 5623885
LRGA 564800 1122622 2242178 3375065 4501844 5613127
GAUC 563977 1128098 2249790 3384293 4505614 5626514
AR 565585 1127476 2250912 3382437 4520544 5621979
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T — AR BLALAL & UG 14 58 5 B GPU JF AT A% ®

JE B9 AU, BEALIE B/ | T AR A E 19 T 5 4
ARG ENE AL T H 0 Bk I v A5 B B
AL

i b A AT AR R LU S5

a. BT H 5 BLEOR 1Y Incomplete Cholesky Jf
A7 Ak BRAE B 3158 AT AR AR —E Ry ke, T3
A B BAT ER AT BOPE T, T HRCRE A I s AT BR [
VSl R W NER NN = NN - RU N A A N 1573
([N R SE R

b. %+ GPU ) QMR #ilAb BRI A7 & —Fh
R IR i 4R P D7 AR 2H SR A O vk |l s A RO LIk
AR AF W45 R . Incomplete Cholesky T 4b B 4 [
AR [0 F QA I T 58 IeF 8] ot figk 75 5 T 1] ) 46
B3, AH 320 Ak R AR - il A PR AR SO [ 2 AE E 1Y
oL LR SRR I P 3R A R A A s L

c. SDP f9 47 P9 3k ml 482 i 5k RO THRIOR
HA 1.1 e B3 (6) B (9 R BUHG B 4 1 O
ZH SR AR A | A 455 A R S ) B A 3 DA R R I R 1)
it [A] (EA I B AT B e — E I T | R R
PRE N Fe /T QMR A BEOF A7 30k SR Al 2k M O
Fedl, TEEESLHLAHZH A SDP BERLIF ) SCrb R A
F 5 Bl 9% A A BE D7 2CnT DUAR G b At e 0 3l 2 P M
PAAR M BRI 2R 1) R i ey 1 25 R A HE 1

5 it

SDP 1 2 —FPAR A 1if 5 (1 FL R J5 3 | A6 1 K
A B B (R — 2 i 29 HE 03z 0 A R, S
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Energy coordination control based on intelligent MAS for DC microgrid
WANG Jing',LI Ruihuan',SHU Hongchun®
(1. Zhejiang University of Technology ,Hangzhou 310014, China;
2. Kunming University of Science and Technology, Kunming 650051, China)

Abstract: An energy coordination control based on intelligent MAS(Multi Agent System) is proposed for
the energy management and voltage control of DC microgrid. The framework of DC microgrid is designed
and the mathematic models are established for PV, fuel cell and battery. A two-layer MAS is designed for
the coordination control:the grid-connection and islanding of DC microgrid and the energy management of
PV cells,fuel cells,loads and battery. 8 characteristic variables and 13 operations are extracted from various
conditions of micro-sources and loads as,respectively,the input and output parameters of a neural network,
which is then trained to obtain the decision maker of central Agent. The proposed strategy of energy
coordination control is verified by simulation with MATLAB /Simulink for three operating conditions:variable
light intensity,islanding after load increase and grid-connection after load increase.
Key words: multi agent systems; DC microgrid; neural networks; energy management; coordination control;
voltage control
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GPU parallel algorithm of interior point SDP for unit commitment
ZHANG Ningyu,GAO Shan,ZHAO Xin
(School of Electrical Engineering,Southeast University, Nanjing 210096, China)

Abstract: Because the time consumption is too heavy when the interior point algorithm is used to solve
the SDP (SemiDefinite Programming) model of unit commitment,the Krylov subspace parallel algorithm
based on GPU(Graphic Processing Unit) is proposed ,which,based on the matrix sectioning technology and
in CSR storage format,applies the preconditioned QMR (Quasi-Minimal Residual) method to calculate the
parallel Incomplete Cholesky preconditioning matrix by GPU. Analysis of the calculations for linear equation
sets of different sizes shows that,with better parallel speedup ratio,QMR parallel algorithm is superior to
the traditional Cholesky direct method in speed and memory. Simulative results of six systems of 10~100
units also show that,an approximate optimal solution can be obtained with less computing time by the SDP
parallel interior point method.

Key words: unit commitment; semidefinite programming; GPU; QMR; Incomplete Cholesky decomposition;
parallel algorithms; Krylov; linear programming
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