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Evaluation of the Performance and Reliability of a
Real-Time System Using Fuzzy-Random Variables
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Abstract : To flexibly evaluate performance and reliability of a real-time system which is intrinsically characterized
by stringent timing constraints to generate correct responses, we propose fuzzyrandom 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 to RTP(Rapid Thermal Process) to show that a
complex system can be properly evaluated based on this model by computer simulation.
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Fig. 3. State-transition diagram for a real-time
system with controller upsets and the
deadlines.
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describing the deadline event.
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Fig. 6. State-transition diagram of a simple RTP.

V. 5% oA

AtE 45 SAYS AR PH R 2 rEES A
BF3l7] Y8, &9 3 qAE AHEY RTPE ®Bix
A AAFHL A% FA A A" T3 o]
71715 sz A dolHE Aslr] YA ad 3
B, 983, Zu4, 23, 88 5] 34, 43, 99
A 59 93 SEFAUE S 7 e dels T
Zloltt. et} 7129 RTP RE& 7| E AA) vixd 3
HoM HAHF FEFEE 23 dovs 4F 71719
S3toly 14, Reciped) ¥-3E, ¥ AU 13 5ol i)
Ae BAHoln FAFHQ] ndgo] o)A A &
t}. 43 RTPAIZH S Alojay oA axgo] waystd
2 A L FHEQAIAES AHEEA AFH 1P
7R A7 £RH o ojFAh a2, AAZE A)
2o @A deeiue] a3 Al2"lo] 355
A £23hd AA A2Fe O HAY Holx AL"Y A
Fol Azsk FsE A3A Ak olEF A2y 2d9
7rad A Hojxse} Ad 2 AejdEe 2 a2 63
¥ 1o} Jeht itk of Alx®le] Al a4 ¥E Pwe 1
A 6ol a3 RdHI Rex 4 AHDEY FES
DTMC(Discrete Time Markov Chain)®& %3 F3t¥
Pw=[0.1692, 0.1598, 0.1316, 0.1410, 0.1504, 0.0188, 0.0376,
0.0414, 01128, 0037613 2ov L3 A&E PP M
Ztzre] Al 4dE e tgstd Atey] AsA 74
dEHoZ AHEHE 255858 H&drhe 7Pl
ofgg} Lol WiZtAY AEEFSFE AMRSAT £

® 1. 3N 299,
Table 1. Specification of RTP events.

n step & e
1 Wafer in and door close
2 Purge
3 Lamp power on
4 Purge
5 Stand by
6 Purge system malfunction(gas leak, pyrometer
fault)
Lamp malfunction
8 Cooling system malfunction
Repair and reset
10 System down
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Table 2. Performance of the presented system
with several membership functions.
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98 433 Be dES AYEE dAE Aolr|n%
o] P =FAZke] 1084120l G(T)E 099, =¥ 15
1022 7H93ka 22® 1205 Ao 519 Aol7le]
Ag neste, 9 AAAS A9l AAAE PR,
0.00016217¢} 0.000162012 o123 RRDE 0.000555527F
s olo] AT &9 oo} vl TS Ze 1 3t Wi
A3 QMY ZAFA=2 Yeidt ojd 1 E AlAH
A4 QoA TR A8k AAREol FE3) dAs
= Aol 3% 19 7. (g B3 dFdth

VI. 28

AN AAEe 14 2 Az AQadd] o A2H
e ] wislyl 2, 287 b o)A A2y ZEdYE
N E B 4SS nEsty W9 & e /49T
Ay 2 ANz 3 Frp we] Hasitt olHE &
A% YrHPAAAE Y8, B =EA HA-dY HFE
A3kl DES 2dS wEen, A7 A" #4
o A W= A QA Awjel RTP A% 2 AZ=E 743
o2 Wi § e 71HE AAsHT £ RTP A&
Ho] Ao Wit Zasasds EHA Al="EE =
dgste A28 A% 2 AHEE FXFHOZ AR
t}. 828 Path-Space 71l 98] 7317 A& 2134
Hog AiEr|E vl &oladn, AR A vl&
zpol7b AATAE YF3A

o o

X 3 A= FAAA.
Table 3. Both bounds and the RRD of reliability
models.
UB LB RRD
=14 22 F$| 008435 0.08350 0.01009
r=15 ¥< A5| 007342 0.07266 0.01026
r=16 ¥ A9$-| 008435 0.08350 0.01009
UB LB RRD
r=6 22 7% | 0.00017642 | 0.00017632 | 0.00055551
r=7 29 7% | 000017285 | 0.00017276 | 0.00055551
r=8 %9 7% | 0.00016929 | 0.00016920 | 0.00055551
=9 29 7% | 0.00016573 | 0.00016564 | 0.00055552
r=10 %<1 72| 000016217 | 0.00016201 0.00055552
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