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D M y=(w w5 0) =1, 0(y)=1,0(y)=1, f x =y AlH FIE €12, 0} 2, =01

wx)=w z, tw,z, +Fw, 2, Fo it Fe,r, <o, Fw,+ o Fo, =1=w(y)
Hit, @, (x)' <@, (y) WAL,

2) Y x,y#1 B WRERGA T THERE.C)=0(y) =0, Aidz=y—x Z 0, UFELLE € (1,2, .0} [l

B, =1, .

w (z) Zi}w,z, ZSwi(yi —x;) Ziw,-y, — iw,xi =w(y) —wlx) =0,
=1 =1 im1 =1

Bl w(y)=Zwlx),

R, @, (x)' <P, (y) WAL, OS5 F 2 PR i)

5 LT BAEAE B A IFERE I RGUIRS S S, G R @, (x) JE I, s
3.3 k/n(G)RGEHEMEREER

k/n(G) RGN RAGH 0 DIUBFARE RG2S 0 DT EOG B A JTEMEIE R TAER L REIE
HOTAE VRSN T ST n—k B REIEE TAE; YRGBT R ICE I ECR T n—k B RGO KL,

E 8 k/n(G)RGEEIEEEIIE I LT B5 K pR B R AR 3R 35 T AR 48 T2 PR A% Ol U g, B b A S 4 A B AR R
st e R, BN, 2/3(G) REZ ALK 1 iR,

Xy Xy

X 3

X3 R

BE1 2/3(G)&%
Fig.1 2/3(G)System

Bl2 1 ENEHEENE/ (G RBEEMRECN .

0, Zx, <n—*Fk;
D(x) = i=1

1, At
BERS,2/3(G) R BERI L5 1 R BOCR -
P(x)=(1—U—a)DU—a,NU—O—z,)U—z,))NU—U—2,)(I—2x,))=
(x,tax,—x,2)(xy,ta,—x,x0) (s T, —x;2,)

MRIER RIS R,o(x)=(r,2, F a0, Fx,0, =22, 20235) 6

1B 2/3(G RGN, BT IO TAE NBARFEIER T/, x=(ri 2.2 sy =153,y
Hx =y, #FfE,j€(1.2.3) i #j i 2, =2, =1, M &(x)=1, T x =y. B4y, =y, =1 NIl &(y)=1,
e o 235 ) 2 R 1 (EL R P A B

EAETE 1,7 €{1,2.3) i #j MR 2,02, #1.00 @ (x) =0, A —EH O (x)<<D (y) ML, M 45 H S 5
FR9 o AH S — 3 ™ A L



%5 H A, E HRFTEREGE R RARS TR 044 B 49

2) HAEFRM 2/3(G) RGE R REN .
D, (x) =wlx)(1+d(x))=
(w2, tw, 2, +Fow,x2,)d+0—O—2)O—2,)U—U—x2)U—2,))A—U—a)(1—x2)))=
(w2, tw,x, o tow,x,)(A+(x,ta,—x,2.)(x, Ta,—x,x) (et —x3201))
FAR W KA IAR O (x) =(v,x, Tw,x, +Fw,2,) 1+ (z, a2, Fa,0s a0, —22,2:25))

WEEM x=(w11t1,a)zx2,wgz‘g)T,yZ(wlyl,w2y2,wgyg)TQSw,E_x =y, Zw, =1, w, 2w, Zws, I
i=1

T AT BAR S,
iy %ﬁﬁla]€{17233}91¢]’@1%" yi:y/‘:19}n\u ng(y)<17®(y):10 EE x = y m%ﬂ»ﬁﬁke{la]}a
/fiﬁ?af Ik:O,}J\ﬁ'ﬁ wkxk:O,fi//I

wX)=w 2, Fw,x, twsr,=w(y) —w, <w(y),
Bt @, (x)' <@, (y) J]L.
D) AT, €{1,2.3) i 75 M8 yoy, 71,0 @(y) =0, RGAL T TR . Km0, b TRAERF LB/
2/3GAGEMBEHEIE . H x =y, FIL.0(x)=0,
A% z=y—x = 0, WHFLE =, =1, A1

3 3 3 3
w(z) ZZw(z, = Zw,(y, —x;) = Zwly, — Zw,@z‘, =w(y) —wlx) =0,
i=1 i=1 i=1 i=1

Bl w(y)=Zwlx),

HIE. D, (x)' <<, (y) BT . B A58 2 B E Y

28 BRI, BREE B 2/3(G) RS 45 1) rR B2 B H 1Y

9 AAEPIHKARALNERE SHEAERFBIEIE TR, TANEF BN £/n(G) RE T 451
PR BN S P PR T BB R B IS T Lk /0 (G) RGN S5 M o8 B0 T BRI R M AL R w (x) , 7E—
JECAE T T 12 oR B RE 08 (R TIE 245 1) 2 B0
4

it

AR SO L 7 B GRS A3 1) (1 — Se S5 R R ST A7 45 W L R GRS A ) v 3 AR B9 1 45 R R A e A
PR, [ e 3 aod T2 228 S e ) 28 40 1) 45 4 R RO0E B T AR GRS S Tl A 0y LR P R A e R AR AN % L Sy H g
FGEAR S Vi 1 4 A RE Al PR O 0 5 1 S

S 230k

[1] PARETO V. Manuale di economic politicallM]. Malano: Societa Editrice,1906.

C2] XUE e FoRE 28 05 8 55 et Al B B SRR ML Ut . = S 0F Hh A L 2020,
LIU H Y,HU J,L1 Y F.et al. Optimization: modeling,algorithm and theory [ M]. Beijing: Higher Education Press.2020.

[3] ZHAO K Q.YANG X M. E-Benson proper efficiency in vector optimization[]J]. Optimization,2015.64(4) :739-752.

(4] Emi, B 504, =%, £ B X Pascoletti-Serafini r ik [T, o BB B2, 2024,54(2) 1 231-244.
XIA Y M,ZHAO K Q.GAQO Y. Generalized Pascoletti-Serafini scaling based on multi-objective optimization[ ] ]. Science China
Mathematics,2024,54(2) :231-244.

(5] BRIk B2 4. BA SRS 2 HAROL A )80 U2 0 J5 Ko i F LT . 3 PR R 2 2 4l CH AR B2 D 5 2023,40(2)
28-33.
TAN Y L,YANG C R,ZHAO K Q. Approximation method and application of multi-objective optimization problem with norm
structure[ ] . Journal of Chongqing Normal University (Natural Science),2023,40(2) :28-33.

[6] BIRKHOFF G. Lattice theory[ M]. Washington: American Mathematical Society,1948.

[7] MARTINEZ-LEGAZ ] E. Lexicographical order and duality in multiobjective programming[ J]. European Journal of Operational
Research,1988,33(3) :342-348.

[8] DEHNOKHALAJI A, KORHONEN P J, KOKSALAN M, et al. Convex cone-based partial order for multiple criteria
alternatives[ ] ]. Decision Support Systems,2011,51:256-261.

[9] ZHANG Y,LI S J. Some minimax problems in lexicographic order[ J]. Acta Mathematicae Applicatae Sinica, English Series,



50 Journal of Chongqing Normal University (Natural Science) https://cqnuj. cqnu. edu. cn Vol. 42 No. 5

2017,33:193-200.

C107 G r Ak JKAEZAS L VM. 28 3 BCHE ) G P 46 22 W B SRTE T . 32 25 15 45 B, 2018, 27(2) : 26-31.

YUE L Z.,ZHANG Z J.YAN Y. A Multi-criteria decision-making method with implicit weight based on partial order sets[]].
Operations Research and Management,2018,27(2) :26-31.

[11] e r Ak Blids . k57, LR B P MR BL i 7 £ KRR [T ). 2 & 58 81, 2022,31(5) :101-106.

YUEL Z, LU C, ZHANG Z ]. Posets representation of comprehensive evaluation model [ J]. Operations Research and
Management,2022,31(5) :101-106.

[12]1 DURO J A, OZTURK U E, SALOMON S, et al. Methods for constrained optimization of expensive mixed-integer multi-
objective problems, with application to an internal combustion engine design problem[]J]. European Journal of Operational
Research,2022,307:421-446.

[13] MNP, 2206 X e . oy 2 (% 7 vl 0 B s 28 1) R0 22 E A A D7 6 0], 3 PR IME R 2 24 e CH AR B2 D . 2021, 38(1)
11-21.

YANG J Q,JIANG X X,ZHAO K Q. Multi-objective optimization method for location and capacity determination of highway
charging stations[ ] ]. Journal of Chongging Normal University (Natural Science),2021,38(1):11-21.

[14] 5, &7 8,8 se 42, s ik IR) B 22 H AR U0 A 7 22 L0 0. 3 RIS R~ 24 i (A AR B2 D , 2023, 40(1) : 82-87.

QIAO L,SHU Q,ZHAO K Q. Multi-objective optimization method for oil depot site selection[]J]. Journal of Chongqing
Normal University (Natural Science),2023,40(1) :82-87.

[15] DAN L,KANG L. A multi-objective model for cold chain logistics considering customer satisfaction[ J]. Alexandria Engineering
Journal.2023,67:513-523.

(167 Ak, faf &, v g R GE P RE PR RO AN M. 58 2 R bRt 35 A O Hh ilat , 2015,

CHENG L, HE J. Principles and application of power system reliability[ M ]. Second Edition. Beijing: Tsinghua University
Publishing House Co Ltd,2015.
[17] MACNEILLE H M. Partially ordered sets[ J]. Transactions of the American Mathematical Society,1937,42(3) :416-460.
[18] Th o5 5. M 7 & 5 B AR 45 4 AT LM, Jb o B 2% 1 AL, 2013,
MA Z X. Partially ordered sets and data envelopment analysis| M ]. Beijing: Science Press,2013.
(197 skE e AR w82, 4% B TAUE M. bt Bh24 i btk , 2017,
ZHANG K L,SONG L X. Subalgebra of case[ M. Beijing: Science Press,2017.

Operations Research and Cybernetics

Structural Properties of State Space of Power Systems with Weighted Information in Natural Order

LIU Langting'. LIU Meihan', LIU Xuewen®
(1. School of Mathematics, Chongqing Normal University;

2. National Center for Applied Mathemafics in Chongqing, Chongqing Normal University, Chongqing 401331, China)
Abstract: This paper describes the physical characteristics and mathematical representations of large-scale power system states,
introduces the concept of dimensional discrete state space in power system, describes the importance and influence of power system
components in power system by introducing the weight information of power system components, and gives the structural properties
of power system state space under natural order. Using the natural order induced by natural cone, combined with the structural
characteristics of power system, the characteristics of partial order and lattice theory were explored. The structural function
properties of several types of classical power systems were studied to judge the specific situation of power systems and describe the
degree of system failure, and the structural function was explained in detail by taking the system as an example. The properties
studied provide basic theoretical and methodological support for the research of multi-objective optimization properties of power
system state space, which is crucial for the design of efficient algorithms for power system.

Keywords: power system state space; multi-objective optimization; partial order relation; lattice; structure function
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