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SUMMARY

I. Project Title

Modeling and Analysis for Dynamic Reliability of Nuclear 

Power Plants

(First year sub-title: Development of the Life Model and a Package for 

Major Components)

(Second year sub-title: Time Dependent Reliability Analysis for 

Components)

(Third year sub-title: Time Dependent Reliability Analysis for Systems)

II. Objectives and Importance of the Project

The objective of this project is to develop a methodology of the dynamic 

reliability analysis for nuclear power plants. The first year's research was 

focused on developing a procedure for analyzing failure data of running 

components. A simulator for estimating the reliability of series-parallel 

structures is also developed. The second year's research was concentrated on 

estimating the lifetime distribution and PM(preventive maintenance) effect of 

a component from its failure data in various cases, and the lifetime 

distribution of a system with a particular structure. Computer codes for 

performing these jobs were also developed.
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The objectives of the third year's research is to develop models for 

analyzing special failure types that were nor considered in the first two 

years, and to complete a methodology of the dynamic reliability analysis for 

nuclear power plants.

The previous researches for the reliability of nuclear power plants have 

been based on 'static' methods, so they can assess only the average failure 

rate or event probabilities. Most facilities in nuclear power plants are subject 

to degradation due to mechanical aging, environmental stress such as erosion 

or corrosion, and physical or electrical shocks. For these reasons, the 

previous studies are not proper for predicting the trend of failures of systems 

subject to degradation or for preventing those failures. Recently, attention has 

been raised on optimal management of nuclear power plants by utilizing the 

operating history as much as possible. The static methodologies can not 

fulfill this goal. Therefore, a time-dependent reliability methodology is 

essential for forecasting the future failures, establishing maintenance policies, 

and providing aging prevention. Also, to take practical situations into 

consideration, subjects such as common cause failure analysis, modeling 

standby systems need to be incorporated into the analysis.

111. Scope and Contents of the Project

In this research, the dynamic reliability means the time dependent 

reliability, that is the change of failure characteristics with respect to 

operation time. Thus the basic subjects of the research are repairable 

components subject to degradation and systems composed of such 

components. The third year’s research has been focused on completion of the 

simulator and practical subjects such as common cause failure analysis and 

standby system analysis.
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The failure of a system in nuclear power plants is caused by a single or 

multiple failures of components. Such hierarchical characteristics are reflected 

in this research to analyze the system reliability based on analysis results for 

lower level components.

In this research, the basic tool for analyzing system reliability is a 

simulator, which is most practical and flexible for modeling complex systems 

subject to various types of failures. The analysis of failure data of 

components must be preceded for providing proper input to the simulator. 

Thus this research is divided into three major parts.

1. Analysis of the time dependent life distribution and the PM effect of a

component from its failure data and maintenance history

2. Development of a simulator for system reliability analysis

3. Related researches for supporting the simulator

The first research area is composed of the following subjects.

(1) Analysis of the reliability and PM effect for running components (1st 

year)

(2) Analysis of the reliability and PM effect for standby components (2nd 

year)

(3) Analysis of the reliability for a component subject to several failure types 

(2nd year)

The second research field comprises the following subjects.

(1) Development of a simulator for systems with series-parallel structure (1st 

year)

(2) Modeling and assessing PM effects (2nd year)

(3) Common cause failure analysis (3rd year)

(4) Modeling standby structure (3rd year)

(5) Analysis of the output of the simulator (3rd year)

(6) Designing input/output for enhancing user interface (3rd year)

The third research area comprises the following subjects.
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(1) Reliability analysis of a standby system with repairable components (2nd 

year)

(2) Importance analysis of sub-systems (2nd year)

(3) Reduction of the system structure (2nd year)

(4) Accelerating simulation (3rd year)

(5) Analytic approach using PH-type distribution (3rd year)

(6) Analysis for dynamic repair effect (3rd year)

IV. Results and Proposal for Applications

The results of this research and their potential applications are as follows.

1. The results of the first year's research

(1) Trend test procedure and a code for failure data analysis

(2) Best life distribution selection procedure and a code for HD failure data 

analysis

(3) Best life distribution selection procedure and a code for failure data under 

imperfect repair

(4) Component failure time simulator

2. The results of the second year's research

(1) Computer codes for the reliability and PM effect analysis for running 

components

(2) Computer codes for the reliability and PM effect analysis for standby 

components
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(3) Computer codes for the reliability analysis for a component with several 

failure types

(4) Computer codes for the reliability analysis of a standby system with 

repairable components

(5) Computer codes for the importance analysis of sub-systems

(6) Computer codes for reduction of system structure

3. The results and application area of the third year's research

(1) The simulator for system reliability analysis: This result can be utilized 

for analyzing time dependent reliability of systems and for establishing 

optimal maintenance policies. The detailed application areas are as 

follows.

- for analyzing time dependent reliability of systems

- for analyzing maintenance effect and availability of repairable systems

- for analyzing sensitivity according to PM policies and PM intervals

- for analyzing test intervals and PM priorities

- for analyzing the effect of common cause failures

(2) Acceleration of the simulator

- for reducing time and cost for simulating large scale systems

(3) Analytic approaches using PH-type distribution

- for reducing simulation time by providing analytic solution for pure 

parallel or pure standby modules

Time dependent reliability analyses are required in various fields such as 

determining replacement time of a component, maintenance or replacement 

interval of major components, and life extension study for nuclear power 

plants. The methodologies and computer codes developed in this research can 

be applied to vast area for enhancing the reliability as well as the availability 

of nuclear power plants, provided sufficient failure data are available.
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*11 1 ^ A14!-

4] i ^

Sr 4§# 444 #362] #4 444 &## ^ §4 ?m& §4
5. #4 34% 34XM1 #4 4=#45a4. 4§4 4^ 4&# §#% §^* #
# 44 4#4 4% #4^4 44§# §45}3i 45.44 4#4 #44 #5% 
444 2j£t #7} • §44-4 444 #4 9* 44 §§# ?H#44 444.

n 4 445. 14 4§4 4§§ §#4 31# 45-5.§4 §#4 §##3E 4 
4=44 3:4* §4#3i, 4 §4* 4-8-44 4-4=4 §#55. §44 7]7)4 

§#§§* §44# #44 444 44ase 7M4-3ix} s}§ §4 44 7] 

7l 4=#4 #4 445 §44 444 4=^444 

24 45 %§# 7] 714 3L# x>s.5.§4 7] 44 §4 §§ 4 4454=4 s: 
4* §OT3i, 45§4 44=4 7145. §44 #4 §2t %# 4 §4 4=4 

fit §4%# 44% §4&4# 7M4§4 §4§ §4 4=^444.

§ 4§4 4# 4X14 34-4414# 49 4§414 31444 #§ 44=% 31
# -B-#4) 4% 44 5## 7H#%3Z. 1-24X1 4§4 #4* #% - 5%%4 

€4 XI §4 4% ##4 445# #7}%# §4§§* %4%# 4# 445 

5 %4.

4] 2 ^

%44 #454 4% 7l#x 445 §441# 31 #4=4- #-44- ## #44 

(static) #§M 4-8-44 #544 31## 3E# §31 %#%-& #7}% § 44

4. #454 if 44# 71X14 5§5Kaging), §4 • #4 #4 %#4 4#, 

#44 • §7M §4 ## #44 a>§ ^ 444#4 4# 4§4 44# %7l 

%%44-. 44-4 #544 444 #7> #4# 4-8-4 -4441 tfl% 4444

- l -



42* 4*# 9- *4#€ €44 €444 444* 4€€ 42* *4 *#

* €4 4 S14. 444 7}**€ €44 Aiy-dfl tq-g- x\g\5E. ^4* 444 4 
7}# 4= Si* €€4 7M»1, 2*44 2^ • *4 44 €€4- #4 ##<9 € 
44 ^ 4-8-** 4 24* 31 €*4442 €€€4.

€44 4% 4##-4 €44 J§7KProbabiIistic Safety Assessment, PSA)7] 

€* W4 44344 €44 24 *4- €2* *4*2 €4 €4* €44* 

4 4* -R-8-sM 4-8-44 44. 4*31* €44 PSA* 4°M4 €4# * 

7144 PSA7> 44^49444 €4* *44 €3. €4. 4* €44 ^444 

4* €4£4 €4* 444 44 4j|7>4 €244 *442 SI** 24*

* 443. 4 4 €4 444 44=^4^ 44 ^44 4-8-4 2247l 4€4
4 44^4 *7] a}c>isi 4514 € 444 444^ 4#€ *%7\?\ 4*4 € * 

€4. 44-4 4 €*444- 7}* 4^ 4* 4424 4*44 €4*
4*4 4= Si* *4 24 € 2f* 444-314- 4* 444-.

* €*4 €24* €44 €44 9 444 sir44 241 • -8-4 44* * 
€44 4-8-** 43L4-4 *444 4* *444-. €5- #4 7}* 4# 
(operating history)4 4*4 #** *€ €44 #44 *44 4# €44 31 
2£|3 Si** 314- € ** 44* 4* 4-s.* *4*4 41*4 *4 442
* €7>** 44* 44 #4-# * &* 4444-. *4 41* 4427} 4*4 
47>444 41*4 ** 31# €414 4# 4** €* * €*2.5. #44 * 
*444 *€44- 2*5§}(aging) 44 €€ * €44 *#41 51** * * Si
* 444-. 44 **4 (time dependent) 442 €** **4 2.41471 #4

4 4* 4-* *45*4 2711* *2 4*4 ** € 24471, 4 4-°>7> € 

44 *4 #7H1 4271*4 *444 2*42 €4-.

41* **4 442 *4* €4*71 €*4 4* €*414 2444 #* ^ 

7M ^2 *41* 44# €27} €4-. 441, €4 *2 444 *2 €4€ * 

*€€ 24-4 4# *4 24* *€#2 4*^11444 €€*44 €4. *41, 

€44- 44 2442* 4* 4*44 ^1* 4-4-4-* 471*24 24- 24* 

€€444 €4-. ^4, 4*444 44-2 €* 31* 24-44 42* *444 

4*4 442, 2*#€*, 4***2 ** *4# * €* *4 244 *€
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44°) %%. 4% 4*4 <9#53 7]## %%%4 A>-§-4 yo]Aj

ir ^lHSflo> % ^o]rf.

4 3^ 7fl-8.

i. y^si

* %*47l *4 *3lA% a)% ##4 (time-dependent) -415]5c. #, 7l%ofl 
4# A4-w44 %s).s. 44%%.. 44^ 49-4 4*4 44* Aiy-dil ttf-B}. 

1sKdegradation)7> 444* *47}*% 7]7] ^ 4#S *%% 4]#4 #%. 
7]7]fe %1-Al 4"*S}* 7]714- tfl7l 71714 * 7>X] 3** Jl4 tflAj-AS. %%.
711 f- 4=e4 44a *444^ 4%-*4=4 S.4-, ***% 3%, 44*54 # 
*4# ¥ 4444 *4## 4#4.

14% 4*471* ‘2.^-44 ^ 4=4444 7i*4* 4^4 4-4'* *#

(part)AS 44%%Al}, 4*4171 if- a*-®!44 7]*4:47} 7I7M53 7]* 

4*4)%# 7]7ls *4 #4. 4-4-71 * 4*4A1 %** 7}54 *4* 7] 7] 

444 31*- 314, 44AS. 7}*44-. *#4 4* 4e34*4 a* %%*

7)7] 4=e4|7l *#44-.

A% 7] 7l *4*54 4"* 4 $14 A1 4* A*(human error)4 4% A** 

2.4 4*4 5%%7i #%%. 7]714 a* 7}5* 3.711 *44 7}&4- %%4 
7>ss *#%4 444 7>s.^c 7l714 4=47}?- 4*4, 44=4 *}5* ?]7]A 

a*7]* ^ *4%£- 71*0.5. s>4 4*%4 7}&* 714-% 4as 7>4%4-.

4*4 *4A 4*#* a*- 71-55*4 *4A* *4%* *44- *4* 

44A* 4-8-44 444 4* *4 44# 444* * 7}4 *45 4*4* 

4. *4-4 4** 4-4-4 &* 4*7} *44%A4 44- 7I-4- 4*4 4* ‘a 

4 x)-55*4 *4*5* *44fe %%#'* A 4*7} 44% #444. *4 

4%4 *71-*% %7}% 4*471* 7}* 44* 44% #*# * 4# *4 

4%4 4*4 A*%4. * %*4A1* 4 *44 #4* *4 7}*% 3* % 

44 *4 45* #*%4 4% #*4 %siA* 47}% * #* %%** 7H
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##5Xl 94.
43] 44 19# #*314* 9 ##31 4# 994 2.4 -Y-#4

#4&45 *431 ^9# * 9* ##** 7M9* #*# #4 
994. 29# ##31 x)* 994# 9*1- 53)94 3195*71 *^4* 7)7), 
4 7) (stand-by) 7] 7), 417] #51 4* 31*, 4*4 59" *9* 4* 7] 7] *
4 4# 945 14 *9*4 44 4#4 #55 97I * 14# 4444 4
444 44 444 *4131 44 44* 44444.

444 #* ^ 71715. 444 Til f-611 3)9 9499 54* 44* 59"** 
(Fault Tree)* 4*4 44*5)4 *4* 4*45 4*44 4*431 94. 4 
44 44*4* 4*4*4 45* *44 4*4 954 4* ^ 7)7)4 5#
# *4, * 44* 4*4 * 95#, 447>x)5 31*31 43i*je 144* * 
9* 44# *7f 944 99* 7I-431 94. 444 99 3M, x)*-o)j 4# #
# ^ 717)4 #4* 4*4 *444* 44* 44 4*4 4*4#* *44 
44:4.

49-455* 4*4 4*4 441 41*4 444* 444 4* 445. 5#
# * 95* 714 3144* 44* 71*4944, 4** 4*4-31 94 4* 

4 7)7)4 449 ji4444-5 944 *5* l7l*9 955 *44 94. 

**, 4*71*** **o)l * S* 7M4 XII*#* *41 3)94 5** ##

# * *44* *314** *31 7)1*4 *4*49* *41455 41*# * 9 
4 #9*4 *#431 94. 431 931, 4#40)^ 5-9 *99#* 4971* 
499 ##3)4 7)4 4194 945 1 # 94. 9-x)# o) 995 #* x)# 
*xl4 9*9 4** 594* ##314 #4 9t)15 71^15 94.

4 **3|xl t)1* *95 *4* 49 5*5 71)94 4*3144* 4*319 
9 9931 7)2.45 94. 54* 4*3)9471 4931 xi #7#1* 4*45 # 
#9 *54- ** 3 7)7)4 5**4* 999 31*4 *445)9* *4# * 
94* 4* 4494. *4 54493) 559 9* 499 99 594 99 
31 x) 4*4)9% #9 994# 31** 31*55 #5 944 94. 59, x) 
*3144* 59455 4*9 *#*54 #9 9#** 4*4-5 94. #, 4 
9 *4 31* 594-5.5 x)5314955 #5 4# *#*5 #9 9x131 43)
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7R1- e#% 434 4 S] 4 355, #4 544571- 44 %3 ^1#
4 4443 3g7R>^E|l 33% 45# 43 3 $1#.

2. <S34 3^

£ 13*114 ^134 34 445 343 4# 43 5354 4*444* 4 
-§-#4. #1% 5% $M* 13 31% 354 433 34 #3 43 4#N 
444# %144-a 3144 $13 #13 %4 4*4#. #3 334 #44| 
444 %%41 4"%3 44% 44 4"# 3.4 #54 3-44 4*S44°> # 
4, 4*^444 4## 5%# 3 $1* %% 53%#. 44 4-4 3
13* 3?ll #34 4 345. 3434.
(1) 7] 714 34 4-553-4 7] 714 34 35 91 53 34 34
(2) 43 334 34# 3% 5# 31 91 433144 3%
(3) 4331444 433 54# 3 $13 34 445 34 4% 43 

4 44 44 334 43 34=* 31315 3344 34%#.
(1) 4-4 4-3 7l7l4 34 35 ^ 34 5# 34 (1% #5)
(2) 44 4714 34 35 91 53 5# 34 (24 #5)
(3) 4-34 5# 333 313 7144 444 54# 9! 34 (24 #5)

3 441 413 334 343 4% 433144 3% 43 343 44 4415 
3344 34%#.
(1) 41 91 41 355 344 31344 34 444 n# 9) 34* 11% 
433144 3% (1# 15)
(2) 4%534 54- 34 5% 7fl# (24 15)
(3) 3*14 54 34 5# 7H# (34 15)
(4) 47135 34 5% 7fl# (3# 15)
(5) 43444 14- #5 34 5# 7fl# (3# 15)
(6) 4 #4 5% • 7fl4 (3# 15)

41 141 34 445 #1 13* #34 3444 334#
(1) 347}3% tfl7l 33 354 4144 444 34 (24 15)
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(2) 4* 31 #4 #5S *4 (24 ids.)
(3) 31# #S 544 #S# #4 (2*> id*)

(4) *1 *314# 7}## (34 ids.)

(5) PH-type *5* 4## #44 ## (34 #5)
(6) #4 *45431 44 4# (34 #5)

4#4 4# ;H5* [zl# 1.3.114 #4 54=44.

3. 34-y

* 4% 4xM #4*4 #4 44s* *44* *5S4 4431s *4 
44 #4. 14 4S314* 471 **4 44s *44 #4* *4 4*4 s

4, 44 7> 44# 31 44 4-# 444 a.44ss*4 44 #*4 s##* 
*44* 4#* 7H#4^s.4, 4#314El4 4# #4* 494SI4. 244 4 
#44* 3l#S*4 Jl4* 47>4ji 4# a# 444 4*4* 314 444 
444# *44* s9# S#45IS4, 4*4 *4 -FM9# 4* 4431 4# 
*4 44# 7M4SI4. S4 #4 4#sxi *4 7}*#- 314 ** *s4 4 
44 *4, 4*31*4 fAS *4, 31# *s 544 4*4 ## *# 4*4 
44.

34 \is 4** 31 #4 *4 44s* *444 44 4*3144* 4*, n 
44*31 *4# *s *944. 4*4 31*# H31 31 **5S *444. * 
4 4*31444 71** S444 431 31 #4 444 #44 4#4s
# 711444. *4s #4 31#4 *44 #*44 44 s9# *44:4. #4
4* 444 *5 44s *44s 4* *#44 *4# 44* * 4* s# 
4 44 31 #4 *5 **4 314*^4 *4 *4 s9# *44* 4*3144 
4 #M44. 3#AS #44 31 #4 3-444# 4#
44 31# **3144 444# *44* s9# *44* 43144 4# *4
# *444. 444-ss 4*31444 4*& *44* 4# 4** *944. 
344 4*4 71)5* [n# 1.3.214 #4 54=44.

- 6 -



7>. 7-1^44514 9#* 79* ^ 7l* a#

& 344 4*41 Al 4*4 A]#^o]E|^ 4#^14^4 4M 7l7l ^#5 

4 f44*4 *£5 17}454 794494 4#^44* 4*55 4 
5145 444, €4 4* *44 5*4* 4* 4*4 *7>45 a>*x> 44* 
htJ] 415144. 144^4 4*4444 4^44 *44 *4** 4444 4 
*4 #4.

44, PC 444 DOS *44444 4*44 4* Windows *44444 

4*45# 45i, Pop-up 41 * 44* 01*4<X 44" 4** 7i*4-51 a]#y]o] 

4 44* 5294 445. *44714a14 444 a}*# 5*45 4-414-5.5. 

44* * 9X1 44. 4*55 7l*4 4^5 444 44* *4 4*4 44 
444 *41 Windows 4444* *41 44441 444* *45 *7>44.

4*4 44*41 44 *44 *4* 5^44 * 95# 44 44 *#314 
4* #* *4** *7>45 41* 5* #** 4=444 4-4 af#* # 4= 9
* 4*5 5445, XI* *41* 7H*444 44 444 4145* *#5 4 

*e!1444l *444.
Til* 54 *44-45 711444 2445 4*444 5#** *54 44*

aj-8-4 44 5***4 H7l* #4 4* 4 5*** *&e 44 *44* 

*455 4* 5* 4*» 4444. 4*79 4554 *4*4 *A^6fl 

*4* #4 444, *444* *444 44 454* *44 * 44.

#44* *4 *5# 44444 *4 7>*4 XI*4 44 &** *4* 4 

5*# 52}|547| 44* * 45 XI* *515:4 93 444 4145* 4441 

214 XI* 4145* 3:45 31*45# 79*494. 54, *4*4 4*«X XI* 

21 ** *4* 4441* 2}55 a>4£)^ 7>*aJ(Availability)* *47] 44 

71*31**5 7>*4X1 4* Ai^>ofl 44 44* XI* t>** 529=* 444

* 71** *71-44. 2*414* * 4*21 *5 *4*4 *#310^4 4*4 

*4(logicH 44 *455, 5 *44X1* XI*45# 44.
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4. #2# 91 22 4 2*#

(1) 1*99 3L# 2#

€1 4-2 144 22 91-2 *142 91 1#€9 2# 41* 24# 
2 91 2l* 7Ht«U 4*41499 5L^5. 2l#4. *1 114 am
7)7) #4^9 7)4# 2l# 44 ##99 2l 41442 7)7)4 €#* # 
9# 2 91 2#* 29 #4. 1#€9 7)7)*9 *14 91 #4 991 4 
4 99* 1*4 4% 912 142 7}^«}£4 #4 4*41494 #9€
l#€92l- 2l* 7]S-^ 6.5, ^5L^bfl 7)242 924 2l#* 2-^2.

5. 57M1# 91*42 $14. 4 2l#* 2^4 4)9)41 3=s- 194 14)1 7] 

#44.

(2) 4)71*2: 5L#
444 44 24424 41# 91#441 4)71 41-4 4)4 444 €944 

25. 4)7] 41 42414 21* 4 #4) 4 9 # 2 91 2** 21
#4. 4 2*4443 4)7) 7)7)4 tfl# 1# 5) *44 M, 41224 24 
1* 1*425 *4# 2 42* 41* 41* 17>*4. 2* cold *1* 
4 4)7)1444 4114)2 444 € 44 9#(switching) 4** 4*1 2 
12* *4. 14 4)7) 7)7)4 4)441 4449 4422# 21# 2 92 
1 #4. 4)7) 144 91 7)7)4 4)# 4*112 2*444, 41425 4) 
7)144 91 44 49 7)7) # 49 7)7)* *1*25 4114)2 4*42 

4# 4141 19# 41# 2 92* *4. 44 41# 14# 4)1* 31 1 
14 4*94.

4. 414141 14 #4 2#

414414 1119 141 4)19 2119425 449 #1 42* * 

144 911 112, 4**12, 21* #2 14 **# 12* 944)7) 4 

441 9* #91 4*4 17)1 *4 2*4 €2144. 1 4*41491 1

- 8 -



##4 <ge3 4S£Al XI #4 5S, 7] 7]# Xl#£5 ##
5 54, 554 S4-A5 ## 4-8-44. Xl#4 ;a#-44i- 4-8-44 XI# 5 
#Xl44 A#a];[> #S45, 554 Jl#-S5 ## 5# 4# 4##Sl £#“§- 
5444 4-8-47} Xl#4 #### s&# #44 1X1 1- 5 Sl£# 5# 4 
4. 4X1 44 #44 4-8-# 3# 244 ##44.

4. #4 ##£ #4 44 4?

(1) 44X14# 7>^4 45
41X14## 444AS 444 5 &# #44 41-4 #4# 454# -B- 

#4 £5444, #44 ## 54 4##4& 518444 #44 #1 54 
5 SlAns 444AS4 4# 444 4#4 #4# 44 #44. 444 5 
7}4 44<BW4 4544 #57} 4A44. 44, 41X1444 #4 441 #
4 5 SI# 457> s)A44 4# 7}4# 454a 4#X1 # 41-XI444 4 
# 4# 441 4#AS # 4# #5 #44 4# ^5# #4# 457} A5 
44. 4X1 44 44# 44X1# 7}^44 7}### 444a 7]545_s 1X1 
7} ## XI#4 #41- ###AS 454 #4. 4X1 4# #44 4-8-# 4# 
l#Xl 7] #44.

(2) 44# 45
Xl##4 #4# #44 XI#4 ## ##£# 54# #4# #4#4. #4 

A# 41# #£» phase typeAS 4#44 4AS 4#l #4 XI# #4£ 
#4 #41 ###AS 454. #4, 471 554- #1 55X144 #4# 4
5 #41 4444. A#4 #44 X1#XH# ##4 @# 54 #47} 15 
44 #4 #14 347} 4# 4#AS 4X1 XI* 5471 4## #4 SI44 
44#AS 4-8-471 4X14# SI#4 4a##4 414 1A44. 4X1 4 
4 #44 4## 4# 24X1 7l#44.



(3) #4 #4&44|

4- 4-SM?: S-tJE^^- 714-4A5 til 3)4^^

5#2} SL^dll #4 5# ^4 7l?M #44 tifo]7l- A]~g- Al^>6fl til^js}^ y-
#4# #4& 4^44. & 4# 5#3.^o.5^r 5#2) Jl47> ##4

0-5. 44# 5^014. e>l# Jg_# 41 7]7]21 4M7} 4# 444 44444
(GAN, good as new), 6W^ 314" 444 4414 (BAO, bad as old)

44# 4W4. o] 5L4*114 54^3:4- 444 ##4# 21.444 42= /}-#

5 &444 #4 SI #41 & % 5#3l4 2.4# 4 #4. 7l 7] 21 27.444: # 
44 45 #4# 5*1x1 ##4# 44hH44 4 2.H4 44^*1 -T-
444. 44 4% 4414 4-S-# 44 3441 4#44.
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44

#41 # * # 4### # *A4; #4# 4 #*31°144 4 *4 fc-4 (logic)

41 441 #452, 2 €S34141» 41# #s# #4. 44 TiH#* 4#444 
7M4 444 l#4s<>ll 7H44$14 4#4M444 “laf ##AS #*41# 
44 711444 44# #452, 2#4l#* 444:.4#*4 ##4-#4- 44# 

#4*# 4:44-4. 444AS 34414 47)14 414 4#41 441 4141444 
4*344# 41##s# 4:4.

4] 1 ^ a]1-4)o]e]^ 7fl^L

44=4 ** 4 44s ##4 4#41 44- 4444 #4# 4## 2#4=* 
(Fault Tree)# 4#4 44 44# #4# *#AS 44414 ##42 $14. 
444 #*44# #4444 4a# 444 44°1 $154- ** 4 444 a 
4# 44, # 44* 444 4= §1A4, 44-7}# s 4#4 444A 4#4* 
### 444 4=7} 44& 44# 7}# 2 $14. 444 4444, 4441 4# 
*# 4 444 44* 4#4 #4 44# *## 44 4#=# 4*444 4 
#4444.

###AS* ### #34 44 4#4 44## 44-4 4# #45. A# 
4 4= $1A4 7}#- 24# 4 *44 7}##-$# 4, Tfl## ##s}2 Jjt# 
4 71714 4=44 2.4444s #7}*# #AS 444 $14. 4#, *#7}## 
# 4*4 * ** 7}#4 44*# #4 444 s## 4=34 * 4=444 4 
24## #8fl 4#4 #4 #4## 444AS 444 4= 4* 44*4 4#
42 $14. °H 44, 4*4144# #4 *444# *#7}*### #444 
44 ### §14-2 # * $14. 4#4 4 44s ## ##*-#4- #4-4 #- 
4# A#4b #4 4 71 4# 4#* 7}# 2 $14.
4 4#41# 71144 #*4°14* #l-eflo|>y 44 41 7I242 $14. 2#*
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##41# #7#}# ### =?-2l3\- ^ 7]7]B\ A#
##4- #y# 41## #y xis]A^ ^ y% ^i: ####. 4M #
^4^4 #-&€ S-S- ##4] 4)# A## ##41# Al^-^o]E)fe ## #yy 
y 41## was t\ji yyo> sy, ai^-bho]#^ sy-y-s# y## 

ey y##& y##:a yy-. a 44 4,0] 31^ 4#
41 <4# as yA#y ey ##41 a]41 7>y- #-## 41# a.y-#&#
Ajtijsfl^AS, #4] JI^A}-A7]- t]a] life 41#4l 4)4)A^A 7]7] Ay-xj-s* # 
##<4 41## 3Ly-#S4l ## ys# 41###-.

# 3A>yso]] #yy A]#ei]o]E] A 4#-4iyy4 7]&% 7] 7] ey### a

yy#-^ ye# i#ys4i 7n##y# ##41### yyss #se 
&##, n 7]##- Wx]- yyy]o]A ##4^ «la# e &# y^# a ^aj- 
-§- y#y#. w4Hi4<4 #4# #### ##s.7i #4i #y i#y^# y

-iren##- #s#y w# #y## y##y #-##- y-y-.

1.

yy, A]fe)]oiE)t pc #y# #se^(windows) #y4i4]4iy y-###-.1 

#-#£ A]#4144c S^(DOS) #^414141# y##^ #41S a>#x> y#y) 

o]a ##41# y #y#o] so] ###. o]* 7fly#7i #41 -§--§- #
SA^AS 7M# a]#4]o]b1 # #y(Pop-up) 41# ##-& #-§-#<4 4# 41# 
& 7]##A, o]* A]#4]o]yy.y a 4## a 41# ^efls ###7l4x]y #
yy a>#x> A#4is #414as ysj# e y#i yyy.

2. 2.^0)

i##a A]#4|o]yo|]Ai# #A# y# yy# y4iy yy#s ## yy4i 
¥#- yew# a]#4]o]# o] ^SSoi 7>#yy#-. a#, y# yy# yy# 4# 
zi #y# yyy 7i#yA y^y y# ##a yy#-. yi-4]<4#4iAi# <4^ 
# «»as yy# yy-i- ## 7]## yyy-yy #4i, windows #yyy
(dialog box)# #41 ###711 y### ti<MS e?}###.
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3. 4# 41 #4] W 43=# -3-^(option)

4##4 €333 41## 4# 4-3€ 33#4 3# #3€ 434 44 s 
34 444s, 4 s3# #44 €€ 4434 s4#44 33143) 44. 4 
3€ s.4 34# 7>#€ € 5.4« 4= 4## 44331 443144# ## 
#4## #43s #4. 144s 4#31433 44# 44= ##3 s34=# 
#s* 4#s 21# 4# 444 4#ss 31344 444-. 34, 71144 4# 
314444# 313 3134 #3 47ls4 #3€ s3 44-4## 3# 314 7) 
4S #7MMS4, 4#34 33# 7>4# #344 s3(CCF:Common Cause 
Failure)?}*! 44# 4= 2lS# 344-. s€, 313 431S S3 434 2 4=8 
# 4-44 %s 4=344 4-4 33# # 4= 8# 3#s 2.344s, 313 3 
31# 7fl4447] 4# 4"8€ 41324=(PM:Preventive Maintenance) 33s 4 
#31434 #€# 4= 5(131 €84-.

4. 31# u!#- #3 3-4 4 7H4d

143S 4#314444# s34=## 331 2# 338€(Cut Set)# #€s 
4# 4s44 #44-34 313 s3# 43 €84-. 234-, 4#3I43
44# 333## #44 ##4-. 3134 243s 3#34S 4#t3 s34=# 
3S4 33# 334 34 s34=34 s4# #3 4-#, 4 s34=# #S# 
44s 7}4s 44-7} 234=3# 33 #34# 33ss 43 23 43# 4 
334-. 434 3SS3 3333 334 33# 43# #333 444, 33 
3## #44434 4sb17> 3334-.

5. 34- 343=3

143s 4#44444# 4=4#7}## ?17#} 4#ss 233 4444 # 

333 43 3s# 4#4 #33 444 4=3 #S7} #3€ 3483 33, 
71133 €#434#, 4=47l-#€ 4134 44, €3444 34# 3#€ 53 

#33 333 ^ 23# 24 #4 4 4-4-3 4= 3s 41# 4=4#4 S 48€
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<44## 444 4# 31# 44## S.4S 3144 #4. Sfh, 44S# #9% 

3114 #4441 444# 4S# Al-g-sjfe 7}-g-£(Availability)4- ##7) 4 

4 >Ml5fl<34s 7}##4#4 44:4 44 44# 31# 7HE 34 #1 44 

^ 4=7} ^4.

4 2^ A]l-Bflo]Bl^ 7]^ ^ ^

FtMH 71144?! 414444 444- 3W4&4. # ^44# 44-4 

444 41-51144 4 #314 ?1 7)## #% #44 441 #4as# 4^4.

1. 4^r41°l^l^] 71tt

44 41511444 7)H *8^-14 s4#s &##4 [3^ 2.2.114 4:4. 

4131444 41# 4 zl^444 4 #11 #4 #314 ## 3##44 4 

44s# 44.

7}. 44 ##

44##1 37)1 414 57}4 ###.3. 44443 44# 444 4444 

3 #14444 4@14711 44.

(1) 44 41 14

(2) 3411

(3) #1 ^ 41 7)7)4 4 4 si

(4) r#7l 7)7)4 44s^
(5) 1144 34 °J4sH

(1) 44 t8# 14

444 #44 444 43 Si# 41 #4 S444- 44144 33)4-41 44 

41## ###3# 37)) 7844 #5)7>1441 4# 144- 311 <414##

- 16 -



(PM:Preventive Maintenance) 4 #41 4# #%33 4"# 4= $14-.

(7» 4= 4 7}# 4

4#4)oM7} #4# 4= $1# 41## 371) 4=4#7}#% ^#4 4=47}#% 

4-93. 4-# 4= $14. 44 4=4#7}#% 4#0)4, 4# 3#4 34 4)4 

(replacement)4°) 7}#% 44-5. # 4= $1—4, 444 7}-g-5E.% 43# 44 7} 

%3, 34 7)1 #°1 4# 444 444 9-3# 9444 443 44=#

#^4I#4-. ##, 4=47}#% 4I#4 44143 4# 3W 4444 4%931 

4# 9-437} # 4# 4 #%# 44# 4= $14. 4-#33 4=47}#% 4## 

4#o) 344# 4 4=4# #41 l}a) a}## 4= $1# 4## #4-33, 4#4 

7)43.7} %4 437} # 4=3 $13 4#4 4437} 437} # 4=3 $14. 4 

7)4 7)1 #4 4=4# 4# 3#4 3.44- $1# 4# ^ 7)7)4 4=43 # 4= $1 

34, 4-4-4 7)1 #0] 3444 44-4# 44# 344: 9-# ^ 7)7)4 4=4 4 

4944 7)144 441# 44 4#7}#% 44)3 %3# 4#4 4433 7}4 

%4-. 7)144 4=4# 41 41## t.)) 44 4# 49)(GAN:Good As New)3 44 

3 ## 40)3, 3% 34 44 444 #4# 44(BAO:Bad As 01d)3 %# 

443 %# 4o)4. 9, 44% 4=43:4-41 441 443 34 434# 4 4# 

44)7} # 4°14. # 4 #41 °144# °14 4# 4=434-3 94# 4= $14. 4- 

4-4 443# 4-4334. 5}^ 49, %4I 41 #4 4-4 344441 41% 43 

7} 4443 4 434) 441 %414-44 4=434-7} 349- 443 %4=

7} #4441 44.

(4) 4414% 4434= 44
# 4#4I <>14414# 7)1# 4414% 4l%34=(overhanl PM) 44# %%# 

4= $14. 344- rfl7) 7l7l# 94#3 $1# 9# ^ 7)7)# *1144-3 4# % 

%4% 9-# ^ 7)7H1 rfl% 7H%4% 4%34= 43)# 344-7) g3 $14. % 

%433 444% 4)4-34=7} 4## 4# 4I#») 444 4## 4941 44-. 

%, # 7)#e)i6)5)4*1 4=4#7}#% 41 #4 4##, 414-34=7} 4## 4 ^)# 

# 4## 494 ^#4-3 7}4%4-. 9, 7fl#4 4## 34)3 #4% 4-6H
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# #244 4 #24=7} 414 #1 7}#4S4. 411 <4 #24=4 a]s|
Al7H) HI, 1# #444 ###22 A]S|«>fe #14 ^1# 2#"4 
1# 44=41 44* 144 #=341 17}# #1# 7fl^s>2. $}4. 4 #24=
2) Ml 17}# #12 44444. 1 1 #131444#! ##l#4 Oflig-Ji 
4=7} 3111 1##2 $}! 2! 1* ^ ##4 #14! #14- #1#21 4 

=3## 4# a#-* 41 n ^ ##44 #14! #12 *144 
4*42 $14. M4, 1?}# #1 214 tfl#| #i#214 24-! 311 *4 
4^.5. #4#! #<3 O}##, z} 1# 9) 7]7]41 3)4 zfl##-^ xl#4 4# 
24= 24-4 44 #4#! #22 7}# ##4. 444, 4-# 4 4* 7]714 4 
#2# 114^1 o!4# 41 #2.4=4 2.4-7} xl#44xl2* 44S#-.

(2) 2#H

1 #131 44414 41-4 #4* 44445 #1 41 a#4=!4 !4*2* 
1-44 44-. 2#4=1! 41-4 2#4 <*4141 2#1 AND/OR 3l42(gate) 
*22 4-4-42 $}!31, 2#4=44 4# x}#-i n * 7144 2#4
€ 4= $12 Efl7l7l7l4 2#ol 4^ £(l}. «}##- t%7}7]7] X}7)14 *2!
2#4=1-41 244# %i#. #, tfl###i 4-4-4 !##4 212 4144 
4444 ##2# 114# 44432# #4.

(3) 1# ^ 41 7l714 442#

4##l 2*4=1! **42 $1# 1# ^ 4! #### 2*1*4 4=4 
#2, 4=424-, 3.42 41- #4144 41 #24=7} 41-4# 44 41 #24= 24 
* ##4-711 44-. 2##2# 4## 4=47} 4*4#! #1, 4 ^4^47} 1 
4 #1! #4=12, *412, 44*1-2, 44=# *12 1 47}#* #*42 
$}3 #4# 4=44 #H #4124 44112# 414-24- 44 44. 2 
#1 #4=127} #4=2##(CFR:Constant Failure Rate) 4*1 7}#a., 44=# 
*127} 2##4 04# #7}447} 4# #241 4*1 #7l 4144. 4 
4, 4=41221 44124 4111 41# 4= $14. #2# 7}#22#, 1 
#13144! #1 4#24=7} $1! #1 1# ^ ##4 4=4241 SI *2
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5, * BAGS. #*##. 44* 4**4 4 #4 Si 7l7H rflsfl, ## *s)M 
7> 3.7)1 4# 4 #3*7} 447} &44#* 4# #4# 44#. 35] 14 *2) 
7> *7}*#4 4444 7}## 4*7} Si# *5 S1333, 44# 4** 4" 
2ll4t 15. 44#* ##33 ##! * Si7)1 #$#.

(4) 4i7i *34 44s.#

5- 41-5)14444* ### 4 4 *35 #4# 4" SUE# #$&#. 44* #
#, €AM##3# #o] 7]7M ^#^7))7> EM #4# 4*4 rflsflzi ^#3)

SI *4 4#* 4l*#7l 41# 44#. 4171 *34 S)#s4 **44* 44
# 4)7l7]7l# ### *#* *4#* **4#. Xll7l7l7lfe #4 tfl7l#£M

#4) 3-### 4]] #2}, Cold #^, Warm #li, Hot -n-^AS. ##"4##, 

Warm *## Hot *^* 47)#44 Si* 7145 3#4 #4# 4" Si* 4* 

5.#, 4# Hot #4* 44#444# ###41444 1^17} *4# #*

# 7}4##. S# Cold 4MSM* 47l#4H4* 3## 4 4 #4 Si* 4* 

5#, 4 41* 417)#rfl4# ###415 ##711 # 4# ##(s witching) 4 441

5. 4#4# ##* 4## * S13# %#. 414 53* #4 #3 SI# 444

3# ^ *2)#3s} *4*## 4# *# # 7)71444 ##. #4 4)7)717)

4 -B-^4 4144# 7H##S1 4#34"* 4"9# 4" Si5# #SI#. 44# 41 

7)7)717} 4# #44 #5)# *44 4-4## 4*4 34# 7}#4 7)344 

4)7)444 44 *444 #4 ##* #4 #4 4# 444. 5, 41**4 41 

7l *37} a)#(test) $14# 414#4 7)7)4 3# 4** # * $(333, A)* 

4144* 414 #4H1 SI* 44*4 rfl# ##^§#3 34## * Si# 4#,

A)#* *7)433. A)^5)37 A)#* a)4##41 # #4# A)*o) ##4-3 7>4 
#4-. 4-4435 4fl7l#4f)ofl 4# 447)14 7)7)# * 4# 7)7H *#433 

4##4M1 #4*34* #4#* *4* 44# * SI#. * 4*^1446,14

# 7144 #4# *44 4*8 #44* FCFS(First Come First Service)# 

LCFS(Last Come First Service) *4, 7}# 7}**# 4 4# 7)7)* #4 #§- 

#4 #* *4, 32)3 4 717)6,1 4a), *#* 44 44#* #il * 47>x) 

4 *4* 4*#3 si#
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(7» *3 3*9.*7} %5 *3#/}## Til# 435 *** *4* ** 
7>4 444 4*5X1 3 #2} 4 *M 5* T-i^MM 45.1- #s}| Til# 4= 

3*53 4**5**(pdf) A *443 Til #21 435* ** * $14. 4 

44,. 3 #*1 313 435 4* 1?(*>4 54# 4* ^(f)3 5ifl54 # 
#44.

(4) 43 44:9-47} $15 *3#7}#4 3 # 435 44# #4# 4* 

43*3x1 4#4 44 43, *3#7}#4 3#4 44 449.44 4#4 

4#1 #7]4 4334 o]=.<>14l}5 44. 444, 3#4 3*

9.44 M47] oin] 5.444 $145 5# 3H 4-444, 3 #4 5#4 4 

4* 4444 451-31 443 4445 six] &5H.5 449.44 M# 4 

9. 4## 47} $14. 444, 4 3*5 3#4 445 #4 J?(f)4 5## 4

4 A(z)4 55fl54 #44t11 44.

(4) 43 4*9.47} #5 447}## 3# 445 *4* 444 *4 
4 344 44x14 3 #4 5# 44x14*4 45*3* 7}%l5 $14. *

3 #4 5*4 3133 44 #444 443:4-3 43 54*3 *7}s}5 4 

44 54x141 4543 4# 444 444, 4 #*4 3# 435## # 

4-4 445## x}#4^ 4443 44 4- x1#5H<>ib13xi# 1445 445 

5x1 44-3x1 7l#4 #44 44 5# 4 5444 *31- 3*4-5 $14. 4, 

54# j(f)7} 44 c>14 XI444# 44455 45#7}s}5, 447} 4&4

5 44 41 434 54*4 5*44 434 54# x}oi5 45* 4 4A1 
414 544-xl 44455 4-5*7}* *#4* 455 7}*4$|4. 545 

33 54*21 45* 3# 437} *54* 455 4*43, 5# *43 3
4 45 45* 444 *43:4 p , 0<p<15 5#443 #544 *43:4
7} *#45# 4*44534. 44, 3*4 5*x}55*3 *44# 41 3# 
4 4 *3 544x14 xi##5 fi(f)4 p7} 44 54# 3444 x}*x}7} 

334* 443x13 3# 5433 {xu x2, **-!>« 54*5 3143
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6- 4#7} 43#- ##3 #

4, 3#l- #4* Til*# 4 XM1 ##. #, ^l~S-47> 3#### ###7ll # 

4, #-## 44 4# 4#4 344 3###4 ^*(f)4 5*4 44£ #4 

/?*U)# ZL5fl=7> #5*5)711 44 44# 4-8-4 144E 337141 71### $1 

4.

^*(d = Ai(?+ z>) , £>0

• »°

where zk-
^(1 — p)x{ ,6=2, 3, 

0 ,6=1

(4) 44 4 #347} $Ui 4# 7}## 4# 4l#5 #44 444 44 

#14 444# 41 #3.4=7} #4 44414 4=47} ##2}5 #14# 4=4 3:4 

4 03.5., # BAO# 435 4443, 41 #347} #4 7)1## 3#3^33 

#5"a 3L°}44#(NHPP:NonHomogeneous Poisson Process) 3^§-i- #-§-##-. 

32)3 41 #3441 #?} 3## 453^437-1 *#* 42) 3#41# #44 

44 #7.}^ 7}44##5 3^4 #4#^4. 4 6-1# *8 41 #34 

r*_i# 6#4 41 #34 ## rA°l# 3## Xk(t)7\ 5## 34M p41 

## 7}44#°1 #4# ^^3 4#s)fe #53 7}##5&4. #4 ### #4 

4 24ti5 #4337-1 2#41 #41# #2)5)# &#-. n}eH, # #5 ##441 

7-14 414# 3## A*(/)41 344 414# 343#* ###41 ##-.

°1 ##* 441 A## 347} 4sS#3 #43 71^41 #4## ## 3#* 

#4#- ##3* #44 ## 4# 4 %14.

/UU) = /t*-i(#-{p* (r*-i~ r*_2)})

= ^(£-(0 • Tk-i)

- 22 -



(2) 3I#4 7>#£
7}#£# 4^4^44 31 #4 4#4£ &# 4*5 #444. 44-71, 31#

4 7>#£* £44 4M4tr ##443144 31# #431 4# *l-57> #
£44. # 4#444314tr 44 #44 5#444 4#444# #444 
7>#£* ##, 314431 4 #31, 4# t3l44 31# 7>*£, A(t)31 44 4# 4 

# 4#4 #-4.

A(A- ^4#314 4^4 ##42. 4# 4#
Au;~ #

2. 4-1-31 <4^14

4714^ <944 31# £.#31 44 4#4447} 44 4#£5. 44# 44 

* #44#4 #444. 44, 4#4444 4#4## [£# 2.2.214 #4 4 

4*9 # 5U4. 4# <944314 5?H4 <944*9# ##4£, n * £#-## 4 

9# £#-4# 4^4 #£##* 44 444 445. 4#3144#31 <944 

4. 4 #3144.##" 'dr### 7] (random number generator), 4#"## 7] (event 

generator), 4#'44" #4#4(event time tracking logic)£5 ##44. 4741

71*314 #4 #5.4## #55 4# #£31 44 4444. 4, #4 #4£# 
4# ### 31# £# 4#5 44 #3i#44 #44 4# #4# #31
4#4£5 44# #£ 5U31 4Sl£, #4 7}#£# ?# ### 31 #4 4# 
314# 44# 4#4# #-#££ #5.431 4^4. 4#31444 #431 44 
454*94 ##431 44. 31# #4£* #55. # 4# 31#4 £#454 
7l#4 454<94 4#44£, 31# ?}#£* #55 4 ##44 31 #4 £#
45^ 444 4^444(31 #£4: 44£ 5#)3] 4# 4544 4#g 454 
<94 41-444. 31# £#/## 454*9544 7>*£* 3144# 4## 4 
4431 ##44. 44, #4 44£ ##* 444 -$13)71#, 31# £#45* 
4#44 31# ###£ ** 31# #4544 3l#-££ £444 #314 ##
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# 4#. ###23 311 A]s\5_ ^<4 2l##4=,

#1 311 7>-g-3* 25fl3 113)3 2#%1 ##. 2#2 ##%41 ^7>x] 

41# 131 ##^ ^131# ziEflH* 2.14=71- 2*#. 431 Ai^efloi^

% 1423 #4, 41:511444 41#4& 44 4#3#4 41-31444 

3#1#* ###27} ##. 4#44 444!#! 14-te #3224* # 

3#4.

7>. #4!

11314 57114 444-4 4!#! ##221#. #143141 %# ^44 

Al#444 444-41: 44#31 €4-. 441: 44 #1 4-41- 41-314444 

4#422 31 l-4-i 44 111* 41-s>i7>, 444 44^4# 1

31 44-4A3. m 4=3 44-.

4. 4^31444

41:3144% 231 443 #1! 433 #34=, % 7l-g-3 #1! -=-3

3 #34=4 4-4- 4-4444-. 24#, 431 144# 4-# 41- 41-31444 

4# #44 7l##l ifl-g-4 ^44. # 443 ### #33 1 41 31## 

4=4 4-3# 7l##3 7>-§-3 #1141 31 #4 41% 44# 4=44- 314 

24=* #4431 41#4 #1 441-144 7l##44 4#. 444, 41-31 

44# 7l#44 34141 44-2 «- 4= Si#. M 2.2.2144 * 4= 21*4 

41-3144% 231 44=4471, A>>y-A]^> 4*41513 344#.

444 4# #44 4*3#4 #1# 4#

(1) #4=4471

144 #*13# #31 A}#* 444#7l #31 \M=* #4441 %2

3 #4=444 2144# ol## 44# 3324 s4 4-^1 l#\i3 1322

4 54# #-§-# *4##. #=>, M. A>y3 4#e)lol#o,jAl! %7}1# 311 

3 2# #2 2*323, 311 4=#7> ##2 #Ai 41# 4## 31# #4= 44
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IN 4 #7>Sj44: 44. O) 31# 4 #4 #*H #47> 4&4 *# ^ 
7l7l#e 444 #43l4-7> 4*3 *H^.# a#*s^*4 4# 3.4 444-

##*lfM 44. 444, 4# a44 444a. 44 4# ^ 7] 7] *4 2.4 4
44 31# 444 444 44 44444 44. 44 444 ## ^ 7]7]#4 

3I#4 #4# *4:# 4444 %#4# 7>4 444 4# a#4 
*44-71 4444 #44# 444 H31*. 44414 4## 4*344 4= 44.

(2) 444^71

4 44314444 4# *34# #4 4*34# 44# 144s. 4#31444 

4H44 44 444a #444. 4 #3144 44 a4 4a ## 44## 4 

#44 4#4 #4.

(D 41# 441 44S.T4 44 444 4s. 44
(2) a4### 4## 4# * 4#7l7l4 24 444 #44# 44
® 471 7]7i# 4## ###4 a4 444 #44# 44
© 471 7]4* 4## *##4 7W4# 414### 44 444 4# 44
© 3)71 7l7Hl 314 444 44 444 4# 44
© 3)71 7]7l4|4 444 4# 4#
© *##* a#4 #4444 *#4*4 4# *# # 444 a#4#

44# 44## #*344# #4# 144# 4#31444 4# #4# 4# 
a #4. 4 31*4# ##514 3)31 4#44, 3M-444, 444, #44 * 
4 #*3714# 4 #31 *>4514 4*3 44. 4314 31## 1442 ###a44 
54# 43:44-.

(3) *>4*14 #4 #4

31 #4 a#4*# a#### #44# *# 5 441-4 431* #44## 

4 44 € # #4. 14ti# *1*31447> 44 ##44 444## #444 

*1 31# *14# #44# 44- #4, #4tia 4*3144# 4 ## ^ 7)7)4
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9W ## 494- 3999 ge%4 39999 94944 ^19 4 

99 #W4.

49 #47M14 7]s. A>#a] jl## 94 ^5. a] go] #951:11, cfl7] a]^ 

4 49 «Hi7HW tfl7] 4^2] 37#, ofltij- 3L^ A]g, A]# A|g, ^B) 

444, Z1B)J7 4*11 41# 99 444 #-* ^O] A]go] 44 #9 ##. 

34# 4# 4 4 #9 44 s. 9444 441 4^44 24, 444s. #4 9 

47> 444 h.s] *g 7}st 4711 44. 4^44 94* 94^5. 94417} 

4 #3.2]## 44S-E.4 #4.

44, 94 #34#* 9-4471 441 94414 # 499 494 #4.

x, : 9# 14 4-94%

y, : 9# 14 9444

f, : 9# 14 4-944- #

r, : 9# 14 7V944, 9 9494* 44% 44

T, : 9# 14 clock (494%, 944%4 ##)

r, : 99 14 9449 ( r,=0:499, r,=l:39)

PMtime : %41 49 99 44 

Shock T, : 99 €4 14 #9 44

p : 9944 34- 94 #44 #44 994 39# 4-5-

SBT, : till 7] 7] 7] 14 clock

SBPMT, : 471471 i4 41# iL9 44

SBTestT, : ^7)7)7] is] a]# A]g

Status O, G, P, T, F : 4 7] 714* 9449 994 94 

(0:99, G:tfl9, P:4l# S-99, T=4%9, F:3#)
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SBR, : tj)7l7l7l M ^4= ( 0 : 1:

Min_T : 7}$ °m #4§4tr

T : All #4

/? : {l-^l 0=4^)

(7» 4^3l#7^#

&7l#

R =0

Ti = 0, ti = 0, ri = 0 

Generate Shock T,

Generate standby time of each status O, G, P, T 

If periodic PM policy, PMtime = PMperiod 

Generate x, , Tj=xt

l

Min_T= Min {Ti, Shock T„ PMtime, SBT„ SBPM T„ SBTest Tt >

If Min_T = Tit goto tirTfl 2

else if Min_T =PMtime, goto ^7)1 3 

else if Min_T = Shock T„ goto 4W 4

else if Min_T = SB Tt goto 5

else if Min_T = SBPM Tt

Status = P and generate PM time 

else if Min_T = SBTest T,

Status = T and generate Test time
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^+31 2 (Modifing Module of Basic Event) 

If r, = 0, change r, = 1

compute R valueCfrom Tracing Module of Fault Tree)

If R = 1 (system down), goto iMl 6 

else Generate y,

T,= Ti+yt 

goto 1

else r, = (1 — Pi) 1 t,

Generate x, using r,

Ti= Ti+x, 

goto 1

3 (PM Module)

Generate PM Duration Time

If r, = 0, modify t, ( f,= ( T,— PMtime)) (all fe basic event)

Generate T,= PMtime + x,

Change status of Standby all component into G, 

select operating comp and change status into O,

During PM, discard CCF Shock T, and generate new Shock T,

4 (CCF Module)

If r, =0, generate p and modify r} (0 or 1) (all ;‘e CCF Group z)

If Tj= 1, compute R

If R=l(system down), goto 6 

else Generate y,
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Tj= Tj+yj

generate new Shock T, 

goto 1

5 (Standby Module)

If Status = O, Status = R and generate repair time

If Status G exists, change Status = O (Selection Rule) 

and generate operation time and modify PM schedule 

else compute R, if R=0, goto 1

else R=l, goto 6 

else if Status =G, Status =F 

else if Status = R,

if SB/?, =0, Status =G and generate standby time

and modify Test schedule 

else Status =0 and generate operation time 

and modify PM schedule

else if Status = P,

if SB/?, =0, Status =G and generate standby time

and modify Test schedule 

else Status =0 and generate operation time 

and modify PM schedule

else if Status = T,

if result of test is not failed,

if SB/?, =0 , Status =G and generate standby time

and modify Test schedule

else SB/?, =1, Status =0 and generate operation time 

and modify PM schedule
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else Status =R and generate repair time

modify SB T, 

goto 441 1

441 6

T=Min_T 

Stop

(4) *37}*4 4i#<a 4?

41 #4 444^1 4# *4 #44 ¥8* 4, ** ^ 7171*51 ^51* #4 
44) 7\W5. *3)7} 7}*4 4*44. o)^ ^ El #6,]Al ^ 64 ** 
4 4444 *4 €4. # uz.#4 ^* *4* 44 444, 4"si# 44 41* 
41#* 44iL* 444.

4-si71- 4444 #4* 44a* jl#4 4#4* 44* 4* 4*4^ 

7># 44 *47} 4* **** 4s}7}4 41#* 7H7}#4# * 4*4* #4 

iL4] 44. 4|7}#44 * %L*4 #4 7}#4?lm *4 *4 *##* 444 

*sl#4 ¥44144. #2si#* 4414 #4.

441 6

If r,-=0, modify ( £,= f,—- ( T,— MinT)) (all fe basic event)

modify ages of SB component.

goto 441 7

441 7

Min_T = { TitSBT,} (all z*{r,= l or SBf?,= l})

If Min_T = T„ r, = 0 and generate %,

else if Min_T = SB T, , SBi?,-=0 and Status =G
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compute R,

If R=0, T, = Ti+Xi (aliie components with r,= 0 )

and goto 47)1 1 

else goto 4^1 7 (repeat)

(4) 41# jlW ^^4
^S>J7 Sltr 4# 4 444 ^-Eflo)] 7)1 #4

3i4 4W 444& 43iel#i- 44^-4. # 5]44°-S

a.# 4^44 44-/1-44 41-4 31## #444. 4, AND »M:!i>l4
5^t # 444i 4-#7}#s}4 t)MH7} 4-#4-#4-3i, OR 44m44 

# 444 H4451 t11o]e7> 31444 441 4^44 Qrt 444 

4 Sft4. k# 4711 44 4444 ^1444 44 4^44 44 44(0:44, 1:
314)4-31 431, Top Event 4, 7)144 314444- 04 Til »1 E ^ 44413, Ali 

44 314 4% 4414 43121#CLiE.44 4 # 44.

47)1 1

k=0,

If i gate is AND gate, goto 441 2 

else if i gate is OR gate, goto 4413

441 2
If sub part is gate, k= (result of algorithm recursive operation) 

else if sub part is basic event, k= r,

If k=0 (at least one sub is not fail), 

goto 47)1 4

4t)I 3
If sub part is gate, k= (result of algorithm recursive operation) 

else if sub part is basic event, k= rt
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If k=l(at least one sub part is fail),

goto #41 4

#7)1 4
If gate i = 0, R = k and Stop 

else return k

4. 545

545445 w 4515. #5# An #4# «

3471-3# 54)5 41# 5453# 54 #4. 4 4-4# 41# #44 44 4 
#4 #o) o] = <>1x14.

(1) 441 <44357> S3 54 #7)^5# ^#4 44- :
4 44- 4#5ii4## ## 4445 41 #4 244&, 5 3.444 #4## 

45 ##443 444 53(IID)# 4-35 45.5. # 5 44. 444 1445 

45414 5^4S#, IID 34-71-54) 44 44 5455 44 44# 34)5 

4## 5 214. 5, 4144 4H4 554 455 #44 4###44 44 

# 5-455 el-4 35 544# #5 4444 44# 4#4#4. 441 fb 4 
## l4-#3 45334 34"# #3#7l h>44.

(2) 441 44^357> S3 547}## 4I#4 45 :
4 455- t)1# 34- 447l 4- 5# ^ 7)714 52)4 441 41 #4 544711 

454, 5# 9* 7M#4 444-711 5445 44 #435 4#4 3471-35 

34444 4545 IFR 54# 7>4 5 44. 4444, 54 54 4# 44 

5 4#345 4M47) 34 44345 ## 447f #43 # 5214. 44 

7l) 5441 441 4I#4 44)71- ?H44 43# 4445 444 43# 5454 

43 # 5 2154], 17M5 4547) 4714S# 44 #4 5 #547)3 o) 

5454# 547> 444 4#7)4# 444 4#5 4547)5 455 344
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484. €- 4-e-3l4434i# #b|:5;4» 44 €## &( ,0)22 7l-#4#4. 4 

45 4 4"si4 441 €445 #51244 4 S'## 45 #8# 4442 € 

4s 84. 4 #slM5 044 1444 45 7}444 a# #44 44 4 4 

f-4 444 4&4 444444 4& 4444 44.

444, 31 #4 442-^i- 444-71 43)45 a4# J(f)4 414-44 5# 

4 2-^sh. o>q^ #324 2# pS. 44 #44444 4454 4#4. 5 

4531443145 44#2##45 4#^3I4€4 #4414 4444 31# # 

4S-44 2#s #444 44# 45484. 44 #44 ##5 44 144 

£ ##44 ##48-0.2., 431# 4-B-4 144# 224 44# #2.44 4# 

4.

(3) #31 442-471 #2 #4#7>## 3114 4# :
### 44 #4 4 ##4 442## 31 #4 4#ir #4444 %5 42.

2. 7>#4$222 31# ####4 #4# #31 31#2#7} 4#4 #4.

(4) #31 <4 42# 7} #2 #47}## 31 #4 4# :
#51 # BAO* 7}#44 442#4 Jl44# ###22 #€471 4# 31 

#4 2#2^22 NHPP 2€# 4-S-44. 3142#31 4# a## #22^2 

2# 7}##^#2 2H# 4-§-44, #4# #5)2% 314 4 4#7>42 442 

# # 7}##t§o] ### Hi# (p)2 #245 422 7>##4. 2#e ## 2 

I22t 454 417147} #8 #4.

(D Power-law 2% : A(t) = 0ta, a, /5>0

(2) 4##9 29 : A(t) = 0eat, a, 0>O

(3) 444# 2i : A(t)=-^, a, 0>O

2## 4#4 ### # 2# a, y54 2#Jl# p4 tfl# ##5 44 44 

#2431 5-444 4#^3I445 #4 #431 #4. 44 ### ##5 24 

#2 ##22451 2431 4414 4sl44 84.
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4#9H4# #30 <944 7^11-a] 3Z^-o] q. ^£S SUE 

445 54#5, 91# 43l£ #4= S 54l-4#4 7]~g-£* zLefl^s. #44

# 4#<9q. n9l#9l4 44# 449144 445 S4l} 7fg-£ Si- <9#

#5 $%4. 54 149M1 444 S4 Sir t^AS. 447}#4 91#4 4#, 

449M1 444 491 91 #4 jlS 4444 544- 435 #4 S 2.

4# 4#* #44 #5 S4.

4. 3-S4 i 45#4 #544 SS

4 4#9HbHH 91# 5#4l 914 44# 31444^ #4# #4 <9 #4 

4E5_, 3L4t"#4 H7le #rfcA]7l4 Sir 491 449144 4^^ #591 <9 

## 4491 44. 4 4#91°1b1914# 24-4591 453S4 5#^# 45# 

4-4## 4-B-44, A}-g-x>7> <944 5#4## 44 #444 44 4 #914 

4# ##45# 445U4. JLS44S) 44## 44A)-A<Kreplicatd event) 4 f 

5# #491 41% #4 444 #4 #i4 4)4(Boolean algebra) S #444 

(absorption law)# 5#4#9I 4 #44 444 44# 4 S 4—5.4 4*54 4. 

444 4## 2445 455314 74# 4-24-71 444.

444«l5 4 #914 4# ^5.4# 44# # 44444 54# #4 #&4

# 444 44# 444 # 4AJ8 S<#91 54# #54# 44, #7}X|4# 

4 %t#9l, 41-5110141- <94 #5.s>#7> 4# S# 4# #4454 #444 

444 #4 7>#5 S4 rfl^ #44 444 44# 444. # 4 #914 4 91 

4 9l#4-5 S# #544# 91# #44 ##5 4# 4591 44 4#4 4 

oi i4#<H44.

4.

- 34 -



(1) 3i# 442 41 #2* #4244# i#
44, 31 #4 #47}#1 4#4 USH 4# 31#°1 2## 444 14# 

414 ^3E* #A}Aj: 423., 1 13| 41# 2.<9- Al^j-s.^ 42a]
4 42.4 1445 A>-g-x>7> 41 # 2#1#, # 41# 2.1424 # 4)^r#
4144 #&4# ##4- #44 $4" 111441 441 4#422 
HJ-’fl # 44# 4^44 1414. 444 1# 14444 414 4#1 41
# 141# l#22Al4 54# #2.471 444. 44, 31 #4 #47}## 1#
# 31 #4 #424# #1471 431 4 4*8 2l33f- 444 # 44, 31 
44 #4 3.44^ #244. 4 44 2#4#44 a) 7}&# #424 ## 
41 #1Mg 147} 4# 1# Ai^eflo^dflA^ 44 444 1(10)# 4231 4 

4^4.

(2) 31# 7}##* f 424 4# 1#
4 444 Al#31444 4314# a}-§-x>7} 41 Rl# 4###4 142 

2 4 #14 443M- /}#7}7} 33W 44 #242, 444 44 4# 
3144# # # 1 #W 147} 4c- 1# 44 1311 1(100)# 42## 
44.
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2.2.1] A
]!-B

iM
E]a] 

*9 
• ##

o* ms oin g op

-21 JjA H=l

Htr Hu



7*§£ A#

A^A|2h^S|feB|

2.2.2]



A) 3 ^ 44 ^ 

1. 4 4

44c #%% 4#& 4%mm % 4?4-4* 4=4 #%4 4#% 4 #4 4 4

* 4-&?i4 #4% #4* JS.»]3.X> #4-. £4 4^5. ^|f| JL# 4=
s-AS. ^Lfly [^ 2.3.1a]4- #4. 4#& 44^1 $ac ^-##4 4%/Sm
* 7]#% 7m -?-# 4^^ 444 #4.(44% 44# 4^-4 4## #2)

[Basic Parts/Components]

1, parti, 0.7, 0.5, W(2,10), E(5)

2, part2, 0.8, 0.5, W(3,20), E(10)

3, parts, 0.7, 0.4, W(5,15), E(10)

4, parts, 0.8, 0.3, W(2,13), E(10)

5, parts, 0.8, 0.3, W(2,13), E(10)

6, paitfi, 1.0, 0.5, W(5,19), E(5)

7, part?, 1.0, 0.5, W(5,19), E(5)

8, parts, 0.8, 0.5, W(3,20), E(10)

9, parts, 0.8, 0.5, W(3,20), E(10)

[zz# 2.3.ia]4 7]s, «.# 4^# m% 44m 5, 44m 64 44m 74 44 

4 Si# 7]m ^-### #4% W#4 ‘SI ##mm 4444 Si#& # 4= 

Si4. 4444# 4#4 44 7\*\ -S44SI4.

[44 II

[44 1144# [zz# 2.3.la]4 n# 4=4-4- 4%mm 4#4 4 %4 m#4 

4# 10004 4^r44%#5@4. [zt^ 2.3.2]# M 2.3.1a]4 4##- 4%mm
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4#4*14! s}$|* 4 144* 1 1X1 3441*X1 4# 4^mrn^44. ^ 
#4 *§3 34 A]l* 17.92m *44$&4.

[XIX) 2]

¥ 1X1 X]X1* M 2.3.1a]4 34 **X14 XI 4 m 5o| 444 $]* 11 
#4 *m* XI7] 1441 XI#* 44mm 414. 144 X]#* m
imm ms]l [ml 2.3. lb] 4 #4.

4 14 4X14 #o] xi#4 4 1X1 344 A]* 10004 4#X14<1 4$|m 

4, XI#4 4 1X1 3441*X] 4# 4mmm^* [ml 2.3.3141 X1#4 3 
5 34 44*. 22.2444. 4 1* 4 Si41 41X14 11 #4-4 4X1* 4* XI 

f-4 &-B-4 4 * 5t* 7}^* 1 * $14.

[XIXI 3]
XI 14 X|X]* [ml 2.3.1a]4 a# #4-4a] XI 4m 54 XI4m 64 44 X] 

$1# 11 #4- * 7D1- 44 *mm 44 1441 XI#* 44mm 4#
4. 144 XI#* mimm 44X11 [ml 2.3.144 44. 44 * XIXI4 1* 
4 4-47>4m XI #4 4 1X1 3.444# 10004 a|#-x141 1 14 141 
XI#4 4 1X1 3.4 44*X| 444 immml* ml mi [ml 2.3.4]44 
XI#4 4 1X1 34 a]44 43# 23.2544. 4 4* 44 * X1XI4 ^3 3 
4 44m4 4 # 4* 71-1* * * 44.

[XIX] 4]

XI 14 4X1* [ml 2.3.ia]4 34 *#X)A| x)4m 5, XI 4m 64 XI 4m 7 
4 44X1 $1* 11 *# *m x] ?H* XI7] *mm 44 1441 XI#* XI 
4mm 414. 144 XI#* mimm 44X11 [3l 2.3.1d]4 44. 44 XI 
XIX]4 1*4 4*7}!m XI#4 4 1X1 3444* 10004 4#io|4 % 4 
4 141 XI #4 4 1X1 34 441-0]] tfltj-4 ml mi [ml
2.3.514 14. ms]3 4 XI#4 4 14 34 414 431* 23.5744. 4 # 
* 44 XI XIXI4 43 34 Ai#m4 4 e 4* 7V1* 4- * $14.
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[44 5]

4# #4 44# # 44 444 4-8-4 4#([5# 2.3.lbl)4 444 4## 

4 #5 XI# 44 #544 44 ##4 444 t44 4## 4444 ##4 

44 4444. 444: ^44 444 #44# 444: 10, 204 ^ ##5 4¥ 

44 #44X154, 44 444: 454 24 54 #5» 4#4. [3i# 2.3.6a] 4- 

[5# 2.3.6bl# 44 44 444 44 104 204 #4- 4#4 4 44 54 4 

4#4 44- 4^szi^44. 4#4 45 54 444 44 44 444 104 

#4-7} 22.75431, 44 44 444 204 44-4 22.5244. 4#4 45 54 

444 4444 5X[# 4, 44 44 444 104 #4-4 4 4444 4#4 

## 4444-31 4 4= 44.

[n4 2.3.714 414-4 45 54 44# 44 #57} 5434 &# 4#([5 
^ 2.3.lal), 44 #57} #4 54-44 XI# 4#([3i4 23.1b! : 44# 444 

4 &# 4#, #4 1044 44# #44# 4#, #4 2044 44# #44# 

##3 47>4s. ###)4 44 #57} # 7fl 5444 XI# 4#([3i4 2.3.lc] 

: 44 5#, 44# #444 ##), 44 #57} 4 7fl 5444 XI# 4l#([3i 

g 2.3.Id] : 44 5#, 44# #444 ##)4 4# ##& ##44 44*S 

444.

M41 61

4# 4*t 441# 4- 44 4414 4## 41#([3i^ 2.3.1bl)4 444 41## 

4#3i XI# 471 #544 ### ##4 444 #4455 4*9- 5#* #4 

4# ^#4 44 ##44. ### #44 44 5# 44# 10, 204 # 4# 

5 4t44 #445154, 4# 5# 44*. #54 24 5# #5* 4#4. 

[5# 2.3.8a]4 [3i# 2.3.8b]# 4# 5# #4 444 44 104 204 4# 4 

#4 4 #4 54 44#4 44 45531#44. 4#4 #5 54 44# 4

4 5# #4 444 104 ##7} 22.5345, 204 ##7} 22.1244. 4I#4 #

5 54 a] 42] 4444 5Xt# 4, 44 5# #7]7} 104 ##7} 4 444 

4 4#4 #4 4#445 # # X14.

[5# 2.3.91# 4#4 #5 54 44# 47} #57} 5444 *# 4#([5
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3 2.3.1a]), #71 9571 44 j£^s]o] #1(M 2.3.1b] : 411 5#»
4*14*1 *5 *1, #7] 1044 4]«oV 5#1- 4*145 *1, #7] 2044 414 
5## 4*145 *#2] 47MS- 9#^)4 47] 9571 9 # 5444 $15 
##([z%4 2.3.1c] : 414 5#, 441 4*14*1 #1), 47l ^27} 41 7fl 3&4 
44 $J5 #!(M 2.3.Id] : 414 5#, *144- 4*14*1 *4)4 44 #15 
9-#44 44# 444.

2. t-§- im

41-2] 9-571 44^1441 44 #44 45- 44^-5. 412] 444 #4# 

4# 4# #5 4431 5% 444555 #71544. 54 #14 44 5#
*l-5.7> l#4 44 4442.5 #14 3.4 *1-5.1 4455 4 ##4 #45.
44444-.

# 49-4## 144 #W *114445 44 #5 #12] 444 #44 

*]s] 1441 5.447] 444 #4 *1144*131 $*5 *11#44 7]4# 4 

4-1 #3i $*54, 45 #11 4#3i $15 7]7]## #4 oil *15# 445.

3. 41# 4 41 #444 #3171 45 #44 95# *14 #12] 444 #4

I #145 53; 7]## 444.

444 # 494## #44 ##4 *11#44# 41455# 444 9-5 

* 7>4 #1# #4 445 #4# *1 511 # # $]55]4 4444. 5

4 452] 4##44 #4 4*44 #4*4 5514 47]#42] 11 €4

5*-, #1 #2] #7] 7]7] s.#, #1 4#2] #5]#2] lEfl 44, #4 5#
II 5# 31444 ### #44 44 4444 #41 45# 41444 # 

$11 444.
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M 2.3.1b] 44 2 2^[2^ 2.3.1a]
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2.3.2] 3.% MU (HH> Tflf- : ofl^n 1 ^)
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44



M 2.3.6a] 2# Al?V (44 4# = 44 2 2# 4^#)
- ^7)7} ioy 4^ aJa] -

M 2.3.6b] 2# Am 4^S2# (44- 4# : 44 2 2# 4^r) 
- 7r7]7} 20'S 4 »| 44 -
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M 2.3.7] 3.^- A]#
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[3.^ 2.3.8a] 3# 4# (41 4# : 44 2 31 H)
- ^7}7} 1041 4# i-'r 14 -

M 2.3.8b] 3# 4# (41 41- : 44 2 3# 14)
- 44 7> 2041 41 4.4 14 -

47



^,72124 22.53 ^^

CIh 
E-h 
E—1 0No SB

■ SB1, P (20)
□ SB1
□ SB1, P(10)
■ SB1, SB2
NSB1, SB2, SB3

M 2.3.9] Jga- 31^ A A: i^AA 4]^ 3-f)

- 48 -



3 # 444!*

4 l # s.%$[

1, 2 44 4f# #44 43 ?& &%# #4# 4 4A4, 4^1-4

#4^44 #244# 44=# ^2] ^l-ofl All-eflolBll- ##471 444 #

7>44 <9^1- 4=g#4. # #6)1*1# All-ellol^dil AH5.0] #<gg 4 3 #2#

4 4# 4#4. 44, 7]7]#^ 31 ## #### A]l-^olEjofl til-^5>J7X> #

f-44 2## 444# S-^ofl tflSH 4 #431, 4# A3 tj)7l 7]7] #3#
444# 2#6|] #4<^ 4#4.

1. ^€^1 aiTg-i- ^tb

7>. 4f 45.

1443*11 4#44 A]#^oM6] 44- 47] 4# 7]711-42] #4 37440] 
4<^4%4. 31214- 1*114A3- 7]7]#4(1]4 Ai^4s] 4#o] e*H# 44-7>
42, 4 <1144 4# 7] 7] 42] 3744]^ ###o] 4*1144. o]b]4 44 314 

41 441 A] 40. <g^.7]. o]=-o]x]n %14. 444, 7]#4 a] 1^0144 44.,

A]3 4# 7]7]#4-4 4444 44 #*114# #### 444 44-7]- 8#4. 

*14 34434 a]#s]J 440(1 o]en 3144 ##4# 44424 44.

##4# 37H #7t-x] 4-9-^ 4t4 44t # 5d4.tSherwin93] <>144 A 

4(secondary failure)4- #444 24(common cause failure) 44. <>l*ll 441 
444 #444, 0144 3140] 4 4 71714 314 4*0] 4# 7l7l4 374011 

4«H 4## 4# 24 21444, ##44 24# <H4 4 ^ $# 4

44 2)4 44=4 7l7l7> #a]6j| 314# 437]# 4-r-e 21444. #44 o] 

44 7{7] a>o]si ##44 44# e7H43i 44. 7l#a] 44 444 4$
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##### 444 #^444 ##44. €#4 444 ### #4#,

zl ### e##4 #4# 4e s-fi: 4-8-4# #4. 2* #### jl^mi 
44# 44# ###### #4s *Bs ##4 44&# ###444 aj-g-ofl 

#4 »H5L5:^ 4##4 4 ##44.

#44 ##4 ### 44 #4 44# #W#4 4# #44 #4 #44
##44] 4^4, ####4 4#4 444 4# 7] 7] 7} #444 s#4 4s. 

s. #4#&# ^-##-####4 ^5. ## ##, ## #^4 7l7]#4 4#

-t- 44 hs. 41^4 ^5. 4-8-44-444 4#4 4444 44# 4W

# 4471 4444. 44 ####4 #44 #4*Hr #4, ##### #44

# 7l#4 S%#4 44 #44 #4&s# #x>.

(2) #####& #44fc #4#

### #4 s## #44# #f~S#4 4# #444 44# e# #44 

4# 44# 44#4, ###S3. ####S3. ##4# 4#4 44 #»>s 
s# 44. 5-# ##4 4# #4# 447>4 ##o] yo.#, 4714# ##4 

#44# 444 44 ##4^4a. #4.

(7» 7144 ##, 14 ### ##
#44# ##4 #^-5. 4#4# ## #S4 #4# #s ##, 444 4

s. 45* #4# #44 s.4, 444- 44-4 4# #444 4#, 444# # 
4, 4s# e4, #4, #4 #44.

(4) #7M ##
#7l 4444 7l7l 4^. #4 ###4 #44# #7l xl-#5^ ^4, 4#4 

#4* #44# 4s# ## Jl# #41 44 4#4 7l7#> #xM jl#4# 

44-44.

(4) ##4 ##, ### ^#4 ### ##
44 ##4# ##ss #7H 4# ^-4, 4# 7>^l 4# 4-#4 #4, #
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4, 717] Ifls] c]## ^44 sm Jt# #o]t|.

(4) #-§-*} S#4 4^
##4ti Ji40l »>\d 4#4S 4#^ 4## x}x]4# 4«]6.s 4444. 

4-g-*}4 ##44 ##4 4"#SS <84 ##4 S#44. ##S# #4 4# 
S4, #x] 4# S#, #4 S#, AM 7M ^xH'-S] 5-711 ^014.

(4) IlS] 7j^

BFR Si #44 444 #4(lethal shock)SS ##4fe 44, #4, #4"
#4 ^44444.

(3) #4^4
(7» #41 1 : ?l#4 #a)i Si 7A#
© 4#4 #44 <8 #4 4#

4#4 4#4fe4 #jL# 7]s-4y 4# 48514 4ir 444 4## ##4 

# 7]7l#4 4ir 4S# ib]4444, 4# 444 444 44 447} #s 
44. 4# - 4=4 - 4i#4 4# M4 4ir 44s ##44.
© #4 44

5-4 x>44 4i: 444 4# 4444S4# #4# ##44^ 7}##4
tJM o]4# 41 #s 4# ##44. 444 ## 444 44 4S7} #S44.

- 4#4 #44 • 7]#4<?j ^-7)1

- 4# 4#44 >1 #4 ### . 7l#4 ## 444 4ir 44
- ##44 4#4 #4 44
- 7]#4^1 #44 44 44 44
- ##44 ## 44 44

® #44 si 7M
4#4 44 7}x] 444 44 #44 444s o]# 440.S 444 434 

#44 si# ;lfM 4#4 47}#4(s4)0l 7fl# 44#a] 4<9 &#4 
4ir iS!7>4 tfli- 447} 1.8.44. #44 s#4 Si4-b s4 4=#(fault
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tree), 344 *35(reliability block diagram)** ol#^}4.

(4) 14 2 : *#14# **4# 3 31141 44
4 141*4 **144 4# #^1144 #44 #344.
44 337} *#14 n#4 ^4^3, zl 44# #444, 71444 

4 44 44# 44444 44 43.7} #4444 4# 4444.
®1^44 #4

334 ^114 43 -44, 44, 44 411, 4#4 S3, 4# 444 S3, 3 
7l S3, 44 44, #4 3# 44 #4 44 43# 4433 334 7M*
#3 ##7> #4134. ##33 334 #4# 33# 33## 4s ##4
4.
(2) 4343 3#

3 34H14 44€ 3* *# #s* 4443 #44 34# 4433 #4 
#4, ##33 s44 44 #44- 34 ##4 7]# 4333 3114. #4 
433# 3-4 4##- 4443 3W4.

(4) 130 3 : 5*#4 45. #4 
© 34 ** #s43 ##33 3# 434 4# 44 
<D 4# 344 44(3-4 #4333-4 #*433)

*#-33 344 M4# 44 34°fl 4314# 431314 4 xMflsi 4*5 
* #4.
(H> 434 **4 4)4

3341# 7]7]#3 ji4 7>3 3 7MI4 #3S7> 4443 3# 33(1 S)- 
4* 41H 11 43, *3 34= #34 4# 3# *-7> 34. 44# 33* 
44 ##45 **11453 44# #37} 44. 4 33* 4433 *# 3# 
4 *4# so]# 33*011 % #444 443 1344. 34 334 4# 
3 *14 4# 444 1344.
© s* #4

441 344 34 x}3*3*4 3*e #3#4. ®H 4# 14# 44
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4 *444 ^14*4.

(4) #XI 4 : XI# ** #4
*433*4 <23* ** #44, 7R-* *b)] tfl^ #7}* *4 #44 srfl

44 ^4 #4. 4M #444 #4# 4-8-4 43. SiVM 4##4. 
444 #43*4 ##444 #4 44 #4 4-8-44.

(4) ##44 3## 44#
4#4 ^44 3*8*4 444 3*84 7934 #4, 4 444 44 444 

4433# 44.

(7}-) 7]# 441 3# (Basic Parameter )

4 3*8* mX)4 ##44 44 7l7]#<>iH k?94 7)7)7} #44 444 4 

##* 4=4# 4&#3*4 44 *^44 4X1 3# ##* #4-3 44. 4 

3*8* 4444 4## MGL 3*84 4#44 7]7]4=7} #444 34=4 4=3 

#44# #44 43, 344 7] 7) 4 4=4 4# 44# 43* 3**4.

Qlm) : m7l)4 ##44 7l7l 4#44 k?M 7l7l7> *44 #4# 4*

# 3# 41* 4*4 #4 44# 4= 44.

(4) iff -factor 340
7}# ### 3*833 34=4 4=3 444 4-8-4 #444. ### *# # 

*4 4# W# #^4 44*4, #4# ##34 ###<£ *44 ## 4 
4 334* 3# 443 S4 4-8-43 71*433 4*43 3*844.

7H# 7)7) 3**4 4*4 #### 3*4 *#44 Si4* 7}* 4-4

34# ##** 3*4 #*4# ##** 3# 7l7l# ifl4 3* 7)7)7} #4
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4] a144a 1144. 444, 144AS Till* S4=4AS ^-44-441 4
4. 1 4114 4444- 444as. #t]] 47>5>t1| s)fe 344. #44 444= 
41 S-lHI Al#4 44444 1 11431 a14 #4#4 4a, 444 
#4 1#4AS A 444- 1#4 441-4 1144. 44 4=41 444 & 

444 4414- #4. 44] All-1 A 4-44 A1 44)4- #4 14 Alt-4 

1144 Alls 41414. 1144 All* 414 ,344.

A, = 14 All- = (1-0A 

Ac = 1144 Al# = #

A,+Ac

4 All 4-14 3 AS 44M 7]#1 MGLA14 4A, z4 C-factorlfe
Alo] 314-.

(4) MGL Al

411AS y9-factor* 414 Al44. 44 444=7} #7}#4=1 A4=4 

4=7} #444 4-14 114- ^14 a* Haj|14. 444 a 4# 4 % 
4H 4S8 1#4 41# 4=7} 314. 4# 4=41 4414- #4.

„ ^ in 414 7]7]7} 11 431 A14=
Pl i+ IT’D 414 7]7]7} 444 11 431 a 14=

441 All-1 Qt 5} 4a k7fl4 7] 714 144 All 411 Oil a # 

4, 441 AS 4414 14 M4 4= 314.

- 55 -



(4) Binomial Failure Rate(BFR) (o)# 3##) 3^|

#4 (shock) 4 4^ 3^44 ##44 3#4 4# 44# 4443

%14. 444, 44# 34, ##444 4# 444 4 44

#3. 5-lolJL ##44 44. 5444 3#o) 352) 53 4#

43 44.

#4# 4# ^it ?14AS #^44 4#2) 7]?1#4
4## 4443 7}444. 44 7]7]#^ 4# />3 3 #44. #,

#44 ## 4 4 7)7)7} 3#4-fe 3)4 ##44 3# 7)7)52) 4# 7)7)7}

3#4fe #4#, 3## 4#4 #447]) />4# ## 42)43fe 444 ^11

44 444 #4 54# 444 44

- 44 7)7)314}# : Ax= m(ki+ npqm~l) ,Q—\~P

i, : 7))# 7) 7)314}#

if- ##44 3# #49#

- j7l)4 #4 3## : Xe= ti[”^piqm-i

- m7))S) ## 37S-# : AC|.= (ipm-Yd)

(o : ##44#4)2) 7)7)444 4444 4#* 5# 444 #49#

(**}) 4#4 #4 (Random Probability Shock) 34

4 34# BFR4 44# 34434 4# 3444. 444 4#^#4 BFR

# #44 4### 4 4 7) 7)# 4# 7)7)2Hr #4433 3444 44~fe

443 £-factor# 444 ##433 3#44.(## /&# #44 4# *3

444 444.) 344, BFR44 3# 4# /># 444 S33 34 #3

beta #3# 7}x|# 4# 453 34 444 #0) 5444.



X- iM 4 294 7} 7]2] ~b(n,p)

g(t>) = iXr+s)
MlXs) pr~K\-py-1

2^9 *4 43.* W 94"* ON4 #o] &994.

aY\~(n\ JTr+s)/t^+r).r(^-.y+s)
A ; W /Tr)/V)/XH-s+»)

3)3* 2-4" r,s4 9931 tflSfl ^-o>2.7l 4^14 T.it 43* * 4 

4" Q,£>3 4^ 4 #o] 5^44.

0=—-— n—-----1-----
V r+s ' " r+s+1

9 ¥ 94"4 44* 99-3.9 9414- 44.

0= *94 4 4714 2.44 W 4*

D -. 444 4 717144 44 314"

44 Z)aM * 717144 W43I* 994* &:9 s)es, *^r9* 99 

* 4" $131 44. 244, #4 9944 24 4* />4 ¥£* beta ¥£3. 

4* 431 4# 9*99 ¥*44.

(4) #4 5.9 (Environment Model)

49 3.9* CCF31 4# 45.* 49* 4144 3.994.

7144 5.9*9 5.* 44 494 2##3l 994* 7^49 7>92_2. 9 
¥31 444 o] 2.9* 717131 99* 49* 444 44"3 ioM *¥99 

94 4= 931 %** *942 94. 4, 7]711-ci ¥*5l¥ 4931 44 #* 

49314 4*4* 7191-sl #¥ 24 4*9 4994* ;H994.

X : 9 7l7l7> 29-4 9*

A4 : 4931 4* %4 *Jr4 94* £94* 94"
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E(X)=a= Jjj xKx)dx

44 4444^ 44 7l7]2) oL^g- ##^T aS. vY<£ ^ 7]7]7}

^44 dr2»l aM4, 4414 ^-o]

E(X2) — Jjj x2Ax)dx= a2+ <£

44 #4 _%4 4#^ ^Js>fe aL^-o] 4#& t^HS, 7]7]7>

^444 #^44471 A>^ ^4- (^4 % 44 W4 ^#o] 5^-

5]Til 43L, 4£4 e^ ^#44 3# 2.^44 444^ 4 -4s &ir €44 

44 4 ^ 444i: 7M^7ll 4^ ##€4 ga. ^<90^3 ^#^43 ^
4. ?44 4^, 7]-5- o]ti| 3^4 e-s- €44 4# €-£, 7ie4 2.^ 45.

5. ^-e) €€#4"# £#4 4444^4, oiel^ #€ #4= f^4 44 

?4 #^€€4 &tt 444. 4 S.*§£r 4 €43. 444 #3 #4"* 47-1

yg-factor 3% 4 BFR 54g-g- &€# 4" 1WS 3-€44.

4. ^€€4 Ai#4o^4|6| 4-g-

(1) 3l€ 4"-^(Fault Tree) 9^4 4§4^ 7]^4 

^#€4 JL^4r 3€ 4^-4 4-9-4^ ^#€€4 #^4^ 4

Sir 45-t 7]S. a>535. /g^4c 444. 4* #4 €€3. €€4^ A,
B, C 47M 7]7]7> ^ 1-41414 4#-& €^r43 4€ 3#47l 7l7] A&] #
ji^C AT)2l 4414 €4.

A T— A/+ Cab + Cac+ Cabc

444 C4 °N €4 1-4 -t-S-4 €44 7)7]7} 444 €^#€€ 34 4 

€4 44-. 44 4€: 34 4^^-ir 3H3^ SW 44 [3€ 3.1.114 444 
44. 4^f4 4-44 4=4^71)7} 7>^44.
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P(AI)^P(BI)=P(Ci) = Q1 : 44 7}7}JL% ##

P(CAB)=P(CBc)=P(CAC) = 02 - 7]7l ^?H4 #4 3^ 4# 

PCCascHQs : 7171 4/M #4 -a# 4#

4 4444 4 #4 44 2-out of-3 4 #1 9&42 44 444 #3 #

% #%#4 4% 4# 2# ##4 ##%4.

f(s)=f(^ )Bj) +P(AI)*P(CI)+P(Bj)*P(Cd +

H Cab) +PiCAC) +KCbc) +H Cabc.)

Qs~ 30f+ 30g+ Q$

44 41: 4144, 444 4^% jg-factor# 444 &%44, 4 2-

#444 1#44 2% 4% 7]7] 2.^7} 2#4fe 4f°ls.s. 4-414 ^-4.

P(Cabc) —ft'* PiA-q)

a%, BFR4 #14 4414 % 4#5. 44# 1 4# 544.

Qi = Qi+ P)2, Qz = nP2(\— P), Qz= nPz + a)

44 #4 1144 2#-# 43^ 7] 4 A>5AS- #-#1 3%33 a#
41 #4-4 4444 4# M7> #4 442.7] ^4. 5E% 44432.3 4 
4% &%4 7^44. 344, 4#4444 4% 4## #44 34 444 

# 444 414 7l# A}4# &%%33 44 44% 44# 341 
#47} 44. 32]3, 4=44 &%! 4414 44% 7]^# %%% 1 $11 4 
1-4444 5-^i- & %444%4.

5 44 41 %'Hl 444 3# 7l4#4 44 3# 111 1541144 
43, #4 • %# 7l7l##4l4% #4% 447} 1JBL4H5. M4 4%

44 441-4 $134, iS—factor4 454 4## 2### 444-4, 3# 4= 

4- %44 4#3, #-#%% 3# 3#4 41443 1441 #4- 2
# 4=44 ##4 14441 454 $14.
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(2) #5314431 4## 2#4 #4# ## - #5 
(7» 54 2# (BFR 2#) #44 45# 3h#

BFR 2# 5 I-factors)- 31444 o]t||4 ^o)## 257} 445 45 

4 #4^31531 S4 #5445 2#o)# 2# 54 4 #5 7fl#4 4523. 

2# 4 ##443) 43145 545 442 5A4-. M4 3.4- 5-t)#

2, 45 54 (#4)31 31# 457}4 ###] 44 4## 2## 23] 4# 2 

55 #4# 45 5544 24-5 424 4 ##31 #4# # 5 44. 44

4 5-44 44 #2, 444 45S54 5544 2-4"# 45.5 45 #423 

4445 44- a4 544 544 24 45 54 #454 445 547> 4 

24, 45 545 S425.44 231 #44 7] 7)##& 2445 445 45 

44 25 554 5444 454 71-544-. 44 55 455. 4531444] 

455 71544 5544 25 2425. BFR 245 #4 #44.

$4, 5444 BFR 24445 #45 7>4 5 441 %%# 454 453) 

444 54 431 4-5# #425 #44 7}5#31 #4-. 5, 24# 24 #5 

i>4 4-5# ##71- 7)544 444-. 242, 54 #444 24 ## />5 1 

2 52#, £-factor 2## #31 44-. 5, 5544 #4# #4 7]7]7} 2

5 2##4. 24o)i ###31 #2 45 45 2441 4# #444, 7)54 

71431 ###4 571-5 425 24- 545 #4# 45312 4531444 5 

544 2# 255 45## 54#31 454 7}5#4.

(4) 2# 4 #5
554431 ### # 7144 25 ##5 f #2 ## #54 2#55 # 

314- #4 5#€ 5 44. 4314 54314 254-55 44314# 2554 

4, 5# ##55 5544 2# aff5 5444 #4-.

(2# A] #5 2# #5 2# (BFR)

544 ####, ## 7)7]5 25 24# #531 431 24457} ###4-.

P= P, 00^1
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p= 1 44 jg-factor 2^4 #4. 4¥ [34 3.1.214 &#44 &4.

[2# B] 471W #4 ¥4 2^
f^6lt #44 3## #2# ¥2 &24, 444 %# ¥4* 7l7H ¥ 

444# % &4. 4, #44 #44 24 3.44c 44 444, 444 # 

4 4 3.444 &5&44 [34 3.1.334 &#44 $}#4, 4# 444 ¥444 

4#4 444 7]7]7} 344: ##4 47>44¥ 7}4°>4 444 £1*14.

4 2^* 7M 717115. 444 ¥44¥ 4444 444 ¥425. 24- 
4 4444 344 ¥44 444 4#4 44&4 #2# ¥4 34# 425. 
¥2 4 ¥4 4 4451144 #4. 341 41-4 4^4 #4 4 4 #4.

P=Plln , 0<P^l (n: ¥4 44 ¥)

[2^ C] 44 44 ¥4 2#
4 2#4 4¥2 [2H B]4 #4 44 ¥4 2444, 44 #444 442 

2 #44 314 4#4¥ 4¥# #4# 44 4=4. 4 344 4442 44 
# ¥¥ #4r 711 ¥ 4444 4¥# 4444 34*4 4I¥ 47>#4. 41# 
#4 #41422 #42 4¥4 447} 1#7l# Til# #4?}¥ 4¥44. 4 
44 #4 42# 44 #¥ # 444 4#41¥ ##4 %4. #4 4#¥4l¥ 
434 271### 4#5114# 414 # 444. ¥44 714425 #4 #2 
4, ¥4 44¥4 44 34 #42 423 24444 #¥4.

[2^ D] 4¥4 ¥4 #¥ 2#
7l7l# #14 ¥7>#4 44 24 #1-4 47>4¥ 2144. # 4¥44 

7M# 4#5ll444 e #4 44 444- 444 ¥4 47}* 34# 444 
444# ¥#¥ 4425, 44#4 344 #442 ¥44 42* #4# 4 
44. 4# 44 2### 1414 4 444 ¥44 4# 427} #4422, 4 
44 ## =8 3 42* ol#44 71714 ¥4oil #* 4## #4# 444. 
¥, [34 3.1.414 &#44 &#4 7}* 444 2444 444 4#44 44 
4 #4$# 4 3W ##4 ¥444¥ 7H4# 4## 444. ¥4# 44
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4- #4 4#%4.

P= 1 — exp( — ax age) ,(0<a)

4714 3.*t- &4 &# 3.A 4^%4 4% 4% 4# 432c #444.

#, 4"% 41% 444 4#4 444c 444.

[s.^ E] i7l 3i# sj-f-o] ^<^4^ 4^4 #4 2.^8

44 [2-H d]4 444 #4 4^44 #7M1 44 %4#4 a.%4

4. 4-B 4# 4 44% %%# 37447] 4# 4^44 4% 4-T-4 &7] 31# 

41-4 [2.% D]4 4-t-c #44%:, 4 3:7] 374- 4#^ 4# c SX

4. &%, 4— 4324 4^44 44 44 c 314-0] 44 2.4^ &# &4

% c32 sa4. 4c M 3.1.514 s%44 5U4. c4# 44)4 #4.

^=-1^ + 1' (0<a,

44 444 a4 ^%4 #7M1 4# 314-1-2] #7} 4£4 %%# 4 

44 4, asM 44% t44 #?M 44 314-1-2] 444 ^444

44. 64 ^ o4 5:4 %4 2,7] 314 %#-& 444c4 4%# #4.

4# #4, 4^44 44 44- &4 314- 41-4 #44^ 4-f- =l

P=l—j7} 44. t44 44 44-4 444 ##%%4 4% 314-4 #4

4 c 4-T" 3:7] 314 4"ibc 444.

(3) 4M4444 44- ##
4141444 45.4% 3.## 447>4 4%#4 4# 44(44)# #44 

431 o]^cfl4 7>4 %4 32c 4-44 4M 447}4 44# #1% 444. 

4 715-4# ### 447}%, %4 #41; #§-%%#s %^A]4a. 7}#

4 444 4c ##%%4 tflsfl %% 7]7]## 44 #e% 44.
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(7» *4 (Shock)

#4 MM 44* #44 24* *2 /M4 44, 44 444 44= *2» 

4=2* 44444. *#** 2* 2*4 4=4# 44# 444, 4#44 4 

4 #4 2# #4# 44 4443., 4# 4# 4*4 44 4444 44 2 

4= 444 4244 #44 4#4 %4 444 4# 4# 4*4 ##44 3 

4 2*ifl4 444 34 44* 444# 2*2. *4441 44. #425. 4 

4 7]714 3444, 4=4#444 4# #4 #4 44#41# #44 44* 

444 ## 422 7>4#4. 4#4 4=4 4*# 4*, 24-44# 44142 

2 2# 447} 4*# #4441 €4. 44-4, 41*4 4=4#4 *44 MM4 

# #4* 717H1 4** 444 *4# 422 7p§#4.

(4) #422 4# 71714 3# 2#

4=4 ## 2^(24 D*)# 44 4714 4*4=44 #4=44 4# 247> 

#244. 4*4=444 4717} 7}*# 44# 441 4*# 444 4*4 * 
## 4444, #4=444 4*4=441 4=424* 444 444 4*42* 

4-4-4# 4-##4 4=444. #422 4# 2*44# 444 4*# **4 

44 #24# 4714 4**27} #44- 4## 7}x]el2, #4=4* *4 $4. 

*, 415.4 #*44 4## 444 4=44- 2*444 *###41 4=424* 

#4# &* #44 #4=4* 31*444. *#** 2* 2*4 #4447} 

4444# 4*, 444 4H1# *** 1# 24 31422**44 #242* 

#4. #24#* 4314 #2 44 31# 2*2# [2^ 3.1.614 4444.

i : *#** 2# 2*ir 2*4# 44#2(31447] 2#)

%i : 7]7l i4 4*44: y. : 7)7) i4 4=44#

: 471 i4 4*4* #(#*4=#) r, : 7]7li4 #2#

Ti : 7l7] 14 clock (4*44-, 4=44*4 ##) 

n : 7] 7] i4 *31 #4= ( r,=0 **#, rj=l 2#)
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ShockT, : 4444 i4 4^

N : ##44 2# 4 7l7]^(tifl7l7l7] i#)
( k : N7fl #4 24 44# 4444 7144 4)

p : ##444 4# 4 ##44 2#44 7l7l7> 4# ##

SBT( : tfl7] 2# i4 clock(7}4 44# 4444 44)

j, jj : 471 7]7l# #44# 714## 44AS. 44 44# 44444
714

Status O, G, P, T, F : 47] 44# #44# 4714 #4
(SM444 444& 4#, 44, 4* A##, 4W, 24) 

SBJ?, :44 2# i4 44 ## ( 0 : 4##, 1: 24(44#))

T : 4#4 2444 /? : 4 #4 #2i444 (R=l 24)

A4#

Shock T#4, k <- 1

44 1

If sub i is operating, continue 

else k <— k+1 and goto #4 1 again

If sub i is single component, goto 44 2 

else goto 44 5

44 2

r, <- t,

t(*~ (T,— ShockT) : 4# 44 &4

r,- <- (1 — ,o) * ( r,—xt) +X{ — ( T(— Shock T) '■ 444 44

goto 44 3
44 3
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Generate p and generate u(random number)

If u<p , Ti*~ 1 and generate y,

Ti*~ Ti+yi

else ti<- ti+{T- ShockT) :^-=- XI

goto 4 

4

If k = N, goto 16 

else k <— k+1 and goto 1

exi 5

If any sub j is Status = O,

modify age of sub j and goto 6

else goto 4

6

Generate p and generate u(random number)

If u<p , goto 7 

else goto 9

7

Repair sub j

if any sub jj is Status = G, goto 6 

else goto 8

8

If any subCnot j or jj) is Status =G,

Status *- O and compute Operation_time 

SB Ti *- Shock T + Operation_time

goto tirXI 4 

else goto ti'Xl 4

exi 9

If any sub jj is Status =G,
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generate p and generate u (random number)

If u<p , Status <- F 

goto #4 9 again 

else goto #4 9 again

#4 10
Compute R 

Stop

4. 9.4 4 ** 4? ##

(1) ***4 3* #<94 4# 34
4#4 3*4 44-c 7l4##4 #444 3*4 #<9 ^3#4 4

4 #44 3.44 # *34 ##44 344 4#4444 #<9#$3, 44# 

##44 34# 4*#*4 5L#4 #4 444 3*4 4# 4#4 #*» 4 
44 44444. ##44 344 *43* 4#4 44# 3*# #44 ##

#4# #4 44# 3444 #443 4# BFR 3## 4#44 ##33 # 

4443, 4*4444 44# 44 BFR 3## #4 #4 3% #4 ## 3 

#33 #444 44# 4433 4*4 7>#43# 444. 2

(2) *f ## 4#

o]##33# #44 ¥4*4 ##44 3#4 #4 ##44 3#41 441 

#44# 3#4 44°1 4344, 344 4# 3# #44 44 4 4*44 

4# 444.

4*4444 ### ¥¥ 4#3# *#*# 3*4 #< 41 #344 ?1 

4#4 444 S3£3 3# ##44 Gate* ##€# 3# ZL#33 ##4 

#44# 44# #»1 4*4 # #3 45)3, 44 Gate/} *### 3# 3# 

4 #4##4 4# 4#3 344# #3/> &4. 44/Ml 44 #4 #4 

4 #4 #4 #4# *###3344 *44 #444 %¥#3 #34, #4 

*43 *44 <9## 44# 3*4 444 #*# #3 St)4. *#**] 3*
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4 7]ti.ajA5. 4#4 # * 444 2## #4** ##4 A] 1-5)1

4 #2} Al~g-AH1E 2*4 #44 4##. 7l#2l 2# XlS.*2*E) 244
4## 2** 2#^ 2## 7itt #_S_7l ##.

4. 14 4*1

**1422 4# 7111-21 ^11 1422x1 tg# fa* 7>x]l 4*4 1

I* #1x1712 2 #4* #####. 7)7121 *# *2* 24 D# E42
*#22 4*#2Xl *#2l 1#* &*# * $11 #01# #2*

F(x)= l-exp[-(-^)“] (or: 1.5 ,/?: 10.0 )

4# #* 2*» All# 717121 #5 *4* 9.04 ##.
4=21 *** 4* Al# 2.0# 7>xll xlf#2* Alltel, f El Jl#*

[14 3]* *11 ##21 44#* 4# 1## m#* 7M* #4# 3141 rll
41 Al*5)|ol##l^Cl
14# 4*4#- 9.0# #2# xlf#25.14 *1x1^4. ##al 7l7l7l 1

5 # 4# 24#* Al# #44 !#2 w # # 144#.

21 C* 2-1 B# *A>#25 #*4lAl 4l#Al^#.
2^141 24# ##2l #1 ## x>2* 500044 #4# 14 41 #4 1

* 4M4#.

[14 1]
41 *2# *#27l #7144 ## # 244 21 AlaHi 44# 41# 

###2 244:21 #4c)i cflsfl 42^22x1 ## #44#. 2* 41 #24 
*1 471# 244 4-14 2# 44# #447121 24=* 24 #2 41 *2

# *4#* 7]7]# ** #0)714x1 24 A]44 4# 42* ####.
1-E* l#x!4, 24 B4 #4 #4 244 41 #2:21 ##24 rfl# 4 

#271 ## 24 #4 44 *24x14 #4x1* #22 ##4#. *, 41 * 
24 *#2 #714 ## 24- xi# #7l 4271 ## 244 44 4x1 #4 4
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4. °1* [39 3.1.8]* 29 9 ¥ $14. o]** *4429 ¥1 s.19 1 

¥ *lo] #* 4 294 49 %442, 144 94-944 4*4 *44 2 

11M 924 4 33I 444:, 4# 2I4 4* 444 *4* 45.44 ^

* 444 *44. 4, **27} *444 *444 2.44 444* 7]7]7> 4 

7l* 4*7} 444 9422 *4* *4447}* 2.1! B4 1* 4*4 2*

* 4*4 4 *4 4* 444.

21 D4 E4 4* *44 **4444 4 *44 4* *4 M* 100%

5. ¥$7] 4*4 *4 *¥4 <g#4 *4 *4 2I24 *44*2 44. 

44* [44 3144 *4 24* ##44#4 2 4** 4*4 224 4:4.

[24 3.1.814 [24 3.1.9]* 24 4*4* 44 #4 **27} *7}#*# 

**444 444 2*4* 4*4 *4-4* 4 * %14. 242, 2*44* 

447} &24, **€94 44 2* 4** 2! b4 **2 2*44 24 

%** 9 * 94.

[*! 2]

4 2144 2¥* 949422 €44994 224 944 4# 31*4 

2* 494 9492* 94224 4* *144. 31*22* 4* 99 *2

* 4*494.

[2! A34 9* [29 3.1.10144 444*4 2*4 944 44- 29 49 

4 94 927} 4* 2! 4 941 44422 3.31 4494.

[21 B14 1¥* [29 3.1.11144 203*9 4# 49 21242 2* 9 

4 944 4* 29 494 94 127} 44. 342, o}* 4* 24=944 

2 o*p $■*- 49-9-9 31* 29* 9*49* 41-4 <¥r *4. 4* *4 

4 ¥44 44 29 414 94 127} *94* 4444.

[21 D14 1* [29 3.1.121* 29 2¥ 94 *7}*4 44 2l 492 

t14 431122 *7}l* 9 ¥ 94.

[21 E14 1* [29 3.1.131* 2¥ a* 21442 2* b* 944994 

21 494 94* 94* 942, [zl9 3.1.14]* 2¥ b* 21442 2* a

* 9444* 944. ¥ 2922*9 2* b4 *7}* 31*4 29** *
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44, 24= a4 #7^ 424^1* $ 4= $14. i, 2efl24 4

* 422*4 2.4= b4 4#24* 2-4= a5] ##7} 24*4 444 44*

4*4 ** * 4= $14.

[#^ 3]

4=4 #4= 2.^4 4## #4 444 4444 4SH, 4=4 3:4* 4444 

44 4 244 4*4 4444* *4s.$14. *444 24 A4 B, 24 D 

4 E7> 44 44 4*4 44* 2$2.2.5., 4=4 #4 244 o>y 2422

* B4 *4* 4=4 ** 2llife D4 *4* M 3.1.1514 [n* 3.1.16] 

<41 44 444 $4.

[24 3.1.151* 24, 24 B44 4=43:44 4*4=* 314-4 4# 24 44

4 *44-* 3:44 $24 2 4H°1 444* 4 4= $2, 4=4 3:44 4* 

41 44 ***44 44 244 4*4 *44 *442 $** 4- 4= $4. 

444 4=4 3:4* **2*44 $4* 4422 *4422 ***$1 2*4 

44*4 *44* 444.

[24 3.1.161* 24, 21! D44* 44 *42 4=4 3:44 4444 &* 

4* 444 $4 *27> 44 *71422 4=4 *4 244 4*44 4* 2 

*4 441 *4422 #* # 4= $4. 4=4 3:4-4 4444 44 31*4 *

5 2* 444 *44 #4#$144 444=** *444 42, **4144 4

* 2*4** 2* *7>4* * 4= $4.

2. 44 94E* ^tb 4 #4] e>14l

71. 42 *j£

4** 4*2 si* 7]7]#* 44 7]7]4 4*4 471 *24 *4 44 A 

7]#4 **44 #2* 4*2 si* 4*2 271] 4*^4 # 4= $4. *4
tfl7] *2# 4*2 si* 7l7l#* 44 7]714* 444 ** *4* *2 $

24, ** 4=*4 A}s)£f $7] 444 4* 4*44*4.
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a. 3^44 XH25 42 9# 9324 94 XI #5.4 2 ## 2#

2) 43)2* 24# XI #94# XI7] #2* 4# 44=4 7|711-4- 2942 9X 
4. 24 49 XI#4 34-, XI#4 449* 49 £94X1 9# 4= Sit: XI# 
2#4 2.9/431 x}5.# 9* hi 39 44425 94 9# xj-5.9 49 # 

XI4 £-94 49 999 944 992, &9 Xl#9 4-9925. 949 419 

4 35 999 49 Xlf-4 949 £-99 *xl-*442 43314. 99 49 9 
925.xi #9 xi~§-s)44# 49 7]^ 9 49X199 4944.

99444 942 994- 49 49X194 299# 42 99 99*9* 
4925. 42 94. 244 49425. 49 992 9# 93*;£ xi
#49 *9 #7fl4xi 422 949 991# 249 49X199 994- ?m 
499 94.

£- 994# XI#9: 4*2 9# 49 99*4 499 241# 39 XI#4 
949 £4* 44 49X1999 4#9 94# 9994.

43 942 9=9- 99#9 949 ## 224 #9## 27H92 949 2 
219 449 43-44 9949# 9#4 42* 2# 22* 4925. 9 9 
49 £49 49 924 4x1 47I 2*44 49 7194 494# 49 9# 
9 99 422 £-*99 94*4.
242 99 7l7115.4 9*93 XI#4 4*XI99 994# 42X1 47l 

99 2*9 XI# 49 #71)4X1 4224 99# 94 22*9 449 994 
2 949 22*# 911X1 49X1949 999 399-9 49 94* # 4* 
XI949 944 22*9 449 44 4994.

4. *4 224 *9

424 7135. 294 XI #9 994 449* 99-49# 999# 43 4 

94 449* 99-49# 994 93*9 *# 22* 71-4X1 4# 994 2 
44* # 2 %14. 29X1, 37) x>xi4 494 99- 33* 71*3 39 *9 

49 44 9X1 94 94 9* #* 22* 294224 XI# 3419 449 
99* 224X1 94. #* 22# 3X1 *71-35 4*94#X) 2 37H* #
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*** 7l7l#o] *4 3*7} *4 4* ^S}5LS. *4 ^7) *40)37 #7^ 
#4# 34 7l711-01 ^AHI **44 *4 41 ^4^14. 4171 444 47! 
4 3-4 #41 4*3iiL 4444 4ul5. 4* 44(dynamic redundancy), 4 1 

444 &714 4444 4*7} 414 44444 4444 44 44(static 

redundancy)44 4471s. #4.

44 44 43* HTi] 44 444 41 4*33. 4444 4# 444 4 

44 4444.

(1) *fl7] 44 (standby redundancy)

44 4444 4443. 44 444 4714 44 4471- *4 44 444 
#7l 444 471 44a. 4444 tfl7l 471(4^1 4 *-§-)3 ol^-44 *#
4 #4# 44#4[Pham92L 44 #4 43* 44 444 #44 4444 

44# 44 4-44 44 444 3.444 a## 2 444 4*3*114 #4.

© 7l7l4 44 7}**

71144 443 #4 7141-4 s** 4 44* *44 41^14 7}* 44.

© 44 42414 4*44 4441 444 41# 5.44 44 44.

© 4)71*4 7144 *4

4)71*4 4714 rfl7l* *414 4*4 #4 4l7>4 4433 4* 4 #4-

• Cold : 4)7l *44 *1414 3*o) 4%)s %3 ##3 4*344 44

• Hot : 44 *44 **443 4* *44 *4 4# *4* *4 44

• Warm : 47l *444 3*4 #444 3**37} ** *4)5-4 #4 *4

© 3*4 4*

3*444 #4 ** 7)7)7} 3**1 4, 3 *4* 47)** 7)7)7} *7)
*4 ** 44#4. 4*4 **4 44 3*4* *44 *4* 43 *34 

4##33 **# 43 *4.

© 471 7)71* 4*

(7}) 4**4 #4#4 471 *4 (Priority-SB Redundancy)
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5W4 *#* 44 #4 #4 til 4 #4 #54 'SI #4 fiS til#4
4. 5% 44 #*# ?2E ?if 4*2 safe 7l7l#3M ***4 #4 447} 
til 7] ** #5# 442 safe 7l7l##4 44 444#4 444 4#* 7}^5.e
5. 44 414444 44 3.A **#4 4444 %fe 44 #4 #54 ***4 
#7# 4# 44 #4 *55 444 4 *7} $14.

44 *7}* 25 44 ## #54 ***4 f7}^n 244 ***oj #7#} 
fe 47] #4- #541 444 * 5>424- 44.

<34425. 4-444 #444 %fe 44 #4 4544# #4 #5# 4 #2 sa 

fe 44#4 IID(Identical and Independent)44# ** 4#4A5 7^42 $14. 

444 **#4 #44fe 44 #4 #5# **#4 #444 %# 44 #4 ¥ 

54 #*#4 #7114# 25# *7}5 4442 5124 E* 44425 715 4-0] 

4 44#(zi44 *4# 4## *94# 44#)5 4*44 44 #4 #5# 4 

444.
44 44 #4 #5* 4442 51# *44 444 **4(Priority)4 #71144

# 4#, 2 #4 447} 47144 444 4#44 #47} #4425 **344# 
4# 4444. #4* 45 *424, #4 4*4 *4* ^44# 7{*4 44*
* #444 4# 4*4# *444 51# 4714 #47} *til 4*342 $144-2 
#45- 4*2 **44 $1# 44# 44 #44-711 4# 444.

44 4-5-4 **44 #t!I4# 4*4#, **44 #44# 471* 44 *4* 
7}* * 512 *2* 4* e# #4 *44* *711 44. *, **4* *# 447} 

2*4 4 * #47} 4544 2 *4 4** 42 514 **44 $1# 44(471 
7l 7l )# 4* 47l *42 *°}7}2 #*4* *# 7I7#} 4*47} 4## 44 4 
4. E* *44 **44 #7114# 4*4# **44 51# 44a] *4*4 ** 
4* *# 447} 2*4* 4* Til *4* # 4*7}7} 444444 #25 

24 4# *4 444 *44 #244.
447-1 44 *4 *54 **44 #7114# 4*4# 2%4 ** 4*4 444 

4* 444*4 444 #4*711 425 4* *^* 444# 244 *^4 #* 
4 1244 4* 244 7)^-4** ^oja) *-<30] 1244.

#4 **44 #44# 44 *4 *54 2.^4 5 #*4 5144 **** 4
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31 144 #4457}4 443 454 #4 4#4 5 #14.
0 ^Hd^ol 2}-^d|]n> ^o]3# 3#

® #114 #441 #435 3#
(3) #114 154 #34 £.# #435 3# 
s# 43 4 4-344 #443 3#45 £4 3 s 154154 43 343 4 

34 15-3-4. 44 43. 44 44-34 43 145 1334 44-4 14.
(D Head-of-Line Policy

4-144 #4 44-4 3484 43 sll 7]31- 43 4344 34
(2) Preemptive-Resume Policy

4-144 84 7137} 435 Is 41 514 4-114 11 337} si 4 4
1 34-41 4-114 11 33# 13 4344 44 437} is.7} 1# 4, 4-1 
14 H 713# 414 43 33:# 114s 147} 14 111# 4341 4 
1 34
(3) Preemptive-Repeat Policy

Preemptive-Resume Policy# 5144 #114 11 7]7]7} 43 #356# 4, 
#114 11 334 414 43 31# #34s 3#43 43 435 3441 
34
4434 14 43 345 441 3# 14s. 454 143 515 44 14 

3 45 51 335 444= 43 454 55.441 s344= 5 5.44s 141 
4. 2

(2) 31 54 (parallel redundancy)

3# 55s 454 1435 33337] 4# 444 315.5. 431 35.
5.3 31 55 #3:1 511 # 7fl a# 444 335 315. 4331 31 
1 55 #&5 4444[Pham92]. 434 31 54 #&434 55. S3 a} 
4# 31 55 #3:4 5415.3. 431 334 7fl43-s # 4 14.

4543 544 #7}3 531 43 554 31 554 4M 11S14. 
54 #3:4 531 515 s343 %s 1314 41431 5 4, 31 5 
45 43 545 43 147} Hot43. ^41 454 ll 3#4 5144. 4
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44 444 *44 ##4|A1 31 #** Cfl7l **# 44 # * $1 

4.

4. 4 7] 7]7|4 4# A] a SL^ (Test Model)

*# 7]7Hl 43^ ^Aj##* 3* 7]7]o^ Aj-Efl^ A] 3* 3# 4 #2A]* ^
* &42 434 23. 7H451 $14.

*4 4-444 4*114-4 4|7] 44 42:* 7l# 41 ^1 7144 3**1 4717} 2 

44 $t* 44-* 4444 44 4* 4*114 4444 #4* 444 444 44 

3.4 4-4 4*4* 444-* #4 4* 2*(3##1 447]- 234 4- !*);! 

4:* "M# 4** 44* *4* 442. $14. 444 414 47]7} 4* a] 

444 4* 7f*#7l4 4** 4)7] 41# 4414 444 #444* 4444 4-f 

#2442 3 * $14.

n44 47] 7]7]fe 43 71*3424 #2 A]* 47]#4 *41* 141 * $1 

4. 444 47]#4 7]7]71- 4* _a.?4 443. #3 * $1*71-4 4*» *7] 4# 

43* 4471 $142. 3 * $14.

*444 43 234 44 444 44# 7l#31 7>4 *]£[<>§ 47] 7]7]4 tfl
# 43 &34I4 2444 * 2*5. 434 434 4^, 3 430] 424
* **7M 4^44.

344 4*# 434 434* 24# 23234 444 44 hazardous A]^a 
2344.

Hazardous a]3 23* 434 3*71 #434 444 7)134 3-44 4# 4#

# *4* *234 Til# #44 2* 433 #* 3 $14* 3# 444 44-* 

#43 43 3*4 *71* 430,1 4# 43 23*4 *714 3* 13- 
(deterioration)4 #3 E* 43 a}*\\7} 434 4344 23* *2#* 4%4* 
3* * $14* 4* 24# 2344-2 3 * $14.

Efl7i 7]7l41 4# 434 424-3* 4*4 22** * * $14.

(D 432 1*4 7I3442 * * $14. 44-4 7l# 4441 44a^ 7] 7]4 13-71 
33144.
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(2) til7] 7}7)d\] rAfb 4^ 7M|7|- 7]7]$\ 2#* #441 * %l!
(D tf)7l 7l?MI tflft- a]^o) A]a o]^o) *71-454.

© 4^41 4# 4^ 4*4 ^7\.

444 ¥#41 22* 4 #4 44(4, 7}*)* 7]?M #4# 44* **2l 4 
7]7> ol44 4-4 444 444. *, 4^ 27H 5*4 Shock4 44 ¥14*2 
2.4- It-* *444 444. 45-4 4M#44 44 41** 44^441 ?]-*44 
4 *44 *#7} 44711 44 *4"¥ **44 4*» # * *4.
4Si41 *44 4*4 44(1, 7>*)*»ll 4*4 4*(damage)4 7]7l<=fl 7>Sfl^

4 444 4*4 4*4 47] 7]7]4 44*4 2##* *7>4?144 444. 4

4- #*44 Giglmayr4 age-wear ** 2.** 44151[Giglmyar87]. 

Giglmayr* 7] 7]4 41 **44 2** a] 5 *^4 4 ¥4 44 (damage

process)6!] 444 47]4% 4 2** 4*4 *7}4 *2^4 444 *44 14 

442 259:4.

(D *144 114- 21 2-3*2 *4* *7]] 4 14.
(2) 7] 44 *41 24 1*14 4*4 **141.

2* *4 144 414 4* *4* -311 411 4*(step function)4 44* 4

* 41 1# (rate-limited) 4*1 H(diffusion) 4*2 *1141. 2 H6!] rfll 

4 4414 1*1 #1.

411* 4*44, *4* *44 *54 21* 14(NHPP)6I) 414 #414 

2 **(Increment)* *44 #41* *444 54*24] 414 44112 2

* 2441.

14 4*444 *4 14* 7>*a]o> 1* 14 (Gaussian diffusion process)* 

2 £44 11. 4714 41 14 (U+*f]*14 45 *44 *** 

b(t,y)& + o(a# , b{t,y) : *4 14 

4 *14 11 2-3*2 £*42, *1*
2a(f,y)A + o(At) , a(t,y) : *4 14 

4 *14 21 2-3* £111.

2* 45 *4 141 24- 1*14 1*4 **4* £11* age-wear #*
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4 2*# c{t,y)% 444 >135. 44434.

x ,. Pr I t<T+^t+At\ Xt=y 
dt,y)= tan---------------------Z7-----------------

4 4441 T+3 7l?M 2* a}#, ( X, ; 0^«T+)r 7]?M *4* 2^3 

43 43= 44* 4434.

4. *-* *^4 344 #4 44 4?

(1) 471 *4 334 343 34 33 43

#3 334 444 344 34 4#4 333 417] 334 *## 334] 4 

4 335. 444 3 34. 34 44 334 3444 43 33# 3434-.

Aven# 444 4# 7] 714 434 4714 4 #5 4343 4?1 #4 33* 

4435.44 7f-g-4* 34435 34434[Aven90], Aven# 45 433 

434 34*4 34*4- 7}%|4 4*7l7H 44 414 33# #A143 4?1 

*4 33* 4435 42= 43* 4*44 4*4 71*441 44 3443 

*4* 44434.

Lee4 Srinivasan* 444 4* 7l 714 434 471 7l 7l#5 344 471 

*4 334 44 441 4441 443 33434[Lee94], 4**3 443 43 

4 24#* 7>442 zl 7l7Hl 244 #443 4*425 471*3 7l?lt 

*431 447} 344 44 44* 441 34. 471#* 24 34 34* 44 

#*42 71-4434. 4*44 3* 24 444 3* 4*4 445 4442, 

4*4 44# 44 4 3 3*- 43(continuousIy monitored case)4 34 44 

44 4*4* 44(inspection)AH13 3 3 3* 4*5 4344 43 * 4 

** 454443 44 44] 44* 34434.

Nakagawa3 *#71)3 44 44* 3343 7>4* 34425 #343 7> 

4ols].3i44 444 4* 7] 7] 4 *37114 414 7l7l5 oi=.o]4 *4 ##5 

44-25 45201 MTTF* 44443 44 441 444 44 3*434 

[Nakagawa891. 44 MTTF3 4*44 3433 414 7] 44 *4 4-* 3*
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3. 44* 9 5111 384.

3, Nakagawa9 4*4 *#7> 93 XI #4 ^ **fl jl* 4*4 MTTF* 

949 XI* 515843 4443 #3]* #oM14 *3* *9 43 #4 44* 

(availability)^ *# 43344 XI# 34=4 49 34=1- 39 344 

47) ## 7144 44 41* 34= 444 44) *945l4[Nakagawa77]. 4 4 

4#4 3* 444 4=4 449 ** 131 439 *33 7H34S4. 44 

4 9 (renewal theory)# 4944 7)941 14*3 41 ## 44 41* 34= 

441 *44514.

Nakagawa9 3# 27)14 471s. 4144 44 4#, 4=4 17}#* 47] 7) 

4* 43 $19 Til# #4 *9 44 #94 41### 4*3344 *9458

4. 41 411 #44 34* 4#14 41* 44* 43## 9*3 41 
494-4 14 34# 444 44* 4# 43# 444 39 43*49 44 
41* 34= 441 444514. 44 4444 949 *4 Xl#4 4 *4 3* 
444 7]4144, 4-444444 4#4 7>99, 343 44*33 7]4 49 
1 94514. 41 4944 41 #4 44 4* 39 441 *1144514.

Singh! 944*4 9*4 519 9 ?H4 #144 *9 44#3 494* 

44 41 #1 9445i4[Singh91]. 4 *94 149 9* XI## 493 *9 

9 7H4 7)7H 444 1*^4 7]7lxi 94*4 944 5149 444. 441 

*4= 94*4 94* 7l7Ml 3*4 ##4* 44 444* 94 4*4 #* 

1 4933, 94 4*4 4 4# 941 #44 #3 43# 7)7134 4XI7} 

#44*49 *44. 44 3* 4*4 939 *9 9343 94 4*4 4 

X) 4*4 939 1* 93# 7}44*4. 44 *9 XI #4 444 XI# 49 

4 *91 ## 49 4334 *4 4X1X144 XI#4 71-944 XI#4 94 

4X1 39 XIXI 4X1X1 5(1 41, 3*3 #5 9 491 XI*4514.

Dharmadhikari4 Gupta9 4fl 7) ## X1#X14 XI 7l#* 7l 7)5 Xl7l#Xl * 

#7} *#44 3*4 *4* 9 5143 33, 417] XI## XI#33 941 4 

5l4[Dharmadhikari85]. XI# *X|7> *##* XIXI9 3*4 *#* 4*4 * 

*44 %3 ## 4* *444 ##49 *4-xi 4# 3*4 **4449 * 

9 49 9**1 4944 XI#4 *9 3*#4 *9 9411 9*4514.
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Nakagawa4- Osaki# 4 4 #4-23 244 # #2 2### #2 24## 

4244 4 #4 #44 # 7}#4, a# * #4 ?il#4 jg5 2#42, #4# 

4444 444 ^ 7}#4# 2484[Nakagawa75],

Fujii4- Sandoh# #444 244 4-## ## 2?H4 443- #44 44 # 

2 41 #23 444 44# 484-[Fujii84l. 4 444 #44 44= 2#

1# ###2 7)444 444 24# 42(mission) ^ t #44 4444 

44 414^ 44 #44 4#4 4441 2444444 4## 484. 44= 

241-4 ^44 414 44 444# 22# 44 444 414 22» 424 

84.

44 8212 44#4 444 4444 44* Cold/Warm/Hot #4 42 

444# 7}^444. 244 Subramanian# Anantharaman# 47]#4 7]7]4 

447} warm°l 47] 444# 44 44 #4 cold 444 4444 44# 4 

3# 2# 2 44444. 47]Aj cold 4 warmAS. #44# 4## warms # 

444# 4# 7147} 244442 #4 t^y] 7]43 ^444 ^4^ 2 44 

4 cold 44471 #4# 7l7]7} 24-4442 471 7l7l7}u}3 4## ##4# 

#4# 2444 44444. 44 47l#<y 7l7l7} warm #4441 2#4 4 

4 43 4=441 #47}7|| 42 4=47} #4 #41# 4# warm #42 447} 

#444 44. 444 44 ### #444 47]## 7M4 #4# cold 4 

#4 warm4 4=47} 41244 #44711 44.

Subramanian4 Ananthaman# #### 7l714 2#/24 AH4 #24 4 

7l 7l7l7} cold oil Al warm #42 #44#H1 44# 444 #2# #4 #2

* 422 warm #4444 2# 444 #2# 4# #2* 7}# 42 #4. 

4## 444 44 7}4 7}## 7)44 2?H4 7l7l3 244 47l 224 44 

4 #44 42, 7}#4 42 #1 2482 484 44 4## 2444 4# 

#2# 24-2 444 22i5t# 2484. 2# Subramanian# Ananthaman# 

44M #44 2## 24 ##422 ##44 4#4 42# 241 2#4# 

##44] 4# 44 °}44 444 #13 %n##4A1 #4# 421 244# 

#24 41## #444 4#4 ## 4212 2484.

Kilmer# 4#4 #44# #4# 444 #2# 4# #4 #44 2244
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#3# 4#43# 4441 33# 4# 4*. 44 33# 4# 434 #4 
33# 4# 4#4 #44 4*4 ##* #433. 444 4# 4 4*1 34 
44 ^it 44= tis 4444 444 411 441 444 2.4 44 41 

4 #4 1## 44#7H1 444 l341#[Kilmer94l. #44 443. zl* 
##44 4^1 47I*# 4444 4 #4 3.4 >14# 4444# 44 3443 

4## 3444 4# 4# 4441 444 4444 44 #444 3# #* 
#4# #44# 3514.

Leu, Bastard# Leiss# 44 7>4 #4# 4#4 444 334 444 #>1 

331 4## 41 331 4*4 444# #44 4# #m41#[Leu90l. 3 
1434 444 344 4441# #, 4* 44## 4 14# 444 3# 
4 44 33# >l~§-4# 43## 41 33# 4### 44 4 #4 444# 
3# #1 4= Si## 4# 31#.

Shen4 Xie# 444 44#4 14 #3* 43 1# 4## #4-33 7] 7]

* 41 3341# 4, 44 4#4 4444 4=443# #43 3# 41 4 
4* 334# 44 4#4 444 4=44 3# #* 44=# 44# 7># #4 

41#[Shen90], n 143 ### 4#3 1# 44 44# #44 33# 4
43 4# 7]7l» 4^1 414 4## 3#41#.

(2) 44 444 #4 a!4 44 #4 4#
4#4 #4# 44# 44### 4# ##4 44# 44# ##4# 1 

4= 1## 4# 4#433 7M#3 1#. #4 4# 33441 4## 4# 
#4 71714 4#41# #7l 7]7)7} tfl7l ### 1# 41 44# #44 #3
4# #4 7144 444- 4#(3, Good • Fail)* 1 4=7} 1#.

3 144# hazardous >1*444 #4 47]* #433 >14 444 11 
1 4*4 131#* 444-#.

S.H. Sim* 4344 4* 337} 1# 444 4*# 4# #4 4#4 #
44 4# l# *4 (Steady-State Analysis)# #44 #7] 7}7] 2] #7}#4
# 2)344# 444 3441 44 44# *141#[Sim851 S.H. Sim# 
444 344 #4# ##4 4#.
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© 47)34# 33 33f-4 33°) #^34.

(2) 471 7m^-o>Sl 334# =M422 4^#o,j Aj-^o] A)^ -ffjE

2.^-(test-induced failure)0! #3%4.

(D 7l7l^1 3444* 43 S-5E-E 4*4.

2% °)f4 S.H. Simmer 34422 344* A]^£ 7]7]* 3*44* 4

°)-H.2 Al^7l^°l: ##7} 43M3 23 47] 7]714) 4# A)3M 33

# 5>^4[Sim87], Sim°! 4)43 2344 fl)7] 443 aj-^o] jiaJ- sj-f-c]] 

43°) A) 3 *2 33°) 3443 o)44 7}* 440)) #^43 43 Hi 

4#4 A]^ 7)4 3M4 33°) 3°)433 7}34$4. Simmer 34* 34 

34 ^3 33°1 ^ 3# 3 4AM % 34 3* Ai^>r 33- AM 34=

* 33^3. S3- 2°}* 344 44°) 3* 2*7} ## 4 334-44 3 

5- 714 AM, 343 4433 3*#4 ## a}**

Sim4 334 34* 23 43 3 3344 47] 37]* 2333 4* 4 

4 4#°) °N3 4)71 7)7l 34-4* 43-° 2 44* a! *3343. #4 *4 
4 4 34 A)* 4=33 334a] #3 43 7)714 3441 3# ai^W^i- 

3A<h°2 44 *4* AM4#4.

Thomas 33 47) 7)7)4 a)^| 4# 47) • a)D • 344 4444* 4 
4 a) 3: 425. 4 4 (Discrete Time Markov Chain)22 3-3444 47) 7) 
7)4 4# 444 344 43 443 4445l4-[Thomas87]. 37} 344a) 
a}*4 334 433 3344 3*3 34.
© 47l 7)7)4) 44 3* *3 a)443 7)3#2(geometric distribution) 

3 434.
© 47) 7)7)4 44 433 344 33, 34=4 3*2 434 3434 3 

3-°) #334.
© 47) 7)7)4 34 34(344* 4* 7)7)* 434°) 43- 3* 43) 

4=3 Aitbfr 3443.

© 47) 7)7)4 44 4=4# #3* 43 3-4=3 4#5. 4=44 4A) %*3.
23 *4* #44 434 33(4-# 234 44 7)7)7} 344 343 3

3) a)4 444 444 a)4 34 #3# 434 332) 43* 422 44

- 80 -



444 4# ##* #14484.

I. S. Kim *# 44 7]7]4 4# 4«o) 44# 31#-# #444 ^a|# # 

0.5.4 AIM# 4= 84c ### ##54 #45. a]^4 444 3i#*4 #

7}, A]^ X}#]7} 31#-#- *#44* ##4- 7}#31 ##31 5.31 M44 # ^ 

#4 44 a) 47I 7144 4# -ys)Aj *#-§- s>^4[Kim94],

317} 4 A]# 2.^8 44 c till 7l 7)714 44* 5#-## A]«4 4# 7}# A] 

#3} A]^d>i «|4# 3lt4 4#4 ##5)4x131 A]^ x}4]7} ##44* 31

* 4## 4#o] SJ4# 44=4 444 14^4-31 ?}#484.
317} 4A]4 A]#3} aging Me 444 47}#-# 5-D* 7)7)4 47}*#

o) a)#4- 47)# 3i#4 444 ##4444-31 35.4:4-.

J. K. VaurioJE *44# 4^*7)( T)# ^c 4444 44 7)7)4 4

7}*#*

zz = zz( 7) = p + —+ zAT 

5. *4484[Vaurio95).

4. 44 f M #<9# 7)^44#

444-44 445 #4* 4# 4*4o)# 5# 4* *5 44 47)##* 

tfl>9-0.5. 43i 44. u-44 4#45.5 44 *5# o)=.ji #* 7)7)#5 41

#4H #o) #784-7)1 5)2-5 44#. d)7) 7)711-4- 3141- A)4-44# 7)44-

7fl4# 4* ?W.

4)7) 7)7) 5## ###4 7)7)7} 31#-4 4445 4)7) 7)7) 5*44 4* 

7}*#r til)7) 7)7)7} #7844 a.4)# 44 4All 4f)7l 7)7) 5## 4*# a)#

# * 854, 5#-4 7)7)* 31 #-4 4=4# 7)# * 44 47l 445 7}a) o)

4-4 4# *# 4= 84 4c 4# 444## Ml 44. 44a) 4#
7)71*54 4#4 4 t)1 #4 A]*e||4#6,|Ai# 7)1*4 5*# #444444

a}# *4 #4 (Event Tracking Logic)4c 4# *4# #7)1 44.

44 44 5#* 5#4# 41 #4A) 4*4 54444 a}# *4 *4* #
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3Lej#5.3. ##41# ### ##.

## ^#4 #4=W ^#4# #5# ##.

%i : 7]7] I s} ## Al^f 

^ : 717] j si 4=51 4#

X2) : 4)71 7l7l 5.5 HI &5 7l7l jSl ## A}#

y2> : 4)71 7l7l a# HI 45 7l7l jSl 4=5) Aiy-

PMinti, : 4)7) 7l7l 55 HI 45 7l7l ;S) #7) A) 4)# ^ a]#

PMnumjj : 4)71 7l7l a# HI 45 7)7) ;S1 #7)# 41# 5_4^ ^4* 4)4

5# 314=(jl# 314-41 g7l# 4)# M.4-# #5)
PMtime0 : 4)71 7l7] 55 HI 45 7l7l ;S} #7M 4)# ^ ^a) a)#

(^7M 4)# 5#-# ##)

PMdurationtime6 : 4)71 7M 55 HI 45 7)?! ;S} 41# S_4- Al# 

Testtinti, : 4)71 7l?l 55 HI 45 7l7l ;# #7l# A]^ a}a] a]^>

Testtimei; : 4)71 7)7l 2.# HI 45 7)7l >s) a]^ a) a) a1# 

Testdurationtime{, : 4)7) 7l7l 55 HI 45 7)7l ;S) a]# a!a] a]#

Tit : 4)7) 7l7l 55 HI 45 7l7l ;S) Clock

r4 : 7)71 fsl #Efl #4=( 0 : #5, 1 : 31# )

r» : 4)71 7l7l 5.5 Hi 45 7)7) ;S1 #Bfl #4=( 0 : #5, 1 : 31# )

Statusi, : 4)7l 7l7l 5.5 HI 45 7)7l ;S} ##* #44)5 5#D #4" 

p'O’ -»• #5 #4)

— ’S' 4)71# #5 7}# #4)

— 'F —» 4)71# 3i# #aj #4)(a1^o1# 7)-#4) 44# V&315 44 -&71-)
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~’R' -> 4= si 

-'f -+ 4* M/r #4

'—'T -> '£*} -#41

SBRt : 417) 7]7] a.# t$\ #41 ig# ( 0 : ##, 1= 31# )

T : 41#^1 R : z||#ai (R=l 31#)

A 4)71 7)7) $##A ^4-s) A>5 ^ te) */
r &7i# i

T, = Tjk = 0

f'i = 0, v$ = 0, SBR-, = 0, R = 0 

Generate x, , f, - %, , T{ — x,

Generate Operating and Standby failure time in all Standby module 
Update Tfi

f Step 1 1 A Min. Clock Time Calculate */
T/ — Min Ti , for all i 

Tmn = Min T,k , far all j, k 

If Tt < Tm„ , Goto Step 2 

Else Goto Step 3 
[ Step 2 ]

¥/ = 1, calculate R

If R = 1 , Goto Step 5 A system failure occured */
Else

Generate y, , Tt = T, + y, , r{ = 0 

Goto Step 1 
[ Step 3 ]

^nm ~ 1, calculate SBRm
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1, Goto Step 4

Else

Generate ymn , Tmn = T**, 4- y** , r** = 0 

Generate operating failure time for switched unit, Update Clock 

Goto Step 1 

[ Step 4 ]

Calculate R

If R = 1 , Goto Step 5 
Else

Generate ym. for all failed unit in SB module m 

Tm. = Tm. + ym. , rm. = 0 

Goto Step 1

[ Step 5 ] A System failure time is obtained */
T = T, or r**

Step

[n^ 3.1.1714 3.1.18]^ 413 A7l-g-3.4; oi^-o^ 4^.4 47I 7]7]
siir-i- Til#444 44 *4 A4* 44^ 444.

3.53-4x1 s) x>4 A4 feslfe zl 44s 444 44 7l7l 
5.1 oil 44 4^44444 44. 444fe * 4*4444 444 44 44 

a.*4 5-^44 A^4 4# 4#4 4-irBllol^dll 4

4*4.

If SBRm =

(1) 4x1 4x1 ififl xlxM 4* 4* J2-44 *4

44 44 a#44^ htH 4# ^xM4 4* #4* 44 44s f*# 
t ILi-4, 7l7ife 3.44 #^4xi %44-s s.^1- TlxlTll 4^4

4* 44 S.A4 *4.

444 44 44 &#44 4*# 4 444 4* 44 S4=* 4
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o#4# 4# 4^4 7fliM 2144. Al^ylolElollAi

42 &c 4^ 24"4 #44# 14 4 4 4* 514" (periodic PM)4 2# 3) 

4" 4 5"4#: 4’9' 2 4" (failure number based PM)4 ^7\?\7\ ^,4.

# 44 514" 2^44# 4### 7]7]4 444 4

# 24"# #447] 444# 4Hj- 24"2 #4 47l 7l7l 2.# 4 31 ^-o] ^ 

49 #4 ## ##44 #442# 4444. 4, 47] 7] 7] 511-44 

7]7l4 4#4 4* 514"# #45}7] 444c s#44 4#7t#4 44 4 
47> #7#M 2#4 4-## 4## 4" 5£# 44-44 #44# 444.

44 44 2#44 4## 444 44 4# 514"# #44c #4* 44 

514" #44 44 #444 4#4 #24 4# lf£S 4444 14# 

3.1.1914 #4.

A z44 44 44 214 4# #44 44 514" (periodic PM) Logic */

[ 24 °J4# 1

PMtimejj and T* A jA unit is operating */

[ Step 1 1

If PMtimejj < Ti}

Status jj = f 

Goto Step 2

Else

Goto System Clock Min. Check Logic 

r Step 2 1 A 44 24" #4 7}# 4# 44 */

From Standby Selection Logic

If s* unit in SB module z is selected 

Goto Step 3

Else

Goto System Clock Min. Check Logic 

f Step 3 1 A Switching */

- 85 -



Generate PMdurationtime for j* unit /* PMdurationtime generation */ 

r# = 1 , Status $ = ' P

Tis <— PMtimeij + PMdurationtime i, A Update System Clock */ 

PMtimea — 12s+30

Generate Xu A Uptime generation for Switched Unit */

Tjs *- PMtimea + Xu A Update Sys. Clock for Switched Unit */ 

PMtimejs«- PMtimeij + PMintervalu A Update PMtime */

Goto System Clock Min. Check Logic

A tfl7l 7l7l W uL# ^4^41 ^ Logic */

[ jM i

PMnumjj A jA unit is operating */

F Step 1 1

If 3)4= = PMnumjj 

Status a = P 

Goto Step 2

Else

Goto System Clock Min. Check Logic 

f Step 2 1 A 4# J£4" 4M 7>^ 4^- #41 */

From Standby Selection Logic

If s* unit in SB module z is selected 

Goto Step 3

Else

Goto System Clock Min. Check Logic 

r Step 3 1 A Switching */

Generate PMdurationtime for /* unit A PMdurationtime generation */ 

rjj = 1 , Status ij = 'P
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*— PMtimeij + PMdurationtime A Update System Clock */ 

PMtimea = IS+30

Generate X& A Uptime generation for Switched Unit */

Status ^ = 'O'

PMtimeis PMtimeij + PMintervaljs A Update PMtime */

T1* <- PMtimeij + A Update Sys. Clock for Switched Unit */ 

Goto System Clock Min. Check Logic

(2) 4)7) 7*1 4)7)4 7)7)4 4# 4^4 %A)

4*1 41*4 *45.* %*a**1 4#A) 4*44% tg-tfj %4. &

4**% 717144 %**% 7l7)7> 3%%* %*(%* A* 414%

417l 7*1* 444AS till4% 444. ^44 41714% 7*1* 4)71 4414 

4 7*14 44* % A &*%, %**% 7l7l7> 3%%* 4* 4171 >1

7)4 3.4* 44 4171 7l7)S) 5.4Si 34* *%%3S 4)7)4% 417l 7l7l 

si 34 %*» 4%44 4% 4^51 44* 4* **44a # A %4. 4 

*414444* 4171 441444 34 s.4% Cold'S 4*4* 417144144 

344 4444 #As.s 444a. 34 S-4% Warm se* Hot% 4*4% 

4%* 444s* %4%4. m% 414 44 3*4)4 4*4% 447> #4 

4* 4*(% 414 44 s#% 444m4 4*)4% 414 444 414

4 a)%* 44%4-a %;§%4.

* a!*4I4444* 4)714% 417l 7*14 41% a)^ s) 4^1 

*714% a)4(periodic test)* 5.%S>3 %4.

4)71 *S41 4144% 7)7)4 41% a)4* %A)#* As)* 4%4% 4* 

4 **% °1* if£l 4441% [3^ 3.1.2014 44.

A 2 417) 7)7) 3*4 4*14 444 41% a)^ */

[ *4 %3|a 1

Testtimej, and T„ A jth unit is SB */
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F Step 1 ]

If Testtimeij < Ti}

r6 = 1 , Statusn = ' T

Goto Step 2

Else

Goto System Clock Min. Check Logic 

r Step 2 1

If jth SB unit is already failed (i.e. Status a — ' F) 

rs = 1 , Status a = 'R'

Testtime $ = 15+30 

Goto Step 3

Else A SB unit is not failed at testtime */

Generate Xij

If Xy < Testdurationtime a A SB unit is failed during test */

ra — l , Statusy = ' R'

Testtime a = 15+30 

Goto Step 3

Else A SB unit is nor failed during test */

Tjj *- Testtimejj + Testdurationtime 

Goto Step 4

r Step 3 1 A Repair for failed SB unit */

Generate y#

Ty <- Testtime a + y,>

Goto System Clock Min. Check Logic 

[ Step 4 1

Generate failure time during SB period 

Update System Clock
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Statusa = 'S'

Testtimeij *- Testtime a + Testimtervalij /* Update PMtime */ 

Goto System Clock Min. Check Logic

(3) -6.1 4444 4)7) 7)7)4 44 7l#
tf)7l 7]7l 211 HTl] 41# 4 71714 4)7l^y 7) 7)1:5. 14444 91

4. 44 44 4# -6.14 -§-4 1 #! 4)7)#4 7)7110) 41 <y 44-, 4 

1 14 4444 44 7)7)1 4444 44 4)71 7)7) 2#4 41-i- 4^ 

44 447M1 41# 7)^4 4A44. 4- 41-4144 44 4M2 %l! 4)71 
7)714 44 7l#2 414 14.
© 444#^(FCFS : First Come First Served)

14 7> 1445. 7)711- 4# -6.14 -§-s}2l 41

© It) 4#18 (LCFS : Last Come First Served)

7>4 414 147} 4S-4 7141 41 1.14 -§-414 41 4^

© 41 7>l 44 14^

41 -6.1 4444 44444 7>l o)^4 7>4 41 7)711 4444 4 

1 214 -S-4H 41 14 

® 4-§-4 441

71414 t()44 44 4444 1445 7)7)1 4444 41 -6-14 1 

4H 41 m

tfl7l H4 4)7)14 7141 4441 441 4i4#H 4444 44 

44 414 414 4# Jilll 4444 3.1.2114 #4.

/* i 44 47) 7)7) 2144 4)7)14 7)7)4 44 */

/* Standby Unit Selection Logic */

[ Step 1 ]

If SB Selection Rule is FCFS

4)71# 7)7)# 3)35 IS) 45.4 7)7)44

Else if SB Selection Rule is LCFS

- 89 -



tiM# 7]7l# 4^4 #4 #3.4 7171-9a?

Else if SB Selection Rule is Min Age First Rule 

tiM# 7] 7]# 43 7Y%- 7] 71-94
Else til 4# 7l?l# A>^-X> x]y§ ##4 44 7l7l^d4
Goto Step 2 

f Step 2 1

If Selected unit is already failed 

rs = 1 , Status a — 'R'

Goto Step 3

Else if there is no SB unit in SB module z

return 0 /* means that there in no SB unit in SB module i */

Else

return Selected SB unit ID 

[ Step 3 1

Generate y$

Update System Clock Time

Goto Step 1

(4) tiM# 3# ?rH4 4# 4)71 7]7} 3## 3# 4?]

4^-# 4 7l7l4^ #4 til7]#61 7l7M 3% 3.4 tiM^444 37^ 

34# 4#444 3435. ### 4= #4-. 6] #4 4 til7] 4-44x121 34- 

34»1 Warm 3# Hot?] #-4, til4# 3% 4#4 444 44 44-4 4 

44 #34 fe 4?101 l-7>#4-4, 544 431444 3% 44°l 7>#44 

c 4471- 44. 3# 3^4 Cold4 444^ til7]#4 344 #4944

#34 3## xi^4xi ##2] 41-5. 34-4 #W4.

4^til444M1# 34# 44444 3## til7|# 3# -n-^4 Cold?] 

444# 4-44 41-5. #444 44# 3# -MM Warm 34 Hot?] 44 

(#, til4#43 3#4 #44-4 44)44 34# 4#444 3# #1-4 0 

614-3 ###4.
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4M# 1^41 4# tfl7] 7}7} 2.1-si 4-9 4^-i; <y-jLB)^A5.

944-tI] ^949 4^-4 9:2-4 °)* MJES 4449 M 3.1.22]si- 9-
4.

A Z 44 4)7] 7]7l 2.1-2] JL^g- 49 49 */ 

f &7l 3:4 1

47i 7]7i 2.144 #1#9 7l7i4 2.^4 9-9

T Step 1 1

If SB Faulure Type is Warm or Hot 

Goto Step 2

Else A SB Failure Type is Cole */

Goto Step 3

f Step 2 1 /* Warm or Hot Standby Case */

From Standby Selection Logic

If 5th unit in SB module z is selected 

Goto Step 4

Else A there is no SB unit not failed in SB module i */

SBRi = 1 

Goto Step 6

[ Step 3 1 A Cold Standby Case */

From Standby Selection T-oeic

If s* unit in SB module z is selected

If there is no SB unit in SB module z A SB module Failure */ 

SBRi = 1 

Goto Step 6

Else

Generate Random Number ~ tXO, 1)

If Random Number < Switching Failure Probability
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Status is = ' O'

Goto Step 4 A Successfully Switched V

Else

75 = 1 , Statusa = 'R'

Goto Step 5 A Switching Failure Occurs */

T Step 4 1

Generate y,>

Generate

Update System Clock Time for unit z, s in SB module z 

Goto System Clock Min. Check Logic 

f Step 5 1

Generate y*

Update System Clock Time 

Goto Step 2

F Step 6 1

A SB Module i is Failed */

SBRi = 1

Generate Repair Time for failed units in SB Module z 

Goto System Clock Min. Check Logic

»>. 'St? <4*1

444 tfl7l 7l7l 5.5-011 ^-^#4 4
#4 ^Alsj-ojcf. 5^5 417] 7l7l 5_#414 4)71 7l7M ^ rfl^1 7]
7]a] 7l$, 4)7] 7l7Hl ^7H 4ti, 4| 7] 7l7l 5.5414 4^-

7l7Hl 41 #4 544^ <4*8- 44^1 417] 7]7l 5.54 W n

4 444 44 <8^-8: #4^-4.
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(1) 7)7)4 #4 7]7]$] 7)^oi 44^ 244 4# #t!
°1 #t!314# 4)71 #54)4 4)7] 7)7)4 #* *7}442, 4 ^*3) 4)4 

4 4)7) 7)7)4 tM 7)eir “FCFS", "LCFS" 2B)2 ’’Smallest Age first" if 
4# 4^# 4), 4)7) 7)7) 2# 4314 ^5- 2# 444 44* 445S14. 

#4# 3.1.23)4 S14-.

^^44 4*# 2-4 444 #5* Gamma(2,1), 4)7)# 24 444 4 

5# Exp(l.O), #4 444 #5* 0(0.3,0.5)# 4=4, #4 24# 0.7 

5. 44SS4-
[2^ 3.1.23]25*b) 4)7) 7)7)4 t4 #7}# 4)7) 7)7) 2# 4414 W

24 44# #7> 44# 4 # 44. $4: 4# 24 444 4444 55H# 

4, 4)7) 7)7)4 4M #4*3)4 “Smallest Age First" 444 44 ## 4 

4* -8-4# 4 * $14.

4*4 4444# 4)7) 7)7)4 44 7l#4- “Smallest Age First" #44# 
4##2, 4)7) 7)7)4 ** 27)15. 2^4 *, 444- **34$I4.

(2) #7)4 44^7)7> 44# 244 414 44

44# 4)7) 7)7)4 4)7)# 2# 4** 4444 444 #4425, 4)7) 

7)7)4 4)4# 24- 44:4 #57} 44 4#4 1, 1.5, 24 4# #54 4# 

41 4)4-4 4# 4# 44# 15 4W 4), 4# #44 4431 4-# 4)7) 7) 
7) 2# 4314 W 24 444 4## 4-4558:4-. 5# 4## 2#- 44b 

4 #5# Gamma{2,1), #4 444 #5# CbwdWO.S)# 4=4, #4 

24# 0.744. [2^ 3.1.24a]~[24 3.1.24c]# 4)7)# W 2#-44:4 1,
1.5, 24 4*, 4# #7)4 4431 4# 4)7] 7)7) 2# #314 4# 2# 4 

4:# 444)2 si4. [24 2.1.24d]# [2# 3.1.24a] ~ [2^ 3.1.24c]* 344 
#31 *431 44iS #4-44. 2^314 4H #7)7} #7}#3) 44 4)7) 7]7] 
5# 4314 ## 2* 44:# #7}#4?} 44 4#4# ^4# 54# 4 

# $14. 5# 4)7) 7)7) 2# #314 W 2# 44# 44)5 4# 4^ #
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4* 47]# 3# A]5-2] j§5 £ *44 5to)4, 47]# W a# A]5-0] #
7>(47]# 3**4 *3)#4 44 47] 7]7] 2.# #44 45 34 ##* 
445. #* A|^ *7)* *##* # 41 214.

(3) <44 3*/} 44* 3l44 4# #4
A]#44444 45#3 4* 44 5# *4* f7W^. 3# #4*

#7]a] 0.5. #*4* *a)°l3, 4# #4* 4^4 4*4 344 4444 

44 5## 4A]4444. 44 3*7} 44* 34* 445.7] 44 4 
44** (2)4 a]«#7]7> 44* 34* 4437] 44 444 *a>s>t|1 *
7]4 44 3*4 #7]2) #S}4 4* 47] 7]7] 21* 442] 3§* 34 A]4 
5] 4#* 44344. 44 3#a] 4a]~ #-*** 7]7]4 44-4 4A]2]3 
3, ** a]4 *34 2.4=* 4]7>X]5. 433 rfl7]#?1 7]7]4 4# A]4* 
#4 4.4 4* 44-4 4#4 44#44. 47]# 34 #42] *3* 454 

1.54 4**3, *e] a] *4 *3* GowdWO.5)# 434, #5] 34-c 0.5 
4 44-4 44-4 *4 a}# 4..

[34 3.1.25a] ~ [34 3.1.25c]* 4* #4-2] *37} 44

Gammak 1.5,1), Gamma(2,1), Gom>mz(2.5,l)4 44-, 44" 344 #7]4 
44-4 4# 47] 7]7] 3* *44 45 34 a]4* 4-4-43 $14. 3# 
[3^ 2.1.25d]* [3^ 3.1.25a] - [3^ 3.1.25c]* 34**4 *a]4 44.^ 
*444. 3^4a] 44" 3*4 *7]7} *7}Sh4 44 45 3* a]#* *7} 
#47} 4A] *3#* 44* 34* 4" * 314. 3# 4** 3* 4# *3 
4 44" 3*gM ##4 44 47] 7]7] 2* *44 45 3* a]** 44 
3#* 44" 3* *7]7} *3#* 4" * 314.
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p

Age (or# of Cumulative Shock)

3.1.2] g-# 5.^

1

P
•

•

1 i

♦ • •#

1 1 1 1 1
0 1 2 3 ..... # of Cumulative Shocks

M 3.1.3] -¥-#1 %A ¥3 5L^
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3.1.4] x]^M 4*3 #4 5.^

•1 4*3 #[3L^ 3.1.5} 2i7lJ7



Shock #49

U<P

k=k +1

T-ai APJ y #49 
T = ShockT + y

CCF as 0|| eg
“§si

nv.
Random Number Tlli!'

3.1.6] 3.^ W8 MS. (4*11)
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M 3.1.7] ^ jL#51(tfl7l7l 7]
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3.1.12] 2.^ D SL^r tgsM 4#
 

4^14 ^4

Mean Time to Failure
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[ZL^ 3.1.13] 5.^ E2] 3.^ bS] ^#41 
A

l^ls] ##



Repair Effect I Mean Time to Failure 
■Ratio of Failure by CCF

3.1.15] ^5] Ms] ^#4 4# B£] 3-§-

30

g3 2 5

OL»
o

2 0
15

..I

0.1 0.4 0.7 1
i^BMeaii Time to Fai lure

—•—Ratio of Failure by CCF

[n<g 3.1.16] ^3] &3M ^#4 4# 5.^ D2] %
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If Min T, = T,

If R = 0

Generate yk

Set rk = 1 
and

Conpute R

SortT:

Generate fusing t,

Gererate xl

Sort T(

Ti = ti = ri = O

Generate R

[rLl 3.1.17] 7] 7ltr3.nl- o] A>g ^ ^S]
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Calculate R 
If R = 0

Generate y,

Calculate R

Setr. = 1

T,= Min Mini,

and
Conpute SBR

Generate ymi for all failed part

Generate ym- for all foiled part

Generate x^for switched part

3.1.18] tfl7] 7)7} Mi-



- SOI -

&-8* FHolte-i- ly lb kg' to&k lb U k klfa [0ZT£

Ht-St g'blta^k H^in lb kg' -fklb [6TTS

Sv SIy yS flllo

«----------ON-------

Ste <■ S* klD 
& jBIk) <" #a Ste

Iftffi (6umo«Ms)Si3:
Tsax



SmaBest / ge First A^X] X| i

c|7| 7|7| S§ 28

No m 9X1 7®5tS7i§0|9S ««ffl &MS
SB unit tiS SB unit £)®J m SBurityei SB unit 41*1

SB (Switching)

[n^ 3.1.21] 47] 7]7] -ytij 7]§6)1 a).# Alti|o1^ Hj-iy

33(S„niching)

471*3 28 *3 ->8®->*ai

No

Sg (Switching)

[Warm / Hot Standby Case] [Cold Standby Case]

[3% 3.1.22] 47]# 31# f-^4] 4# o]>2 *8-^
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M TTF (N o PM & No Test)

SmafestAge Fist

Number o f SB Units

3.1.23] rfl7] 7]7]^S] cfl7l 7] 7] 4#
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0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5 2.75 hf
^ 3 71

[n^ 3.1.24a] #7] a] ^#4 nr|~g- 3.^- A]y-

- 7]7]a] tfly]# MTTF = 1.0 -

l-out-of-3:G SB System

0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5 2.75 M
-*] ^ fr

[3^ 3.1.24b] 7] #7] a] ^#4] 4# 3^

- 7]7]a] 47]# MTTF = 1.5 -
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lzoutzof-3

0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5 2.75 nf
4^ ^7]

[Hfj 3.1.24c] 5*7] 2] ^#4] 4# 3.^- A]^>

- 7]7]2] 417]# MTTF = 2.0 -

[ZLig 3.1.24d] A]-y ^7] 2] ^#4] 4# 2^ A]^> 

- 7] 7]2] 417]# MTTF = 1.0, 1.5, 2.0 -
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[nU 3.1.25a] 4^ 3.^ ^7] a] Jgf Ji^ 4^1

- 7] 7] a] 3)-^§- A]y- J#-3E : Gamma(1.5,l) -

0.5 1 1.5 2 2.5 3 3.5 nf
^7]

M 3.1.25b] 4^ ^7]a] ^#4 4# ji^j- a]^
- 7] 7] a] a}-§- a]^> ^5. : Gamma(2.0,l) -
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l-out-of~3:G SB System

0.5 1 1.5 2 2.5 3 3.5 nf
^7]

M 3.1.25c] W ^7]a] ^#4] 4# 2.^- A]^i

- 7] 7] 2] 2}--§- A]y- ^-5. : Gamma(2.5,l) -

M 3.1.25d] ^7]2] ^#4] ^ jgg- 2.^- a]£

- 7] 7] 2] 2]-^ a]^> $5. : Gamma(1.5,l), Gamma(2.0,l), Gamma(2.5,l) -
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7H4445 4 7)4 23"2D3 414 #5# #4 #4 414 23-431 
3354 #434 33. 44 415 237}!32 43527} 4«345 53 

4 4447} 444 4#4 2313! 44471 4444 4523! 444 
2D 332 2 221 2335 344 44444 44. 4, 444444 #4 
4123351 4444 41234 143 444 4444 44 4 444 

444 457} 45 444. 4 34735 41234 2D 34 44 7324 4 
4* #452 447}44 41 #4 232D254 7}# 444 425 4444 
442D32 2D! 444 24444 44 4442# 44. 4 44 444 
7}4 247}5tb 7)11-4 2# 2D 4 444 54 #54 4#4 #n 341 
4. 5 44 4447-14 4 4444 414 232D25 444 442D32 
244 7)141 4442 4 444 4 44 44445 44 444445 2D 
47-14 244 2445124 544-1-121- 1245 441 4444. 45 
44 43445 44517} 4445 4147} 4441-121 1242 44 
44 334715 5 4344 2445 2412# 4434. 413 2412
4 53254 43 231 4#4 234#54 4352 44425 414 
235 244 4325 2333 4 23 2334 44 5334.

1. 15} 7}^4 41 #-4 2.73-5. D

347}53 414 23-4 44715 23434 35 134 43 433 2
34 4344 44. 247}53 414 235 43# 3-47} 33325 33
35 7>34 ##44 414 4# 2D! 25 243 334 324 433 
4. #1 2D1 43 2D! 313 337}4 144 44 Ascher3 Feingold
5 [2D 3.2.133 3! 443 *1! 44434. 2, 244 23-4414 44 

24 3 3 (trend test)3 3%I3 3 3 (independence test)! 7l D 44 2 334 

44 23-44-4 24)7} #23 433 2D, 273)5 #2 2343# 7}44

41 2 ^ 5.*i
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#34o] 2444 #2* #*4 24, 4# 4 4*7} 44^ 44 2^# 4 

**4* 444. °H 444 244 44 244* NHPP4- RP4 * 

2 4444 &2 #44 2422* #444 4X44 244 $H #*4 4 

44 44 444 244 • 4-B-44 ^4.

244, 4444 2445. #44 444# 4 444 44 RP4 NHPP44 

24444. 4# 4# 24#4 24 444 444- 441 #4# 44* 7>4 

444 2#4 #44 #44 *7}*# 4*7} *7] 4*44. 4# RP* 44 

4 244 44(interfailure time, 44 IFT)4 IID 4# 44(independently and 

identically distributed random variable) 4 22 4# #4 (maximum likelihood 

estimation), 4# 91 *24 #4(least square error estimation), 4* 44 

(meted of moment) *# #4 2#4 *44 7}**4. NHPP2 244*414 

2* #4* Cox4 Lewis9]4 444 4# *4** 4422 Boswell, 

Hossian4 Dahiya, Atwood #4 4*44 4*4 44.

*47}** 4#4 2444* NHPP2 2*44* 4* 2* 4*4 4#4 

4-4* 24 444 444 *4442 444* 4* 44*4. NHPP4 42 

*** 244 441 #44*7}4 44* 44 #*4. 44* 24444# 2 

*7} 44 4#* 4444* ?1*4* 4# 44 *4. #, 24# *4* 4* 

4 4 #4 447} 24 444 444 #444. 444, NHPP*

bad-as-old(BAO) 2^44 *27]2 44, 44 44 2* 4*4 42 **7}

2* 444 42 **4 444* 2## 42*4(minimal repair)42 ##

4. **, RP* 2* 4*4 447} 4*4 4914 444* 422 24**2 

2 good-as-new(GAN) 2^442 *#4 444, NHPP4 RP* 2* *4 

4414 4* 4*4 7}444 * * 44. RP* 2*4 &47} *4414 2* 

*491# 4*4 #4*711 2* 422 *4 24424 91914* 4**4 # 

* 4*7} #4. *912 NHPP* 2*7} 91 #4 491* 4* ?H4*4 *** 

422 7}4*h2 *4 449144 91 #4 491* 444 244 2*91* 4 

4 4**4 #2 *4 91 #7} 4#* 44* * *44 444 #^*7}9l* 

4*44. 444, NHPP* 4# 44*0.2 91 #4 4917} *44* 4*91 4 

**4 * * *4. 444 ** *o)9l4 7}4 *4 ^}*4* 244
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(homogeneous Poisson process, HPP)* [5.# 3.2.21419 5* 44 #4 NHPP 

4 RP4 5##4| 31#955 #### 3l*5D* NHPP4 RP5 49945 

9 4 *4.

4** 54=&44 59941 4# *944] 44 *45*. 54=Jl94| 44 5 

99* 4** 4 #4] 4] 42.^(preventive maintenance)# 4S<§9* 9*41 4 

44 4 #4 #4. Bassin# 5* 4142.4= 49:4 5*45.41 444 5.4= #*

* #4441 49 44, 4142.4=4 4#4 44* 4#4 #*(GAN) *4)5 

31449431 7H494. 544, Ascher# Feingold* #41 5#7}541 44 

log-linear 44# 9*94 494 #4, 4142.4=7)- 54441 £ ##431 4#

* #44-31 *** 9*4*4. * ##4 *#** 41 #2.4= 444 #9414

#94* 31## NHPP5. 599 #4# #94 4* 4=9 * 9*4 *£fl7} 

31# 444 #44 **9* 4444 #415. 4=44 41 #2.4=* 9s# 4 4 

9 * #441 4# &44 ##413] 4=4* 41 #2.4=41 441 #44 ?%#
#57} 444 95.5 9*4* 94 4-445.5 449 7}** 4-#44 # 4= 

#4.

Bassin# *#a} Ascher#- Feingold# *#* 4=4 #4 #Efl41 49 7}#* 
**44 41 #54= #4 #441 4414* *9# *#* 444. Bassin# #* 

41 #54= #2) *rfl7} 4*4- **(GAN)9 95.5 7}# 44 Ascher#- 

Feingold* 4] #54= 494 **(BAO)9 9#5 7}#94. #, Ascher4 

Feingold* 4] #54=7} 41 #4 *Efl4] 4*4 #9* #4 ** 955 7}# 4 

944. 544, 41 #54=7} 4*4# *, 31## ##|* tfl# 41*41 44- 5 
4=94* 41 #54=4 Jl441 44- #4#55 5* 5**541 GAN94 BAG 

7}## 4* 9* *444. 41#54= *4 #$H# GAN44 BAG 44 #Efl5 
**4* *#419* 41 #54= *4 #47} **#(imperfect)55 7fl#

(improve)4* 955 7}# 94. 4, 41 #54=4] 49 7fl# *4 #4* 9## 

55 GAN44 BAG4 *## 44* 9* 955 #4. 4**4 449 59 

419 31*41 49 54=* 454=4, # NHPP5 599#5 41 #54=7} 41*4 

##1* 7H*s}* 955 9*44 4*9 #455 5*94*4. 4# *#41

* ?H* M* 4#41 5*9 9*7}41 44- 9*9 54=s4 59, 5**5
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4* 5% ■gri 44 5% 43.5 "g# 2-4 #4 84.

2. til 3)1 5.^

«131 *445 (PAR) 5^1* -2ME 4* 27|4 445, 5*7} 4* 44* 

8^4 till-5- 4*44* 54* 4c 5)2-5 3^44# 5)44- 4* u]#* 

44435 ?H4 4improvement factor)4- #4*31 # 4*314# 4# p 

5 4-4445- #4. p4 M* [0, 114 44. ^44 54444 54444 

(interfailure time, IFT)# 44 T*4 %*5 44445 44. PAR 5^* k 

4# 544 44 44 4# 444 p**4# 4444 5)2.5 3^4 44. 4

45* 444 544 44 4#4 444 444c 45# #444-5 54 4 

44-2.5 p* 434 7114 454 44 455 441 * 8* 5)44.

4(f)* #44 54-4 ## 44 54454 45 (0, #]*4 4#* 4€4 

4 h(/)44 544 444845 44. PAR 51M14 t 444 5445 

A(#)* 4*4- 44.

A(t) = A0 (t-pt^)) (3.2.1)

1, Aq(#) = lim Pr[M#,#+ J#)^ 1 1 N{t) = Q]ldt

NHPP4- RP* 54457V 44 A(f) = A0(f), A(f) = A0(f-f„o»)3. 5445

5 NHPP4 RP* PAR 5^4 4444 44 p = 0, p= 14 4*41 4144 

4. 444, PAR 34* NHPP4 RP4 11:44 # * $14. M 3.2.3]* 

NHPP, RP, PAR 5^44 54454 44* 44-44.

Malik* *8 4* 5^ 4414 5445* 44 ** 445 #444 44 

5* 84 (schedule) *4* 8*484. 4, 54454 4* 444 #4# 4 

*4455 5* 44* 44484. Lie4 Chun* 5*7} *44 4* *4*
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7}#### 7>4 #4) 5# #-§-# 7%^# 5# #4 547j-J£# #-g- 4#41 £

44 4444 5## dflig- DM1# 4-8-1- #h, 44 4#» 4^4# #2Si

#& 7M#4#. Jayabalan# Chaudhuri# 44#44# 5_^ #44 44 7] 

^•(planning period) °1 ### 4 43" # 4 #( average total cost)-S' ^5### 

444 5## ##*444# 455)#i- 7fl 1-4-4#. 4## 44^* #7] 

44 #4 (branching) #-54#l 4-8-44## 5&4# #7}4#7l 44 44 

5 H (node)# ## 4##4 if4(dominance rule)^- #-§-$#.

4# Wr 5# 44 5# 444 444 #4# 4As. 3.4-4A4 #44

# 444 -S44ir 4-4 %##. 5e)#, 4 44W 44-44 444# 44

5 s## 5## 44=4 #54 44## 7fl4 <y# p# ^44 4444# 

#4. 4 #44 4)44 Malik# 4#7>4 ### 4-4# 44445, Lie# 

Chun# A# 4-8-4 44- 44 4-8-4 4#5-4-4 #7}4A5 44# 4# 4 

444#. Lie# Chun4 4 #4 7%4 ### 5# 4#4 44 44 4#4 # 

4SHr# 5## ##7} h#3l 7}4#4, ##» # 4-8-# 4#4 4#

1Hr5 &## # ##3i 44#. Tie)#, 44 # 4## 4444 4#4* #4 

4# 7>4#. 4#7>4 #44 ### 5 4#44- 4444 4# ##4 47) 

€ 4 444 4#4 4^#. A# 4## 4## #4-4 #4# 5A# 4## 

4## #4#7) 44# 4# 4#4 #7}###. ##4, 3i471-54 #7)4 4 

#44 5#5## 47> 7) 40) _s.#j£4-:n. ^tj-.

3. #4-44:#

PAR 5444# 54444 ##7f 44 ## #44# 7>4 ## 5444 

4 tn{i) 4 44 ##44#. ##4, *44 IFT X*# #5# 4-i 4 44 

54# #55 #4)4 # Si#. 44# 5444 tlyt2,-,t„^r 5# 44. n 7fl

# IFT4 44 #1-4# X1,X2,-,Xn# 5444 44#

X* = Tk-Tk-2 # 4# 444 tfl-g- 447} 45 #3.4 4( Jacobian) 4 14#
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3 4*2} 5=44 4#43# #3## 44 Xk°\ 5=44 4143* ^£5} 

* 44 4^# ^o]* 71-44. 7*2} sWE^r 4-i4 T^2}

344-3 /(*(f) 4 444 #4 ^a}^4.

Ak(t) — lim Pr[Mt^+^)^l I N(t) = k]/ At (3.2.2)zft-0

35} 3, 3x71 3443 20(*) 4 M Ak{t) = hit-pt^ 2} %

7117}- 4^ 4:4. F*(0# *44 31471451 3x44 444 44

F*U)# 444 44 4 a} 44.

Fk(x) = Pr[^f*^x| Tk-i~ tk-\\ (3.2.3)

3B}3 , PAR 3^2} *44} a}# F*(#)4 4#a} 44a}- #oi y$0(/)5. 5.

44# 4 4 44.

42} 3.2.1 PAR 344M} %*4 3:4443# 444 44.

Fk(x) = exp[-Akix)}

4, A>(x) = JQ A0(s+(1- p)tk-i)ds

(3.2.4)

(4^) 344 41-432} 4 a}o)i x^xgj) ri-^-4- 4=B-* <§- 4 &4.

F*(x+/7f)

= Pr[M^-i4i-i+x+Ac) = 0l r*_i = /*-!]
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= Pr [M tk-1,f*_ i ■+ x) = 0, N( tk-1 ■-+- *, tk-1 + x+ Ax) = 01 Tk- x = tk- x] 

4^4 3)3)) 4) 4^ 4#-4 MW.

F*(%+ At)

— Pr[N(tk-i ,tk-1+x) = Q\Tk-1 = tk-i]

• Pr[M^-i + x, tk-i+x+Ax) = §\ Tk-X=tk-i]

= Fk(x) • [ 1 - /)0 (*+ (1 - p)tk-i)Ax+ o(Ax)]

41 ^ ^§B)5>37 Jf* 06-5. 54)^ W-ir 4" W.

"~F Fk(x)= —/)0(*+(l — p)tk-i) Fk{x)

F>(x) = exp[- f A0(s+(l-p)^-i)<&] ■
t/0

W2, (3.2.4)*- <4-g-£K9 9) Jl^-A)y.6) *-5 #4" Fi(f)

4-oMc 4w4 W)7> ^t)I *§■ 4s 814.

1^2) 3.2.1 PAR 5^414 5W ##*-5 F*(f)4 Fi(f) 4&

4 % W)7> W.

F*0>= ~Fi(t~ptk-i)I Fi((l-p)f*_i) (3.2.5)

(M) (3.2.5) 43) -B-5 4*-4 w.



Fk(t) = exp|- J Ak{s)ds

exp|- J Ax(s-ptk-i)ds

nt-ph-l
6X1,1 -

[/> t~ pf*-l /.U-WM-1

- Ai(s)<&+ /ti(s)<&
(1

exphi"* «<>*

[
p -I

- Ax(s)ds I

= [ ^((l-p)^-!)]-1 • Fx(t-ptk-x)

4 (3.2.5)4 Fk(t)7} Fx(t)m 4444S 44 4444 44#

(normalized)# ^44 # 4= 534. 4 (3.2.2)41 44 22-4 t>tk-x4l 44 

F*-i(0^ Fk(t)<£ m}7\ 3AA 444 IFTt-4 244 Wf-41 44 4^ 

4411- 7H4) g4

4. JL4-4^4 IWIH

444 444 7>4 4 534 44 # 4^ ## 444 534. 4^ #4 44 
44 45. 444 3^ 44: ¥4- 444 u%4 45. 4^44-fe 444.

4, t,<tm<tn 44 # 4 MO7} 4^ 44 444: 7M4 M*,,U# 

M^.Ua 45. 4444. 44# 44& 4&44 ?44 444

NHPP44. PAR 5.44 4 IFT4 244^7} o]^sl 2.44441 444 44
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22 ## % #4# 44 &#4. 9, N(th U = 0 9 4 N(tm, tn) 2] #2 

4 MO,U = l # 41 Mo, 0) 2) #2^ #447)] 4# (ti,tj 44

24<*] 2470>27> ^S\-t}JL 444 (tm,t„] ##4 J77j7j-£7> 4#

# 1>7] 45-44. 44- ## #4 415-0)] PAR 2444# JL^-A)5*s)

94# 44 44444. 244, PAR 21M14# 4 37.4440] 4 

44 a-444414 #4442 244S.4 #94 24444 ^423. 44 

4 4-4& 4-§-44 5-2 44# #242# 44. 44 MO# (0,t] 5-44 
4# 4 444 42 4#4 44 245- =-4 #5- 44# 4444-.

44 3.2.1 : 245- 9# #9 44

944 44 {MO. f^0)4 #444 %# (nonoverlapping) 9##9

(O.Ol, ($i,s2] 4 444 4#4 4# 44# 7>4 41 245- ## #5- 

(conditional independent increment) 44# 4#42 4444.

{M4X2)IMfi)}-L {M&i.%)IMsi)}

245- ## #5- 44# 244 #44 44444 24 444# 49#4 

# 4# 4 4#4. 2, 9# #5 44# 4# 944 44 4## 245- ## 

#5- #4# ## 944 44 4 #4 5-5- 4 #4 4. PAR 24# 245- 9# 

#5- #4# 7>4# #711 4 9 #4. 245- 9# #5- #4# 4#44 24- 

4# 4.0.-.0 4 4# 4# #2 AO.O.-.U# #2# 9 5£#4 2 # 

4# 4 4 3.2.24 44.

44 3.2.2 : PAR 244 4# 4#5-2 

4#4 244# (0, 0. -.0)4 27] 244-2 #97> A0(O42 ?H4 4 

7>7> p 4 PAR 24# 422 245- 9# #5- #4# 7>x]4 24# 4#
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f-^TTT 444 44.

*2, ,f») = jQ^^o(4-P4-i)' expj- £ 4(s-p4-i)(&| (3.2.6)

(#^) 4# ## 424 ^43.4-4 4-S-ir # 4 ^4.

Ah,-,tn) = limAtk-*V
Pr[tk<ZTki{tk + Atk), \<k<n]

adtk

= limdt/T*0
Pr[iV(4-i + Atk-1,tk) = Q,N{tk, tk+ Atk) = \,l<.k<. w]

AAtb

4, At0 = 0

4 44- ^44 #4 #44 44 444 #4 4#4 425. 5.
444.

Ah, t2, ••*,/„)

Pr [ M 4-1 + ^fr-i, Q = 0|H( tk-1 + Atj-1)] Pr [M tk, tk+ Atk) = l|ff( fj]
Atk

Pr[Mk, h+AQ = HMf/fe)]
Ah Pr[M^-i + ^4-i, W = DIM h-1 + Atk-!>]

PAR 2.4444 444 2.4 4444 44425

H{tk) == H(th-i + Atn-i) = /f*-i

7} 44(4, H(t0)^ ^44). 3:4-9- ^4 #4 444 44

lim Pr[M^-i + ^^-i4*) = 0|/f*-i] = exp(- f /i*(s)<&)o l >**-i j
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4* 34! 3 4" 33 4* 4*4 34 3434.

C24334 ^34 4# 3£* 4*3 *3) ^34 2*4 # T*4 *to 

434 234#, *4 ^-134 2*43 4-1^1 444 *^344. r*4 

43 a.3434 43 ^3* 4#*&* F*(0, 2.42 4# 34"*

A( 4 4 #4. 4,

F*(/) = Pr[Mt*-i4)^il#*-i]

= Pr[A/(#*-i, O^U T/g-i = tk~\]

/t(f) = ^F*(f)

42 F*(04 /*U)» A0(^)s. 5443 4*4 34.

Fk(t)= 1 — exp(— [ 4(s-p4-iW

/*(0 = h(t-Ph-i) * expj— £ 4(s-P4-i)<&|

44 434 £-13 2L3334 43 &3* 4* 33E42.5. 4*

4 34 54 4t# 44.

fi(t) = At\Hk-\)

At1, f2. -,f*ltf*-i) = X4ltf*-i)4H~sL 4443 33 4# 3& 34"3 

4*4 3** 3 4" 34.

At 1, t2, t„) = A4, #2, — ,f»-i) • At„\ Hn-i)
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44 ** 4** *#4* 4*4 #4 4# *27} 4 2.4444 2

** 4# 424 54 44.

A^i, fg. — ,t„) = X^i, h, —,t„-1) • A^„l /f„-i)

= A4, 4, —J„-z) • At„-i\H„-2) ‘ At„\H„-x)

= At1\HQ)-At2\H1)-Atn\Hn-1) =

5. 9X$r 41#^) PAR S.H

;44 41*24= *** r,-4 #2 (ry_lf r,]* ;44 24= 4444 *4 

44. 24=4 &4 #444 * 41 4=4# 4424=41 4# 41 #4 44* 44 

4# *27} 44=44. 444, 41424=7} 4# 41*44# 2*41 44 44 

4=4* 42 4=42 7}*42 41*24=7} 2**2* *2445 422 2*4 

44. 444 24= #441414# 2* 7114=4 *444 2**27} **44 4 

2 44 41 *24=44 2**2* 4444# 244 44. 2422, 41* 24= 

7} 4# 4*4 2**2* 4*4 #4 244 4*4 *4* 4#4.

A(i) — Xg(f p tj-i) , Tj-i < f < r,- (3.2.7)

[24 3.2.4]# PAR 2* &M14 4*24= 4*4 2**2 #4* 4444. 

44 4* 2**2 *4= 444 4=44 41*24= *4 *4 ** 31* 2*2 

** 4*4 *4 *41 4= 44.

© *31 2**2 A(d# 41* 24=41 441 ## *44# #**41 444 # 

* 2**2 X£f)2 *444. *, ** & = (r*_!, rj4l 4# /!(#) = W

44. (*, r*_!< f r^z*, k= 1,2,3, ••• )
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(2) 94 3*49 Ak(t)^ (*-l)#4 4*9* 4*4 a

««= jig,
Pr[(f, f+24]°)1 3*-|r^J 

dt Tk-\<t

© 444 44 4** 14*3 3449* *7>44. 4,

^*(4)<4(^), fi< f%, *=1,2,—

@ 449** 3449# 4*444. 4,

A(f) >^(0 >4(f) >

© 449*4 4# 9-4 3449* 4*4 49 #444.

Ak+1(t) = Ak(t—p‘dr^, *=1,2,3,—, drk=tk-Tk-i

© *9 41414 2-441 tflfb *9* "94(minimal repair)9 7}4#

4. 444, 244 "94 4*4 349941s- ##7} 9* 935. *4.

r 7114 9*94 44 449 244 4#4 4# 41-4-91- 9494. 4 41 

99*71 49-44 44& 44 rx, r2,-,r,44 42 444 94 /

(*=1,2,3,-,r) 414 3.4444 4# 4**9* 4494. 44 /*9 n> 

44 244 444944 9-4 ;'414 3444#4 44 41 49* // •) 

4 4 41 14 4* 19* 4*4- 44.

//tl,t2, — ,t„) = Pr[AT, = 72;] • /,-(*i, f2, —,4IM = «;) (3^.8)

4 444 AT,* 9*94 /4 444 34 7)1*1- 444* 4* #*44. 

* #944* 449* 94 4444 *4* 4* *49 7*8439 444 
94 4444 34 41* NHPP7> 44. NHPP4 *44 44 34 7)1*4 
*9* 4*4 4** #4 9 * 94.

- 124 -



Pr[-/V, = «;■] • exp[-Jkf(r>)] (3.2.9)
[M( r,)3”;

Kjl

M( Tj) = f Ak(s)ds

v^x] ej-y 2.^1 N}= »,<%

W. S5-T- ## ^xr #4.

A^i,^2,-",^|jV"=») = lim
Pr[^ Tk< tk+ A tk, k= 1, ", n\N= n\

aAt,

= lim Pr[ JV= n,N(ti) — 0,M*i, #i+ A tx) = 1, M*i + ^#i, *2) = 04tjrH)

, — ,N(tn,t„+ Atn) = l,N(tn+ At„, ry) = 0]

4 tk • Pr[/V= «]

4 4^ ry# /„+i5. #4.

A<i,—,^|jV=«)

Pr[M tx) = 0,M tk, tk+ A tj) = 1 ,N{ tk+ A tk, ti+1) = 0, k= 1,2, —, n\
= lim

A tk • Pr[iV= »]
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Jt[^Atk‘ Pr[jV= n]

Pr[Mh) = 0] Pr[M tk, tk+ At£ = l]Pr[JV( tk+ A tk, tk+ x) = 0]
limAtg-*0

= lim -
Atg-*0

n\ [MUX)]C

P^Atk [ M r,)] ”exp[ - M(rj)] 0!

[M(tk+ AQ-M{tk)f

exp[ —M#i)l

A 1!

[Af(^+1) —Af(4+
0!

n\ exp[ — Mr,)]
[ Af( r,)] ”exp[ - Mr,)]

A*'*
A

exp[ — {M tt+ A t^) — M( £*)}]

exp[-{M(tk+1) — M(tk+ AtJ}] 

[M tk+ A t^) — M( t^)]
Atk

[Mr,)]’

4 44 314 £-3Eofl Slafl =f-^Y js\ 314444 tflfb 42:44- 4#

4# 4&4 4## # 4" $14.

A«‘<)
/,Ui, 4. ". U=---------4a------------ (3.2.10)

exp[— I Ak(s)ds]

4 ?44 31444141 4# ## 41-t57> -fr£45io.E.5. 44 

3144441 t|i% 4# 44 17}. NHPP4 B-Ajbfl sisfl z} f44

3144441 rflfl ## 4-3E^r A}5. s.^oIje.5. yyM 444 31^A]

4-4# 4# ## 4^4 4w4 44.
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(3.2.11)
exp[- I /liCs-pry-i)^]

J r;-i

6. PAR 2.1! 4*i: 2-4**

*3} 4 *44 4 244451 2441 X}-g-5q* 12* nfl-f c}4%c}.

44 -gri# »PS *2* ol^-^H 24* 2441 4^41 jt.44 S-Aj^j o] 

n 1444) 44. 24 12 g^2l 7l#0_& 7>4 %S} 7^44x1* 4* 1 

*Pd 4*44 411 44 24x}&4 41 ^414*414* 4*4*
4°14. * 4*4x1* 24x]4si xi^ . 441 . y-n].. 12

#4 L))7>xl 12* 23)444. 4 *24 44 41-424 *2%^** 14

42 44 22X141 x} 4444222 4 22xl4)xH 4#%4.

7. *3. 2^4 2^244 f ^

SRS44 MH-s) 2^-x}s2g-4 242% 5} 24"* 2^4* 44* *44

2 2444. # 4# 4;11* 24 *24 2*» *34* 442 3= wi4* 

2* 244 2*4 p* *44* 444. 44 24*24 2* *44 44 

1>o}2x}. 12 s) 2** 2si 2444# 4#4 312 2444422 *4* 

4x1444. x}^*2* 422* 444* 4422 244 *40] 4^44.

44x1 Ail *2* 2* 44244 42244 *7}x] 24* 7}44. 44A1, l 

x}4 444x1 44% *xf ^44* 4*44 4424* 444-2 44 41 

01-8-44 42241- 4414.

SI *21 44 *2# 441 444* 444* 4* 14444 44% 4 

*14*7114* 4*%42 #a*Sl o] *>g4=8l Mil* 4#xi^ 424 44- 

244 1244. 44-xp 24x}27} 4444 44 CFR 44* W 44*2 

4 4-8- 7}*4* 1442 44*2sl 4*4 *4444 *x}4# 4*414 

4 *24-4x15} 44241 4444. 444 44241 *4 4 *24 nfl%
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=l &o] 7\^ e #5* 44 5-55 #qm) 4

44 5-57> ##44 41 #4 9 ^4 4f 3.^-ai^x] 5444 5-t=Jl4

* 9# #4. 31#£-54 S.^7> 9# 4 94 9-5#9c p 4444 #97> 5] 

94 9-5#4=4 P&4 7M^ 447} [0, 11455 10~4 4=944 p&i: 4

# 4444 -f£7> 44449 p 4 5tir #94.

8. 4-^41 rfltb 4-S- ^ JEf

g- yw 4 #55 49 4 #9 4# 444 #7}#41 44 4444 4-1-4 

4 444. 44 #9 4 5-9 3L##E7]- a]^>6|) 44 #7149 ^4* 7}

AM) 44. 4- 444c 411-4 314 afAS. 9^44 4# 9 491: 4 PAR 

st94 5.4= 9^44 444 #455# 44. 44 #9 499 5# 4-44 s. 

4=4 54=5.45 14 oil 94# 4= 441 44 #444 71144 4#43i 9^4 

4 SI A]^>oi 9549 9449 7>44. 1 49449 5##5 44=4 5. 

4=4 5-15.5. power-law 444 log-linear 4#=- 314 459 4. power-law 4 

#4 log-linear 444 5##5 #99 44 (3.2.12), (3.2.13)4 44.

4(0 = -^ (^)“ \ t>0 (3.2.12)

20( t) = a • exp {^g J > 40 (3.2.13)

4.

M 4 #944 31B) #9 459 <g#7} 444c 49# 445.5 4-55 

4(d 7> #7j- #44 44* 4c 455 #4 #4. 444, power-law 4# 4

#9- ff>l, £>0 44 log-linear 444 49- a>0, £>0 #9-49: 54#4. 

power-law 4# 4 Aq( #)9 Weibull rl4 5##4 #9- 4 9-5 power-law
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4<§3 Weibull 4-^ 44 #4. Hi log-linear 443 44(extreme) 4

444 1-B)7l£ %4. power-law 443 S34 44# #443 or 4 $41 

44 convex, concaved 4XH1- J2-3 7>4 3 Si4. 4, <2^2 44 convex, 

^1 44 concaved 4M# 7>44. 44, log-linear 443 534 44 4X1 

SI4 convex 4X1* 7>43X1 2:7] a44-a7} 4=4 43 43 434 334 

4 power-law 444 44 f 7] a^4-5.4 -g-^4 344 444 4444. 

[n4 3.2.514 3 a 44a 4444 a 4 4# a44a4 44# 4444.

44 3.2.24- ¥ a44-£ 4t4 44-44 44444 3a #4# 44- 4 

44. w7flsl 34# XI 3& 34 44 «,■ 7H4 a4444- 444

a # 4 4 (3.2.14)4 4 (3.2.15)3 44 power-law, log-linear 444144 3 

£ 44# 44h54.

£(a,0,p)= Mlogff-MfflogyS+ (or-1) 2 2 log(f pr,-,*-i)- 2 ^ Aitk
t— 1 jC=1 1=1

where A,-.* = ( )*-( 4*-iy4#-i j" (3.2.14)

&(a,0,p)= «logti-+-^ 21^(^,>-^,>-i)-tir/S2i ^ Bu

where B,.* = exp^ tl,k (̂ '-k~x j — exp( t,'k~—j (3.2.15)

4 (3.2.14)4 (3.2.15)3 p.a.tfXl 4% 444 44444. 444, 5-4= 

p,»,£4 4-9- 344# 343 43 4X14 44*1 XM4 3-44 44. 44 

43 3X14 XI 4*^3 44^ 344 4a4#4 4444 43X1 3 434 

43 quasi-Newton 443 3X1 43 344# 34S24. 43 343.44 * 

XI4 713:# 1144# 434 #4.
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aW ## M

min £.(6)

subject to 6 e S C i?3

5 (p, or, /?)

(9 {(p, ff, y9) | O^P^l, ff> 1, /S> 0 } : power-law 4-^g

{(p, a, yS) | O^P^l, ar> 0, j8> 0 } : log-linear 44

Z(0) 44" 4-5L #4"

0(e 44 4^44, £= 0, 1, 2,-

g{k) 44 ^444 4% 'M 44

#( )

Hk k *514 44 4444 4# 4 44 4K inverse Hessian) 4#

dk #4 W

ak

Sk

Vk

£

4# ^4

Q(k+l) _ ^(*)

4"%! %4I

44 4-44 44 quasi-Newton ^4 44 44- 44ir 4^ 44^r 44-

4 #4.

PAiZ _E# _E4" W f>-5g/#

&7l# 2.714 #4
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y-Tti i

em, ea), hu k = 1

4^5 #4

I 0U) - 8ik~l) I < £ °1# M

431 2 #4 ## dk 44

431 3 °14 #°1 a* 314

max £.( 0(k) + akdk)

subject to 0^ + akdk e Q C R3, ak> 0 

^ 4 444 44

0(*+1) - 0(k) + akdk

Conjugate-gradient 4^°)1 4# 4 414 4 4 44 (update)

Hjg+i — Hk-
(sk-Hkyk)sTk + sk{sk-Hkyk)

TykSk
(sk-Hkyyyk T

S£k

k*— k+1 

#3i is.

n#31, 4 (3.2.14), (3.2.15)4- 34 ,o,ff,y34 44 #4 tfl4 44 4314 

(sufficient statistic)0! $Sb4b 4 s' 4 4 $14. 444, 44 43.

44431 4# 344 4^94 #44# 444 44-4 7>b4°l $14. zt^cll, 

444 3344 b 47j-4 $1 34 pA 45 #44 4344 331 47M144 

b #b 44 34 44.

3344 3.2.2
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4#-4 x.(a,li,p) <%*i a,yS7> 7lx]o]j7 a>2 4#, 44= 4-E #44

P°l] tflsfl concave #4=44.

£
jl A a ”4±D

(a,fi,p) = nloga-nalogf}+(a-l) A 2 log(fpf^-i)- 2, A A2;»= 1 *=1

where A,,» = ( )*

(##) 44= 4-JE #4=4 2# 4-#4 ^4.

dp'

where A3,.e= (7u_£<A±rlj' 2

4 #4 4## ^41#^ a7>2 4 #444 #4 7}#4% s

Ph.k-i 4 ti'k-i~ptjk-i £- 2.-T- #4=471 a—2>0 4—5. A/ *# 

4 5jbi: %4. 4-44, 2# #4#4 ite #4 4ti 44= 4-JE#4=4 1# 4 

4#^r #2: #dh#4. 4-4-4,44= 4-S- #4=fe concave ^4* %4-. ■

12^ 4 3.2.3

4#4 £(<?,ftp) #44 ti',yS7> 7144# 44= 4-^#4=fe p 4 441 

concave #4=44%

£(a,0,p) = «logff+-^ ~ P* <, *-1) ~ nX+l)
1=1 f=i Bu
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where B,.4= exp( t,’t j-a# *■*■»■* )

(M) 44= ft #f4 24 9=ie-e- 4*4 84.

41 4^1 BUk^ °<MH.3. 2x> #*1*-^- &o] £|j7 rfl^ #S### 1# ## 

** #4:##. #sH , 41# 4-£ ##fe concave ^4|* #ir#. ■

PAR 5^841# s.#* #^#^ ##9 41^# #41^ Afl ##* 7>Ai 

4. 71^1#, power-law4l# yS4l 41# 141 3^##* ##* * 7})5-

t“1fe ^»1 7>###. ##7}#g. log-linear^i a 41 41# 141 3E##* # 

*## ##* # 7B5. #43 # Si#. Power-law 3p94l# yS4l 41# 141 3£# 

4"* yS4l 4141 ## #*# #41* #* # Si#.

1

(3.2.16)

71 s) 2., log-linear4) #41 41 # a 41 41# 141 5.##* a 41 4141 ## #w 

# #41* #fe#.

(3.2.17)

## #* ### -#£ ##41 41 Si## #*# ## p# a, p# yg 

41 41# #5L ##* #* # Si#.
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£.(a,p) = Mlogff + wlogn — «+(<?—!) ^log{ti<k—pt*_,) - %log ^ ^ A;_>

where A%= ( pf,-.*-i) "-( P^.*-i) e

£(yS, p) = Mlogw - wlogtf- « + - «log| 5*j

with %/#d^ ^

$14 4o]-g-5}xg sl^ ^44 444 44 7>#44.

4l4^-#7} Slfe Tilf-sl :2 44^-41 rfl^r 2-4 2^2 41 4247> 4#

4 ^-T-sj- d}t]-7]-x15_ power-law 444 log-linear 4114 #7}Al# 32.51 44.

w/M #4% 41 #4 44 #Xf=L 2, •••,*»)#<?> 4#4 5jl44-3.7>

#m7]14 41# 33.44441 44 44 #2 44(log likelihood function)# #44

4#4 44.

tai= #
J»^5 '

AiCs-pry-J^
r»-i

(3.2.18)

riel hs, 3.2.54414 #24 4# 4*##* 4 4^41 4-8-44 44 

(3.2.19), (3.2.20)4 4# 4-2 4# 4 5tl4.

Z(ff,y9,p) = wlogff—»fflog/S+ (ff — 1) ^^^log(ffj,*-pr£jCu
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where r i,i~ PT i.j-l

0
rU-l ~l°r u-1

0 (3.2.19)

where Du = ) (3.2.20)

41- 434 ^4 -ft 34 343 443371- &3 41-4 ^34 3^4 

4. 44^i 444 3-44 44 444 4% 443 #3-3- 4#7l 44

^443# 44. 4*Ja/r7t 5U3 ^343 p4 4# 4&#3 #44 3 $1 

4. #4 443 44337} tit 434 344-35. 3 434^3 #4 Si 4 

43# 4 44 434443 44433 44.

4#4sl 3.2.1

43-4- 43 £(a,0,p) 44 a,07} 71443- a^2 44, 4# 33 433 

P 4 44 concave 4344.

Z(a,0,p) = «logtif-«fflog/S+(or-l) ^ log(rpr,-,,'-i) - ]|}CU

)-(where

41-45) 3.2.2

434 43 £.(a,0,p) 44 o',jS7> 71444 43 33433 p4 44

concave 4344.
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X(<r,/9,p) = «logff+-^ pr,;,-!)-ff/9Sl^Djj

Du= exp( r,J -p-^-) - exp( j

4 7fla] £4=3. 4EE #4=7} 4#&4=7} &4r 41 #2} n}#7}x]S
141 E-### "8"°! -t" 412l £.4=3. #4:# t^Itt 41 °1 7}###. power-law 
4# 4 log-linear 4^41 41# 414" 4-H #4^ 4# ### #l}.

£(<?,p) = r\ogr+ r\oga- r+(a-1) jj^ ^ ^log;-pr,•*_!> - rlog( ^ C,->j 

With >= ( ^ C°,.*/wj

where C^>= ( r,.*- pr,.*-i)°-( r pr,-*_i)'

£(a,p) = rlogr — rlog/9-r+" ^ !|j(f ,;*,;-pr -rlog( ^ ^ D,>)

with * = r/ *( ^ % S,*)
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mm# as

3.2.1] ^b] 7>W 7]7]s] 5.^8 -431

-------------------------
q#2|

NHPP

M 3.2.2] HPP, NHPP, RP2]
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X(t) X(t) X(t)

///

t t t

NHPP RP PAR

M 3.2.3] NHPP, RP, PAR S7|2] #5E. ^o]

X : Failure time

^-4=7} 7] 7] 2] PARM 3.2.4]
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power-law
log-linear

power-law
(1<a<2)

[ZZ.^ 3.2.5] 3^
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*1] 4 # 'S?

#] 1 ^ 7}^ 7] |r5l] o] ^.4] tin2-

1. #4 4^

311# 4€ 7l7]^7> l7}#3 5^5 4€31 €4 44 3 3119 4# 5 
45- 44- 4#3)43 ##. 44 €44 €4^# €4 €4# 311# €4- € 
#€ 44 €€4 44 4€44 41# €1444 €54 33##.

44 4#€ 44 €€43.4 444 €€, 544 €€ 44444
44 #444 el] 4€# 444 €4 444 €€4 €€# 4444 #3.2. 

47>4# €47} 44444. 4-14 43 44-4 €€4- 444444 454 

44 4444 4-14 44 3144 €45 444444 1-41 311-4 44 94

# 54431 €#; 4431444 1-31 54 444 445* 343 311-4 3 

4 x}&* 43 44 531 3114 3# ## 54 3# 55, 4si5 #4, 3#

4 #4 14 4# 4 14.

34# 44# 4431444 311# 14 44 €4 9314 4# 4345 3

# €54 €€# 447} ###. 31* 44 3114 2# ##4 10™1043 5.

5 3717} 100045}#, #9 #45 1013 €57} €#. 4 €57} ## 44# 

#&* #7l 4314 44314431 4345 54(44)4 €€# 514 €4. 

44# €43 4431444 # 4 «}h31 39 4# 4 144 €4 454 €# 

€4 #5 ##-# €4 5 €5 €€44 34#31 44.

4#44 4431443# 5345 544 #4 5 45 44 7}x| 4€54 

31# ^ #4#4 €54, 331 1#9 7l€, #4 7M, 343 54 4! 7l# 

€ 37}x] €53 51# 1 ##. 5-#9 7l€ (hybrid technique)! 443144

# 5444 444 44 54-&4 5€45 €€53, 431 3114 ^3 33

#5 31153 #54 443144# 3444 444-5 531 €€
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(decomposition)^ 54* 7141^(conditional expectation)# 4*4* #4 #4 

$14. 44 71 4 (extrapolative technique)* 4*5)1444 #4# 4*44 ## 

4*4 *4.&#4 rflfb *5* *44*4 4*4* #4 4* 7)^(tail 

extrapolation)# *431 4# (extreme value theory) 4*4 #4. 4w

* 44" 4°1 *44# #4 ** 71^ (variance reduction

technique)25, 44* ## 44 W, tfl5 44 44 4*), 4# 4#

444, #25 4S-4 242 444 4^ #4 $14. ## 4* 7M44 4 

a 444 4 4*5)144# #4 44# 4-§-44 *W254 2 44# 44 

4* 4442-, tfl5 ## 44= 7M# 445. #5 4*4* #**

4-§-4# 4^44. #25 /@W# 7fl44 714# # 44 *2 4*425 

4*4 7l##4[Law91],

4444 4# ** 4444 4#4 44 7># 4#444# 444 4## 

44 7>4 7M# #44 #25 ##D# 7)144- W# #5 4*42 44. 
4 #7]-4 7M## 4#4 4 44 44 4# 7}&#4 **# @4 52## 4 
4# ##4* #444. 4-4 #44 #44 4# #$> 4#44 4#444# 
4 #44- 7># 4 #ell 4 44 44-# 4m## 4-4-4 #4-7} 4 4*4 # 4 
4 #4. ne)i4 7}^#4 4444 4 #4 #4 *5414 4=4# 7>471 4 #4 
7M 4#444# #44 4# 4= $1# 4# 4#4 #4 *344 4# 4-25 
4# 2 4#4 #4# 454#44. 44# 4545c 444 4#444 2 
4 ##, #4 444 445, 7>#5 #4 #4 41 #444 4# 24 44, # 
4 444 445 #4 &r}.

2. f2£

#25 4#44# 4#4 #4 #* 44 *54* 44## ## *5* 44 

#4 424- 4* 3)44 7}4# 54- x>* $154 4 4* 7l^o)c)-. o)^7ll 4 

44 #* *541 44 44* 441 41 #4 444* 4* 4425 4* 54 

#4 44 444 4*5 4=4# #») 44. 444 #25 ##44 4444 
7>4 #44 4* *** 4# *5* 4#711 t£W 447} 4* 444. 4#
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-§-34 41M1 4# 4444 555 ^]A]y ^O] &J7 5MH1

43 3^ 34 #4 9 7}x| xlo_4 4^3. 5444 34 #5 &JI 44.

7>. #33 5#34 3M

41-44 ^.Eii^ms. 4-151143414 £Z[A(X)]» MI335 34-1- 344 

3-4. 444 34| 41444 ^

(4, Jxr a:2] ## 53 #4"* 4444.)

44, 44: aH^oI^a^

&(%,)/«

(4b, «€r 3BE.-& 371 44 xe4r z44 44 4444.)
33. 4444. 474i h(x)4fe 44 4#40^^ 443 4444 z44 a>

44 44 34=3. 4* #4 444 a# 4# 34=3 4944 4= 44. 44 z 

7> Mil-4 34 444 4 4444 3 34=&-§ 14 43 3#4 %34 0 %b 

i: #M1 44. 44 34-4 E/[A(%)]^ Mll-4 43 34 41-4 44. 44=

44 Ml44 4444 4-4 &4- 34=^4 14 4fe 444 444 44444 
1-44 4=5=4 43 34 41-& 434 34 4^1 ^34M1 € 544. 44 
A1 45 444 4Me- 34 4# 33a]t] 4= 45- 41347 4# 43 44= s 

* 5443 4 g3§?-4 43#-& 3544^ A]#401^ AM%4. 4# 4=

433 4445 4

4 44, 41-511454 45 Ml345
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4 *44145 * * 71*4 n&°) ##4 h# 3* a^M*# #5

£ 4#3* ## #4* -44.

44) o]g ^5)1- 4## *## 414* #4 M4. 4# 31#* 37)!2) JgL# 

0.5. *44 44 31 31*44. 4 *#aj 4* ^#* 44 0.92, 0.91, 0.940 

41 *flW4)4 4a. ## 4#( «)* 300044 44 44 4*314*4 4* 4 

#4 a* *#* 0.0174a *** 0.01644. *!# 4444 *55 *#4

# 4-8-44 4 *#4 4# 41-4- 5* 0.5( g4l 4444)5 4*3 a 44 

14* *1# 43-4 **4 0.000445 444 #4*4. 4 #444 **# 

*** 45 #54 #4714 44# #34 4444 444# 4444. *1 

4 4# #4 44# 4 4* fit *#1# 4-8-44 54 444 #4* 4

# * 71## 4444, 4# #45* 7l*55 # 4^b 54 4* 44 4 

4 #4* 4# * 71## #44 44 #4.

4. 4# 44

fit 4*14 4444 4** *5 44 4#4 334 455 4*4 S

* #4# 55a 71* #4 *4, 4 444 444, ATM 44 4* #44 

4*4a $14. 7>*# 4* *4* 445 41*4 a# 4*4 rfl7l 41*4 4

* *44 * ** 45714 41*4 #4 4, #55 4*441 3* 4** 4 

** 4)7] 41*41 *444 714-. 41*4 a# *4 *** *5 4*471 4* 

4 4*44 3*31, #41 41 #41 4* *454-* 4*471 *34 54# * 

4* 4344- *44 *5 #41* 54#* 43*41 3# 4*4 a# 4 4-.

(1) 4#44 4-3.5 7i4 (Discrete Time Markov Chain)4i 4 4*

4*43 #35 #4# 44 831 F, s±7] *# *5 //, 44 3* *4- a
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4 4# #* hs. 5444 #4. 47]4 #4 H% J* 31*4 *34* #44 

* 7K444 4# *2 #4=4 4I##4. 4# #4 4*4 #* 4*314** 
f-4 5427} #42. 44.

Ep[M%o, "')] M I D

4^M X={Xn: «^0}* 44 HI f4 27] 4* 45 //* #4 4444

425 4442, EP( • )* .X4 52 ^5. 4444 7M#44. 2, S

= {0,1,-}* ^4 #4 *#44 # 4, f4 a* 44 ^= (P{i,f)- iJ^S) 

4- //= (//(z): z'eS)2 444)2 /z7> 2## 4# m#44 ^4 3M4 4# 

#4#,

A(%o. ^1. " )=K%o, ^1. ',%»)

7} 44 4(41.1)* 4*4 44 5#* 4= $14.

Ep[h(X0, Xu -,X„)] = .Sf¥*o.-.*X*o) JJk**.**+i) (4.1.2)

441 *22 **4* 4*4 i7f. 44 425 31*4 H4» 244* 44 

f4 ^425 44 4*4* 42* 44 H#4 27] ## *5* 44#4. 

24* 44 #4 1,4 44, *22 H#H4 4# 4=4* 4*4 #4.

£k[/2(X°’ Xl’ " Kxj K Mxtx*+i)]
X%o)
f(Xo)

V &/• v \ M»o) W K 4,^+1)

(4.1.3a)

(4.1.3b)

4* #44 EK[h(X)L„(P,K)]s. 44#4.
4*4# 425 444 *22 H*H4)4 2 #44 4** 4*4* #2 

7M14 7]*# 44 #4 42* 4* *5# 4^31 #4# 4*7} 4* *41 

44. *, 42* #4 HI m 27] 4# *5 v* 4S31 *#4 4*7H1 

=l #47} #4 $14. 44# 42* 4# *54 #44 *# *4* Glynn4 

715.2)0] 45.[Glynn89]4 *414# 4*4 7}*# 2# 7}W#[Strickland93]4
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94 °14B-(Large Deviation Theory )9 499 94 [Cottrel83], 2.5)2 

Frobenius-Perron 44# sift" 94 #2 39[Glynn94] 9°) 94. 99 Glynn 

4 7j].E-49 o}^.6\] ## 4 9 #2 4449 o]^6)l 4#5>$#-.

4(4.1.3)01 9#2 49# o)^ 9# 9#49 449 A4 i,294 44 

44= X* 9-44 4 9 °1 44 44=4 4# 444- 44 C/,= /?(*,) 7} 4442.

«44 44ir 44 59 4923 9(4.1.3a)4 &4 9-# 9#. o)^# 9-44

944:4 2999 9444 44 444444 444 444- <4- #2, c/,9 

4449 4 949 999 499 A 4- 44, 44 1444 44 44=9 49

4 94.

M A_f max { #zS:l: A+ ••• + &>< f } » A<<M0 10 , A^*

59 °1# 49 9949 494 94.

TK^-l (C/i + "- + C/m<))/M/) , M*)M
0 , m = 0

°1# 444 ^7>x] 9 2199 Glynn4 999944 §H 9 9 924, 49 

<>149 #25 999414 994 C/,4 999 49449 9 923.9 rt s.

999 29-9 4= %2 C/,1- 4449 # 949 4#9 44 A41 49 94

5 3.494o> 94^ 9°14[Glynn89]. o)s). 494 499 4b) ^9# 4 3H 

9 4= 44-[Shahabuddin94, Goyal92], ne)#- ole)9 4999 4449 #99 

#44-71 249 011.49 #9 #449 4=## 2422 9#49 49#9 

ol49°l S4.

(2) 2.9 7>^4(failure biasing)

S#4 7199 ol949 494 9Wo) 9#4°l2 4449 9495 99 

499# 29 7H4-7> #54014. 24- 7>^44 #25 4#44 49 7)19 
9 2#3 499 490.3 #94 24- 999 94 #499 49#o)^6g#,
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3434 4# #4 Xl#4 A>yo] 333 443 3 #4 3|*4 s3 ^ 

55 7}# 3X1 34 ### #4 #4 S3# 54 »}57|1 454

# 3344. 4 S3 7>^4°11 3# 3#5 713-2} o] ^7>x] 3*|4 X1X}A1 #
3 #4[Strickland93, Shahabuddin94]. 41# #4 3 3 471 4# [s^ 4.1.114 

3# X13 XI## 3334. 443 #3 1# s3#4 #3 #4 44 £2, H

31, #3 2# £, p4s, e# M 44 444 4# 444. 4 XI## 444

4 4s# 44# #44-5.5., 5# 7}#s}* 4#471 44 4444 4s# 

4X15 44# 444 44. 4 4344 3X1 34 4## #4 XI#44 4 

3X1# #447}# 5.# 44#(transition rate)4 44 XI3 3X154 44 4 

4 43#(s3, ## #4)5. 4444. 44X1 4#4 4344 4s# 44# 

s355 44X14 [s4 4.1.214 44. [s3 4.1.21# 54 XI# #3 ##4 s 

3 x>y 33 4*4 #5} 3454 ##4 44 XI#4 s3 344 44 44 

44 %# 44# 4 # 5U4. 4X1 #*4 s3 4## #4s #4 4## 4 

4, 54 4# XI# s3# #334 53. 443 s3 7}## 334# s»l 

4# 7}4"43 (simple biasing)4 3344 7}<&#3 (balanced biasing)4 44. 

=l 444 3 ##43 35# 433 333, ## 4#34 #4#4 44 

[Shahabuddin94]. 4#355. 44 #7>3 #4# ##355 3 3X143 5# 

S3 4#4 3# 55 #71-34 s3# 7}<#4. 3344 434 454 5# 

0.543 0.97-14 3 #7} 4334s 34.

4# 7>#34 4 3## 3 S3 444 3X1 4#4 4X1355 5* #33 

4. 4# 44 #3(transition diagram)55 44X14 [s4 4.1.314 #4. 53 

34 7Hr#4# S3 34 4#34 33%4 5# s3 344 3# ### 

#33# 3444. 4* 44 #355 44X14 [s4 4.1.414 #4. 4 #7>x) 

7l#4 343# #3 3X1 (0, 0)434 s3 4443 4434. 4# 7## 

34 3## 4X1355 sH# #3355 ##%4 44-7} 714 %sU# 33

3 3# %4#5, 4X134 #34 3# 334 %# 355 3##4.) 533
4 34# s3 344 ### ### #33#5 (l, 0)554 3X1 34 4#

# 1/24 34.
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PCs,/)!- 4"4 s44 44 *3.4 #44 #4 4-1-44- p/s, /)! 2. 

4 7>^» 71# #4 4# 4 4 #4. ZL##, 5# #5. 2= (s0, Si, ™ ,S„)

4 #4 4#1 P[%]=^P(s,_i,s,)4 Pdx]= ^PXs.-lS,')^ 5W

$14. 444 #AJE 4#4 L(x,)= PU1/P/U44- A(%,)=

1 { s_ e p }& 1# # $14. 4# #4A5. 4 #4# 414 #4. Ml 1-4

4 4#4

P[K%)]= ]§*(%,) ^PCs.-lS. )

« n. PCS;—i, S,') m
= z[h(xi) ------------- ^P/s.-i, Si)

Pj(Si-i, s,)

= Ej A(^)
flPCst-i,s,)

f^PXs.-i, s, )

4- 4-S-44 1# 4= $14.
zl44, 4#^ 4 4141414 4&4 144 14 #^4 #444

41 7H441 14 7f $14. °]fe 441471 ^4§1H 1444 14-71 4 

144. A! 44 044 4444 44 44 04 471 #4 Ml# i4(P)Ml 

4H 51 414 44. 4€ir #4 # 1 $114, 14 24 ?W 114 a. 
44 444M1

P [ rF< r0] = P[A] = 0(e)

41 # 1 $14. 444 P[((O,O),(1,O))] = 0(P[A])7> 44

P,[((0,0),(1,0))] = 0(1)
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4 444 *4 24* 7>^o> y-T}. del4. [d* 4.1.314- 5* 0(4$!* * 

* $14. 444 *4gl22 54 41 44 24* £4 £44.

3^44 7^4^0114^ P,[((O,O),(1,O))] = 0(1)* 4*44, ^ 4#

41 4# P[A]4 &e 4# 45.1-4 1* &* ^7l 41-41 *4 244

g!4 4^44. Shahabuddin* ^7>x] ?M4414 3^44 7Hr41fH 2-4 4 

1-41 4 #4 4 4-4 2.4# 71-41 54 13 Sl4[Shahabuddin94l. 5# 44 

4144 3.4 44 4*4 5H4 4 $1233. 414 4*4* 1 1 $14.

P/[x] = 0(1) , for all A

l-g-425 44 3444 7}##44 4444 4141 $144 444 *22 

4#4 71^4 1-4- 44%4-d * 1 $1314.

(3) 44 4* (Large Deviation Theory)

AS 44$11 Hf 44(41* #4 4* 34)44 44, 4444 4#44

4* *41 P[A]* 1441 41 441 *44. 41* *4 P[A]7>

X,7\ 41=14 414 5* 45 (%i. X2, -,X„)5*el 414 #4 14

444,

= | ,$%,.

3 51 441 V F(A)(1-P(A))/H €4. 95% 44 14444 P[A]4l 

44 247} 20%444, V P(A) (1 — P(A))/n 5 o.l* 4*414 43, 

P[A]=- 10~4* 4*, 10*7M 5*4 *344.

*4 *32 4*44 4* 4** 4*44 P4 4*41 45* 4# *5 

P,4 44, PXA)>P(A)43, 3 *444 5# *41 4*4 #4.
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(JL( dP, >‘(x>dpi<x> - KA)Z)

4714 *-£UE 444 5#yx>7> pa\] 4* Al^-eflol^AS. *4^1

* &e *%4 A)-0>0> SL-g-Ajo] ^ ^*44.

4 *4* #7l 44 «* 444-713. S>A>. x£(?)fe JM| 4% 4

2.5L 44431, £//** a444 ** *3. (jump distribution)* 4, 6(r)* (ix$\

^^44. 47W b(x)7\ (-x)sl %* 4*44, *=0* 417} 444

4. A* 4w4 #4 4444.

A = {a>^Q\a>{0) = 0, (V m R\) co(t)> 0, (3 t^R\) co(t)^a}

A 4* 45* X7\ -y-Bfl 04 3E.##7l 44 si- *44* 4*44.

fj*x7\ yx4 44 44= 4#4 4# *54 4-4, ^4- ^5*4 4** 4 

4- 4= XI4. 4, £* fixs\ 4*4* 4#444.

4“x(y) = —%—r ^*(y) (4.1.4)
Px\ vx>

44 4# *4 7H14 4-8-* [Cottrel831* #5431, 444* 44 4444 
4-8- 44* #^4^4.

4*4- 5* 4*44: 4s= 44* 4944 3.?l3 #4.

%o = *oG RK

%:+i =

P,* y»4 4* M4 *3L, 6(*)=£[/*,]4 44. &, yux* 4*4 #4 4

44-*,
A,(l) = a, fix{-1) = 1- a

* #* 4H4 M/M/1 44 4*4 4*4 #4. 44 f,4 4#45 *44
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# #44 4#4 €4.

£Xs) = J^.exp (s,z)dnx(z)

= aes+(l —a) e~s

4(2.4)# 4444 //;* ^1 44 £Xs)=l# 4#3}^ s» #44,

<7e$+(l —<z) e~s=l

•'• s= ln(<z/(l —a))

°1 43., 444 44= 444 4# ### 4#4 #4.

P*(l) = esux(l)/ mZ) = es all = (1-a)

vl(~l) = e~sMx(-l)l M*s) = e~s(l-a)/l = a

4 #4 45.# ## #3L* 4 #44 #^_E 4 #4# 44 yx>

3 Jl#4# 5W 4= 214.

(4) FP 4 4 (Frobenius-Perron theorem)# 4 #4 Sr4 #4i &€

SM 7)#4 fl£ 4#14 €4444 43#- zLtfls. 4-8-44, v4- A* 

45.# 3:7] M4- #4 4# =1144 43 a# ^444# st44 44, 3 

#4# 4#4 44.

mr^KLJ = EKY2L2„-(EKYLn)2 

= EKYlL2n-a2

4714 o# A4 544H5-, ##4 a?l* €44# lir 4#4 €4.

EkY2L\= £ /(^o) W
y (xq) *-o K(x{, X{+1) (4.1.5)

G= (G(x,y): x,y^S)M 4#4 #4 4444.

f=(%. ?)/#(%.?) . %y)>0a%,y) { 0 , P(x,y) = 0
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nelol, # py\ irreducible6] 4, G5E. irreducible6]4. G4 ^ 41

(non-negative)6]5.S, FP ^4* 411 1 $1^4. A# G4 FP 21144 4

21, si- JL-S- 444 49

2G(x, y)s(y) = Ag(x) , x^S

ZG(x, y)g(y)l Ug(x)) = 1

61 4^44. s, R = (R(x,y) : x,y eS)l R(x,y)= G(x,y)g(y)KAg(x))B)- 

34*MS, /?1 *3114 y-o] l6] 414 *319 44. 9* ^Ajoj] aj-g-5>y,

G{x,y) = ^s(%) R(x,y)lg(y),

(4.1.6)

61 #1 1 1 314. ? = (7j{x)-A^S)t 414 #9 ^4fh4.

94 4(4.15)4 (41.6)1 9149 Ml 414 19 14# 1 314.

4 4 1 F7\ irreducible6] 4,

vardYLn]= r^EdY^XMX^-a2

61 4^44

6M 4=-15 F4 H7]l w44 1N94. 444, FL„4 Ml ^"4 44= 

4 4#4] 4*11 M44. 414 41444141 1&4 a41
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4* #4 #4.

4#44 1 : ^# 4^4 1*4 344 #3., /i=#i,44 y>l44. 5#,

/•7} irreducible0! 31, P¥=X°!y 2> 144.

(°1 44# [Glynn94]4 #344 Si4.)

##435 4444 #35 4*3(#, f^=X44# %T4 *#4 4*43 

5. f7^El, #44 44 4*^1444 4*34 4*444,

E*[ Y^MXoVsKX,)]2! 45* v4 £» 444°!= 44.

(5) 4X4 4 4-3.JE Si4 (Continuous Time Markov Chain)<4 4 4*

4X44 435. 444 4 #314 4# 44 4°l7> 44#44 4444 4, 

4 44(current state)44 444# 4# 44# 4443, 4 4444 44#

44# MM44# 44# 4444. «44 4*35 444# S„44 444 

4. 444 S„# (w+1)441 444 #44# #4# 44#4. MX)# #4 

4# #444 #4 MX(f):0^S„)# 344 34. Ut?\ z44l 4443 

X# 3 4444 4# 4444 44, M U0, V0, -, U„, Vn)s. 544 X 

214. 4714 £/,# 44 4*4 4*4 #4 #44# 4444 435 <931* 

4*4.

#(%;.%,+1) = QiXi.Xi+O/oixi)

4714 0# 4 4*44 435 4314 44 834(generator)43, g# #4 

4444 4# 445.4 44#(transition rate)4 ## 44*94. 32]3, <?(*)

= -<Xx,-,Xi)4 4# J2(*it^=044. 44 MX* *44# *4* 44 4 

#4444 *35 4*3444 3*5 4*4 444314.

- 152 -



a = EQh(X{t): §<.t<.Sn)

= 2*#%, Vo, ",

5a J[ ••• J[ Mwo.^o," . w»,%;JXwo)' Uj+l)
f\^q(u}) • exp( -q{u})Vj) dv0—dvn

?al "'J[ h(U{hVo,‘",Un,Vn)fx(u0) •

exp(- g(uj)vj) dv$-"dvn

?4 A* 44 *33 4*^* 431 45.4 ^4^ &4 S-5L4 #4 414 

4 44,

<2 = Eah{ Uq, V0, , Un, V„)Ln(Q,A)

= £a A( X( l): 0^ S„ ) L„( Q, A)

4 44. 44 414* #4 1*4# 4-3= 444144 4*44 4*

4* 444-SH4-. [3^ 4.1.5]4- 4* 44 31** 49441 J2.4. 4 4314144 

431 44*4 #* 1**31 44 45* 31** M 4.1.6341 *4# * 

514. 4 4-Hfl4l44 * 44*4 431 1#4#32.3, 444144 L„414

exp( *) 44 4* 14 44. * 4131414 4443x1 sRr 444( £U(X>]) 

* 31*4 13" 3* 4#(MTTF, mean time to failure)44, 444 4 *31 

44414 4* 444 #4# 4444 44(3 *3141 4*44)3 *8*444 

#4. 41* #4, *3) *44 (0, 1, 0, 1, 2)5. 4#44, 4 M *5.41 31* 

**#* 4*4- *4 31*44-.

(x,+y,^w-
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X& Ft* 44 2#*j| aj-eI) 04 14 #§44 45- 44* 444*

44= 43i, 44 Exp(1)4 Exp (10)* 4=4. 44# ##* #444 3. ^g 

S&AS. W 3i4 444 4# 444* 4# 4= $14.

#45. [zl# 4.1.5]4 4fA5 4*444* # 44 [zl# 4.1.6]4 3]#-A3.

§AS 4#^ 4*44#* # #* #5i4 A#, 445. 444 #*7f 4#

4 4 H4-. 4#* §^s #*#4 4* 4s4* 444 44# #444. 4 

4# #44 4# 4** t^e 49#g4 #44 ### §-444 §4* 4# 

44#A3 #h4- #§ 4s.4 444 §44 # 4= $14. 44 4#4 §44 

§44 444 44 #44314. 4*44#* #4 444* #4 4a#§ 4 

# 41-4 4ze #4* 45.5.3. #44 §4(sequences)4 4#44 44. 4 

4# 4# §44 s#§ §#(infinite)44 4*4 §45. 44# § $14.

— (7 )®->®-*®

®->®-K§)-+®->®

— 04®-»®^—>®->®->©

#§4* 4*4 44* 44433. ##&* 44 #4* 4444. 44# #* 

4 fit ###4 ##44 4*44#444 #451* 454s# 4*4 # 

4.

— (7 )

= (%i+ Fi+X2+ F2) • 0.56 < (%i + Fx+X2+ F2) - (v)

> 1 — (c-)
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## #X14 f4 F* 4* #X1 XI#4 #** XI## *
XI *4 *#* 44*4. 44 44 5*# *4* *#5#, 44 444 44

7> 4* 5*X14 e 5*55 44# #55 ^#^X14# 54 55( Z,„)7> 
44 444- 4 4 %14. XI47> 4X1 4471- 4X1 4444 (7 W4 (v)# 4 
444c 4X14 XI #444 * #444 #4 ***X|5 h 5.444 Sr4 
1/24- 0.5655 15.4 44. 44 4X15. 4# #444 %# 444 **S*
4 4X1 4#4 444. zi#5 (o)4#Xl ##4c 444 44 4 1

54 # 54M 7>x]H5 4X154 ** 4 # **Sr* 4X1 #4. 44 4
# Sr# 4 4X1, e 4# 4 HXl 44 4X14# 4-44 44- #7>* # 4X1 
&# **4 44. [zz* 4.1.7]XI 44* 44* 444#4. [H^ 4.1.7]4 zl^
# 44* 44-* #5 *45 * tr S4#, #45 **4*
»}i5 *41X1 #*4#X1 #44# *44# *X]4* 444# zz444 *

# *4. * **X14 #55 4*4X1 44-## 4* 45(F)* 45X1 4#

5 **# *5# 71X1* # #4. *4 *4* (7 )-(&)# *#- *4* 5* 

#55# 4* *#* 6(4# 4-* Sr)*# ***** 45 *X1 441 # *
# 4*44. *4 *#* #44# 44 *** 54#* 4* ###55 & 
44 4#XI, 4# #7>4 4#X1 4X144 4*XI4#XI 5# 4** #7}## 

XI *4. *, #44* 4*X14*XI 44 4 444# 44 SX1 44.
*4 4#* 4-*X14## *4* 5X15 44* XI44* *X14* 44#

# 4#XI HXl *7>4 455 44 * # #314. 0M# 4*4* 455 * 

44 **4* 455 #4# 444 4*4 445, *4# **4* 455 

*4* 45# XI#X14 #444# 45# 44X1 ** 455 # # #4. 4 

XI *44 *X14 5 *# ## **=XI4 54 4X14 *#4314.

4. #55 *#*# *^4 5 ## ## **=

4*4* 45= #44# 44** XI# 5** #44# 4*XI4*55 * 

#454 *4. ** 4*4* 455 *4X14# 4*44# 4*4 &555 
XI## 5** **Sr55 #4*4. 4# #rX14 5*# 44 *4 4* *AS 

*5##55 **##X1, *XI *47> *4* 444 * #r# 4*4 4* 4

55 54 *4* *4 #55- 54X1 ¥5, 5444# 5* *## XI*4X1
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94. [39 4.1.8]# 59, ^7> Osj- 19# £-# # 9# 4949 p}25 94 

(2-state DTMC)44 41 23" ### 7)193# 41449# 1-8.5 4#9 

0-5. 993-2 94. 4714 #144 # ##o) 234 vy-Efl 30] o)

#71) 23# #71) 49, 3971-13 99 34# #44 94 347} 2-44 4 

#54 ## 9114 ^-9# # %4 44. 4355#9 #94 37)# #7> 

A)4# 99 34#4 344 #44 957} 7}#4 39. <>M #4, 9143 

433. 9444# 334 3# 5# 43# #3#3 4#444# 3# 34 

444 7)11-4 334 4# 43# 4# 3435. 3% 34#4 43#4 3 

3444 44# # $14. 71)47)- 31 334 #33 i 3 313 434 #3 

5 31-3 59 lit #44 3 44* 4 34 #2.5. #34 457} 33 

#34 #7># 5344 44. 4# 3335. 4443 [3.3 4.1.934 34.

1 343 4443 43= 34) 41444 #3 354 334 43 34 
4. 4343 4-2= 34* 45.# 4#4 4144444 1-8.5 3#34 4 
#4# 31# 34 4#3 44 34 4# 3.3 3#4 1344, 4)7) 41-4 
44 445&4 #344. 4# 4343 42= 344 1-34 44 3344 
$1# 34 3#4 44 414 34471# 43# 3#355 #34=5 5.4 
«># 434 414434 343# 443 # 994. 394 3143 435 
34# 4-5# 414 41443# 43 133 45.(4# 13, 4343 42 
s. 34444 41 29 4#)» 13327} 4# 3#4# 3 414 13 1 
4# 924 3# 34 1344. # 344 4# 199 414 3# 2-3 4 
34 3## 13 94 #34 34 1-8-5 1#94 3l7}#9# 43457] 
44 43 333 1594. 34s. # 52.a-}4a) 7)##2 3# 333 13 
3434 33 914 3944#, 2 414 13 94# 41444# 14 
#3#2, 3-135.5# 414 29 ##» #334, 13 945 9## 94- 
42a}- 3# 94 # 344 7]##2 $1# 9# 993 133 344. 493 
#3 354 139 935 5344 155 ##94 3194 144 3 # 
9514.
5 41 14955 94 993 43 94 23- 7>#33 FP 344 43 

#9 95 5344 4943 4-3= 94445 #94 451- 53-47)7}- ^
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*1 84# 5# 7}^444 #1144 7}^#1 °1 #31 54# 45 5

5 5 #4# X]^-&||o]A| #T=r 3l##45 53# 31, #3) 4 4 4-8*44 jl5"^5 

5.21 #o] 444 #7}4t)o} 5144 #«H 2)## # #31

84. 5% [Strickland93], [Shahabuddin94] #314 3144# 44 7}^## 5 

44# ##3)4 44444 7M °1 #5455 44455 0)4.4 8 #35 4 

4 31 #314 4-8-44# #4# 8# 44#. 4 £431 FP44# 4-8-# §.A> 

#5 555 154 e FP 5#x)2) x)^x)o] #7}* #31# 4#21 55 55 

7> #5#31 oil- ##445 #55 4# 45# 4144# ### 31#

314# 44- 444: 2H4.

#55 ^#^4- #4 4#4 44.47) 41# ## #5 ##55# 4#4 5 

4 317M 451 7}## 4-40I 55# 544. -44 #44 4# 44# 45, 

4, 41:4444 #44 5# Sl-B-44 4# 457} 1544. 4#4 #444 

4444# 45## #5 ##44 455 44 7fll# 155 4# #4 31# 

44# 41# 457} 1 4" 84 454 4#4 #4 #31» 5 54414 

4131444 45# #1 £ 8# 45* 414# 54 1544. 41-55 

444 4# 444 4# #5# 45# 5#4 [5# 4.1.5144 M 4.1.714 

4444# #31 31 #4 #8431 #55 48#31, 4* ##44 5

4 4°lloi ^o. X)# #5* o]### 3 1484 4# ^31 #5431 #4 

[n! 4.1.101. 71455 x)£ #54 4# 44 #5(4°11, 54 1)4 4## 

#5([ti! 4.1.10144 44# #4 #54 8#)» 40} 3)444 #1 3144

# 55 ##4 4531 # ##o]4. 44455 4#a] 8 d}s5 4444 4 

H44 # 31 #4 7}# # x}o11([tl1 4.1.91 45)ol84 55# #0} 4# a.

# 441 4#44 421 444 544# 4444. 4##2) 4 1144 

#44# 41-314## 4# 415 4#4 #14# #1 ## 4-8-44 4# 

55 5#1 ### 4# £ 8# 544.
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3. 7]^ (RESTART)

7>. 4M4 7]# 4 #4

41 a] 4 7]^(REpetetive Simulation Trials After Reaching Thresholds)0]# 

4* JE5- Aj-yi- A]^Bl]01^0.5. !H!4# nfl, <9*4 S}* 44$!

* A>y ^#4 #aJ^ ^ A) (Thresholds)* *°1 # a] ofl a} 43 4I444<4 *4

#* 4*4°14* **34# 4#°14. *#4$i ah^m^a) Dfly A] **4 
#32.4 4* Aj-yo] ejo^ nil4a] *#* 4*4# 44 44, 44# 7]ig* 

4*M1 *W #44 444 44444 #4 4444 44 *44# #5* 

44# * 44. °1 444 4^4 44 4#* 4*44, °1# *A* 4#

(conditional probability)* °1#4# 444. A]#444-& *4 4-B.a}- 4* A}
4 4SM A44 4* *#4# 44 a>4 4#* C444 4** 4*44 

P(A)» f# * $14.
AeC, KAXKCXl 

KA) = KOKAIO

C4 4*4 34* 4* 44^ *43 4 a>5 C7> a>3 A*4 4 

4* *43** 44#4. 4#44#44# HA\OA a>4 C7> 44$1* 41 
4* 4* 4** *444 41*4, 441 413) <>14*3.4^ *44* HO A 
4 *44 44*4 4*4. 45M <4 4°, *** *7X14**4(*, 41 AM 

4** *4**4) HAm *4 444 #4* * $14. 4144 4** *4

* 4* HA)4 44** 414 aRH 444** #44 #444*4, °1#
4)44*3. °l# AI1-4om4 44] AI140M4 4* 4* *** 4447]

4*°14.
[*# 4.1.11]* 4^611 4# 41 #4 4#* *4 #* $14. 41*#* 41*4 

#4* 444# 4**, 4* *4, 44 41*444 471 4°14 47I 44 *

* 41*4 31* 4** 44-# * $14. a>5 54 £# 44, C44 C7> 4 

44# aMs] a>54 zl 5:44 a>5-§- 44^4. [zl# 4.1.12]# °] 41** 4
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44 71^23. 4*54*5* 44* 4-442 $1*5, 3 *4* 4*4 #4. 
(D 45 B7> #444, 4# 441* 4445.

© 45 S7> #444, 4*4 B7\ #4 4* 44 4417} *442 B~£ 
454 5444.

© ©44 B(444 4*)4 4444.

© 45 Dlfl4 4444, 45 B27\ 444 444 4444 4*54** 

41444. 3.4*4 4* 44* *444.
© 444 445 #55* *444.

44 444 7146,3. 444 #45* 4#4 *44* 44 44 454514. 
*4 4*4 43:## 4444.

P = P(A)

Pi = PiO 

P2 = P(A|C)

Fj - P(B)

P2 = 54 [B,Z>]54 444 45 A4 44 4* 

a = *5 [B,D]54 444 *4 45(A, B)4 45 5)^

N = ?H44* 2454 #2 4*54*SJ* 44 #4 454 # 4* 

M = 444* 2454 %#* 44 55 B4 4*

N2 = 444* *44 4*5444144 45 A4 44 4*

44 54414 4*4 444#* 5* **44.
P = PiP2 = PiP2 

Pi = aFi

Pz = Pila

544 7M# 4*54 %* 44 4*54*414* 4*4- 5* *5 54-* 
4*4.

Fi = M/M P^ = M/M, P=N2/N
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.. f =

V(p)= HFi)HP^2) + v(P'1){E(P'2)]2+ n^2)[S(^"i)]2

= -£(*i • P2-% + K, • P2 + tf2) = jjK2 (4.1.7)

441# [Villen-Altamirano91 ]* #S#4 4#4. 444 444 4##

4*4# 4(4.1.7)4 4*4 #444.

p' - Ml p'------- ffg.- 6 = _^_
^l~N’^2~R-N1'^ R-N

H£) ^ -^[*1 • p2 + /C2|-^ + 6* P2j]

4d 4# Villen-Altamirano4 414# 44 -2-^44.
Pi — \fTKjKr+WP, R— 1/Pi

4. 444# 4M4444 4-8-

444 7l##AS 41-44 *4 444444 44# 4h]as *# 

4a4 4# 4S.7} ###44 444# 444 s 4-8-4 7}*#4

[Villen-Altamirano91]. n44, 344S ##4 ### #4 444 4V-°fl4fe

## 4 AS 4* 44144 a# 4# 4s# 4 AS #4. 44-4 44 7]## 
444 7l#4 #4 n) ai^. 7l## o.tfls 4-8-4 4^* #4. a44, a 44 
# 4-8-# 4 #=114 4As 4-8-7}### 4-441 s#4. *7}4 4 #4# a4 
41 S$Hr4i, A # # H<H1* [a4 4.1.1214 44# 44 44#4 ^4 4# 
4 zz41 4-# 7141 44# #4 #41 s S4 41 #4 ## a# 4#& ^#4* 

4s, 4# 44# 44414 #414 7^14 44= ## 41# a## ##^i 
4 A# 44 4s* S4 4*4 444* 4#44.

*4 4*4 713:#* #4#4(M 4.1.13] #s).

X : 44 5414 44 A7\ ### 4444 4#

A, : 44 544 44 #ss 4^1 A7\ ### 4444 4#

5, : #4 (origin) 44M14 44 57} #4# 4444 4#
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C, : 4-4 g0,14 4# A4 £7> ###^1 44 S7> #4# 44

A : 44 5414 44 44 #3|5 #45# 44 

4 4-4 44 #311- 7>44 4#4 4# 5# 444 444 44 #3144. 

MX) = PaEW + QaE{PcE{ Ct+ X)+ QcE(Dt+ Bt+ X))

= E(At)+M CJ + -^(£(A) + MB,))

••• MTTF = MB,) + MX)

= M4J + -^A +pQa Qc mb,) + M c,) + -%fe MM)
r A “A PA

(4, <? = 1-5)

°1 444 444 4 #314455. #444 5.4 4-4& 4 ^441 4-B-4 4= 

$144 444. S4 444 444 444144 144 51# f4 44444 

44 A4 Da4 #444 #4 44-4 4#3144. 444 444 4431 44 

#44 5.4 ### 4 5.44-5.5 5## 5#4 ### 4 $14. 544, 44 

4 4454 #4# #71431 4 444 44444 # 4 #314# 5#4 ## 

4-7171- nfl4 44# #44 $14. 44 14#, M * )## 31## 31 4#3I4 

# ## 51(7131^:4 445)# 4 7]cfl4 3)#41 3131 444 ###7l7} 4 

14. 444 4#314# #4-41 31# #4# Jl## 444 4#31 44.

##4 #1# 1000314 5# 4# 4-3.-E #71431, 4444 jeis}# n 

4## 4 #4-5 7)144- 44=## ##44 31# 5.## #-$44# ##44. 

4# 394# 7l#4 7l# #4* 41-4 4#, 4## #4# 4#314#4 zl 

315. 4## 444. 4 4#314#4 #4 Mfe 44 444- 444 #4=7} 

44, #1 #314444=, #5 5#4#, ^#5 455.47} #4. # 4

#31444 31# 31#55 4# #1 31## #4#$1555., #4 5531 5 

7fl# 7l7l7} 415 ##44 $1#3|5 f7}#4. 4* 4#54 7}#4$4. 4 

#314#4 71114# #4# 4#4 #4.

© ## 4#5* 55 5#45, 14 A}54 7,944 44=4 31444 44 

5## ##4. 47M1 14 A}yo. jt.4-1 4711 4=5 4, 3, 24 31
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?M* 5] *5 10, 50, 100* ^*#^4.
(2) 44 5# 444 SM 44 xflA]A}- 7l*j2] a} 4 4 *44

* t 44* **h *m#4.

® 444 44 4*s_* 4, 5, 6*5. 7H 3. 4#* 4
441 *4.

© 444*5. *444 4&* *555 *45.*, 4*4444 *5* 4 
44]* 44 4*4 *44 445* 444* *5 *444 44* 44
*4.

*4^4 S4, 5* *4* 44444 4*4, 4* 4*4* *41 *444.
n 2; (Zaizo/d)2

444 W* a* H7], za/2* 4457> 100* a%7l 4*4 4**5&, 0* a

* 44, *5]* a* 44*44 44* 4444. 4* *4 444 a* *7]

* a7> 50004 4 1044. ©4 ©4 4^-t- 4 &#4] 4I4H 103]4 #*% 4 
4* 4444 [a 4.1.134 44. [a 4.1.1344 F *5&* 44 4*43444 
44 4*4 *44 4 5#4 44 4*4 *44 *444* 4*4* 4**
* SM 3.18*4 *4 *44 4* 444. (2, 10) *44 F **4:4 3.7425 
3.185.4 *5.5 4 4*4* *44 45 4* 444. F *5&* 444* 4 
** z 44* 471 44 334 44 *44 **)# 44 5#4 #* 47> 45 

7] 4*44. 4*55 445 95%5 z44* 4444. 4 4* z *5&4 
2.1015454 44 4*4444 W&4 4* 444. 445 [a 4.1.13* 5 
4 2.10154 4*4 #* 4 * 5(14. 444 5* 5#4 A]#^03/40] ^w> 
4*44454 *444 a}* 44* *4#* 95%4 4455 54* * Si 
4. [a 4.1.1344 43 44 4*4 F *5&* 5444 5#* 444 54, 
(4, 50), (3, 50), (2, 50), (2, 100) *4 #* 44* 54*4, (2, 50)4 (2, 100)
* *44 43" 54 444 44 ^4 447> #555 44:473 447344. 
4473 4* 44* (4, 50)4 (3, 50)4 44.

441 @4 *4* 4*il (4*5-1, 50) 5#* 4444 4*5* 4, 5, 655 
44-714 *W4. [a 4.1.234 444*4 44*44 44 4a* 44484.
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[3 4.1.311- 3# 4134 4# 3 #4 44 44144 435)4 ##4, 4! 

44# 4# a] #4144 ## 4131444 #* # ^ #4.

4! [3 4 4.1.14141 Al£ # ^ #!eI1, o]^o] 4# 41^1444 4# 414 

4 # 1 214. 4! 41-4]7-1 1## ##3 4444 JL-g-#* 44# 1 Si 

^4. [3^ 4.1.151! 445)14 95% 4 s) 14! 4 a# 444, 4! 4# 4 

1-5114414 44144 71)44 4^4 44444 444 &3Je.3 4^3 #44 

437} 1^42 # 1 44.

[3.4 4.1.161! 4 4134 tfl# ## 44511444 7N4# 7l#4 #5 2. 

4444 5444. 4* 4.4 45- 34441- 44 4441 4 1 44. 44 

14 44 4444S 44# 44 44 45 34441 1441 4141 4

4# (413-1)3 4441 44 54441 4 1 214.

©# 4#444 44 51 41 4114 441 44# 34 45. #4^143 44 

4 411 5053 3#44 614 ti>4##-ir 14#4. 4 144 14# [3# 

4.1.1714 #335. 3##4. 41 614 #1144 si 1# 414444 1 

44 44=413 41#1 # 1 214. 441 #334* 4144 7H4433

3 #34 4441 414 34. #334# 414 41 #4 31144

4714 f4 jFi 44 4# 4131444 444 4#4 4# 34414 4# 

#3* 44*54. 441 4144 3114 #3344 ^5 3444, 4441 

7} [5. 4.1.414 [3^ 4.1.1834] 4444 214. [34 4.1.18141 444 

431433 H7l7> 3444 37>4 45* #41 4a# 1 2131 #4. 4 3^

4 44# 44414 #5- 344444# 43144 4317} 44433 4#4 

3, #334# #43144 141 414. 41 44414 W 34444 # 

1# #3347} 4# 3114 144 131# 41 444 3.4-#! 44 #4. 

[3# 4.1.191414! #3347} 3)5# #44 #33* ## 413)444 # 

334 44 34 3 44s# 34 #4.

4#4 ##44# 444# 414 #7}43 331 #*# 1 #$4. 4*8! 

4431 4# #3)44414 447} 7)4 #4# 444. 4441! 41314
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#4 ^3# S>#4* #3433. 444 s;*#4 *4#

447} ^£|xl %^4# ** 4 4 #4. #43, W S###;# ^## 44 

Aife 4#34 7}4* 44# ##444 #4. 3# 4^4 ### 44* 3 

4 4* *337}# 7Mes, 71^4# rfl# xi#4l 4% 34 Mt 44 

#4* 44Aife 44# 4*34 4=84) #444 #4# 444.

4. #44 3 *3 4? 44

*33 ##44 4*7}# 3. 444 7i«}3 #5. 4444 4## 4l#-33

4*44 $3, 444 4#44 #34 444 3# 4 $44 $4. 4* 4# 

44 4# 0-3. 4444 #4 7}#- e #4## 4#4 4 #4 3#* #*(*# 

43)# 4# 437} 44 &4* 444. MTTF #4# 4# #4 #4* 7} 

## 4 #4 4#4a1# A]#4o^e_& ### 3* a}^^ ^44 4*44 

#44 #444a1# MTTF4 #44 #43# ##44fe 444 44^4 4

# #43* ##47] 444 #43 43#34 3**# 4* 444# 44- 

44 4444. * #4 #*44* 41#- 4## 4* #1 *33 4#44 * 
#* #a14-4 44-44 711*4 44 *44 4*44. 34, # 4*4^1 ^9

4 #43 44#4 ## 4-4-44 3#4 444 &0.H.3. 34 4* #44
3*44. 47}4 4*444, #344 44# 4441* 43# *3344* 

4*44*4 4# 44 #3* 4444 #*44 4## 7^2) 3** #*

* #714* *4* 344 # * %}# *44[Bobbio94],

4. 4€-

##-# 4*4 *44 5A44 4 #4 4 #4 7}^#* Wr#44. #*44 

4# *44 W4 44 Ai^-eflo]^^ 4* 7}* #43 4* 4443 $}3 

4, #4# 4# *34 44 n *4 tf|*3 4# *4417133, 7}^f 7i#^io] 

#4 #*#* S333 ### #44. 44 # y*47-13 #33 ###4 

4714 71*4 4* 7}*#* 4*4 355t4. *33 ###47l* n #44
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14) 39 7}^#1& 4*1 ##4 14 9#* 4*1 #1, 3B]3 FP 94 

4 4# #4 95 59 #4 7)# -94 til*#* 4913, -9444 9-25 

-9# til#44 9** 491* 49184. 99 1*19 til#44 9-8-9

9944 #1455* 47M» 4418*til, 1H* 99:49- 4#4 1* 

94 49 9 9* 44 94-94 9-9(N9 4.1.9] #5)* -9449 4#414^ 

94 #14 #9-9 94:9 * 81* 999-2, #H* 9-44 1*444 4 

5<9 #9 #4 #4# *55 ##95. 4:94717} 441* 9481. 853. 

4 41* #9 4#4 41-494 944 #9-4] 4# 459 4#, 4 £S4) 

4# 441 fl£ 4#9 #59 4#, 3s]3 3.94 44= 5* 4441 4# 

41-4944 £9 ¥4 7}*9 4-99 *5181.

¥ 94 #9- #5 7)453 449- 994] 44 3 944 9-8- 94* 49 

4-3, 9^19 4*41 9-8-9-94-. 9 495. 1# 454 till 1*144* 

4453. 47] 4*41 49 4-5* *999 44 *7}19 94* 11191. 

3N* 9994* 7>99 MTTF* 494* 9492, 4* 44* 44* * 

9 449-4 9# 449 49 94 4** #9* 99484. 9 94 9*4] 

1* 4*494^.* 994 2-* 44* *94 9*9* 9499 99985 

4 MTTF4 949 9*2* 9*49* 444 71494 till 99-5

(precision Sfe stopping conditions)* 9*4-7] 444 942. 4—95.9 Jl

*9* 9* 9494 494-7] 9484. * 44 9*444 9944* 94 

99, 444 4* 94)994*4 997} 7)4 89 444] 4# 4*^1944 

5*99 *49 997} #944 8*4* 44, 95 39-494 *9* 491 

4* 4*5ofl 7}9* 44* 49499 449, 22)11 9 8 til 494 44* 

54 4* *559* 7}455, 4*5)194 49- 41*41 till 51 911 

til *4* 4414* 44* 4*5o)i 7}#7)1 4944 44* 994. 344, 

til* til#* 4# 91 *55 4944 44* 4444 1949 ti)#9 till 

*49 4*44 #594 44* 444* 45* 49441 4*44 4)49 

7l#4 5*4 9** 444* ##** **4 9*449 1 #444.

7]#4 #4 *5 4*4194 7l#¥* *3. 4* 4541 till #94) 594 

4*44 84 *4 til#9 4*44444 4*4* Itil?} 854 30,1 41
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# s 4# s.qnoi # 14. a. ^4)4 7]^#^

3. ^4] 4# 7l£ ## 4lAl«fl oM# 7]^. 1-i: ti>tg-o_3. AUS.
e ^#4 ^4* 5 4 4.
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[S. 4.1.1] aM 4% 3^#

9M, xflA]3)-5)^ W 4i»l3]^r F t &S.&

4 10 132347 0.213 3.066 16.68
4 50 132512 0212 1.390 25.50
4 100 132660 0.211 2.009 19.74
3 10 130974 0.221 1.957 20.31
3 50 129905 0.227 1.522 22.59
3 100 133413 0.207 1.166 22.15
2 10 136653 0.187 3.742 13.58
2 50 129673 0.228 1.662 22.02
2 100 130798 0222 1.476 2227

iZ^l A]-§-£l]C)] A) 168270

[5 4.1.2] (C^3E-1, 50) ^#4] 4# ^»]3]^s] 95% 413] 5^ ti]jn.

W
4 64543 60638 57133
5 181048 166488 151928
6 458670 444858 431046

W ^o]44=
4 52795 48129 43463
5 142311 130996 119682
6 396198 361286 326374

[5. 4.1.3] (W^-l, 50) ^#4 4% S^-Aiy-a] 95% 41 s]^ n]S.

4#S(^9b) W 2.^9-a]
4 9859 9195 8530
5 20959 19720 18481
6 45694 43932 42170

tt 2^-a]^
4 10193 9102 8011
5 23188 20381 17573
6 48929 43844 38759
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[5.4.1.4] 5<y 4 ^#4 4% jga-

(3. 50)a 130670 0.215 16968 0.137 0.0344
(3, 50)b 130148 0.218 17080 0.132 0.0114
(3. 50)c 140330 0.157 18800 0.044 0.0420
(4, 50)a 135010 0.189 19396 0.014 0.0647
(4. 50)b 130962 0.213 19354 0.016 0.0323
(4. 50)c 135436 0.186 20742 0.053 0.0704
4 #4 4 4! 166562 19682

- 168 -



2 (s, n)

kiU 41.1] 7}^s\- q-%- Tflf-

[ZLig 4.1.2] o]XlA]^ n>H= <34

1 5 5
0,0 r- 730,1 r~ 0,2

e/3
1-5

sS
1-5

e5

ii 4> €i e
M 4.1.3] 7}^#^
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M 4.1.4]

1 1
f of 'X1 y l 2 ;

9

[ZL^ 4.1.5] <3^1# n>s= 34 44 
4#

1 2

8

[ZL^ 4.1.6] 44^4 44
4#
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<g(t»

M 4.1.7] -94^14 #4

(°H—®- —(0^-©

®--©

®-—@y--©

®--<s>-—®--©
9o|S|f =4

[zz.^ 4.1.8] °]<M-]4 b]2£ ^44]/i4 ^1# ai^-
4# ^9
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M 4.1.9] -y-Efl ^o] 3444DTMC vs. CTMC)

M 4.1.10] #35.



[Zl^ 4.1.11] A]^>611 4# Xll-S] ##

[n^ 4.1.12] XI A] ^ 7]igs] *}-§-

[ZL# 4.1.13] 4A] a] JL*Z -y-BflS]
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4] 2 ^ PH-type

1. ^9-

444 ## (analytical method)0!] 44 4*4 5494#* 94*27} # 
4 5# 7} s)* #9 494 ^| 9425 2## 9 %** 94*. #, 4 
9* 99 #2 #5 4# # 7]7]l-o] #4 3144 ^b]* 41# 4 494 2 
44 * 95 4 7]7]s] 4tn4] 44 #94*4, a. 4*495 9# 4 7)7] 
7> 4#4 94#31 49 921 #422 4##31 ##* 4°]#. 44# 4 

92, 9# 4 47]4 94* *9#* #94# 4#4 9952# #449 
**4 #9 #45. 9## 49 1-71-1# 40.5. #44 ##[Kececioglu9U 
3141# 44# #94 419 #449 #22 5L#(Markov model)2.5. 2.###
* #971- 4*144 #*. 4# 14. #4 £9 99 4 7]7]7} #931#-# 

(IFR), * 49 29-92* #237 9413E5L 4999* ##*# £9 95

4 7]7]4 #4* 49 #45. 94### 3% 92:4 944 #4 494 31# 

4- 4#4 ##4 92* 2## 97> ##. 3i##, 9# 4 7144 3i#-##4 

#-931 #-*4 4# #9# 3L#*27l- 4#92# #9 94 ##4# 944 

44^19 ### #s)#2#4 #7)44 9# ##4#.

PH-type 92(Phase-type distribution)* #22 #4& 2#49 ##4 9 

2271 ### 92# *4* 499 2*# 9 #9 2##* 7}x|2 #2# 

44- #4 #22 *94 4# =fl#4 9##2 e #25 #44 ## 

[NeutsSll ###, 2 #944^ PH-type 925 94#4 #9 9# 4] 49#

5 #!#* #2#27> ##. ### #4 #4 99 # 444 2#4 947} 

##44 924 *99 71-42 44# 95 4 447} 9# 922 45* 9 

##2 %l! 414 41* #4# 2#* PH-type 924 *99 494 9422

* ##. ##4# 4* 92* 2##4 44#9 #4 494# 4* 92# 

41, 11, 44 924] 4# #1*4 #97} 444 ##. 44# 45 92 

4 4# #4# 2#4 914# 4* ##-#4 2# ##4# 92, 9 44711
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3 3# 5## 3# 95* 494 3## 93*5 *9 41

439 #9# 9 *4 353. 341##. #3-3, 9 #9439 4# PH-type 

993 #39 31# 455, 7l# 95*4 #-§-#4 die #3}3 2-3* 9^ 

*9 39 #9#S5 ##.

PH-type 993 3<q# #3, ###»>, 315131 PH-type 993 *## #9 

3Ml 414 2*43 31###. 3#43# 9 #943 9*1# 4199 33## 

#. 4 #9439 3 #4 #933 ## 3##^# cfl7|?2l 414 9**5

5. #M1- #43##. #3*55 4343 #9### 33*5 99 #9##

4 414 #39*.

2. 3? *13

4339 PH-type #9# 94#31 4# *#€ 39* #944- 33##. 

#4 #949 94 PH-type 993 #99 #94 9 49# 4#94 3 #3 

#3i 9 ##9 94 #934 ##. #4 #93# 534 41# 39# ##4 

39 95. 417l 3^#(Queueing System)4 414 *4 #97> #4#3. #33 

943139 #97]- 43=# #43-5 # 4 ##.

7\. PH-type 99# 99

(1) PH-type 99 493 #3

4339 #3 PH-type 99* 93#33 594 39#9 93# 43#5 

7} ##. PH-type 999 44 9*345 9# 3# 999(distribution class) 

3-5 # 4 ##. 44 ### 44 53(stochastic model)435 ### 4# 

9#3 434 34 933343 33#9 539 ##4 41# 9*571- *7> 

#3 49# #45 *33 *#[Neuts81]. 43 5*995 93#9 3499 

4 41# 7>34 *4 4939 34 'memoryless' #34 34 539 ##4 

41# 4*4 #*433 494#. 535 4# 39994 41# 7>39 99#
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* 4* 444 tij-s PH-type *545 # * 44.

4 #4|5 # * Silfe PH-type *5 4*4 *4* #5 54*44. 

PH-type *5* #44 #2 5<M 44 4* 44# ***

4*4. 4, #44 44# 4#4 4*44 44* 4** S** * 44* 

444. 44# *45 4*4 4#*5* PH-type fis *##44* 45# 

4 44#-9-4 5 44 4* t4 5**5#5 4*4 44# 5##7> *4# 

4* a!4 ###0.5. 4*444.

* #45 PH-type *54 *##*** * * 44. PH-type *5* 4*5 

5#4 7]54* 44. 444 4e4 4*5 5*<>i] tfl# *4 ##*#* * 
*#55# oN* 4*44 **4*4 4M4* ** 4 7>*#4. 4*, * n?}

##7) ## Sfl (matrix-geometric solution)4 #415 5*4*5 4r# 7fl##7]

441 5i*#4 4*4*4 7fl#4 tfl# 5*5 #5*4.
41 #4|5 PH-type *5* 41* **# closure property** #* 44. *, 

PH-type *5*4 *4 4*4 4# ##44* *44. 44# *** *4* 

*444 4* **# 44* 4*4. *# 4 44*0] ### *55 4#* 

4** 4* 4, 4 *# 4 44*4 *44 *4 4=4* PH-type *55 5# 

M* #*, 4*4 *#*55 PH-type *55 5## * 44* 7^*** 44 

#* 44 4*44. * 4*4 4*44 *7]5 45 44# 444# 4*S 

45 # * 44.

44455 * * 4* #4* PH-type *5* 4*# #*## *4 #414 

##7} 7>*#4* 444. 5444 *#41 4# 4#44 ### 4#4

4 PH-type *55 #44 *4 4141* *W * 45# 444 7>*#44 

**# 41* 5*4 44*5 5#5 #*# * 44* #44. * 4*4 4# 

#4 #5* 45 44# *4#4# 5*4 4#4 5# *#44*4 *44 

#444 #### *1141* 44#* 4445 # * 44.

(2) PH-type *54 #4
44 44 *54 #** #454. [0,G°]4I4 444* 4*4* JY4 4 

**5 F( • )7> #41#*4 {1, ,2, , m, m+l}45 #414- #*
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H Q# 4" 5 53 4-22 43 (Markov Process) 4 5534, # m+1 -#4 

4 233 4/M4 434 527} € tifl, F( • )5 44= m4 PH-type 527} 

34. 23 27134 45^45 (or, am+1)s. 4433. e=(l, 1, -, l)7 

5. 3434 ae+am+i = 14 4 134.

0=
T T° 

0 0

T„<0, z'= 1, •■•, w
where Ti^O, i— 1, •■•, m, j— 1, •■•, m, i=f=j 

Te+ T°=0

<47)>| 2.5 3453 transient443, # 44 T5 nonsingular442 7}3 

34. «H, PH-type 52 F( • )5 33435. @4 T# 44 ( a, T )2 2 

334. 4534 PH-type 523 4 2335 3-3715 34. 444 PH-type 

5234= F(x)4 35=235 Ax), 4542 334 (Laplace Transform)

f(s), ztsl2 45S:(moment) p,5 454 34 2334.

F{x) = 1 — a • exp( Tx) • e , x^O

Ax)=a- exp( Tx) • T6 , x>0 (/w# of am+i at x= 0)

/(s) = are+1+a-[s/-n-1- T°

//,= F[X‘] = (— 1)! • f! • or • T~ ‘ • e , z>0

4343 PH-type 52 {PJ5 34334 U, ,2, , w, m+l}42 4

2114 35 3435*11 T5 #5 33 422 4 4 (Markov Chain)4 553 

41, 5 m+1 341 °fl 233 4|7>44 434 527> 34. 437132 243 

4 35345 (0, £m+1)2 4442 j8e+lm+1 = 14 3334.



where O^Sg^l, z=1* "*> w* >=1> “ > m
Se+ S° = e

#71# 2.* transient##-2-, # ^ # I— T* nonsingular##-jI

##*#. ### PH-type #5.# #*###* P*# z- # ## (z-Transform) 

PC#, =L^ 3. ##^(moment) //,* #1# *4 2###.

Pk=0- S^S0 , m , PG = am+1 

P(z) = 0m+1+z- 0-[I-zSr1- S°

//,= £[JT| = z! • y3- S'"1 • [/- S]"‘ - g , z>0

#1* ##41 1## *2 ?14 PH-type *2*41 4#1 #1-5.# 

PH-type *2# 41* 24^-2

© ***2, ##*2 : 4^r*2# 4**241# m= 1, arj = 1(^ = 0)! 

41# *** PH-type *24#.

® Erlang *2 : 4* PH-type *2# ##4l# #*4 #*##.

a = (1, 0, 0)

-A A 0 - 0 

0 —X X 0

0 0 0 "' — X

® 2# *(hyperexponential) *2



a =

T=

(Pi. Pg. -PJ
— Ai 0 0 •“ 0

0 — Ag 0 0

0 0 0 ••• —A*,

® 4444 Erlang £2 :

a = (1, 0, 0)

— Ai Ai 0 **■ 0

0 — Ag Ag 0
T=

0 0 0 -----Aro

(3) PH-type ttSLS) Closure ##
Neuts* 4## #f7^#4 44 PH-type £2.2) ### Closure

#^4S14. °1M 4444 4444 #44

Closure 44# #4. 444 W# #3#%

# #3.51-71 444. o]S.o)jA-l^ 014 4## 444 44 n|7>x]

5"4 Closure 4# °1 4iP4 4 444. 4##4 IFR -g-5.5"# convolution'll 

44 #4Si3, IFRA T-S5-C- convolution# s-^^o] Jf-g-a} coherent system 

^S44 44 ##Sl#fe 33 -f-44[Barlow81]. 3&|# PH-type £22)

3 <£££ #^-4 44 #444# # 4^# ##4. 5- #£2) 2I£ -e-A># 

4## #4 £4 4444 444 344 44 4## #44 Closure #4# 

#4, #34# 4°1 9X4.

(CPI) PH-type riS-c Convolution #44 44 #4 Sl4[Neuts81], #,



H • )A 44 PH(a, T)°]JL, G( • )7> 44 n2] Pff(& g)^ nj, 

F*G( • Ptf(y, L)7f „M 4#4 4^44. 

y=(ar, am+1 • £)

Z.=
r tV 

0 s

(CP2) PH-type ££44 4W4 4#(mixture)4] 4*fl 345a4[Neuts81].

#, M, ... ,k 4 Cflsfl F;( • )7> p^(a(», 2X/))« tpjFjC . )fe

PM«, 7M 34. 0H 44 4 ^^^4.

a=(pla(l), ™, pka(k))

2X1) 0 • • 0

0 2X2) - 0
T=

0 0 - 2X*)

(CPS) PH-type ££44 PH-type Convolution^ 4tM] 4®fl 34 Si 4 

[NeutsSll 4, {PM 44 n4 4444 PH(A S)43l Pt • P\ 44 m2]

4444 PH(a, 2)4 4, JjP*- Fw( • )£ 44 mn2] Ptf(r, Lp} 3

4. 44 444 4^44. ^42. 444 ®±r kronecker #4 4444D. 

7=a®&- [I-am+lS\-1 

rm»+i=y?»+i+ti,w+i • iff - [/-are+iSl-1 • g°

L= r(g)/+(l-aw+1)- f a® [/—am+1S]_1 • g°

L°= f ® [I-am+lSl~^ S°
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(CP4) PH-type xr-AxPxr # 7l 7)5. 9t99 coherent

system^ #49 44 #4#9[Assaf82]. #, £^7} ^ 7)7)2) %9

£2.7} PH-type £2°)# 7)11-a) jl^£22 PH-type £27} 99fe 999-. 
(CPS) PH-type #5?a ££ ^ 7)7)2) £2)7} 4 4 #9-5 # 919

54 4# #45a9[Neuts81]. #, Ft • )7> 49 m9 Pff(ff, T), G( ■• )7> 4 

9 n9 PH(j3, S)»lJi 4-49 jl%£27} F( •), G( • )# t 9#4 919 

5* 9931 aa 4 4#9 37^-93Ea PH(a<g)0, T(8)/+/(8)S)7> 4 

31, ##95# 01931 %ia 49 PH(r, L)7> ^4. 94 9&9 9119. 

r=(® ®/t, £„+1 • tif, <a-m+i • 0)

t ®/+ / 0r /®s° r° ® /
L= 0

0

T 0

0 s

(CP6) PH-type £2££ ^9 $4 5# (Shock Model)4 44 #4## 
[NeutsSl], #, 949 #9499 a] 99 P( • )7> 99 m9

Pff(<r, PH-type 4944& 9531, 31#-9 # 449 #9 #41 99

95 Pt7} 9499 PH(A S)! 4 4#9 31995a PHU, JO6! 93i, 

94 9-5-9 9119. 

x=r <8>/f

(994 zfe 94 #49-99 4944449 91:44)

r ®J+ T°- ff O [I~am+1 • S]™1 • s

(4) PH-type 4949

419 9-%9 499 #447H99(renewal point)449 494# £2£ 

PH-type 455 7}94# PH-type 4949(renewal process)9 ##999".
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# 4-33 19191 #319191 3^#7}#7} 44 ax, a<i, -, aw+14 4# 4 

4 1911- 44443. 43 44 w+114 19)7} 434 44 4343 

1, 2,,-, m!4| 19)7} 434 41 3 4444 433 44& 44 4*14 
43 44. 344 44, #31919) 3443 a #3191# 4444# 4 3

4# 4914 ,441 49]7} # 4## —4 44. 4 #4 44 #4491
i “>»+i

# 9144 {1, ,2, —, m} 4914 34491 44 114#4

Q*= T+(\-am+l)~l • T° • a 7} 4# 9)3# 433 444 43 4 44 

4 43 PH-type 911444 4# 444. 444 PH-type 4144# 444 
31911 ## 93 4491 9191 344 347} 444# 44# 3^44#91 4 
-§-€ 3 $14.

(5) PH-type H4 ###1
9144 149] 4# #44491 $144 PH-type #37} 7}4# 44# #4 

4-3 444 #4 44# 4## *31 91433 9191444# 444. ## *3 
14 444 441 343 14# &3$41 4#4491 434-1 a4# 44 
4 44 3 $14. PH-type #34 #-§-#4=# #414 3# #7} 7}1 #14 4 
3443 51# 917]4IHQueueing Theory)# #44 4# 3 #43 4# 3 
$14. PH-type #3# 3 #4# #41 914 4 #4 7}# 14 4 #44 44=1 
#914 Closure #491 4# 139H#4, 3##37} PH-type #343 44 
3#37} ll-g-3 4# PH-type #31914 #411 #91 4# 1344 1*3 
4 $14[Neuts79, NeutsSl, RamaswamiSO, Blondia89, Ramaswami90]. 3 4 #3 
#4# #14^144 11 9)443## 9)133 # 914 ###444 3# 
44# 3##4#91 #14 44-43 $143 # 3 $14. 119) 144 4# 
91 4-8-4 11914# 13914914 441 44 1# 4&41 334 131 
1*31 19143 # 3 $14. 344 1911 11# 4414 PH-type #37} 
7}4# ### 11## 41913 ##44 41 #4 41# 33# si# 3 $14 
1 #4 11443 #141 91# 141 31# 31# 3 $13 49) 91# # 
13 7}## 444. # 133 4# 3# #49)1 444 44443 # 3
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a# 344.

4. PH-type *54 #44 4*44^

19754 M. F. Nentsi 44 3* PH-type *57} 57fls)3 4, 3**57} 

7}#5 ol±r *33 33 4*4 43* 3**53 4444 434 4* 4*

7} 43 4444. Erlang $3.7} 45. ct a] a45 4 * 4*4 Erlang *5
* 544 4*4*(coefficient of variation)4 44 154 444 44# 44 

5 44. 55J)a-) o]e]4 Erlang 43=4 *37}*3# #4444 5 441* 4 
444 44 Erlang 45** 5*44 4*55 4*7} 33335 ^4. 54 

444 4*3343 PH-type 457} #4444. Neuts4 444 44*44 
PH-type 454 #4 *4*# *4445 5 4*4 44*# 4*S4. 5 4 

4 PH-type 45* 4*47) 44 44* 444 44 S* 44*4 4*344 
*4, 5711 37>4 *o)s. 454# 5 44. 44 45-44 **43 PH-type 

45* 3347)71 44 447} 445, 4*55 34 33-4 44454 44 
PH-type 4554 44#7} 4535 7}*43 ##44 4# 44, 44455 

4* uI-4-55 44 a}4 454 4*45 a. 44 4344 44 44* 4* 
4 44 4*7} 444.

(1) 453 33 44434 4*
4** PH-type *5 ^ PH-type 43334 44 34* til544 453 

4 *43 4*4 44 closure *3** 4** [Neuts81]4 444 4334 

4. 5 4#, 44433 *54 3*4*444 4335447) 343 433 

*44 44 3#7}*3 ^ 4# 35 *54 44 closure #34 44 4*7} 

435 #5# 4*34 3* 4344.(43-3 4*4 444 4#* 443 3 

314 33444.) 4**4 453 4** PH-type *54 #344 455*

(minimal representation), ct35 44*54 *444 444 3444.

198044 4, 4*355 44 3** 4*4*5 PH-type *55 *A}3}#
* 44* 34 [Asmussen87]4 44 43^ 4. 5A}#4 4444 #5 45

- 186 -



4 3*7} 4^443. [Cumani82]* 44*5# TMHMMCTriangular

Multistate Homogeneous Markov Model)°1 s}Ji 3* 4*4 TPHCTriangular 

PH)-type §SS #333* 443 tflsfl #7484. 3/}3 ^914 5#

4 (canonical form) TMHMM# 3435 34 43*55 34 5*44 

TMHMM fSS #4-34 4" 43* 3* 543. [O'Cinneide90]* PH-type 

*54 #3# LSTCLaplace-Stieltjes Transform) 4— 5*3 #433 45* 

34# 4#43. [Aldous87]* PH-type #54 ^#3*4 *3 3*344 

Erlang *57} #* 3*(order)4 PH-type #5 #44 43 4*3*7} 3# 

-i- *4343. 014# #3 4## 535 [Commault93]4 [0'Cinneide91, 93]

* 34 Duality 4 #4 Span-minimality 3## #4 PH-type #5.4 455 

4(minimal representation)4 #41 43444. 4554# PH-type #5# 5

4#4] 44 #7113 44# 44444 #544 =i 43# 355 44 544

# 4# 444. * 43# *3 PH-type #54 3554# TPH-type #55 

444- 3 44# 43 5444. 33 43 344 34* 4455 44 43 

#444 44 457} 4*43 43444.

(2) 44*54 *43
PH-type *57} 7>35 4* 3# 43## #*43 444 3*3 44* 

54 #3 35# PH-type *55 #4-343* 433 3*1344. 44*53 

#4-3# # 4* 3353 334*4 444 #433* PH-type #54 4 

3, 455 53 333 #33 4, 3334(generator matrix)4 sparsity, 

PH-type *5 5* *33 *33 *3 31433°} 44[Malhotra93]. #433 

3*4 4455* 44 3*3#(moment matching)4 3 4*3 3* #34 

333 444# #3 4*3 33 3*34 5*# *34554 #33* 4 

3* 4433. 3## *7114 *343 33 @3 3*3* 43*5*34 

(MLE)43 3 4-4* *5 4435.3 33 #3344* 3455 3*434

3. 5 4444(shape fitting)43 4*91 33* 333 333 3533 35 

3*(LS:Least Square)# 4* 444 3## 4*43* 5*# #34 #43 

43* 4433. 33455 344 37}3 *4# 443 543* 445 4
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1 5 884. 44 -044 54# 841! #4.

[Johnson90]! 4#48 88! 4144 44##3, 44#3, 4!15#3 

* #44484. #444# PH-type #331 4#7} #! 271] Erlang #34 

$# #3, 4#7} 4# 271] Erlang #54 !##3, Coxian #3, 343 88

44 PH-type #3# 41484. !*}3 85# 4 2.^7} 4 #3 4444 

#37} 5)5.5. 4455 371] 4-44 444 3 #44571- 4-5 4-4 455. 

4-4-44 414 #44-7} 4444 #! Erlang #54 44 4-55 #444

45 44##- 4 4 44. [Schmicker92]4 41-4444 444441- 444 

4-455. 204 0)44 4# 7}&* Erlang 454 £42.#°ll #44484. 3 

44- $44! Erlang #54 4157} 44414 4457} 444 44 44 3 

#4157} 4! 455 4444. [Madsen91]! 7)#4] 44€44=4 4435 

1007)1 444 #4 7}5# 5-4448 5 LH PH-type #55 18(homogeneous) 

Erlang #54 #5#3, °1 8 (nonhomogeneous) Erlang #54 •5##5, 

TPH-type #5* 44444. 3 #4 Schmicker et.al.4 444 441 41 

44 phase7} 4-67114 TPH-type #55 #4444! 44 44 54441 

88484. [Malhotra93]l 4#4#44 45*111! 45444! #44#4 

1 $4# 44! 4144 •###3(deterministic distribution), 441#5, cfl 

545#34 #444 rfl# 5#44 45# 5^484. 3 44 4!#3! 

Erlang #5, 44#15# Erlang #54 Erlang #54 $5#3, 4545# 

5# Erlang #54 $##57} 7}# 444 #4444# 41 #4484. 5 

41! 4444 SMP 5#(Semi-Markov Model)53 5#4! 41# 444 3 

#4 44 PH-type #554 144# #4 41# #444 (unreliability)! 5 

4# 4-444 ##4-4 #44435 4 34-7]5 484. [Bobbio94]! 44! 

55441 4144, 44##5, 454513, 88#3 15354 5#g 

#4€ 7}3(censored data)# APH(Acyclic PH)-type #33 #444! #4 

1 85484. APH-type #3! 4#1 444 #4 43138: 844# #3)4 

PH-type #344. 3#! 4#5b4 44344 8534(entrophy) 14 8! 

48# #443(benchmark)# 4131 4 #5# 45484. 444 85# # 

31, 434 454 #3 455(sparsity)7} 1! PH-type #335 1!#34
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n#2# 411 i##i n#2* ##i #4141 4= sii# ^# #

4= $111.

(3) 111 &141 1# 1 4=11

114 214 41 PH-type #21 ^#3} 4^4 <8## 44 %Sil2 1 

4= #4. 24# PH-type #27} 1# 41# 4 #21 ##4125 4142 

^# 14& 4#412 444, ## 4 444 4=44 $1# 4#4 #2

4 44 4^14 41^1 12 Sil2 1 4= Si! 444444 44

441Si#4 ##! 4=44 &# 4# 4^-44 41, 11 #54 444, 2

431 44=1 ^4 2-1 (Shock Model)4 444 c PH-type #27} ##14 4 

#€ 4= $14. zz.43. c44?44 PH-type #21 44442 #44 41 4 

14 41 2#11 l24#l 7fllo] ^44 #11 4#4 44 #4# 4= 

Si4c 12 PH-type #5=4 44 114 1$11 4 #7} € 4= Si3&!

441 441 #4 1W1 1144 [Sericola94]l 12# 4# fll 7} 

4# 442 4.4. 2# 214 44=#25 1442 4=44 PH-type #2* 4

# 4 41441 (Interval Availability)# 411c #2l## 44114. 2 

1 Uniformization 41# 4#14 #2S)## 71)11114, 2 #42 

(complexity)# 4#4 14 4=4 27)1 4 #14# ## 425. 241 Sl2, 4= 

4#24 Erlang #21 4## 1114(closed form! 444 ## 4= Si# 

425 1144. 24# 11254, [Neuts88]# PH-type #24 convolution 

4 41 41 #Kgeometric mixture)4 41 41 11# 41412 $)4. 2# 

4^41 444 #57} PH-type #21 4454425 Si4# 444 2I2 

1# 4125 1S4. 4 4#, 44 4=14 4#25 T* 211 4144 4 
44 41 #27} PH-type #21 convolution4 41 41# 14 425, #1 

241# #57} 44 PH-type #27} gr}# 4# 4#111. 2# 4 #2 

411 441# 114 7)7] 4=1# 4114(discretized) 44=425 7}4l5z. 

4-25 141 11# 4#lc 2#44 41 I24## 441^1. 411

# 1144 4 4= Si# 4# 41 4#4S1 PH-type #244 12# 4#7) 

1 44 11 414 &#125 4#447) 141 <8#414 11 4141
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4 11 94* 2.#* 4-8H4= 119 141.

3 ifl-e-

44*9 9 1944 ^is #Sil 91 gi 7]7]a] *47} #* 1# *# 

95, 119S, 5*5 27H **/7]7ls 494* 44954 4# *5)1* 9 

19 11*4 41: W14I *4lSil. *1954 eA}#4 41 19 1 

!5#4 H^l 7) 7) a) jl12.12.5- H !4##5, 4

91915. #4 4445 *5* HI 94-1-7} 7}9l5.5, 1 19441 

51 9# ^ 7)7)4 **** 151 PH-type 15S 5144 14-5 441 

4. 9, 11 90 7)7)5) Jill 947} #41 PH-type 15# 4# 4, 5 9£ 

# 5414 414 5l#5# 911 455 14* 4111. 5 *-#5* 9 

11 41 4*4 1415)4* 15 91 9 Sill 4* 4411.

11 4 7)7)4 947} a# 414 4441, 44)4 514 Closure *44 

1*45 414 1415)44 11 lllll si]a) 14)14 #4511. 5 

41, 41* 9415 11 91 90 7)7)4 947} 1144 &!l! 4* 4 

9 41*11 7p§425 94* 5414 414 14*41* 51# 9 Si 

44 11. 4*4 14 37}4 45954 41 414 94951 *41* 5 

114 41, 4444 7]5^27} 14*5 4*4449 *114 414 1 

n*5 *4# 91* 1 9 Si!.

14, 7)1954 4# 4# 9195* *519 1141 11455 54 
9 7)3:# 7je)s}5* #u}. 47)4 **/7)7)a) 15# 7}4H.

*141 7)5

0(6) : 67)14 055 4941 114 

e(k) : 644 15 494* #44, e(0)=l
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I(k) : (kxk) 37}$} 44*31, J(0)=1 

4 %-W/7}7}2\ 5L# 4 4^4 #35# 414 4±

Ptf(ff(*\ Tw) : ^14 Ji^a

( < a(p\ e(mp)>=l£. 7>4)

PH(0ip\ S(j>)) : ^14 f#/7j7jaj ^4£3L 

(<0(p\ e(nf)>=15L 7H)

^ : 34^4# 441 &7]^4 #*# 444fe 444 

T^, Sf : 44 =51 T(>), S^4 (*, M*fl JL4 

mp : Pff(arw, Tto)4 

^ : PM£to, S(^)4

T^0 : PH(a(#), T^)44 1-^143.4 44&# 444^ 144 

( T(p) ■ e{mp)+ T(m=0(mp) )

Sm : PH{0cp\ S(j>))44 144M3.4 444 e 144

( S(ti- <<»,)+S(*)0 = 0(*,) )

Tjm, Sjm : 44 144 T{m, Sim$\ ii 

~Tipyo : r(#)0£ °1^M4 m,x„, a?] 4 4#

S(/9° : mP7\)4 4^44 n^xw# 37)4 41

Aip) : o-i, a2, ", 4^44 mpxmp 37}$] 4441

B(p) : A, &, ", 4^44 npxnt 37}s) 44*31

1 ifis-/7}7}7} 4141 PH-type 4-3L4 7}414 3.44 4=4* 14
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4-2.2 4 if.%/7]7)$) 441- 444 p]244# 41 $14. 44 
4*# 4444.

4 4#/444 p}2=444 444 712

X(p) : j,44 441* £44* 4444 42=44

X\p) : / 4444 X°N 441

E(p) ; x(^4 *** 44l44(state space)( £(A) = E^UEi/*)

E^ : f*/44/} 444-2 $1* 44144

E(dp) : ^44 4#/7l7]7l- 4442 $1* 44144

4#/7l4fe &7M 444414 447} PH(a{p\ T{p))7\ *4441

5. *47}7)1 £14 244 444 44 44441 E$3. *47}>11 44. 44 

E& *4 £ 44 441& *47}24 4* 4* Sto)4 &444I

4*44 jH 441 44441 44. 242 PH(0lp\ Sto)7} *^44)5. *4 

7}4 447} #444 44 4*4^2 *47}X| £)2 £^ #4 4 441 4-41 

5. *47}^4 4* 4* 4*7}4s.ar4 44 44441 44. 444, Xip)^

Effty Ejflk 2444 247)|444(Alternating Renewal Process)£-2 *

4= $14. X(p)2) 444# Q(ti* 4*4 ^4. &*, 4444414 4*417] 

7} 4* *4 2.2 2:714-Efl (a, 0)7} 44.

Q (#) =
T

S

^1*4 42=444 444 712
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X : 31 #4 #3)* 544# 4 #4 4 

Xt: i 4444 JY4 #31 

E : XS\ #44 #31#4

Pad) : &7] 431 3h#4 %4 < ^N44 31# (f, ;)<y ##

(PdU) = Pr[ Xt={i, j) ] )

7\. 4# 3I#3| 4#

n;M T-fAS 4 #4 4 4# 31#4 4#, 31 #4 3144# 44# n/M 

## # # 4#Ai3. ^-#cq 3L4444 #4. 4-44 31 #4 #4#
## #4#4 4 #£2-3. 54431, 44 447} %# ^#4 ^# 44-7} 4 

#4. # 31 #4 4=^ #5# 4444314 444 (CP5)4 41#5£3l 4# 

PH-type #54 #4 5444.

4. «§€ 4I#4 4# 4#

(1) 231 ##/44& 4r44 «0#3|#
4444 41^231 44 4#31 44, 44 45 #H444 #444 %# 

244 ##/44& 4#44 4 #31## 314 315 A}. 44 # 45314 7>44jl 
4# 31## 4#4 44.

a. 4 ##/443l 44 Ji4# #44431 #44 PH{a{p\ Tip)) #5* 
4#4.

b. 4 ##/47Hl 314 4=4# #44431 #44 PHI#™, S(#)) #5* 
4#4.

c. # ##/44# 2.# 4#431314 4444.
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4 4*4 4* 45544 *# * *#/444 *44 44 24*455 * 

4*4. *, Xf=(%P. %P)5 *4*4. 444 *^|#3 £«- 4*

4 34 til]44 4 47]] -2] ##3(subspace)55 ##*4.

S^Ptzt/U £odU£.d£/U£d.d

iv/zere £m/={(z, » ; z#£(/\ ;e£^}
£m=((z. ;) ; :'=£#>, ;e£^

£w={(*. ,) ; ;e=£#), /e£«)}

£«,= {(%, ;) ; ;eE#>, ,e£«)}

47]* EDD^r *1*54 S-^dfl S]8fl ^]#4 5*4 *4* 4445 

##3445 # * a 4. 44 £j%# £z>d={ ® }& 44 *445# #4. 

444 Em-i- 444 #**43.3 4444 #4 7)1 #4 *** 4 #4=44 

4 514444 44# 444 444, 4#4 4=4#54 PH-type #55. 5 

#1 4= a#* 4-7)1 44.

7)1# 4=4#5# 544# PH-type #5# PH(r, L)5 44454 44. 

4, ^# 4*4 4# **s31 Q* 4# 4a5444 € 444.

0=

L L° 
0 0

444 4#4= 44444 455 44* 4441# #1 L# #544 * 

4, 44 PMr, D4 44= «4 4*4 54*41 4** 4*4 34 #3 4= 

44. 44* £4 #44444 ^41 44*4.

M=m1m2 + «Zi w2 + «xW2

r= ( or(1)(S>ff(2), 0(»»1»2), 0(»1«Z2) )

7»+i = 0
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44 (nxn) L% 92#/) 444^ 9##44 441449 9414 

#4. 444 4 994414, 494 4^441949 9^24 494 #4.

CASE 1 : (2, ])^Em

i,p^= «.§*„/“' p°(i>+ ,,E„r®'«»

+ «.Scj!2»«!2>-W

CASE 2 : (2, ;)e£^

(,.S^rW>'PM 
+ «..S,„r”-p«(,)+<,5£„s®-J3'-(,)

CASE 3 : (2, ;)e^

ip«(<>= , J£„rW • p»(f)

CASE 4 : Em

ip®<»= JL2 T”--P‘x,)

+ «.5£„2r”'^,)

444 491949 44 s3114|£ 5144, 444 44# 4441 Q 

# 94122# #4. 4" 9" 41944 244 44 (2, /)9 2-9 lexicographic 9 

42 4144 1431 44. 44, 4 4414 994 EUUt Em Ew, £^4

(2, ;) AiS. 7V9 444-9 4494 494 44.



'(2xi m
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14 1 *3 1# 44) 4 1#H, 1 #-5-1:4 4 a) H&# kronecker ##

1#41 *314 n 145 ## 4= 314. #, 4#4 ^1 A4- L°» 4 «. 

#1:4 44 43# 144 #41#(submatrix)#&4 51# # 314. 144

4 4-4*31# 14)4 41451, 4 ##1444 5E 11## *314

5. 44431 31## 1 4 314. 41-1-4 £ro44 Ems, 114# 11##

5#s}3i 31# 44*31 /(mi)(8)r(2)+Ta)(8)/(»*2)fe 11 ##/444 # 

4/1 1444 #3i 21 ##/4 7] 4 447} Eff 144 14-4 # 4%4 14

5 21 #w/7}7)4 147} 14-44 #31 11 ##/444 147} E^ 144 

14-4# 14-1- 4-4-431 1# 144-. & £ro44 E^5 114# 11##

514-31 1# 14*31 /(mi)® T(2)0B(2)# 11 ##/444 147} 14-4 

4 #3i 21 ##/7)7)4 147} E^44 £z>2)5 114# 11# 4-4-431 

4# 444-. 144 27H 414 117} 114-1 ##4-3i 7}^es 21 # 

w/7l7]4 147} 14-4-14 11 ##/44s 144 £^44 117} 111 

## #4.

/.=

/(»i)®T<2) + 7'u)®/(m2) /(«i)® T<2)0B<2) T<l)0Ba)<g)/(«2)

A»i)® S(2)0A(2) /(m,)®s<2)+ T0)®/(«2) o
S<mA(,)®/(«2) 0 /(«,)®T<2)+Sa)®/(»*2)

0(>*l»t2)
L° = T(1)0(E>«(»2)

e(»i)®r(2)0

114 PH-type #54 144 44 Le+L°=0 7} 1141 44-. 11 

# 4 #14 Eau, Eud, Em 15 4-1455# 14.

CD Em4 1#
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U(*i)0T{2) + Ta)<g>/(»2). i(mj)0 fa)0Bw, T(1»Bw<8>Km2)]' * + 0(m,*2) 

= [/(»i)0T(2>+ Tm0/(»*2)] • e(m1m2)

+ [/(*i)0 T(2)0B(2>]- +[ T(mBa)0/(»t2)] •

= [Km) ■ eCmJKgt T(2) • e(*2)]+[ T(1) • • <*m2)]

+ [/C«i)- c(mi)](8l T(2>0B(2> • «(»2)1 +[ T°*Bt0- e(»:)]®A*2)' <K»2)]

= <Km,)0 [ T(2) • e(m2) + T(2)0B(2) • <*n2)]

+ [ T(1) • e(mi)+ r<1)0Bw) • <K»i)]0 e(w2)

= e(«i)0 [ T(2) • e(m2)+ T(2)0] +[ T(1> • <K«i) + T(m]0 e(m2)

= e(«i)0 (Kik^ + O(f»i)0 e(m)
— 0(m1m2)

(2) Eud$ ^

[/(«])0 S<2)0A<2), /(wi)0S(2)+ r(1)0/(w2), 0] • e + T(m0e(n2)

= [/(mi)0 S(2)0A(2)]- e(w,m2) + [ Km)<S>S(° + Ta)0i(»2)] • «<«,*;!>

+ Tti)°<0 <<»;;)

= [Km) ■ <K*i)]<& S(2)0A(2) - e(m2)]

+ [/(*,) • e(wi)]0S(2) • <*m)l +[ T(1) • • e(»2>]

+ T(m0e(*2)

= <K*i)0[ S(2)0A<2> • e(m2) + S(2) • e(*2)]

+ [ Ta> • «(«!>+ T<1)o]0e(n2)
= e(*i)0O(»2) + O(*i)0c(*2)

= 0(l*l*2)

<3> Edo4\



[ SU)oA(1)0/(w2), 0, /(»i)0T(2)+So)0/(m2)]- e + etn^T(m 

= [ SO)OA(1)0/(m2)] • e(w,m2) + [i(*1)0r(2) + S(1)0/(m2)] • e(»1«2)
+ g(*i)0T<2*

= [ S<mA(1> ■ e(«,)](8[/(«2) • e(w2)]

+ [/(»i) • <K»i)]<& T(2) • e(m2)] + [ S(1) • K*i)10A»2) • e(m2)]
+ e(*1)®T®°

= [ S(1)0A(1) • e(Wl) + S(1) • <K»,)]0e(i*2)
+ K*i)0 T(2) • e(w2)+ r(2)0]

= O(*i)0e(«2) + e( *1)00(1*2)

= 0(»iW2)

44"4, L ‘ e(»«1#»2 + »«l«2+»lw*2)+ 1^°= 0(l«i»*2+»*l»2+»l»*2)O1

^414. 4^si ^44 s)8fl 244 11/4 4 s 4144 41

si 4=llze Pff(r, L)4 3! # 4=

(2) k4 11/443. 414# *g#41 
44 Ssl 44-1- Hltis #4 k7fl 11/443. 414^1 *9#4!4 4# 

4=^1^# #4. 41 7M1 1^4^-E SM4
4 -H-44-4 %4 />=!, 44hs, a4 41-21 4=^1&

7> 4-4= n&1 Pif(r, L)7> ^-s- <g 4= $14. 4# "r^lrisl 44^ 414 

^4.

44 ^44^444 41 141- 4 11/444 414 4=4144 44- 1 

114 411 3414.

l/,: 11/47l7> 41144^ 1, 4=41444 0* 41 4444=
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X : 4 4^/7]7}S} 4^* 4444 k 3.7)$) SjE)( x=(a:i, —, xk)) 

m : 4 4w/?] 7] 2] jl4 PH-type -§-5.4 44=5 4t44 ®!4 

( m={ml, , m)))

n : 4 4w/7]7]2l 4el PH-type #54 44=5 4 #4 3 «*!4 

( »=(«!, nk))

xd: 444 444 a 4444 x 445. 44 4, xd= x — x 

xn : x 4444 4 ^-w/7l7]s) 444 4s. pn-type #54 44= # 44 

4fe 44, 4 %"= **(!-%,).

44 444 4=^ #5 PH(r, D» 444 44 S44 4= $14. 444 f 
# 4^4471- #44 ##/7l4* 7M44.

r=(ff(1)(2>ff(2)(S>—®am , 0(n— ll tnp) )
P—1

Yn+1 = 0

L= [ L(x-*x)] zy/iere

£ #4 ® I r"%+ sMa-„>] ® 4,iJ

, if ll*1l = 0

L(*-4) =

, if 11*11 = 1

0 , otherwise

L° = [ L°(x)] wAgye

0 , otherwise
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4. 2X1 ##/442 4544 44 XI#4 4# 4-S-

45. #1444 4%)44 2;D4 44/44& 4444 4442: 4##
3.445.4. 4 4#4 4% # 4#4 41# 4#4 4:4.

a. 4 ##/444 4# 34# #1143 #4# PH(alp\ Tip)) #2# 

45-4.

b. 4 44/444 4# #4# #1443 ### Pfir(£(*\ Sip)) #2# 

45-4.
c. # ##/44# 2# 4#7}#4 4-444 4444, 14 ##/444 44 

4#44.
d. 444-44 $1# ##/44# 3444 5l#4(Cold 44).

e. 444-444 44442 4## 44 4# 4## 144.
f. 4# #44# &4. # #44 #4 ##/44# 44442 #444.

4 4#4 44 43=41 X# # ##/444 444 44 241122 1 

444. #, %,= (%}". X,(2))2 1414. 444 44 4444 £«-, 44 

44 ®* 2444, 4#4 1:4 4444 544 #4422 #444.

£'==£,£/sU EsiAJEihXJEdiAJEdD

where Eus={(i, ©) ; fefiy }

£&(/={(©, y); Eg)}

y); teE%\ yesg)}

Eix;={(i. f) ; *=£#>, /^Pi>2)}

£m=((f, /) ; ze£P, ,eEg)}
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444 4*4 JL*1 *4* 444£ 1* **144:2 1 * 1

4. 44 Efc# £D»={ @ }£ 44 14*£* #4. 444 £ra» 444 

***45.1 4444 44 4*4 *1* 4 *4=*44 £4-4444 444 

444 414, 4#4 *1*3.4- PH-type *35 £11 4 *** 44 4 

4.

4# £444 PH-type *3* PM 7, L)5 14*£* 44.

4, X* 4-§-4 44 44*31 @* 14 4s£414 1 444.

L L°
Q=

0 0

444 4** 44444 4a£ 44* 444* *31 L* *£44 4 

4, 14 PMr, L)4 44= «4 4*4 £4*4 4** 4*4 14 £1 4= 
14. 44* £4 *44444 14 1444.

»=m1+ m2 + w1«2+ «i^2

7=( «(1), 0(n*2), 0(mi»2>, 0(«i*»2) )

y»+i-0

44 (»X») 41 £* *£44 444* *4*14 14*4** *44 
14. 544 4 4*144, 4*4 *414**** *451 4*4 14.

CASE 1 : (i, ®)<bEus, j=®

T,p^= <J*/“"W+ <J,„s'<2”-«'>

CASE 2 : (©, 7)e£SL, * = ©

ip«<6= <,.S&: ■>(2)
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CASE 3 : (*, »e£ra

(k.

+

£ ^(1) ^(2)0^2) .
Esu

fa(f)

CASE 4 : (i, j)^EDb

iw=

CASE 5 : Ed0

0H>S] n]«-B0V^Aj4- o]*\] &%3M, 444 *34 *31 Q

* f aH^LS# #4. 4 4-4^44 244 44 (i, f)^ 3.^ lexicographic £ 

>15. 4444 $14a. #4. »H, 4 5;M 444

Eus, Esu» Em), Edu, Ede$\ (z, /) iiS. 44## -^°154 4&4 

44.
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TiP 0 0 TpV/SV • af 0

Evs T'f 0 0 Tp%" • a;2) 0

T(“, 0 0 7“”^“ • af 0

Evs Esc EbT, Egi Em

Tf «(»- 7f»,S(2>

• o O 
*

j(2) 0 0

T(2)* »'J f 0 0

0 0 0 0 Tf'»
TjP ra»

0 rax,

s™ TfVo

Etx Sp10 rl" + sf : Tp»
c(lM s% Tm
0 0 T<»01 *5T0>* M,I *

0 Td*1 Wl
0 0 0 r(i»1 »»
0 0 0 0 7f*

SiP rT
0

sf'» TiP T«X)

Euc si"* si" +
o«»
°ih

r<2)

0 0

cCD rf"
0

0 0 0 rC2X>
* mz

•Ecc 0 0 0 0 0



- SOS -

•■fci-ft ^7 ,<m3" ,/7S3" ‘OTa- fr&-k k #

klo --fcaft iotfegtgr 4/ 0=07+»7 to llotogr toS# ^l-Hd kkk

= e7
(z«)0

(,J“)0

m^®0"V+(^"V®o)S 0 0
0 ocSfgX1**)/
0 ®ffWZ)>£.<8>n)® <z)7 0

«)s®(i)aroa)'£- 0 0 (lk

•-tnlok Kth-k-h #&& *kkk **k klb 

tia-kktb teUU/^-k B2 tbk* -tek 'irkk# kk%r kBkkk ^^7 k 

lb(#2" -ktia-k kkk/*k BT B & k# *k TT##3E

*#kk #kkk ktb^2 3 kkk <rtMak ##B

B ktbio (^7 ktia-k tokk/#i- BZ %r# kk#B ktiak tokk/irk BI 

WttiB -k-fefv #k#B klbB (fja -ktia-k kkk/^i- BI ^ kk#B k 

tia-B b>kk/#k B2 k^StgX1**)/ + (z«)/(g)a)2; BtkBk -zr-taB^

##kk kkkk klbm7 k#*lb kk k # **k zrttvta-h ?

tiafe kM* #*kk *"5- toklbk#k k ‘B^ttgkk ktkk *BfetiHs k 

kkto k BBS k^#mBraSns)B?gkk totiafe BBk Iktta Ibk# 

k k #q7 k7 kk k*k '# kK k #k BB BBfe kkfk 

#* J9J139U0JJI #&kB kkkkkk k 'Bk#B kkk *Bfe k Ikk



© Et/s^l

[ T(1), 0, 0. T<1)0B(1)<8><f(2>] • e + O(iMi)

= T(1) •«{«!)+ T<1)0B(1W2)- e(»i*2)

= T(1) • <K»,) + [ T<mfl(1) • e(»i)]0 [ »(2) • 4»%)]
= T(1>- <K«i) + T<m
= 0(m,)

(21

[0, r(2), <r(1)® r(2)0B(2), 0]- e + 0(w2)
= T(2) • e<«2) + «a)(8) T(2MB(2> • e(m,n2)

= T(a- e{m2) + [ ar(1) • 4"i)]0[ TimB™ ■ c(n2)]
= r(2)-«(«z)+r(2W

— 0C**2)

<S> 34-

[J(*i)®s®, 0, Tu)0/(n2)+ i(«i)0S(2), 0] • e+ Tcm®e(n£ 

= /(mi)0 S(2)0 • <K«i) + [ r(u0/(n2) + /(*i)0S<2>] • e(»i*2) 
+ Ta>o0e(n2)
- [ /(*,) • <KWl)]<& S(2)0 • <Kl)l

+ [ T(1) • e{»»i)]0t/(»2) • e(*2)]+[/(wi) • e(»i)]0l S(2) • e(n2)]

+ T^04m)

= «(m1)®S(2)0
+ [Ta)- e(«i)]0e(*2) + e(«i)(as(2) • 4 m)]

+ Tu>o0e(»2)
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= e(m1)®[ S<2»+S<». g(»2)]

+[ r(1> • «(>*!)+ r(1)o]0g(»2)

= e(*i)0O(»2) + 0(«i)®c{%)

= 0(«i»2)

[0, S<1>0®/(m2), 0, S<1>0/(m2)+/(n1)0T(a]- e+
= s(lx,0/(«2) • <<*%) +[su)0/(w2)+ /(m)0T(2)} • KMi«2)
+ e(i»1)0r<2>0

= [ su)0- <Kl)]<8t/(*,)• e(w2)]

+ [SH) • • <*«2)] + [/(*!> • e(»i)]0[ T(2) • e(w2)]
+ *i)0r«»

= S(1)o0e(m2)
+ [SH) - «(*1)]0e(«2)+ T(2) • e(w2>]
+ «(*i)0T®

= [ Stl)0+S(1>- «(#1)]0e{«2)
+ <<*i)<8>[ T<2> • e(m2)+ T(2>0]

= O(*i)0e(w2) + «(#i)0O(*e)
= 0(»1»*2)

44, L - e(mx+ l»2+»*l»2+»l*»2)+ L°= 0(»»i + I«2 + »*1»2+»1»*2) 
4 4 #4 #4-4 44 44 244 f#/44a 4^-44 44^ 4

#4 PH(r, D4 4 4" 5£4.

4. €^44

444^ SM4 4^1- 44# #4 ^4 #4. 44fe 244 f#/4
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PHirp, LP) :

Lp—

Lc—

(1. o ,0 ,,0 ,0 ,0 ,,0 ,0 ,0 ,0 ,0 ,0)

{-0.08, 0.0% 0.05, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00}
{ 0.00, -0.08, 0.00, 0.05, 0.03, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00}
{ 0.00, 0.00, -0.08, 0.03, 0.00, 0.00, 0.00, 0.00, 0.05, %0% 0.00, 0.00}

{ 0.00, 0.00, 0.00, -0.08, 0.00, 0.00, 0.08, 0.00, %00, 0.05, 0.00, 0.00}

{ 0.00, 0.00, 0.00, 0.00, -1.05, 1.00, 0.05, 0.00, 0.00, 0.00, 0.00, 0.00)

{ 1.00, 0.00, 0.00, 0.00, 0.00, -1.05, 0.00, 0.05, %00, 0.00, 0.00, 0.00}

{ 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, -1.05, 1.00, 0.00, 0.00, 0.00, 0.00}
{ 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, -1.05, 0.00, 0.00, 0.00, 0.00}
{ 0.00, 0.00, 0.0% 0.00, 0.00, 0.00, 0.00, 0.00, -%53, 0.03, 0.50, 0.00}
{ 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, -0.53, 0.00, 0.50}
{ 0.50, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, -0.53, 0.08)

{ 0.00, 0.50, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, -053}

, Ls) :

(1, 0 ,0 , 0 ,0 ,0 , 0 ,0 ,0 ,,0 ,0 ,0)

{-0.05, 0.0% 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00}

{ 0.00, -0.05, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.06, 0.00, 0.00, 0.00}
( 0.00, 0.00, -0.08, 0.03, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00}
( 0.00, 0.00, 0.00, -0.03, 0.03, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00}
{ 0.00, 0.00, 0.00, 0.00, -1.05, 1.00, 0.0% 0.00, 0.00, 0.00, 0.00, 0.00}
{ 1.00, 0.00, 0.00, 0.00, 0.00, -1.05, 0.00, 0.05, 0.00, 0.00, 0.00, 0.00}
{ 0.00, 0.00, 0.0% 0.00, 0.00, %00, -1.05, 1.00, 0.00, %00, 0.00, 0.00}
{ 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 0.00, ■-1.0% 0.00, 0.00, 0.00, 0.00}

{ 0.00, 0.00, 0.00, 0.00, %0% 0.00, 0.00, 0.00, -0.53, 0.08, 0.50, 0.00}
{ 0.00, 0.00, 0.0% 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, -053, 0.00, 0.50}
{ 0.00, 0.00, 0.50, 0.0% 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, -0.53, 0.08}

{ 0.00, 0.00, 0.00, 050, %00, 0.00, 0.00, 0.00, 0.0% 0.00, 0.00, -0.53}
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4.

£ #13141, 44 4*3141 4# 4 #31 )3 #1 PH-type 12*

#4# 4*31 41#4, 4 !! 3 444 4=e)7} #141 3114 !#!& 

n ### #i* i#37} # 4 n#3i #i# ^ #i 425 4441

PH-type 124 *#1 414 #4 ^/}##4. &#, 31# 1412* 11 
91 444 J7*4 ^5]fi2l 2.11-5 2###4.

(1) 11 # 7]7]5] jl#4 ^5}£5.7> PH-type31, 4#l2 3114 1 

4121 #4 PH-type 127> 34.

(2) 11 # 7] 714 3#4 14127} PH-type# 31, '###2: 31 #4 1 

#121 44 PH-type 127} 34.

(3) 4413# 1##3 %l! 27H 11/4 4 4 3#4 14137} PH-type# 

31, 44# 4413 31 #4 14121 44 PH-type 127} 34.

3 #1314 PH-type 12* #4# 444 123] 4#44 5 7}# *#* 

2##4* %24 44 712:44 rf°l^ # 1 44. 44# #14 11 

44^-&4# 1#, *l#7l#4*-S. s#4l #5* #31 31##7l 3# #51 

4#4 7% #44 4= #4. 444& 2^14, 2;H 11/4 4 2 4 #4# ^11 

244 4 -¥-1-/7144 3144 4=4124 #17} 2# 342 311 4=4121 

44=4 127} 44##4. 1, (12x12) 344 ^#3] 4# ##* 4=444 4 

1 444. 444, PH-type 124 2## 7M1* 424 44=2 #2* 1M 

31 4# 414 #31, 1## 2/§3| 4# 4=4124 2##1 342 *## 

34 ##* #1 344 *312 4=W 4= #1 2.144 13414 7H#4 

14=4443 # 4= #4. 4125. 3 41* 24 14# #44 2.# 4- 44 

# ##31 4# ##-#* 444. # 312, * #1314 3#3 47113 2#1 

231 11/71715.# 414# 41 2#4#131, 4431 231 4#4 H/47) 

7} 44#3 #2#4 4 11/444 ## 1#1#7> 42414 11 ##

##4 ####41 14 #1 44# 124 111 #4#4 42* #1*
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4= Sd-S- 3M4. PH-type #&4

-& 1-4#^ 44 £ 4A#4. 411-1-01, a4#^l Ai^ajy #4^4# 7>x)fe

4-f PH-type 444 4^4 ^?3E 4-8-4431

# 4= &4.
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100004000 80002000 6000

time t

4.2.1] 27]] f#/7]7]& Tfll-s]

100002000 4000 6000 8000

M 4.2.2] 27« f#/7]7]& 7]]-§-5] 70S
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M 4.2.3] 27fl

xis]^ri5fl =
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4 3# 

l. 4^

Xl*4 444 ti-Aid]] sa<H ^s)4 ^1* =944 ?H4 ^ 41*4 **s}

(aging)*ll rfl* 7)#4 24* Ht|1 ‘4* n^sj 24 (minimal repair model)’, ‘7fl 

a) 24 (improvement model)’ x '*#4 94 24 (imperfect repair model)’* 

2 *## 4= %l41Guo94].

4^ 4= Si 24* Barlows)- Hunter[BarlowSOH 4*11 x)# *7114*1 ^ # 

97} 4*4 24*14. 4* 4= s) 2444)* 94 *#*1 4=^4 41*

*1 2.4 *144 7}* a] 4 4--§- zLtfl* 4*1 (age) 2 7}4 4441a) 44*1 9* 

442 7}4#4. 22)4 *1 24* 444 44(replacement)41 44 7fl4-Sr # 

4# 4= 4444 24*14 4 9 #4[Ascher79,84],

7114 240 4=r Malik[Malik7914 Nakagawa[Nakagawa79] 41 4 41 All 44 24* 

2, 7)1*4 94* 4111-4 4*1* 44 9* #-*444-* 7>444l 4144 2 

4*14. *1 24* ^11-41 44 29 24-7} 414 29 4^4144 *44* 7} 

422 4-S-42 #4. 25)4 24= *4* *44t11 *44* ** 44422 

4* 4* #*1*2, 7H4 *4* 94 24* 45422 444 * ** 24 

*14 4 * *4. 444 7)1 *4 *94- 4# ^ *4 7}*4* 24 4447)1 

24447) 444* 2* *4, 22 22244 44 4# * 22# 4#41 

44 #*44 44*1 1*4*142 * * *4.

*44 *s) 24* Brown4 Proschan[Brown83]41 441 4*4 24*2a) 

94 *1*4 4*4 4-4* 4* M 44 ‘Good-As-New’ 4-4, (1-/04 4 

*2 ‘Bas-As-Old’ 447} 44* 7}4* 4-g-s}* *4. *14# 7}4* 4**1 

4* 442 4*422 #44714, 4* /> 2 *44 444# 4#4 4** 

4714* Afl2* 4**2 44#4* 44# * 5U4[Shaked86]. 24*1 #4 

4* 4*4 444*2 *14 99 4*7} 4*1 4*4$* 4, #2 *4* 9 

4 2*4*1414 2* 4# #44 4# #9-7} 9* *1*2 %14
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[Cleroux79] [Nakagawa84] [Bagai94].

#4# #4 2^84 #41 H 1#5# Block, Borge! Savits[Block8511 

41 141 ‘411 ##4 4# #4 2H’l oi je.^# H ^e] ## 

/>» 414 #4= 4#1 #14 #B]2} A]^>6)1 41 ##4# #14

24 #554. 444 P(t)$\ #41 11 #?}# t-floMa) 2# nj #44 14 

#25 41# 1#7} 4*144 #2 &# #414. 144 4# 2l#

Shaked4 Shantikumar[Shaked86]1 41 ‘444 #44 4^4 2l’l 41# 41, 

1 2.4# ?l#4 #44 4^4 2.4# *7H# ### 7>4 1#25 #4-44 

4. 244 1 44 #44 14-g- ^ 444 42444 4l7}42 244 4 
#2 4#1 4#4# 44### W 4#7> 4444 *554.

34# #4 Jl4# #4: ##4# 444 # 55# #4 #4 S4 2.4 9* # 

4 444 7m-# #42-5. #4.
4#4 #44 #4 24#4# 44 #4 4## 14# #4= i>2 #554. 

4# 44 #4 4## #4 #44 7}# 4 4 4# 4#4 22(extemal factor) 

1 4@n 4MU442 414# 2 14[Whitaker891. 2# 4# 22# 11 #44 

41 4*142 4444. 4441 # 2H# 444 44 #4 4## H #4 
#4141 14 ##1 2## 414#4. 44-4 4# 224 3:4-41 41 #*4 

2# Brown, Hunter 9? Block #41 44 414 4# #44 41 #*4 24 

4-7} 7}#12# 1554.
4#4 #11 #4 244 41 #4# 41?1# #4 #4141 411 *7}4 

4114* ##14. Whitaker# Saminiego[Whitaker89] 4 1#7} 144?1# 4 

552-4 2*4 1## #4# 41 #4 411 411 4114# #441, 141 

41147} 1# 4112 12#4 MLECMaximum Likelihood Estimator)! 441

1 0.42 554.

HI # #14# 7l# *2(base-line distribution)?} 41# #24# 7}4 

41 #4 #411 411 41147} 444 414(masked) 14 4442 #41 

7}#41 4# 2#4 #11 #4* 7)11444.

#4 #4# EM #2 4# (EM algorithm)! * (framework)* 42
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4, 4=4 145.3. 44 ^44 44&4 4-44 4 444^ 4

44" 4^(transformation)-^ -& 44 4n, ?"7}4 4 44-4 -&--?■ $4 4# 4 44

* 4-8-15.3.4 f4# 7>^44 sRr 2.4= 4^4 l3i4#i- ^14484. 

4&^r 3444 4-8-4^ 7l±4 44 44484.

N # 314" 44=

:y„ (w-1)^44 314-4 44: ; «=1,2,-,A

y„ «44 4#4 4s. 44 ; y*=(>>i,-,y„) 

s„ 4=44 44

; «44 44 4=448, s„=0

«44 4=47} 1-44. 4=444, s„=l

so = 0

I 7] A] ^[4=

; s„= i 44 Ksn= z) = 1, 444 I(s„= 0=0

AO 44 M4 4# 451 4-4=

F(0 44 4-ai, # ^44 314- 444

; s(0 = l-FU)

or 44 HE 4 ^4" 5-4= (shape parameter)

$ 44 4-514 451 5.4= (scale parameter)

Pi, 4-47} i 44 j 5. 441" 1#

; m4 44 P(s„=j\s„-i = t) — Ps, 2=0,1 y=0,1 

P 44 W5. 44 41

p Pa s. 4m44 44 ; ^= (y>oo.•■•»y>n)

4 44 2,4= 44 ; 6 = (a,0,p)
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a* 4# 4144 ; a{j=

A [ a6]5. 554 ; f=2,-‘-,(iV+l), A

ti z44| 3.5444 254 a|^ # ; f,-= £ y„
n= 1

2. <S5 415

5 45 *4s]7}5# Al^bfl 41# 25#(aging)# 444 -4 3124 

4 ^b)a1 54 Jl-41- &4422 2-WSI- *4 315 544 *43] s.^ 

(imperfect repair model) ^ 44 *44 S.^#°1] 4 th 444 rflSfl ^gs]4-
314. 44 445 44 715011 7)1 A]^ 5S] Jl4 2-454 #7M tfl^ 244

4 =4Hi M54 4t} 71551 444 ZL 44H 4# 43]5. 444314.

7>. 715 4"Hi JL54 &454 «

. *42]7}5t} Al(repairable system)5} -tislAj°ll 4# 715-5) 414-5 4)55 

*43]5 Al^EJol A])^ Al^tio) Aj-Bfls 44 HD

(Independent Identical Distributed) Js.4) (framework)?M1 A1 24# 4 544 

545 54@#3l#[Thompson81][Lawless83]. °15 2.5 *43] 7} #4 (perfect)# 

*421414- ####. #45 ole]# ?}45 545 44 #5 #8*1 4)5# 5
2] 5414 5444# 7>5 5# 7} #4 55 545 5 3145 444 555 

444 *4 §145 444 3l4[Ascher79,84]. »le|# A}#f, 44^ 54451 4
3] fisla 315 Proschan[Proschan63]4 54 7207] 45 4^0] ji# 4.5. 

41 414 4 s! 7>4 5ai 45#[Proschan63][Cox66][Ascher79,84][Whitaker89]4l 

441 3 57]7} *1514 4 314. 43#} 445 45471 4414 45 *44 2. 

4 (minimal repair model) 4 414# ^2.4 4541 24 454 7fl4# ##4 5
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5} SL^i(imperfect repair model)0] 4 414%4.

42 4=5] 2^}# 4=5] °]^S] A|>iE)o] Aj-Bfl7> JL^ °144 7}# A)## H

4] 5 A]dh^2] 140] (age)S. -frX]44^- 7}## A}-g-#t^[Barlow65][Blumen- 

thal76] [BalabanSl].

##4] ##4 4=2] 2^3# a]—^ °] 4=2] ## p5 'Good-As-

New' 441, # A]|sir a]^ej ^7} 44, (l-p)4 ##5 'Bad-As-Old' 44], 

4 42 4=47} a]s|^# 44#4[Brown83]. ##4. ^4 2H°Ha] p=0°] 4# 
41# 42 4=4 2^4 5)2.5. 3)2 4=4 2^# ##4 4"5] 2^4 #4^# d\)

4- # 4= $14.

444 4=4 3:44 4#4 Malik[MaIik7914- Nakagawa

[Nakagawa79]°l] 441 4144 ‘7fl a] 2.^ (improvement model)’ °1 $14. °1 2l§

# 4=4 7} A] o) 44# 414 _d.^(improvement factor) <0 A] 4&2 

44# 7}## Aj-^-^-4. S}x]4- o] 5^# nfl 4^5] A]^n>ti)- <gJg ##4 44

* #2444# $ 4#4 ^2 4=4 2^# 5#44 #44 #2] 2^4# 

##4# 2^44- # 4" #4.

5E# 45-°ll Stadje4 Zuckerman[Stadje91]4 4SH 4714 4-2.5L 4# 2^§ 

(Markovian deteriorating model)-#- 7}#f} 444 4=2] 3:4 2414 44. °1 

2.## 4=2]4 7J-Ed|| 44 IS}# 21 ## 4= 444 °]a}4(discrete) 3l4 

2*§44.

°]#4 #4# 4=2] 2.44 4444 4=5] 3:4 2^#4 441* 4 2]44 

4.3.114 #4. 4=5] 3:4 24 & 241-(failure rate) A U)4 44 4] A] u] 

a«fl 24 4? [2.4 4.3.214 44. 2%M]A] # 4^ 44°1 42 4=5] 2^ ^ 

7H# 2^§# 4=2]4] tfl# 3:47} ## 4 (deterministic) 4 # # 4= 44. 25]4 

2°J 720 4#4244 37^- x}5 #4 [Proschan63] [Cox66] [ Asche

79,84][Whitaker891 4 A] 2 # 4= $15-°] A] A. si 5] 2#4 a] Winter-failure 

time)# #1-422 #24x]# 4#4. 2# 2#4 a]x.^o|] rfl# 24= 

(maintenance)°1]# 4=5]#4°] 444 4]4(replacement)#. 3. #5] 4 4414 4=

5] °t] 414 44# 4-B- 4 24= #44 444 24= 4144] 441 #11425 4= 

2] 3:4-7} 4-1-425 44! 4= #1# #4# 4=2] 2^4 54 M41441 4=5]
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S.^c>15> 1- ^ &4.

#4 ^4 54#, 4 54#4 44 ^ 2.4 4-44 #44 54454 7># 
4 #4 rflSIl JGL449 44 [5. 4.3.114- 44.

4. 44 54 je.4

44 44 5.4(minimal repair model)4 Barlow4 Hunter[Barlow60]°ll 4# 

4# 47114 5.444- 4 5## 4444 #4 f 4 54- 444 7l-#4^4 

## 5tfl5 44(age)s. 7f4# 'Bad-As-Old' #417} 44, 444: #4* 4 

4 54(minimal repair)5. 44#5 44. 44# 5.444 #7l5. ZL## 44

#5 ### 44444 4444 54-4 444 ## ##4 4# 4#4 #4 
4‘94 4 ##4 4414^4 # 44-5. 4444 #444fe #4 4f 4 44 

^4 44# 5# 444 7t# 44## 445 7>4# #415 # 5 $1## 41 

4#5 44"[Barlow60].

X„ik (n-l)#41 5#4- n#-7| 5##4 5#4: 4 #(inter-failure time)44- 

4445 F(x:)* 44^4 4 #4 5# 4#4 4-5# 54 #54- 44, 

4= l^%i5 4444, 44 #4 544 441 4## 44# 5 $14.

Pr[AT„>x ]= Fn(x)= F(x + tn-i)l Fttn-i)

444 'F(*)=l-JFXx)44.

44 #4 5#414 F(x)7\ 4# #5(general distribution)# 4#4-5 7>4 

45 44 #4 544 4# #4 #41# 4444 IID 544 54= #4 #41 

4 4544 54 4#4 #4.

- HD 4#, 44= #5 #4= ; £ log/(*,)

- 44 4=4 544 4#, 44= #5 #4" ; log F( t{)

- 219 -



# 4= 81*4 45 *4 4# *4 **11* 5## 4^1IID

*5* 45* 4*4 4# *44 #* 44 *£ *44* A}*## 44.

45 4=4 s.4* 4=4 7}*# 4^134 444 544 4*# 4*4* #4 

4£ 44$# 44 44 4=4* *41 4^44 447} 711## 4*4- 44 4= 

4 5* 447} 444 4*4 4# 5.44-7} *7}*4 *414* 7}#4 

[Malik79][Barlow83][Block85][Shaked86][Whitaker89][Douer94]. 4-4-7} n **

44 4-4-4 41444* 4 * #4.

*4 AscherS} Feingold[Ascher79]* *47}*# Al—44 444 #44 81

4 45 *4 5#4 7}*o)i 4-4-# *4* 4*44 #* 44# 4 814. *,

45 *4 5.4* 5.4# 4#4 #4441 4* *41 J£* *7} *41* *4* 

4*4 **7}*# 5.^4* 44#814-.

4# 4* *44- ##€ #** *5 45 *4 4##4Ai 44 5* 44 

#4 *4141 tfl# #*#4 4**44. 41* ## [BarlowGO][Makabe63][Na- 

kagawa80,81,83][Tilquin75] *4 81*4 4#* 4* *4 4##4A} 54 4 

*41 4# *5* *#5, 4* 4*#4 4*#* &* 45 54 4** ##

5 4* 444-4-4 44 5* *4* *##* #54#** 44#$ 4.

4. 7H4 v_#

7fl# 5# (improvement factor model)* Malik[Malik79]4 Nakagawa 

[Nakagawa79]4l 441 4## 5* 4*4 4^44 44)7} 'Good-

As-New'4 'Bad-As-Old' 44 7}o]<>) 44# 4# 447} 44#* 5

444. #45. 4 &4* *4 5# 2.4 #54* 4# 5* 54(preventive 

maintenance effect)* 2###7] 44 5# 4 5.4 44. 44 5** A1A^ 4 

44 (age)* #*44* 4#* #* n 44# #5 54* ‘7fl#55 

(improvement factor)’# 4 4 #4.

Nakagawa* 5*4 4# 7fl# 547} 4^44 444 44 44# ##* 

#5A14* 445 54##8t54, Malik* *4 4*4 447} #5#* 441 

5 54##814. * &#* 45## 4*4 #4.
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- Nakagawa 2# ; rn—t„ — c (c* #4=)

- Malik 2# ; r„=tn'p (O^p^l)

404) r„* «#*jl 2 #4 A) 2) #01 #>^2) 40)0)13), t„£: M#4 2#?}

A) 4 A) #2) #-§- 44f}l=}. «\6\)X) c=0, P=14 ##* 42 4=4

2#4 *#0144, p=04 #** 2#-#- ai^>o] nay ##4 *## #4.

*a} 4*2* Canfield2# [Canfield8614 $34. 4 2#* 24= *14 a)a,ei 

4 447} ###22 #24#* &## 2AJ- o)*2) 3.AJ-5 *#44 2

#*4 -n-^c 2# ##2) 2#*4 #4# ##|"B" 7}##-* 7}#-g- A]~§-42

$34. 4##r 2#* 3.AJ5.0] (linear) 41 ##0l* 7H# 5:47} 444-a) % 

24, 2-Aj-l-ol 1-s.(concave)41 #401* 24=7} ##* ##A]#^ #^#$1 

4#* a]4m 4)4.

7W 2^4 *#01 44 4** 7)4 #^## ^4-7} 14 432 22 A) 4#

4 4# 44 -4-2 *##* 4*4 4327} 0]## ti} 4)c}. *#oi 44 €-4 

#* 7l#4 24= 2# 01 44 /Hid 22 (0 7} *7}# 4*7} 44 434441 2 

2 24 *0101 401 4-44i- *142 434.

7D4 2^* #*#* 41:4# 4=#7}*4 #244 #3^ *#0| A}*# # 

*01* 4*4 27)17} #4#4.

4# 24= 247} A] A.a 140)5. 2j# u)5- 22 44 A) #22 #2a]#4* 

7}4°)1 44 *017} 434. 4* 24= #4 S 24= S47} 014 24=A144 # 

#4* 444* 01 ##422 24= *#* 434401 *#44-:# 4#- 01* # 

* 43#4 4 4= 434. 2# #242) 2#* *44* *#* 4 7H4 *## 

4=2 44=4 **$3 4=2 434 °H 24=7} 2# *#4 401* 444c #* 

4 24= Jl47} 43# 442 * 4= 434.

#4* 24= 01#41 444 *0144 24= 01#4 44 #2401 4# 24= 

3)2 4=4 4 401 #01 #44 4= 43* #1 4 #*» 7)14 2#01 444* 

2### 4= $34* 4# 4 $34.

444 7)|# 2#01 4# 44* 7H# 2#401a)4 44 24= #4 ##oi
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## <3tl7> &#. Nakagawa[Nakagawa79]7fl# 54 #41A1 7]tfl #-§-§- 4

i##fe 44 5# ^7] #4 #441 ##* 44#%5.#, [Lie861# 4

5 A}°liF 4°1 (average cycle length)41 4# 4# #-§-, # ul-£--IHcost rate)&

44 5.^ 4# 4^41 ## ##» 414###.

4. ### 4^4 v4

#44 4^ si 54 (imperfect repair model)#- Browns Proschan[Brown83]41 

441 41## 545.5.4 4=51 ol^al Al^tis^ Aj-Efl^ #5-45.5.

'Good-As-New' #41# 'Bad-As-Old' #4)7} 4& 44#4. »H 44# 4" 

sli '#4# t4’3. 4 4 #2 ##. ## ##414 Ai^Ejsi 5444) 54#? 

44 sir 4= si 44 #4)4 #aj45.5 #sS€ # #5.# 44# 4^5 ## 

#41 44 2# 44#i- 2e)#4fe #2 314= 54 4 7l# #44 #4M 2. 

444 #445.5. ##4 #45.5. # 4= SI#. &# 44441fe ‘45 #4'* 

71-4#5.5.4 4^44 i=^#(aging) 4#& #4# 44E #4 # 54# 4# 

## 5.444 # 4s ##. 4 5.4#- #4414 ### 45: #4 5.4 4 7fl# 

2.441 ## #44- 5#4 ##2 # 4 ##.

##4 44 &4-& 44## [2.4 4.3.314 ##.

##4 4^4441= 4#4# #57} 4444 #5.25. #41#5 4)aj ##

(embedded renewal process)# 44##. 44 F(t)it # #41 2## 4#4 

#5# 55, F,* 'Good-As-New' #44 45=1)4 ### #4 4^47} 4#

# 4444 4#4 #5.15 #5# 44#2 A(f), A£t)t ##4 2####

# ### #5# 4" ##.(### [Brown83]#5)

>!/> (0 = P ’ >1(0

F,(f)= F*(0

Brown# Proschan[Brown3]# 2## 1^#414 F7} IFR, DFR, IFRA,

DFRA, NBU, NWU, DMRL 5tt IMRL44 F#5 #5 #41^4^ 444 5.
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#4# #4# 4 $14.

#4 5## #44 #### ### ##7} 444# #4

44. *1144 ###41 4®ll 4444 4#4 #4.

Block#[Block85]-cr Brown-Proschan4 5#-& #444 '44 4 #444 4 

4 44 5# (age dependent minimal repair model)'# 414# 4 4# 41 4# 

4 5# 4 447} e 1-44 #47} 1 7}#44 ##41 7)444

Brown-ProschanS.^44 4# p9 444 ##4 P(t)5 444 5## 44

444. 5# 5## 444 #44 45 #4 5.#444 44145 44

# 444s 5714 5#4(proservation)# #4444. 44 Fp(t)^ 4#4

#4 #544-.

Fp(t) = l — exp{ — jjj P(x) F 1(x)F(dx)}

4#4 *1144 54 4 444 4# 4## Shaked4 Shantikuma[Shaked86] 

4 44 444 ‘44# 1-44 #4 5#(multivariate imperfect repair)'4 $1 

4. 4## 4# 37}4 5#41 4# 44145 44 44# 44444.

•5# l

544 44# 454# 4# i>5 4444, 41- (1-45 S|5 #4 

7} #444.

• 54 2

M7H4 ##55 #44 4544 44 s44 #4# 4#41 z#4 #

## A4 4#5 s4 ##4 4444, (l-#-)4 41-5 ##4

4# 45 #47} #444.

•54 3

M7H4 #1-55 #44 45441 44 544 #4# 4#41 rH4 # 

#4 44 4414$154 5+i4 4#5 ##4 4444 (1-5+i)4 

41-5 45 #47} #444.

4 5444 5# 1# Brown-ProschanS#3} #1444, 5# 2# #4 4
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*4 *#41 44 4# 4*44, 24 3* 2# 4441 tfl^fl^ *#4 4=4] 4= 
4 ^#0] #*# 4*» 2444*14. 4## #44 *4 24* 7l#4 2 

441 4## 4f °5. 444 42425 5.4# 444 444 *124 4
444 444 **4144 #4 2*4 *4 4 3144* 4-8-# 2^4 444 
4#44 444 *14 4-8-44 #44# 7}42 *14.
#44 #4 2^41 414 #4 444 44 4# Brown-Proschan2^# 4

4431# 444 #*7} %# #444. 444 4 44 2^#* 444 #4 

4 44 4-8-41 *14 44#4 *1431 4 * *14.

Brown-ProschanS.4 4 44 #44 4## Whitaker4 Saminego

[Whitaker89l4l 44 7]) 44 «] 2*4 (nonparametric) MLE (Maximum

Likelihood Estimator)/} 4444 *14. 33.44 4 44# {(Xit Z,)14 41 °1

47} 2*44. 44 X,# (t-1)4414 *4*84 2-44 4444 Z,# 4#

4 44 4444.

Z,=
1

0

(%#4

(*44

47} 4-4 #4441) 

47} 1-4:4 #4441)

244 44425. {Z, }4144# #44# 41 44#4 *14. 41* #4 #

4 4s. 4#414 4^44 #41* 44441 #44 {Z,-l 41 41# 41444 #

#4 7}*44, 4# 4414# 42## 447} *#444 #4. 44# 4#* 

4* 4*4 2*4714 2# 4144fr (mechanism)# #44 #25 ##4*

5 *7}## #*7} 44[Usher881.

5# 45*4 MLE# ##425 2*4 ##41 441 *4 2*41 4# * 

4 *#4 #o] ^C}J7 9>Bi7] *14[Nelson82]. 444 {Z,H 4# 4447}

*44 *14 #* ##4# *#414 #44 *4 2441 4# 2*4 MLE* 

*4# #*7} 2*442 # * #4.

4** #44 *4 2H4I *14 2# 44# **4 2## 7}#*41 44 
444*14.
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Brown-Proschan296ll #4 54, 494 94 #1-55 49 544 

*#54. 45 54 *4-7} 29" 444# ^ 54 #94 9-9-cfl ^#47]] # 

^1S 449* 4954. 445 *494 Block[Block85]*4 49 44 x]

45 U>7> #4. 2#* #9 255471 445 A] 2=)^ ?142 2f
5# 7}5#4 &** =L 5-7^5. 444* #4. 4 9*415 #^9 7>94 5

45} =14.

24 Block#4 29* 59 544 445 ^ 29 9414 59-40)] 4^ o] 

*94 #444 5 5 #4. 444 29- 444 #545 s45 5 #29 

4^44 245* 44445 45.5 294 *544 5 5 #4.

544 544 45 44 #45 52 544 54544 44 25 4# 5

4 5414 45 #5*44. 445 #555 [Weiss62][Clerioux79]

[Nakagawa84] 54 #4. 4*5 5* 9* 45* 44445 44 45 9 

45 44 444 45 #5*44. 4445 544 45 #57> 99485

4 4415 *45 Valdez-Flores4 FeldmanlValdez-Flores89] 4 55* #2:5 

7] 454.

5. 7]4 ## 5.5

714 54 *4 2.4*55 4544 4s* #4 24 (Markovian

deteriorating model) 25 shock process6!! 45 #5 24* 44 #4545 

75854 54 *5 294* 5*15 2lts a.711 5554.

Chikte# Deshmukh[Chikte81]5 shock process4 45 #471- #945 4* 

#4 43] 25 4#4 5945 55 44 25 #54 45 #5* 595# 

4. 25 Stadje# Zukerman[Stadje91]5 422 #4 4#* 45 5*# 4 # 

47> #945 42#4 49 547> 59# 4, 544 #24 45 4*#4 

44* #2445 #44 54 29* 94584. 4541 #4 54 294 

45 #525 [Douer94]7> #4. 545 445 #54 54 294 45 #5

5 25 #5 4#* 7>#5 #944 44 25 94 #9 *44 45 #54 

4. 445 714 54 299 45 45 #5*4 5445 [Valdez-Flores89]4
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# 3##4 #335. f£5}7] ###-.

4## #11! a#44s ##14 1# 147} #44 H4 7}# #4 

-g-l- #444c 1# #1-7} ##. ##435. 4^44 ## 4s# a.4# 

#44 4-4-4-71 #4# 4# #7}ls}7l 414 ##44 14 ##35.! s 

14 144 4-7V1443- # 1 #4. 444 14 7}## #3## ##4 1 

44 44141 #7ll -§--§-4-714! 14## s#44 # 1 #4.

4. EM #341

1 #44! Sl 14 #44 547} ## EM #34l(Expectation and 

Maximization algorithm)4 44 4 4 4#4. EM #3.4#! ##433 ## 

##(incomplete) 4447} 144 #! ##44 44 IS 144(Maximum 

Likelihood Estimation ; MLE)* 144 #4 a}## 1 #! #14144. 1 

4 4a? #4 s#44 3f#! 44<g a}5- {y„,w= l,--,iV}! ###

4°14(complete data)44 #4 44 {sM,n= 1,•••,7V}4 444! 4447}

#44 #4#(fully masked)435. 4 414 EM #341! ### 1# # 

#!35. # 1 #4[Hamilton90],

##4# 44 IS 1# ##35! Newton-Raphson ##,

Davidon-Fletcher-Powell ##, EM #341 14 #4 3#3 #4[Hamilton 

943. 44# #4 444 4# 4-5.7} ### #-xH#47l 414 #si #»1 a

#4 1# 14! H 4 #4(local optimum)# #7]j 41, #4 H(boundary

condition)44# IS# #7} ### 14 4# 414 #7}!44 414 #3 

41# !##(robustness)# #341# 44# IS ## 7l#o] #r}.

444 14435. !#(robust)44, #1# 11 #447} #7#}! #14

44a3s #444 !#4 7}! #4 #4# EM #3414 4-as #4 all 

4 4# 1# #3413! #4 A}###[Deibold92][Lee91,92][Filardo94][Ham- 

ilton94],

EM #341! Dempster, Laird, Rubin4 #4 197744 4## #3414
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4[Dempster77], EM #34## 4#7}## 4# 444# S# AS 44 £4 

444 44= -r-A (complete-data log likelihood)^ S## 714S# 4 #3 44 

44 #44 44SKiterative maximization)# 4=®344 #44 4o]e}- tij]^ 4- 

A* 4444* S.t§ 44* *444 #34#44.

#3b)#4 #44 #4* A444 4# [n^ 4.3.414 #4.

[34 4.3.41441 A* 44 #4 EM #34## 3.41 714S 414 44 

(Expectation Step) 4 ^44 4 4(Maximization Step)# 4=4

II du+l)-6\\ < £ * 4## 444 444 AS 4=s34* *44 (iterative)# 4 

444.

#4 *s 4 A* 4 EM 43el## 4-8-# 4* 44% 4444 44Sir 

4444* 44 a*S4 *444 4444 A#44 4*4 EM #34#* 

4444 444 # A 44. EM 434#4 444141 44 #44 4 4# # 

44* #3 #4 [Dempster77, p7l* 4S44 444. EM #34## *A4 

414 Newton-Raphson# °14 Davidon-Fletcher-Powell# S 4 A 4 44 444

4 444 #441-# S44 44 414 #44ir A444 #4# *917> #4

[Hamilton941.

EM #3##4 *A #41* 4144-71 44 4*4 4*s*

Meilijson[Meilijson89]4 444 Ruud[Ruud9114 *9#4 4# #44 Fisher 4 

A *34(information matrix)4 °1-§- 4 scoring #34#[Fisher82]44 4#41 

4# ##7> 4447)4. 444 4## A# #4 444(missing data) 44 4 

#4 #91 #41 -S-8-4SA4 43= 44 A#4 4# -8-8- 4## 9144 4 

84.

3. *4 a#

4444 4*414 *4f 4*4 #4# 4=4 444 7>**4 4*4 *4 

41 #*#- 4*4. 7l#a} #44 4=4 a## 4=44 4*4 #44 4# 4# 

ir 4# 4=4444 #44711 A3 #4. 444 # *#4^1 4#4* *4 # 

#4 4=4 a** 4=4* 4*4 *47> 14 ##4 4** 4*AS #4. 4
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4- 4 11 #41 4=4 2-11 7iea} #41 4=4 J5.14 ^(transient state)

m* a## 4= $[#i, &# m #41 4=4 s#i n #41 4=4
5- ^6\)X\ H SJ-t-o] #Efl5 al## 4= $14. 444 # Afl
44# ¥4 #44 4=4 all 7l# 2.1# 5-44# #4 4444a. 11# 
a# 14- # 4= 44-.

1 a^44 #-§-4# 7}ll 414 14.
ZH

© 4]## 'Good-As-New' #444 7}#-#- 4H4.
© 411-4 a# #14 4=4 #44 4=8M 41, 4=44 #^14# 1# 
M44 #4# 4= $14-.

© 411# 4=4 7>1#4-.
© 4=4 f Efl4t 4# #5.# #444 &a, 4# a## 4114 a# 

4144-5. #444.
© 4=4 14# #4 4=44- 4# 4=43. #444-.

4 7MM14 7>l ©, ©, ©# 7l#4 14-4 4=4 a# 4 #4a ## 7>1 

44-. 4 7># ®# #11 11# ##4-25 # all 4#4 34- 4444 
1 44#4-. 2# 414 1### 414-4 4414# #44- a# #54 4#
#4# S4-4- #44 a#44, #4 7>l#4 4# 11=# 144 _s.#s)7l 
4114 ##44 44414 4471- %4a # 4= 44-. 4-4-4 1 #1414 #1 
4 14 ##4 7#§1 1#1 447> $[4a # 4= $14. 
a##* 441 411 #4 #4.

[14 1] 4=4 IN# #4 (state)! 14 #4.

1, m1*S 4=471- 41 4=441, s„ = 0

«141 4=47> #41 4=441, s„=l



4 44* 4*44 24* 444# 4*4 #4.

® 2% 44 3^4 4-^fl 44= ^|44 44 #444

; (s„-i = o) 4# yn~F(t)

(s«-a-i = 0, s„-*=l,—, s„-i = l) 44 y«~F^(#)

(2) 4-4 44= {s„, M=l,-,iV}# 4sh 44# 444.

; 4, Pr(s„ = /'|s„-i=f, sm-2,™,Si)= Pr(sM=l |s„-i = z)=/>6 

444 4*4 F„*U)# 444 2.# 4*4 #4.

S^(/) = l-F^.(/);

(»— 1)'H *=2

444 444 44 #44 4=4 &44 44 S# 4^.4 4# [^4 4.3.5] 

4 #4.

4-4 #44 4=4 2.44 4#a] 444 4=4 2.44 44* #4 2.4 [n 

4 4.3.614 44. [n# 4.3.632-S. &44 3# 4^i4 4# 22 44* 4*4 

44 -fKE# 4= 5U4.

[2.3: 44 1] 4*4 3# 4^]7> 4# #4.

42% 4=4 2.4 c #44 4=4 2.4 c #4 4=4 2.4
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(# 4 )

i ) #4 #44 4= si 2#ofl4 />oo = />io°iy #4 4=4 ^44 441 &°1 

44 4=4# ##4 #4## 4 4 #4. 444 Poo = Pio = PA #4. 

44 P^= #4# 4=s| 2.H4 44 4= 4 ##4 #4.

ii) #4# 4= si S.S44 P~ 0# 4=4 M4 44: 4=4423. #4# 

ir 4444, °1# 42 4= si s.^4 ^i4.

( # 4 # )

44# 4"si 2W4 #?||# 2#-# /i(*)4 4444 4^4 24 4# [n 

# 4.3.7]4 #4.
#4 #44 4"si 5.## 4=4 #5# 5E# #44 4=4 2#23.

SW 4=4 #54 4244 4#4 44.

- #4 #44 4= si 24

M*.f) = ^-i'Mf)+ ' A,r ' F^(f)

444 044414 (w-l)4 44f 07> # ### 4444,

£114 &41## 4 4 #4.

- #44 4=4 24

Mw,f)=^Xl-j»%(f)+^i(0+(l-j»""^»-i(f)

444 2# 44 44 #44 4= si 24 <>11 44 #4 #44 4=4 2## 

y„4) 4# 4=4 #54 544 n4 4444 *4# 4 4= 5U4.

#4 #44 4= s] 2441 4# 44 ^ #4)2 44(class property)4 244 

(preservation) 4) 4# 4 s]## 4#4 44.

44, 44#41 44 4-## 44#4.
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[54 3]
i ) F/#)5 54 4=4f 455. 44 4*47} 4=95)7] A}^

4544 *]$-<)) tfl^ 5-56)4. 

ii) Ap(t)$= F#4 55*44. a (0) #)^o> 4X1 4=2)7}

4*944 ##4c ^544 M)44 45 4*44 45 

intensity 54*44.

°H F,5 4*4 54 *£44.

[55 5s) 2] (495(regeneration)4 444 4# S-5 #5)

4(0=;(/)[^F(/)+- F^(f)]

44, /t(#>* #4 *45 4*5 5.^4 49 **4 3-5*44.

(e, o(^<i)

(e 9 )

(44* 45 4*47} 6)5445 #4555 %5 #9 4*4 5444 t 

* ntfl5 4*4 447} 54. 44, 35#* ^(044.([-%5 4.3.7] #5) n 

2)5 34444 54 #4 45 9^(path)* (MO, CM MO, 55 (Ml-* ••—>1
-K) 4%4.

444

4(0 =/KOjg)Pr(544 93-1 #55 *5 35 #9)- Pr(M0 = 0

= A(#)[/»ooF(#)+^0^ir%o ‘ {Fa+1)(#)-Fto(#)}]
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4MH Fik\t) = F*F21*-*Fm-1)(t)°}^ k# ##

(convolution)-!: 2)u|fir}-. o]b| y(ofl #2. F,(,-p(0^ #4.

= F(£+s)/ F(s)

#efl^ ^#2] ## ^b)» -S.^^4.

MB] 1] (ii^S} ^tfl(aging pattern)2) jg.#^) 
F7> IFROV3, F#fe IFR44

( # ^ )
F7> IFRc-l^ u1^St°]4. 
[S-2: ^5] 2]»fl 2]Sfl

4(o=;(f)[^ooFi(o+- ^(f)]44.

ne]aL F,(,_i)U:)4^ s 7> 4^1 "g 4 Fj(!_d(0^ /i(#+s)°M.

4s}^ F7> IFRe»m F,(l_ 1}(#)£ IFR44. Zl^r|] [Barlow75]2] Ms] 2]# e>]

IFRti ^ifs] ##(convolution)fr IFR°1 BH=- #^4] 2]sfl Fw(f) ^ 

4 IFRo] €4. ^oflA] ^ ###^ 5L^ 4MMH3. /t/£)fe «]^# 

^*2] #o] gr}. tr)-s]-A| A/0^ M] #7} #4^44.
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4 5.^r 4^

#<>114# gMH ^4# #4 #4# #4 2.^dfl tfltb #4# 7M 

#4. 44# #4 #4# h)1^ #5 (underlying distribution)# 4°1# #5.5. 
7}4 t}&\ 7ll,|h4$4. 44# #5 2^# ^§4 24=(shape parameter) ordfl oj- 

44 IFR(Increasing Failure Rate), DFRCDecreasing Failure Rate)3) #4# 2 
# #W 4 S%24, #4 7l7la] ^(deteriorating)# # 5## # 2
4= 2^25 #44 %)4. 44# #54 ## #2 #4=# 4#4 #-4.

= x>0

44# #54 2## J(f)# 4#4 #4.

A(t) = a0-‘f-\ t> 0

4 X(f)44 w 24= dr4 42 24= /?* 5##t3 4114, 44^44 

24-## 5## 4= 5U4.

24=44 0=(n-, /3JUJ22)°14.

4444 #44 #4 44= {s„, n=l,--,N} #, 4=4 IWI 4# 42#

#44 584 #42 7p§s>25 2^4 #4# #44 454444 #4 #4 
/} 44. 444 #44 4544142 444# 544# EM #2b1#4 -§- 

(framework)# #4444 #4# ts344.

#4 #4* 54=44 4# [2^ 4.3.814 44.

#4 #44 #4 2^44 #2 4^414# 444 444 Fk(t)7\ 5#4

4. 444 #2 #4=4 444 44 [2# 4.3.8141 444 44 #4 cil44 4 

4 4## 4#4.

- 233 -



[34 4] 434 33 A» 4#4 33 3334.

A =

#21 0

#31 #32

#M #A2

# (1V+1)1 # (N+1)2

... o

... o

#Miv-1) 0
#UV+i)UV-i) #uv+iW

3 *31 A# (jVxADm334.

34, #«;= S 5. 3334.
&= z-/

3 [33 4]* 3-B-43 #3 #33 4=3 2.343 33 3-3.4 43 44= 

4-2 34=3 4&4 33 3334. 

log Asm yN ; 8)

= logA^ii <9)

+ _44/(s*-i = 0) • logAy» 8)

+ SV{s„-*-i = 0, £i (s«= 1)}

• {logA#(„+D(6+i); 8) - logSia^; 5)}]

+ ij/(s«-2= *. S„-i = D log^j

3 34- 33-43 &3# 44= #5 44= 3# #43 4#4 34.
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£[ log Asm vn, 6) I vn, S'] = 

logAyil yN> S')

+ J^[ Pr(s„-i = o I yN- &') * logAy„l y;vi S')

+ §[Pr{s„-*-i = 0, A (s,= 1)1 yjv, 6'}
e=l n-k&t<n-1

• {logAtif(„+ix*+i)ly^; S') - logS(a^| S')}] 

+ ^Pr(s„-2 = i, s„-1 = ;|yN; S')logp&

?XM ifl-g-4 4#4 #4

4X1 1 M), S(9 4^

4X1 2 (444 4#, 444 4# XI4)

2=0, i, y=o, i xi

Pr(s„ = 0l yNl s(6), Pr(sB_i= i,s„=y| yN; S(0),

Pr(s„-*-i = 0, A (s,= l)| y*; S') XI4
n— k^i^n— 1

4X1 3 (714& XI4 4X1)

4X1 2 4 44* 4°J44 E[logA s*, y*;S)|y*. S(0]X14 

4X1 4 (mn 4X1)

S</+1)= arg max E [ log A sN, yN) S) I yN, S(0] XI4 
8

4X1 5 44)

I S(/+1)- S(0|<£ 44, S= S(,+1)

444, 4X1 2 s. 44.
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44 44€ ## ^ ##-& 4441 JM-.
## Pr(s„=f| y*; 0(O)4 44^ (filtered) ## Pr(s„

I y„; 0(O)4 44 ^4# 4-B-44 4444 4*Rr 4&4 #4.

44-^ 4#4 44 ^2.4# ( <9= 0{l) 444 44)

Ml 0 SL# w4 441 a#*-0

Ay2lyi)=Ay2)Aw + [A ^32)/S(<z2i)]/>oi 

Pr(s!, s0l ^2) = Ay2lsi)Pr(s1|s0)/A3'2bi) 

n=3,-,N 4 441 4## 4444.

Ml

Ay*,s»-2, s„-! = 0 ly*-i)

= i] nAyjPr(s„-i = 0 ls„-2)Pr(s„-2,s„-3 I y„-i)
S„-3 = 0

Ay*, s„-2=0, s„-i = l ly„-i)

= £ n[Ati(„ + i)2)/S(s„i)]/>01 • Pr(s„-2 = 0,s„-3 1 y„-i)
$,-3=0

Ay»,s*-2=l, s„-i = l |y„-i)

— I^tA# (*-,H->-H)G+l))/S(0(„_*+/)>)]/>ii

• Pr(s„-*-i = 0,s„-*=l I y*-i) • l/[. l^ Ay>+il y>)]>
;= n-&+1

M2 Ay* I y„-i)= £ „ i.! n Ay*,s„-i,s*-21 y*-i)
$,-1 = 0 2~ 0

Ml 3 Pr(s„-2,s„-11 yJ=Ay*,s„-1,s„-21 y*-i)/Ay* I y*-i)

4## 44 #24# ( 0= 0{O 444 44)
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n = N-2.-.1 4 4# 4**

44 1 Xyjv.—.y«+i.s^,—,s«-i I y»)

= Ayjvl s^-i)Pr(sJV_1|s^_2>"Pr(sJs„_1)Pr(sn_lfs„_2|yn)

44 2 A vn I ^«)=Av#l ^at-i)A yjv-i I yN-i)—A y»+i I y„)

44 3 Pr(s„-2,s„-i | yN)

= i •" inXyAr,-,yn+usN-u •••,s„-2l y«)IK ^1 yj
%-i = U $,=0

444 Pr(s.-*_i = 0, 0 (s,-=l) I yN'< 0(0)* 44 34 ^4* 4-8-
n-k£.i<n—l _______

44 *4 4= 214.

&4 44 14 44 244* 444 4# 4a.4#4 44* 44 4-8-44.

E[ logAsjv, yjfi 0)|yjf, 5^]* 4444c a 4^ 0^ ^ = (

Pa+1\ Pu+1)) * ?44 4*4 4* 444* 4* 4 214.

fl=( g,£.P,l»4 44 4a4#

44 1 „=1....... ,1V-14 44 Pr(sjyw; 0{t>) 44

Pr(s„= i\yN) 0(t>) = $ij=oPr(s„-1,s„= z'l yN\ 0{t>)

44 2 * = 0,1 , /=0,1 4 4** 4444.

. (/+D %Pr(&._i = z,s»=7l^; 6{l))

Pr(s»-i = i | yt/> 0(1))
n= 1
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#31 3 a,(/+1) 31#

#31 3.1 m*~ 0

a„k >0 ) #4

#31 3.2 am+l= gj(0 

#31 3.3

\am+i — am\<£°\5L ffw+1>0°l# a0+1)=am+i

4-4#, m*-m+1 zl^jl #31 3.23. #4.

#31 4 ft(,+ 1) 31#

#31 41 0= g2( aU+1))

#31 4.2

£>0 <3#, f‘+l) = 0 

#4# #31 3-Q ^ #4.

4 gj4 g2» <§44714 4#i- ^444.

/>„= Pr(s„_1 = 0 I yN; 6{t>)

Pnk~ — 0, C] (s,= 1) 1 Vn', 6^)
n— k^t<n—\

gi4 g2 fe- E[logA$jv»y^;5)lyjv, 0(d]» a4 £4 44 #4#44 4

A 04 4#" 44144 4# 14 5= #4 (first order condition)-#- ##44

4.

#4 4# A, B, C, D 4#4 #4 #444

A=4a+ Pn<An+1)1 + ^/>»*{ <2%+ !)(*+1) ~ <*£*} J
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- 6EZ -

001 ‘06 '08 ‘0L ‘09 ‘05 ‘OF ‘OS ‘02 : %

ro=%* ro=n* : -E-fe io£
O'T ■ &S sk

0'Z = V • 4="3T
2 : ^ Ra&

t=?g> (T)

(#& to&4, ‘&g> k-bR/ I {z

ftRa

fc’Sfefc tog^ #ta lb#-fe log: && ‘^Rz % fe-tz ^S ‘2 ‘I

-fci^-lSffs^ fr-grta #Ra [bgf^ to&

"S ts=^ g:## te-§r iMolk lylbgr 8 #lklt° hr Hog: "S"

[klb 9

c/i[(7/y]=(»)zs

-b# ^3

(sv-aD)/av=(D)l%

--&B3-W- log: -tff-i-ta ^3 £{£-§-b #&0 ‘0 ‘9 ‘V fc

1=;f^X +V}J7 + T=<7

[^“pg0|?»p _(I+^XT+M)>gg0|(I+qfXl+a)>p^^T»'^ _|_

I(t+“)y goj Id+a)y“<^]>^ + rjz? go; !|y = Q

[{(I+?)(I+“>Byg0{ _!_I(T +“) ygo;“<£+T2ygo;—g



(2) 49 94

%■ 9 7}x] 9#4 44, 4 10044 24 49# #9 #2, n x}&* 4## 

4 #9# #9#5S4. #s 7fl4= 104 9t# #94 4 4#^ 4. 4 ^4# 

#5. 7H4 10# #9# 44 ###9# 44 #4. [314 4.3.9]# 4# t)1# 

(coefficient of variation : COV)# #5.5. #4 #94 4% 9 #2# 44431 

44. 3294# 24# 44 #4 4# 4# #2 7^4 tflsfl 4=^14 9## 

e7i|#44 4^1422# #94 #-§-4 4s. ?H#7} 444 44 C0V7> 44 

431 $1## # 4= $14. 444 4fL ;H44 4# #94 49-9 (consistency) 

4 #44431 # # $14.

4. 44 2 (44 2#4 44)

(1) 99 4&

44# ; 2

94 2#(<?); 2, 3, 4, 5 
44 4"E" i /'ll= 0.1 P22 — 0.1

#£. 7)1# ; 50 7fl

(2) 49 44
%- 4 7>x] 7g^-o)l tflsfl ZV 10094 2-4 49# #9#31, n x}&* <>]## 

4 #9# #9#44. [314 4.3.10]# 94 s,#4 4# 2# #99 9#2* 

95% 9# #^(Confidence Interval ; CD# #25. #4 4442 $14. ^94

# 2# 44 #4 49 #4 44 2#4 9#4 2944 $1## 4 # $12 

4, 94 2#7> #7>9#9 44 #94 24 #t)1 #99# 9 # $14. 3iy 

44 24# 44 94 a 9 #9 49 #9# 447} 44 %44 4# #5l 

4 27]a] 9941 4*ll#44. o]# ^-9# 44 #9# #22 92*1)24 9 

4 2#7> ### 444 44 #94 4949# 9 # $14. 4x4 4414#
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24=7} #4=4- 415] ##4 #4 # 4= #4. 4# #4 2.4=7} #
4=# 4127} HX] &# ell 447} #4@#22 4# ^44 oj,6\ 4-4422 #4 

144 4-4224 4i°l7} $4 44# 422 -Ml# 444-2 44# 4= #4. 

42 24= %# 24=4 #41 SI4 ### #4 4421- 24# # 4= 44.

4. ## 3 (44 -8-#4 ##=)

(1) 4# 4&

44 4= ; 2 

4# 24= ; a= 2.0

42 24= ; £=1.0 

44 4# ; <D P=[J J P=r0.1 0.9 I 
L 0.9 0.1 J

® P= [0.5 0.51 
L 0-5 0.5 J

p=ro.9 0.11 
10.1 0.9 J

42 7114= ; 50 7H

(2) 4# 44

4 47}x| 444 44 100# 4 24 4 #4- 4=^42 n 42# 4-§-44 ^ 

44 442# #42#4. #22# 4-tfl 24(relative error)# 44-4$8 4. 

[24 4.3.11]# 4 4-T-4 4 ##44 #444 44 24# 2442 #4. 2 

444 24# 44 #4 ^>11 = 0.5, ^=0.5 4 4#41 247} 7}# 24, 4

47} #44714 44 24 2# 44422 4## 7}4# 4-foil 44
4# 247} 4## # 4= #4.
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[K 4.3.1] ^B] £4 5.^ of] .S.4

2.^ 4^5] jS.4 2.4=

tE]

5-S

[BARL 60]

[BLUM 76]

[BALA 81]

[MURT 91]

Bad-As-Old
2]i 4=e]

l-7>^

IID

01-8-

7fl4d

2.*§

[MALI 79]

[NAKA 79]
(adjusted)

Bad -As-01d

'-M6!] tflSfl

4i:
#7}^

[2.2.7] 1, 94]

o]-8-

4"S]

2.H

[BROW 83]

[BLOC 85]

[SHAK 86]

## (l-p)S.

Bad-As-Old

”1] 2^4

4# 4#

P7>

#7>^

(2.^4 44

€-8.)

4^2] ^^4

4# 4^7M

Ell 014 At1
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00

I

tin 4.3.1] ^
2

] 31-4 s.^#a]



(b) 7H£! El

X ; ng- AIS

[rz.^ 4.3.2] M 2.^4] 4# A(f)^ tils
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71 CHS*
Til# mn

5ICH&

Converge ?

q(j+1 )=arg max E[ logf (q)/yn;q(i)] No

M 4.3.4] EM

o: m

M 4.3.5] ^ ^b) ss-
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^si £§

[n^ 4.3.6] ^-4 t5] 7]# 2.^2] #71}

M 4.3.7] ^b] &^#4] 4% SW



710124 711 a? 9711

[3.^ 4.3.8] 3-^r ^
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(a) a*\1 4% 'S.n =?-& (b) ,34 4# 413]

0.15 ■

0.05 •

(C) pn<*} A}S} =?■# (d) p22d\1 4% 413]

4.3.10] W ^4^4 4# 95% 413]

(fi—1.0, Pn = 0.1, Pzi = 0.1, N— 50)
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£d3 -

M 4.3.11] 4# ^4 ^4

(ff=2.0, yS=1.0, JV=50)



4 5 3- ## ^

# #** #4*4 *4 444 *^4 # *4 ### 7m* *31

5 44 344 343131 44 *<04 #4. 4*4 4# ##* 44 31 #4 44 

**4 442* *44* 45*4 3] #4 *431 4*4 4514 42* 44-

* 4444 444 44 4 #4 2** 7fl#4* 4**4, 4*3)444 ?m

* #44 4? 3-44 *#4* ### 93 2*7)- #4484.

2 4 445. 14 #24 #** *#4 3.4 4-55*4 4#4 4444 93 

444 24# 4444 a] #4* 4-8-44 444 4#AS. *4# 444 

*4*2* 4444 1244 444 442*» 7m4*4- 4* 3-4 4^ 7] 

4 **4 3-4 442 #44 444 **14534.

244 4*3)4* 4*4# 44* 2.444 itir7} *=34* 7]4, 3*1 

(stand-by) 7)7], 3*1 *5* 4# 4*, 4*4 24 44* 4* 7]7) #41 

44 442 *4 ###4- 44 4*4 **2 47> * 144 4*44 *<04 

4 #4 444 341*41 44 #*» *44534.

4# #31# 344414* 4# 4*414 2344 S* 4*4 24 *^31 

44 3-4 2<0# 711442 1-244 4*4 44* *# - #444 44 31# 

4 44 #*4 #5121: 3|7>4* #42** 444* 4* 3-4*5. 4** 

*<04534.
34 #2 4** 31#4 *4 *512* *444 44 4*3144* 44, 7fl 

44*31 *4* *53*4 4*4 4-8-# *31 4 **25 *444 534. * 

4 4*31444 4*5} 7l*& 5444 44 31 #4 444 *44 4#42 

3- 71)4444. *415 44 31*4 *44 1*44 *#44 24* 44*

* 53* 5*4 44 31 #4 *2 *54 3)4*24 2# *4 2<8* 44#

* $1* 2*# *4 42 4* 5## 4*31443] *44534. 4**5 4* 

31444 4444 444 31 #4 2*44* 4-8-44 311# **3144 444

* *44* *#* *342 43)47) 4* #4* *4484. 444*5 4 

*31444 4*# *44* *4 #*» *<04534. 4 4* *31# #4* 

*44# 4*4 #4.
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at*85. 4*31494 711999 pc %%4 dos *931444 4*

49 9* %a*a #9313MM1 4*%A* %a, 99 31* 44* 4*%4 
94 31** 7]#S>31 94* Zl3M 931S #4«>7l444 494

^14-4 A*9s 4414—-5. 4*1 * 4711 44 4*4 44* htII 4444 

4. 4*AS. 44% 44*4 4% *9% 44* a*4% * 4s* 4/1 4 

4 S* *%** *7>%9A4 4444 4*4 4441 44 44* 31* 7}# 

s» *4# A 4* 4*i: *71-494.

#4|s 44 41* *444 *A44* **% 44 #s* A*# 444. 
44 44 4a 444 *A 94s *44a 9# **44 A* 44* s%

* * it* A** 71144^4. *4 *44 4% 7)7} 4444 4%1* A*# 

44 **44 A* 4444s 444 445- 44# * 9* A** *149 

4. A% **44 44*4 *441 444 931 44 44% 4*41 4% 44 
a *4a 7>*4a* 494. 4*as 44 #s* 4* 4*41*4 a4* 

A441 % * 9* A#* *444 44 4441 4% 4% ^ 444 &4, 
4***4 A4 ** *44as *4% * 9s* 49% 4*& *7*494.

4MS 4*4444 #4 7*&# *444 4* 44s, 4***a, Aft 

%* *4 **% 9S» 9444 4% *4 s%* *1494. 41*4 A* 
44* 4*44 4* *#444 s444 **%*, **4 14a* ** * 
94# 4*49 A** *%44 4*47* 4*4 944* s£» *44 1 

31 * * 9s* #4494.

^I4ls *4 44A *4 *9 9*5- *944 4*3144* *% 41* 44 

4 #44 &** 31 s% * 9s* 494 99 4*314% 7}*% 9*5- * 

44 *1 49* #9 * 9* *9# 914494. 9* 94 *AS 4*1 
99S4* 944 494 4 **% 9AS 4494. 4*as 31949 49

* *44 31*4 *4 44s* *4# 49* 9*% #4, 4*4 *S4 

phase type *44* *44 4AS 49 #4* 4*% 31* 44A #4 49 

4 7f*% 4as 4494. a94 #4% 31*44* 499 9* *4 431 
7} A#44 44 *14 H7l7> pfl* 4 9as 931 31* *47l 44# 94 

944 %44 4*4 7>*s>49 a*49 9a4#4 71144 1A% 444
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4. c>x)HT-o.5. «3)-o)] ufl a# 4# 4 #4

% Al^hti AisjAj jE.94 44#^. #4 #4# #4 h.## 7% ###4. 4 s.
#4: 7]714 a#Al# ##4 #dfc #41# #4# e^T^Ai 44^# 3LH 4
4## 4 ###4. 4421 #41## 4#4 ## x\s\s_ #4# 41# 3:## 
#4:4.3. ###4.s 4#444 # 444.

# 4#* #44 7M# #4 4.9 # 4#444# ^1#4 a#4- 4# ^ 

3L# 3:4-4 4# ##44 4-S-il # 4#4, 3# #44 ##4 ###4s 
#--§-€ # 4# #44. 444 ## 4# #-##&# 444 4## 4#43 
44 7l?14 ai# #3. #4#5.-t-4 4#4 #4£, 7HKE., 5.# 3:4 #4 4 
# #4# #944 tW 44 # 31# #9# #441 Jife #4 4##44. 
44# #4- 4## #44 #4 #4 #4 44- 71144a. 4^^444 ##£ 
44- ### # %1#44- 7I444-.
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Editing Mode - Fault Tree File" £4 “Input - Interactive mode - Fault Tree 

File"# 44444 #4444 444-c- “File Manipulation - Input Files" 44 

44 "Fault Tree File"# 4444. 44 444 141 2.2]4 4# 3i49#

44 44 444 4444 44.

141] 2.2] 32-49# 44 44 44

3i49# 444 4444# 4#4 44.

(1) 41 #4 a# 44 7141 s(Gate) 94 4#

44444 “[Number of Gates]”4 4# #2] 94 4#4 44 7114^4 

9# <9444. TljoiEoi 4^ 444 7114^# 41#44 4*11 Til 4^-4
9# 4444.
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(2) 3i#s] <84

311-si f&# M 2.2131 4# "[FT Representation]" 4 #4 444 3] 4 m 

4 444 4-8-4 4# 14 mm 4444.

7flO|E es, TgoiM 01#, (7|0|J= #E|,7flO|B/^#21 44 (7|0|W¥#21 EJ^M)

44 1444 4 mm#s] <8411# 444 44.

• 314m h)I : “G" 4-8-4 314m im# <8444.
• 314ms] 14 : “AND, OR” #44 444# 1414 4444.
• 314 m/4 4 4 4 : 314ms] 4m 444 444# m# 314m, 44(7] 

4- 7]7]4 44 44 ml)s] 4# 81444.
• 314m/7]7)4 4mm : 314ms] 4m 444 #44# m-B 314m, 44 

#s] «imi- 4414. 44 47] 7] 7] 4 4 -f 4 # “SB" 4-8-4 47] 4 7] m# 
s] 4m# 4414.

[Hi 2.31 aL##4 <81 431

is] [zzl 2.314 4# aLl##-s] 3]#s] <81# 4m #4ml
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4#4 ^4.

[FT Representation]
: GO, Top Event, (AND, 2), (G1,2) 

G1, Gate 1, (OR,2), (1, SB1)

444 4^4 44-5-5. 4 #4 $X$= s.# 4 4 5# 4 444 44# 4 f
32.4^4 4^4. Closely Jl^s. 4^2] 444 #as|4 4# 4-5-3. “*.ft"

4H4 4444.

2.3 7] 5- 7] 7] 4* e! (Basic Parts File) 4 44 

7]S. 7]7]4°^ 4## 4-f-jI Slfe 7]£- 7)7]#4 tfltl l! 3.* 444 4
^44.

7}^r 7]7] 4^& 444-71 444# 4# #4 4^4 44444 444-7)1 

44 444^4 4 4444 &4#44 4 #4 4 "Input - Editing

Mode - Basic Parts File" Er “ Input - Interactive Mode - Basic Parts 

File"-i: 444714 &714441 4444 “File Manipulation - Input Files” 44 

44 ’’Basic Parts File"# 4444. 44 444 M 2.414 4# 7)4 7] 7] 

44 44 444 444711 44.
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2.4] 71# 7)7] 44 4D 44

7)5- 7)7] 4<84 44)44* 4*4 44.

(1) 7)S. 7)7) 5] 7. E (Basic Parts List)0)) *## *7)

[3 4 2.4]°)] Si* “Add Part" 44# #44 f ’’Basic Parts List" 444M

7)7)2) 4#* 4444.

(2) (1)47) *7)* 7]S. 7)7)4 444 7)7) ### 44

e 4*34= 34 (PM Effect) : 4*4 44 #4# 444 D#, 7]

4 7)7)4 444 4*34=* 444S&# 44 4*34=34* 4444. 4* 

34=34* 044 17)44 3t# 7)# 5 Si4.

• 4^5) 4(Repair Effect) : 7)# 7]7]4) 444 4=4# 47)4$1# 44 4= 

43:4* 4444. 4=5)3:45. 4454=3:44 4*7)x)3 0*4 ix)o]s) ^1# 
7)4 4= 44. 44 4=5)3.47) 04 4*7) #44 4= e)34(BAG), 14 4** 

44 4=5)34* 444-4 4*4 4# 44-34= ##* #4# **4* 4=5) 

34* 053 *D#4.

# 3* 7)4 #3 4 34= (Failure Distribution and Parameters) : 7)4- 7)7] 

4 3D 7)4°) #34 34 4@ 34=21# 44*4. 4**3 4* 3* 4#
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a] 4i# 44#, 44, 4-3% #4, 4##&44.

# 4= si 44 #& 4 5-4 (Repair Distribution and Parameters) : 7] 4- 7} 7]

a) #4 44a] #s4 Ji 4# 2.#4# ^##4. 4 #4# &# #4 44 

4 #£# 44#, 44, 4###, #444, #4, 44=#&44.

(3) la] 7]a 7]7}-toil 4#4 (1)4 (2)» 4#

(4) 7l& 7]7l 444 44
M 2.4]oil &# "OK" 44### 444^4 4a 7)7j 4#4 44# 

4S44 4#4^& “*.pt" 4^4 4444.

2.4 4)7) 7] 7) 4"# (SB Component File) 4 44

d)7l 7)7) 4^e ^l#44l 4)71 7]7l s#o] $1# 4#44 444

4, ^#44 &#44 &# cfl7] 7]7] str-toi] tfl4 4^.# 44# 4#44.

tfl7] 7]7] 4## 4444 4=114# 4# #4 4#4 44444 #44-711 

#4 444^1# 4 444# a#4^4 4#44 "Input - Editing

Mode - SB Components File" 5E# “Input - Interactive Mode - SB 

Components File" -& 44444 3:7]444 444# “File Manipulation - 

Input Files" 44 <>1)4 "SB Components File"# 4 ^#4. 44 [n.^j 2.5] 4 4 
# 47] 7]7] 4# 44 444 444t11 44.
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i Im Or«*n
r VrxSiiittt. ■»«» ^WW»S ][

f f

ni« i ttrj
■n 8me«wiA<r* ftwwttrtw

OK

OpHgtt ' '
vc»«M» (Mtn»t“ 5N6 »» .___ _IMSim WOTto^yertottory < j g:

S' ^ ■T' 'Tfmiff'ipfaQYxi ]...............................j

W T "0-
........ m.........i

JTMSWntl j" ^ ^ j
asmwogoiio^ ] j | 0

iSbarfPy Typ*f t)oW <r W**m 4“ w*$
rww*c#wwtoww»i» A»d| V*1
—^ ^cz__m_z__ i

■fWMWf MlnMhWk* W«tfc] p8
Z<w/iz#*rw ,-M f

»wttti>,h* i><*b*6t#iy [ ' " J
«mAiwhw »]V*f ^ 

<*iwsww£vww<-3ai. „ l«

[0-4 2.5] tf|7| 7)7) 44 44 #4

tfl7] 7] 7] 4H2] 44441 414 4^4.

(1) tfl7] 7)7) 2.1-2] 47}

42] [0.4 2.5]4] 444 &# “Add SB" 4"4# #4# 1 ’’Module List :"

4-7H1 if) 7) 7] 7] 2-1-2] 4#1 <9^44.

(2) *4# tfl7] 7]7] 2.14 444 4-S-2] 2-ill 44

# 47] 7)7) 2.11 4 #2 41 7)7)2) 144 4K Identical Components?)

: 2.11 412 41 7]7] 14 1444 "Yes", 444 "No"# 4444.

# 47] 7)71 2-142] Cfl7l 7] 7] 4 44 4 4 (Test) 44 14 (Test Option)

: 4414 47] 7]7]4 44 412] 1441# 4444. 44 444# 44 

1 144 44(Periodic Test)42& 4444. 144 Aj^-g. 444^ 141 

444 412] <aej2.il 444 44s]# 444 14(Period)4 444 44

#42] 7) 14^(Duration)44.

# 47] 7)7) 2.11 412 4# 7)7) 142] 1414 1-4(Priority Potion)

: 47] 7] 7] 2.12] 41442] 144] 2] 44 4142. 514 7] 7] 7} 314^1
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3-9-4%: 44 44* ** 7}** 44* #4*4 44 7]7] 2.# 4 *#* 
4*4-2.# #4. 44 4*4 4# 7}## 44 7]7)7} Sir #*4* 4# * 
4# 44# 44* *444 4*4-2# # ##7M 4# 4*4 ##4-4-.
* 4#44444 4*4-31 Sc #44#* 4*4- #4.

— ##### (FCFS : First Come First Served Method) : 471 7]7] 3.

#44 44*4 44**44 7}# 44 *47} 4&# 44* 44 #44* 
#444.

— *####(LCFS : Last Come First Served Method) : 47] 7] 7} 3. 

#44 47]*4 7]7]**44 7># 4*4 *471- 4s.# 7]7]* 44 #44-
* #444

— 4 # 7]-* °] 4 -? # # 4 4 (Smallest Age First Order) : 4 7] 7] 7] 3.

#44 44*4 44**44 44444 7}*#4KAge)4 7># 4* 7]7]* 

44 #44* #444.
— 4*47} ### 444 #44* #4(Ordering) : #--§-4-7]- 4

4 ## *44 444 44 44* #44-* #444. *#*4» 444* 
##* 44 44 2.#* *#431 S* 44*011 444 *#*4* 44 

s. 444# #4. 4# #4# n#4 44 44 2## *#431 S* 447} 
3711 S* #* “1, 2, 3” 25. S44-# 44 444 #4# 1# 7]7], 2#

44, 3# 444 *2,5. 4* 7}*# 44*4 44 44* #444.

(3) (1) 4# *7}# 2*4 3=#sl4 S* 4# 44 eliif ^7}
#4 [n4 2.514 444 S* “Add Part" #4# ### f- "Component 

List :" *4-4 47] 7]7] 2.*4 2## 7]44 o]f| S4#4.

(4) (3)4 # *7}* 7]# 7144 444 4-8-4 #-#-8- #4
#4 (3)4# *7}# 44 44 2.*44 44*4 #S# 4*4* 2#44 

444 444 44## 444 #-## 444# #4. n44 44*4 44#
* #*4444# 7}*# 0.5 ## #4# 44# ##* #4.
• 4#5* 44 *#(PM Schedule Option) : 44 44 S.*44# 4*4-
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5 717)011 4144 #44* 4 #5*4 4*4* *** 4*4 £

4.

— No PM : 4 #5*# 4444 &* *444.

— 3l45] *4 -5-4 4 4 #5*(Failure Number-Periodic) : 7) 7)5) 7}

*# #44 3.44 44=7} #4 4*4 5#4# 4 #5** #44 

4 *444. 44 #455* 4 #5* 444 4#4 s)4 5#4*

44.

— *44 44 444 4444 4 #5.4(Time-Periodic) : 444 7} 

*444 *44 4 #5* 44 44444 5-444 4 #5*# 44 

4* -§-444. °H #455* 41 #5=4 444 4#4 4* 44 4 

444.

# 4454= 44 45 *4 (PM Duration) : 4 #5*# 444c *4* 4 

44#* 4*4# 4444 #455* 4#54" 444 45 # 54"*44. 

4*4* 4#54" 444 *5* 44*, 44, 44"#*, 4444, ##=, 44= 

*544.

# 4#54" 3L4-(PM Effect) : 41 #54"# #44* *4* #44#* #*, 

41 #54" 54# 4444.

# 4"4 it 4( Repair Effect) : 44 44 5## 4*5 %1* 47)#41 44

*e) 3l4# #444. 41# 5*# #44* 4*41* 4"4 £4* 055 4 

444.

# 444 44 *414144 5# *4 *4(Standby Type) : 414#414) #* 

44*4 5#*H* #444. 4*45 #* 5#*#* 4*4 #4.

— Cold Standby • 44#4* 5# 4 #AS44 %* 4*

— Hot Standby : 414#/#*# 5# 444 *57} *44 4*

— Warm Standby : 4### 4*7} 4)4*91 4*54 5##5 # 4*

# 7)7)4 4"** 5# 44 *5 *4(Failure Distribution in Op.) : 7)7)4 

4** 5# 444 *5 # s**# #444. 41*4* 5# 444 #5* 

44#, 44, 41*44, 4444, ##=, 4**544.

# 4 7)4 417)* 5# 44 *5 #4 (Failure Distribution in SB) : 7)7)4
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43# 3### 4 Warm-y 3 #4 4, 33 #5. 4 2.4=## 4 444.
4 #4# 43# jl3 344 ### 44#, 34, 4t3t?-, 4334, yy, 3 

###44. 44= ay-#1!y Hoty 3## 3## 3.3 34 #&4- #yy-3, 

coidy 3## 43# jl34 433-3 &3 4#4 yyy-3 *43 yy-.
# 471 3 714 ^43 3# 4#(Switchine Probability) : E43 3344:

y##y 7] 7] 7} Jl34# 4, Cfl7l 7)7] 7} E-4344 4 7l 7)7} 3# 3*11#

3## 4## 4= 444# 3# 4y#4. # y#^iyyyy# 471 7134 
43# 33#^y cold standbyy y#4y 34=4 4#5. ^434 3##4,
47]# 3^1 y Warm E# Hoty 3#4# E43 3# 4## 15. #3# 

4-. #45. 3#444# 3-3-3-# 43-7}# 43# 3^iy coidy 3#4 

y ^43 3# ### yyy-y €4-.

# 7] 7]4 4=4 7]?> #3. #3 (Failure Distribution in Repair) : 7)7}2] 4=4

344 ## y 34=## yyyy. 4#4-# 4=4 344 ### 44#, 34, 
44=3#, #333, yy, 34=#&y4.

(5) 47) 7)7} 3#4 3# 7]34 444 (3) ~ (4)4 43# 43-

44= (2)43 47] 7]7] 3#44 3 3 #4 #444-# #3# 34# 34-4

# (3)43 44 44 3#44 3# 44#4 4## 444 f, 3#44 4-4- 

4 7]7]4 4434 (4)4 434 444444. 344 7]7]*# 3#4°144 

3 7>#333 443E* 4344 44-.

(6) 4#44 4# 3# 43 7)7) 3#4 434 44 (1)~(5)4 33# 44

(7) 43 7]7] 4-44 33

[33 2.514 4# “OK" 33-### #44-334 43 33 444 43 4 

4:5.44 3-3-3-25. ”*.sb“ 444 3344.



2.5 3% 4^(CCFs File)^ 4^

3i4 4<8# 4#€^1 3i4*4 tfltb 4H# 4

44 4‘8°14.
444 ^1 3i4 4 "8# 4444 4^14# 4# #4 4*84 44444 #4

4-7)1 44 =&3i^# 444&# 4 4444 44444 4444 "Input - 

Editing Mode - CCFs File Edit" Hi-c- “Input - Interactive Mode - CCFs File 

Edit"# 44444 &714441 444-fe “File Manipulation - Input Files” 4 
444 “CCFs File"-& 4444. °H 4414 [zt^ 2.614 44 4444 3i4 
44 44 #44 444t11 44.

CCF Input Diuloy

fcKhnle* CCf erwid u»t 9e*ectiwi8 twr «#e CCK *# #Sirt»#Cewp«Hi!i<e»

MrtiMef

-Wteau SMMfe tMuvaC

2.6] 314 44 44 #4

4444 3i4 444- 4444 444 444 44.

(l) 4444 3i4 zi# s)^m# 4^

"Add" 44# #44 4 “Included CCF Group List :" 444 4444 3l4 

3t#4 °1## SM44.
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(2) *7}# #*"99 29" 2*4) ##44 9* 2* 7)# 7)71/417] 7)7) #4 

“All Parts/Components" 9-7H1* 294^# 49, 7)#. 7]7) 494 4)7) 7)

7) 4944 94# 2* 7]-g. 7)71/4)71 7)7)a) 92:7)- 44494. 2# #4 

4 *7}# ###9 29- 2*4 ^#4* 4* 7)7)/4)7) 7)7)* #99 f. 

”<- Add" 4-7}* #949 “Selections for this CCF" M4 44# 4# 7)7) 

/4)7) 7)7)4 42:7} 4444 94. 44 9# 9925 #*99 29 2*4 

2#44 9* 2* 7)* 7)71/4)7) 7)7)* # 4 #4.

(3) 3l# 2.9(Failure Model)9 44

44# #*99 2.9- 31*4 41# #*-99 2.9- 5.9# 944-31 314 44 

9 2*## 9 9 #4.

(4) 9* Shock #494(Mean Shock Interval) 99

99# #*-99 37# 31*4 4)44 #*99 319-4 #*4* 9# 49 4 

4# 94#4.

(5) #*-99 319- 499 44

99 49# 2* #*99 29 2*4 444 <M# * [29 2.614 9* 

“OK” 9-7} **# #449 ##99 29-499 444 9-5-44 7}#4 55 

“*.ccf' 494 9994.

71*9-7) 4#449* *8S47) 44 92# 44 49## 494* #94 

444 #9494. 944 #9# 2.1 ~ 2.5 44s) 44s) 9449*4 4# 

494 9-549 27)494 “File Manipulation - Input Files" 44-tiM 9* 

44 9a 4^0) 2*4 9-7}4 ”x“$7)7} 94. S# 2* 99 49*9 4 

#* 7}#925. 5545 494 4#4 *944 7)4^4.

94= 499 94 49*4 til#* 49 s* 49# 49 4 #7)^ 9a 4 

94 9-449444 99 “File Manipulation - Input Files" #7}ti)4 9# 4) 

9 94 49 *** #449 4444 9* 49# 2}99#)7) * * 94.
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3.

3.1 A1 it4] °173 3| (Project Simulation)
244H 444 #435 5# 44## 444 #, &7] 4^4 4] #41

4 “Execution - Project Simulation"# 4444 444 [n^ 3.114 ## 4#

444 4*3 444 4444.

M 3.1] 4#3144 4*3 44

# 4#^14444 4 #43 Si# 4#444 #4# 37ll 4 4444. 3

444 44 4 *3411# #444 4#4 ^4.

(1) #3]3 : 4# 4*3 44(Reliability : Auto Run)

4#ell44# #44 4#4 ^ 44 3# 44# 44435. #4-711 44. 
44 #4t11 4# 34 44 4&4 ## 44 444 4## 444# 4#4 

#- 7f4435 444-4 4 #3] 4## ##44.

4 #44 ### 4414# "Simulation Option" #444 Si# “Reliability :
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Auto Run"# 44431 "Start" #5)49 94.

(2) 95)£ : 32.9 9*3 44 99 (Reliability ■ Fixed Size)

4 99# (1)4# 94 4#444# #44 9-441 9# 41-1-4 4 44 3i 
4 44 45.4 9* 4#44 49 "8444 21 49494 9## 441 44.

4 #44 4*3# 4449 “Simulation Option" 4444 49 "Reliability : 

Fixed Size"# 94431 949 31# 49 4&4 9# 944 4- "Start" 94

# #449 94.

(3) 449 : 44 99(Availability : Time Span)

4#4 9449449 #4# 94431 [n9 1.114 &/14944 44 49 

4£5.4 449# 944 994 494444 4-8-44 999 49444 4 

#9# 944 49 #944.

4 #44 9*3# 4449 “Simulation Option" 9-444 99 "Availability : 

Time Span"# 4443% 4#44 949 49 94# 949 # "Start" 44

# #449 94.

44 4 44 4#4°14 #441 444 4#^H44# 9*344 4#4°149

^*3 9 £4 "Simulation Progress" 4444 4444 94.

JE9 444 #441 444 4 #^14 4# #*39 4s 4# 41:494 #94 

444 4#444# #*3449 “Reset" 94# #49 4 45.# 4#444 

#4# 4^45 "Start" 44# #444 94.

3.2 41^5L f ^
449 4£ #9# 41:444 9*3 #4 944 “4s)£ : 4# 9*3 99”, 

“44£ : 3i9 9*3 4# 99”# 44## 4 9# # 9# 4#4 9 94 3i 
9 49 45544 4# 319 499 45# #£# #94# #444.

9 %## 9*34# 49# 4#4 94.
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(1) 4^0)1

55.4a 44# 444a ##44#4 #54 ae 44 44## 444 

^ 3.1414 #44 44 5& ##444# #*844. #5! ^#44 4144# 

4#ell44 #4# #414 “#s)a : 4# #S #4” 5# “#sjs : a# #S 

44 44 ”#4# 4:441- 444144 44.

(2) 15 i44 4*3

4#444 4*844-1: 44- 5, [3.4 1.114 5444 41 #414 “Execution

- Distribution Estimation - This Project"! 44444 54444 ’’Output 

Views" 44-414 “Distribution Estimation Result"! #444 !5#4°1 4*8 

44.

4.

1 4414# 24414 #44 4455. ##4444 4.9.4 5.1 4^44# 

# 444 f, 34414 444 ##4144/f4# 4*84 f a 441 44414 

444# 4441 4144 4444.

4.1 41# JL# *}$.

4! Ji44a# 3.1414 #44 4455. ##444# 4*8Si- 4, 44 41 

14 3.4 44, #44a 4444. 4 44# 4#45a 4441 44444# 

41 44# 444414 54 4*114# [3fj 1.114 54444 41 #414 “Output

- System Failure(Repair) Behavior"! 44444, 5/1444 ’’Output View" 

44-4141 Si# “System Failure(Repair) Behavior" ttI #444 44.

[3.4 4.115 34 4*s 4#1 100055. 43, “44a : 34 #*8 4# 44 

(Reliability : Fixed Size)” #41 #444 4#4441 44# 4, 444 31 

! 34 4a 4 4.



[31# 4.1] ^1# 31# #5.

4.2. ea. f ^ #4

15 1# #4* ##4H 2*4 4^41 #4 #^# % &

7] ##4 “Output Views" -#4414 ’’Distribution Estimation"-!: #^##44. 

[31# 4.2] 1 15 1# 44 #44 # 4144. H 1# 445. 41-4444] 

4#4 44# 31# 4#4 4^531^4 3i# 4#5&^-4 f44 1-54 # 

# #5 #1# ###41 A] # ^ #4.
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[nil 4.2] ^ 44 #4

4.3. tlajs.

445 #4=# 4#44444 “445 : 4# 4M 44" 5# “445 : 3. 
4 4 <3 44= 44"# 4444 4#^44# 4^44# 44 44(output)4 
4. 445 #4= 44# 44 4#4M4# 4s34-3i, $2. ^4(Distribution 
Estimation)•§■ 4W f, 2:4444 4444 “Output-"!- 44444, &44 
44 ’’Output Views" 4444 “Conditional Reliability/Availability"!- #444
44.

[3i4 4.3]# 4#444 #4 #44 “44£ : 4# 4# 44’’# #44 4
# 44s. #4= 44 4-444.
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tz?J 4.3] 44s #4= #4 #4

[zz.^ 4.3]4 44 444]4 “Data Specification" 44# #4 4-5-4 jZ-44 

s4 44s #4 444 44 44# 4-8- *r 44. 4^4 [44 4.4]# ’’Data 

Specification" 44# #444# 4 444# 4444.

aa E#
'Bfi^artwn pi*[

~~1 (T
T»*ty

' V«*wt V*exHf
zu

: fta&KNW a** TOW*
---- ] t\“

■w{ j l
WVVVWVW* in.» 1~ i
t.... -^-“i

44 4.4] 4S. Specification 44 44



[54 44]clH 44 5=f 45.<=11 44 445. &# <#5 444

“This Point Number" 444 ” «*“# 4444 45)5 §I°] ’’Value of This" 4

44 4444 44.

5% 445 4# 44544 4-8-44 44# 4441 544 444445 

444%# 44 544 445 ### 4# 4 44. #4# 44# 4#4 4 

4.

(1) [5# 4.3]4 444 Si# “User Input" 44# #444.

(2) 544 444# 4454 4# 44# SI444.

“User Input" 44# SI 4 44 [5# 4.514 4444] 4444 44. [5 

4 4.5]4 444 $1# "Enter the historical failure time :?" ##4] #454 4 

# 44# 444 # “OK" 44# #444 44 44<h144 54# 445 4 

4# 44444 # 4 Si4.

M 4.5] 54# 445 ##* #44 4# 4444

4.4. 7>4H #4^

4#5 ### 4#4°]46i]4 “4-8-4 : 44 #4(Time Span)”# 4444 

4#41°14# 4*344# 414 44(output)°]4.

44# 44444 54 4414# 54444 4|#<>i]4 “Output-"# 4444 

4, 57] 444 "Output Views" 4#M]4 "Conditional Reliability/Availability"
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* @449 94.
[n# 4.6]* 4#449 *4 ^44 “4-B-4 : 49 @9(Time Span)”# # 

44 9# 7>#9 9444.

M 4.6] 7>#£ #4= 94 49

7>-e-£. 44= 945-443£ 4.3. 94£ #4=44 94# “Data Specificaton" 

4494# #44 #94-7]] ^7>49 94* 9* 4= 94.

=L 44^ 7f-§-i #4= 945.9-4 4#7}7} 49# 44 *9(Time Interval) 

4 Sfl##* #9 7}##(Interval Availability) 9# 4# 4= 94. 449 49

* 9944 4*4 94.

(1) [H# 4.6]4 444 9* “User Input" 94# #4 #4.

(2) 4L4S7> *9* 9 4 #4.

“User Input" 94* 9449 M 4.7]9 4]54 #94 4447)1 94. [5 

9 4.7]4] 444 9* ”IA from when?"# “IA to when?" **4] @457f

* *94 44444 #5.44* 44 9 9 #53.4 494 4# *9 7>*9

* #99-4] 9# 4= 94.

[5# 4.8]* *9 (1,2) *94 #9 7>*9# *47] 4# 94 4444.
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Input for Interval Availability

4.5 .....Cant&lj

--------------------------------

[n^ 4.8] 4-§-^> 44 44 7>-g-^ 7114 4#44

44 [H* 4.8]<81 A] A]4 A]4#. 2.5, *& A]4i- 3.55. 44* # "OK" 

44# *4*4 M 4.9]# 44 44 (2.5,3.5)4 44 44 7]-** 44* 

#444] A] * 4 $14.

[aH 4.9] 44 7>*4 44 #4

4444 4#3ME]# 4*44 Ml** 4I4^& 4#^|o]^ ^^#7] 4 

* *44 tfl#4 *4*84. 4*4 54 Ml A]* 44* Ml** M14—s #4 
4M14.9-3- 41;e|01^4- 4*1#* 44* H&4.
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5. 44

4414 [al 5.1]* 445 #** 4-44 444 4*44 53.45 444

2:7) 4444. 2L44 “Input File" 44 4*4 34 4 44 44 *44 V
547> 44$14. 444 4 53454 4#444# 44 a* 44 44*4 

4444 $1** # * $14. 54 *4 4? 457> “(54*) 445”4* # 

* $14.

144 5.17] 57]

4444 $1* 44 44** 44 4$14-7] 444* “Input File" 44 4* 

4 444 4)4 44 **# #444 4444 44 4* 44# 44 44 4 

47]- 444711 44. 444 44 44*4 444 4444 4*4 44.

5.1. 41# ## 4^
[5 4 5.214 444 $1* 444 4 44 a]^^0)^01)a) 7i]f-* *b)7V*4 

4, 4#4 44 44 5** #444 4*44.
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Ottv.
Cretan 5c it!feij?s1sjtetp)a«l;

6K
ytwwUMMWyCm

Cased

[31^ 5.2] 4# -§-# 4^

5.2. JI^ 4^# 4^

[31^ 5.3] 4 9XSr #4*8 4 #4 4# 4-314 4-fe 244 44^4 4

4^4 4-44 344 4£- 444 4-44 44 44 5## 54-4-31 44. 4 

* 3i# 44-2.5 3144 [3i4 5.4]4 44.

C»SRSWMANIM1_*

.G*le1.K>R.2H3.SB1 >

(AMO. 3). [GS. 612. »0T
be Se Tap Evei

[=l% 5.3] 31# 4=4- 44



0 ®

M 5.4] 5L% 55

5.3. 7}^r 7)7} 4^

M 5.4] 4 3L% 5544 ^ 4= $154 4154H15 37T]s] 7}^ 7} 7}7\ #41 

54. 5.5]5 37:4 7]a 7]7]4 4# 3a# 444 $14. 4&, 4# 4

7] i(PTl)-& 54 S47> 0.7, 45 444 £3=7]- »(2,2), 54 444 5 

S7> Exp(1)5 454.

ftetp*tr£>toMti«&m [Exponential vj|

M 5.5] 7] 7] 7] 44
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7)1 7)7) 2(PT2) 51 7)# 7)7) 2(PT2H) 4% 42# %7) 4^14# 4 

[2 4 5.5)2) “Basic Parts List" 144] 4 "PT2”* #444 44.

5.4. Cfl7l 7] 7l 3M

[2 4 5,4)2) 2# ¥1 3}<y# 2# 444 4)7) 7)7) 216) 4)#4)4)

#4. 4)7) 7)7) 2.1-01) 4|# ^2-i- 4## 4)7) 7)7) 441 [24 5.6)4 #

4.

MoBtibg Lust 09 .#>eranf OptionjHfe 1
*»«• 9=#»r# , _ ,

art**'* j iwy-fcwuh, t~ ■*• l —1

| . I L I umimi k

, iLSSStiSSj j
*<*3*8*3 ^3* pi> Wfe*

"tw,j <3*>t -9D **f i-e-rt
r Vprw^TWt '

h +*? Bl

i MffloH-bro |___ nn*tif
„ JK_

r

8kawE*Wx |i n

rcAft W#w

r*S» SSwyiwrxidp fwnibtn~
Xmw«* W~ ZPL

BetevBvQutewt
#» r vSm*/ f* #frr Qfd<r ____ _
oataetog r

' $SW*W* j hypon* mlm j
*./«*#>•> BEr»

3R< uJMcF^kdNtNbiie 3.

[2^ 5.6] 4)7) 7)7) 44

[24 5.6)2)14 4)7) 7)7) 21# “111"4 ”222" 1 7))4 7)7)2 4444 %12 
4 ¥ 7))5) 7)7)# 14# 7)7)41 4- ^ 4# 5# 4)7) 7)7) 214)4 4)7)
1 7)7)61) 4)44 A)## 4-n-y 7)7)611 4)44 44217} #444 &H 

# ¥ &4. 7)7) “111”# ¥4 3:47> 1.0431, 4)7)# 2# 444 121

Exp(l), 41# 24 444 #51 M2,2), ¥4 444 #51 Exp(l)l 
414. 4)7] 7)7} 214)4 7)7)7} 14422 7)7) “222"4 4)4 451 7)7) 
”111“4- 1444.
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5.5. A1-s.

5.1. ~ 5.4.47] 4 ^4 ^ 4, M 5.m &4#^ 4#

°11A1 “Execution-Project Simulation"# #44# [n^ 5.7]°] ###4 444 

7)1 44. 4#s)Ml^# #^#7] 444^ T-jirsiioi^ 1-444 #^

4% "Start" #4# #44# 44. °H #1:401421 #=3#JE7}- “Simulation 

Progress" W4 4447)1 44. 44 T-n-eflol^dilA^ 4#4014 ^-40^1 

’’Reliability : Fixed Size"# #44% %4 4^4 3144 a?!# 1000%% 4# 

4.

[a4 5.7] 7ll:4oi4 4^ #4

5.6. M #4

5.5.4 ^4%% 7]i:6|]o]4'ir #^#4 Jp [a# 5.1]2) &7] #4

4]7] “Output View:" #7}47] ’’Distribution Estimation"# #444 #3E

°1 #*J4% a ^45. [af] 5.814 #5. 44 440] 4444.

- 296 -



[54 5.8] *5 <^4 4* #4

[54 5.8]44 41&I1444 444 444 4#4 4 44 54" 44 4&# 

4 4^s.zl44 4 f 44 45.4 ## 45 #44 #4#4

44444. 5# 444 31*4 4 44 5 4 444 ## 45 #^* 44 

#544 45 3Z.4" 44# 3.602954# 4 # 44.

5.7. #4^ #4

44 44## 444-31 5.5.444- 4# 41:444 #455. 41444# 

#sSa^)ji 5.6.4 4455 #5 f 4# #«S44 f, [54 5.814 #5 #4 4 

4 #444 “Reliability Graph"* #4*4 M 5.934- 4# 445 ## 4# 

#44 4-4-44.
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