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Fig. 1 The 6-component vector set with state attributes
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Tab. 2 Ranking of failure probability of state variables

RS & e B HE %0 KA e B AR % (.
x, P,=0.03 T P,,=0.01
X, P,=0.03 R P,,=0.005 675 368 898 978 46
X, P,=0.025 Xy P,;=0.005 675 368 898 978 46
x, P,=0.02 T P,,=0.005 675 368 898 978 46
x; P;=0.02 X P,;=0.001 709 401 709 401 7
T P,=0.02 X6 P,;,=0.001 709 401 709 401 7
x; P,=0.02 X P,;=0.001 140 250 855 188 1
T Py=0.02 X s P;=0.001 140 250 855 188 1
Ty P,=0.02 R P, =0.001 140 250 855 188 1
T P,,=0.01 X0 P,,=0.001 140 250 855 188 1

20

FH 2 2 AT BRI A S 8 o 6(0,%ZP,} =(0,0.012 500 295 676 824 6], TR E LW,

1
m;i(fz—;f;f)”, card(PX1(a))<card(PX1)
€1 #Xl(:)),card(PXl)<card(PX1(a))9
1, card(PX1)=card(PX1(a)),
2
%, card(PX2(a))<card(PX2) »
, =1 card(PX?2
€2 %,card(PX2)<card(PX2(a))s
1. card(PX2) = card(PX2(a)) .,
%, card(PX3(a))<card(PX3) ,
=4 card(PX3
e, %, card(PX3)<card(PX3(a)) »
a

1, card(PX3)=card(PX3(a)),

Horpricard(PX 1(a)) RN AR SCR LA 45 8 SR I A S 8UE o« TS EIR X 594 20 X0 R ) & 59 4L
card(PX D FRR X SEhr iy 420 K i RS 10 B D8, o) R A CRE N R X EIHFR #0 R, [R3, e, W)
RRALCEIE M A R X BT AR, e, WRRALREN S XEIHAEHE. 28 X EXQ@ T4
ZL X, 20 2 58 Bt X AR 4 2 DX o3 ) O

20 9
PX1= U X)), PX2=UX(),PX3=X(0),
k=1

k=10

H
card(PX1) =616 666,card(PX2) =431 909,card(PX3) =1,
WA o BHUE L ASCHE LA o AIUE T A HARSCREXT X 9 3 KRBT T8 AR W% 3. 51%
GEI) L) Z G AT AR AT A O BRI (B O HEAT TR L TR 1 T A B 1 B/ R
IR NI A sl MR

b =min{k €] S (k) =1} &, =max(k €] |S(xV (k) =0},
F HL B AR TR 0T EORS  E 2RE SUH




AEF, % BRSBEREZNFENT F 5 %R MR

85

€

€

€3 —

Cﬂfiigfpl}é?f:)) , Card(le(SE))<Card(PX1)a
ard(PX1
cariil(rPle(S;)) » card(PX1)<<card(PX1(SE)),
1, card(PX 1) =card(PX1(SE)).
2(SE
car(:ia(rg(XP)((i) ) , card(PX2(SE))<<card(PX2),
d(PX2
carcc?(rP;(VZ(S])S)) » card(PX2) < card(PX2(SE)),
1. card(PX2) =card(PX2(SE)),
E
cari(rg();é")éi) )) , card(PX3(SE))<lcard(PX3),
d(PX3
carcc?(rP(XS(SI)E)) » card(PX3)<<card(PX3(SE)) .,
1, card(PX3)=card(PX3(SE)),

Hr . PX1(SE),PX2(SE),PX3(SE) 4 il Fm M2 T B B A X B 421 X e | 21 3 58 L X 3R 4 4 [X 3

x3 HEXRER

Tab.3 Numerical experimental results

a ko ki card(PX1(a)) card(PX2(a)) card(PX3(a)) € € €3 THE ] /s
0.0001 2 0 1 048 555 20 1 0.588 1 4.630 6e—05 1 0.19
0.0005 7 0 988 116 6045 9 1 0.624 1 0.140 0 1 0.21
0.0008 8 0 910 596 137 979 1 0.677 2 0.319 5 1 0. 20

0.004 3 2 137 980 910 385 211 0.223 8 0.474 4 0.004 7 0.19
0.006 5 4 21 700 1 020 680 6196 0.035 2 0.423 2 0. 000 2 0.19
0.008 7 6 1351 986 765 60 460 0.002 2 0.437 7 1. 654 0e—05 0.23
0.0109 9 0 21 431 889 616 666 3.405 4e—05 9.999 5e—01 1.621 6e—06 0. 20
0.0115 0 1 1 263 949 784 626 1. 621 6e—06 0.6111 1. 274 5e—06 0. 20
0.0125 20 9 1 0 1 048 575 1. 621 6e—06 0 9.536 8e—07 0. 20
0.0013 10 O 616 666 431 909 1 1 1 1 0.19
0.0014 10 0 616 666 431 909 1 1 1 1 0. 21
0.0015 10 0 616 666 431 909 1 1 1 1 0.21

x4 BERTEER
Tab. 4 Calculation results of enumeration method
EO /;1 card(PX1(SE))  card(PX2(SE))  card(PX3(SE)) €, €, € T A /s
10 0 616 666 431 909 1 1 1 5 983.24

FBUE S 25 AT AL IE S o BYTA SHUE R A SCHA BT X N RBTS dli 4 a4 HOR 25 8 1 1) B 4 A0 4 41
X daf, | 21 45 58 B IX 4 K 4 5 X 3 ik A7 A S0t 1, O EL S5 A0S e A B AR SRR A T B B O T AR PR T R A
BB 2BBETESE o LL0.0001 FEK,M 0.000 1 H#KFE 0.012 5, R CEEMITEREHEES « &

L sAE oL .

Wi F) A2
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Theory and Methods of Multi-Objective Optimization

Scalarization Methods and Reduction Properties of Vector Sets with State Attributes

LIU Hongsheng, XIA Yuanmei, ZHAO Kequan

(School of Mathematical Sciences, Chongqing Normal University, Chongqing 401331, China)
Abstract: Scalarization methods are among the basic approaches for dealing with multi-objective optimization problems. A class of
special vector sets is considered, in which both the state variables and state vectors have availability or failure attribute. Firstly, the
characteristic function is introduced to carry out scalarization processing on the state vectors in the vector sets, and the critical failure
parameter is introduced to approximately characterize the state attributes of the state vectors. Further, under a certain ordering of
the state variables of the state vectors according to the failure probability, the reduction properties of the vector sets with state
attributes are studied and a reduction algorithm for the vector sets is proposed by means of the scalarization method. Finally,
numerical experiments are carried out by taking the RBTS system in the field of power system reliability as an example. The
experimental results show that under the appropriate critical failure parameter, the method proposed has a very good reduction effect
on the vector sets with state attributes.

Keywords: vector sets with state attributes; scalarization methods; critical failure parameter; reduction properties
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