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Petri Net Analyses for Repair-limit Problems of
Redundant Computer Systems

NOBUYUKI MATSUSHIMA,t TADASHI DoHItt and SHUNJI OSAKIt

In this paper, we consider the repair-limit problem for two kinds of redundant computer sys-
tems. Stochastic Petri Net is utilized to describe the dynamic behaviour of systems. Finally,
throughout numerical experiments, sensitivity analyses for model parameters are carried out
and the optimal repair-time limits for two models are compared. As a result, it is shown that
the arrival rate of jobs to a computer influences effectively the maintenance scheduling.
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Fig.2 GSPN representation (model 1).

bOTHETHS. #2C, M)Ay FERAVTRH
F+aZEiikoT, YAT LEROEHLILET S
OIEBELNR A EROBLAA, Y Iab—
SavictoTHADEREFHERELRDS I LD
WEeL % 5.

B2 BHEBERAr Ja—viEbhH)22=v b
A2 —% L AFLDGSPN RBRTHS. A
nNa7L—2Lb53ryvavidElLEER2IIBY
BB+ 2. 2T, ta, t3, ts, to \IFRAEBIERM
0 LTREENT YT aYy, ts, te, t7 IZEED
BABEBMARESRBM I Yvary (22
T, ts (i T BEMIOOBIEDT, to, t7 (213 L BMOE
HARESNTWVSD). ¢ IRKEIRBSHIIED
RPN U3 ThHD, 13, BRIV V3
v OBERME X LT 5E min(X,T) ORAEE:
LRI NI T asrThab.

K20%v MIBWT, 7L—R B LT TW
32— yBuiigEihoay PEERTICD, P I
S£FhTV5 =2 BP0 THNIE, PR T LM
PRELTWVWEIEATRBELTWS., BBbNI=
FASHEETAUE, P a vt BPRKL, b
I P b P IBEBTA. SL—A P ldD
F—2vid, b LB HEERE (FL-R P,
Ih—2rhgEhTtwd) Thhid, P IXBEL
BRI, T2, BEY - HPREP (Z
DrE&, 7L—APBIVP II&INEL—T
HREFNFR1IBLOBELR D) THNE, BHEY -
NTEBRTEZI=y PUZLICBREATWAELD,
ML=y MIBSEPTHoI =y FOBERETE
W ¥ 73 BILEER E TRLIEBE LS. BT D

FEIYEa—y Y AT AOBEBRRMBCHTZ< M) %y MR 2459

M1 TL—R (EFNI1)
Table 1 Place (model 1).
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Fig.3 GSPN representation (model 2).
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Table 5 The optimal repair-time limit for varying failure rate.

(a) Model 1
[A3 = 6.5 x 10~3, T = 180.0, L = 250.0]
A t = 1200.0 t = 2400.0 t = 3600.0 t— o0
T A(TT) T A(T") T* A (TY) T* A (T")
0.005 | 124.0 | 0.935596 | 92.0 | 0.945477 | 62.0 | 0.940355 | 55.0 | 0.938774
0.010 | 32.0 | 0.922006 | 50.0 | 0.915220 | 182.0 | 0.904966 | 154.0 | 0.880661
0015 | 920 | 0.888445 | 71.0 | 0.875239 | 86.0 | 0.869739 | 160.0 | 0.852321
0.020 | 63.0 | 0.851430 | 100.0 | 0.840111 | 64.0 | 0.832774 | 104.0 | 0.815505
0.025 | 89.0 | 0.803727 | 156.0 | 0.792451 | 70.0 | 0.771770 | 156.0 | 0.751273
(b) Model 2
[A; =10.0, A3 = \g = 8.0 x 1072, A13 = 6.5 x 1073, T = 180.0, L = 250.0]
Xe(A11) t = 1200.0 t = 2400.0 t = 3600.0 t = 0o
T | A(T*) | T* AT | T° | A(T*) | T* | Ax(T*)
0.005 | 24.0 | 0.977219 | 35.0 | 0.975001 | 58.0 | 0.962390 | 39.0 | 0.945352
0.010 | 30.0 | 0.968251 | 36.0 | 0.963289 | 68.0 | 0.958412 | 45.0 | 0.938209
0.015 | 31.0 | 0.948032 | 44.0 | 0.941444 | 82.0 | 0.930771 | 65.0 | 0.925998
0.020 | 22.0 | 0.936736 | 31.0 | 0.928114 | 52.0 | 0.919556 | 42.0 | 0.912367
0.025 | 23.0 | 0.922805 | 29.0 | 0.913586 | 48.0 | 0.902765 | 40.0 | 0.898812
me RLAEEARIIYTDERMEERAND
Table 6 The optimal repair-time limit for varying repair rate.
(a) Model 1
[A1 = 6.0 x 1073, T = 200.0, L = 270.0]
A3 t = 1200.0 t = 2400.0 t = 3600.0 t = oo
T* A(TY) T AT T+ A(TT) T | A (T")
0.005 | oo | 0.946327 | 216.0 | 0.943036 | 224.0 | 0.937290 | 230.0 | 0.929114
0.010 | 160.0 | 0.953144 | 184.0 | 0.939672 | 210.0 | 0.935915 | 225.0 | 0.926531
0.015 | 144.0 | 0.934380 | 176.0 | 0.933804 | 120.0 | 0.926489 | 98.0 | 0.922257
0.050 | 256.0 | 0.934540 | 168.0 | 0.926141 | 135.0 | 0.924269 | 118.0 [ 0.920089
0.100 | 164.0 | 0.935155 | 140.0 | 0.932467 | 118.0 | 0.928671 | 105.0 [ 0.923156
(b) Model 2
[A; = 10.0, A3 = Ag = 9.5 x 1072, Xg = A1; = 6.0 X 1073, T = 200.0, L = 270.0]
A13 t = 1200.0 t = 2400.0 t = 3600.0 t = oo
T | AT") | T° | AlT") T A(TY) T | A (T")
0.005 | 65.0 | 0.930216 | 47.0 | 0.918241 | 130.0 | 0.903870 | 172.0 | 0.875924
0.010 | 56.0 | 0.953115 | 66.0 | 0.921573 | 108.0 | 0.910012 | 120.0 | 0.895336
0.015 | 42.0 | 0.963805 | 43.0 | 0.941227 | 48.0 | 0.913095 | 52.0 | 0.906742
0.050 | 84.0 | 0.972128 | 45.0 | 0.956176 | 32.0 | 0.922174 | 20.0 | 0.919258
0.100 | 55.0 | 0.973351 | 30.0 | 0.960013 | 26.0 | 0.936667 | 22.0 | 0.925678

A3 = Ag =9.0 x 1072, Ag = A1 = 6.5 x 1073, A3 = 7.5 x 10-3, T = 200.0, L = 220.0]

®|7 RU2BPARICHTEREBARRRL (T 2)

Table 7 The optimal repair-time limit for varying arrival rate (model 2).

A1 t = 1200.0 t = 2400.0 t = 3600.0 t — o0

T AT T AT T AT T A1)
1.0 110.0 0.935016 49.0 0.921281 48.0 0.917373 40.0 0.897276
2.0 108.0 0.925190 94.0 0.922001 78.0 0.915384 69.0 0.900893
5.0 150.0 0.928288 74.0 0.925573 62.0 0.920284 51.0 0.913693
10.0 170.0 0.939250 186.0 0.932811 200.0 0.930875 221.0 0.923543
15.0 | 128.0 | 0.942021 | 176.0 | 0.940058 | 189.0 | 0.933989 | 204.0 | 0.926319
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