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Evaluation of the Performance and Reliability of a Real-time Power System

Described by a DES Model using Fuzzy—Random Variables.

5T - A~ 1 AP S N - A
(Byung-Jo Min * Seok-Joo Yi + Hag-Bae Kim)

Abstract - To flexibly evaluate performance and reliability of an electric power system in the aspect of the
real-time system which is intrinsically characterized by stringent timing constraints fails catastrophically if its
control input is not updated by its digital controller computer within a certain time limit called the hard deadline,
we propose fuzzy-random variables and build a discrete event model embedded with fuzzy-random variables.
Also, we adapt fuzzy-variables to a path-space approach, which derives the upper and lower bounds of reliability
by using a semi-Markov model that explicitly contains the deadline information. Consequently, we propose certain
formulas of state automata properly transformed by fuzzy-random variables, and present numerical examples

applying the formulas as well.

Key Words : fuzzy-random variable, real-time systems, performance and reliabiltity evaluation

.M B

Yoz §54Y Ao} A2y FAKYL EAsE
gz ad A b mdy Ee meg 4 Aok A
Q% Axge H@sted YolNE v Y Ae P
ed B 21 v ¥, A4S FFHY 8T
o4 A7 BUEY Rgo) FANAL, FEHE SR A
s AEES AET el BuE AuAsdY, B4 Y
AFY Aay 59 AN Alsgel B4 W U S ¥
ohld U FaE ATe wsA s v P
& 1 544 FAHQ ool ThsAT F

HUH Ee 5
H 2ge $EAcde Edseds 1 @7 2o, o
de 2ae Aade) masted olH FAHA BA
S zsts o4 Abd Eulgo] ¥ AFHY FAAS o
o Ao FEFTHE ZudM o FAsY AHHY
% gt Az By HEAade doux EE &%
AU 59 134 JuAE A7) Az wasta &4, )
2, ause shte §71He Axadoz S4stEs, WY
o AACEA), SE(EH), MEGHR), 283 o]5e] Be
Aol ¥ 8RS AP Ay, AFAE F49 FAA

x
1

I & R - itk TRk 8K - ZFETEM REIHRRE
* & @ A KIST MsEhEmEds Lk HRER
TOIE & BBl Tk EE - I FUIBM &g I

HEHSF : 20006 2R 178

BASET @ 20006 68 28H

HX|-UY HEE 0|83 DES LY S S A MY A"

0

=
=

2T ot

olt}, o2l MF AL NE A Aatd 4wzt FA
of o}Fojzxlm, 4v|Fe] wWizle] uetr HAZIOR AL
9o 24L& 7Y F83 ETE£EAFY ot 2]l B
An Adaln APz Hdg A& sl LA
Al 2®(DCS; Distributed Control System)< ©vjolazg Z =2
A 34 doly HaE FH& #85o st Aozt

e 7|718 A F Je vF FI Ao 7)FE B
s gk s AP AL Aorige 84 1
A b W g EIig/Edyo] BT HAIZIHOE o]FoA
ofF 3tuh WREY AEAIEPeAA dE FAHY FHE o
/3 o8 712 AFEAY 2 AFAFEC] AAEAT A}
|50 gt} g8y YA Aa2de 84 2 F(component
errors)e] A7t AA Alade) Ad(catastrophe) 2 o]0
A Fgly 53 FAH9 Ag2 e W AR A A
Hol A% W AMEizo digh o] Ut Al H
3 Aaxoz F93ch[3] 2HRR, A2dY AL e
oete] Aladne g AAGdF At A AACTD;
Computation Time Delay)-& & 2314 e sjoksivh= W
oA st Foif4] =¥ dirHoz AAE AgelA
Ases Aad 139 934& HHsiA x8sde &
dol M sy g Al2gE Friste VIELE2AM wS
23 Hrkxe duRE A= it AFAA AldSH
5 AMzde A6l g oAb AbH A2’ e A
A ARl ABH] HEg FAHT ATE AY ol F9
22 gstel, AAE HE@ Alzgo A AATAE Ee AL
A7 Ade 7Bz Aladge AHE L9ste Axd
FEAA dEsA Hoh a2 AT Ao AlzgelA

o

363



BRRF IR 4908 7# 2000F 7R

BEXHOZ T stochasticdtA HEFS= JHES 2ATH
o2 EHFAY 7|E€9 RLEE EMFA ofHe 4%
ojct, wekA HAIZE Alz=gel AATA s Az
AP A2y AUE BEHE] 9 e N2 HE ¢
Ao Ala" mdgy g HyriziHe] WastA foh £33, A
AGG-E Az Jd B AXALR A8 2HE A=y
Hgo2 HFaA de&AIe AE folsA] Yoz &
EEAAE o8 F A FH59 RES YA By
224 HA reasoning?] W& A3t 2YEE AjAH
AJHEY 282 FEHOE RAYHD 4 A=Y AHE
& d]golut AlA A AAof THEE HA 2AG AL 3}
TaFc A3 oy A2 AHEY APEFE HA-
Hg HMFE 839 e, o] & HAZE Ao Al
AAR ATE ABEY HAGTS AP E Mt
ARgEET B =2l e, HA-dd WS o 8
Ao g g e AMZE HYE AAsta, HA-dFG A}
Ao BEE FE7) A% 7Y FYE HEFE Aoy,
HA-dy ¥ YA AH LEvEE Bdstn, 747
o} Aol AHAH$ HAA@(reward) S FATLZH oleid
ANES T MM AY Al2¥e HF ¢ AIRE F

[e

fio

st 71dES Mdstaat o
2. HxX| ez HEE HAZ MHAAH
4 ¥ Md=x

A HA-dY Wbl AoE &sfstm, ofgA -

FEo] FF A2FEL AHE @A *}%51—11 *é
g3 293, oldF HA-AY MFES o[k A A&
ge) ndgg -rlst AAE e L Entete] g3t 44|
T AY Axd G 22E 75Pch #HA stochastic ¥
S0 29 g dusE sz 57 A
M 2 =AM AT APyl FAH Fid 284
T HEE HA-WY BVFE ALES P T}

21 HX|-dg Hpol x3bE MeEl R Eolg
A4H R HA-dY HFEL A gozy, HAAL A
g Alxade FHHoln {FHY AHE EdHstz, APE
9 WA APHL Bl Gergozm, BEE A
Y S48 U5 T Sl HA-AY W 40 2
o BeY + Ut
w ___.m X P
A T— ] X Pk

.

. . . .
.

Wa

a3 1 o4t HX|-AMY vsED Ziztel 2485 s ¢
gEe AT

Fig. 1 Relationships among discrete fuzzy-random variables,
the elements, the membership functions, and the
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Fig. 3 State-transition diagram for a real-time system with
controller upsets and the deadlines
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