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Some Aspects of the Application of Monte Carlo Methods

.to a Road Network Reliability Analysis
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By Hiroshi WAKABAYASHI, Yasunori IIDA and Hiroshi FUKUSHIMA

Terminal reliability between given two nodes of a road network is
evaluated by Monte Carlo methods.
and compared; One is a traditional Monte Carlo method with direct sam-
pling, and the other is an improved Monte Carlo method with restricted
sampling. The restricted-sampling method can reduce computational time
by its variance reducing technique, while the direct sampling method is
very . time—consuming to obtain the same accuracy for reliability as that
of restricted-sampling method. Numerical examples of small size networks
are executed to examine the validity of the restricted sampling method,
and the merit and defects of both Monte Carlo methods are discussed.

Two Monte Carlo methods are introduced
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R, 2(br,be)y=bs {1-(1-b2)(1-rars)IPr{Xi=h: } X
Pr{Xz=h2} |
Ru.a(br,bz,bs)y=b {1-(1-b2)(1-rars )} X
Pr{X:=bs }Pr{Xe=be }Pr{Xs=bs }
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Re, a(bi,b2,ba,ba)=bi {1-(1-b2){1-bars)} X
- Pr{Xi=b1 }Pr{Xe=be }Pr{Xs=bs }Pr{Xs=bhs }
Ru.s{b1,bz,bs,bas,bs)=h1 {1-(l-be ){1-bsbs )} X
Pr{X1=b1 }Pr{Xo=bz }Pr{Xs=bs} X
Pr{Xs=bs}Pr{Xs=bs}

e (A-8~13)
E#ZU T, :
Gu(b)={1-(1-b1 )(1-ba)F{1-(1-b2)(1-bs) X
(1-bs)} (A-14)

hu(b)=bs+b1 (1-ba){1-(1-b2)(1-bs )} (A-15)

Ru=Ru.e=rs+ri(1-rs){1-(1-r2)(1-rs)}

Ru.1{b1)=Lra+bi (1-rs){1-(1-r2)(1-rs)}] X
PriXi=h:} '

Ru.2(b1,b2)=[ra+b (1 —ra){1 -1 —b2) X
(1=rs)}] Pr{Xi=bs }Pr{Xa=bs}

Ru.s(b1,b2,ba)=[bs +b1 (1=bs){1=(1 =b2) X
(1=rs)}] Pr{Xi=b1 }Pr{Xz=b2}Pr{Xs=bs}

Ru,a(bi,e.eyba)=lbs+b1 (1 =bs){1 =(1—b2)X
(1=rs)}] Pr{Xi=hs }Pr{Xa=h2} X
Pr{Xs=bs }Pr{Xs=bas}

Ru.s(br, ..., bs)=[ba +b1 (1 —bs}{1—(1—b2)X
(1—bs)}] Pr{Xi=b1 }Pr{Xz=b2 }Pr{Xs=bs}X
Pr{Xs=bs }Pr{Xs=hs}

------ (A-16~21) .

ZD &SR, HEESERFHEVEEYF IO
RTW,BIEEY Y T Y T EE O RSN E (Appen-
dix 288) Or®d, Ri..&Ru..BFhth, (#
RUZI¥+1) BELEERS. £k, AFITH,
A (A-5)TIZEH b DA DS, R(A-1D)TEERD: DH
WEHEUTVE%2Y, Ri, s &Ry, OEEEHEESD
EETHhohd, BEETIEHNENT 3EZ0%E
EUHYERERDDOERS.

ZRBRLBEIURY, OADHREIYI 2L —
VarPUmOVEELRRY, FEETIT-o>TV3S. 2
W b= WAKIEEE R TR Y ey
ZERi.a & Ru, ORBEBHEIMU, FOHEEER
HMOOEARDDERS. FOL, EET2EH
ba DEBEZ 5L, ZOERCWRBVIHBEMT S
N5, kAXhToMhk &SR, YIalb—-vaYy

UBIOCDEEB R E DL I WFET 20 BREE
o THh%. : ;

[Appendix 2] ¥V TIUNRT ML gy, , 5y D
REFE

FIPr{y=b} HROEDTHEBL LB TES.
Pr{y=b}=Pr{yi=b1 }Pr{y2=bz | y1 =b1}X...
XPriy: =b: ly1=hi,...,yt -13bs -1}

TRbhE, RENT PUs;=(s1,5,...,8 , )%
BEIFZEVS L, sa. ; BPriys | Y1551, 4,.
ees¥a=1Sa-1, [ FE VDL, a=l,..., I UE
FHNCHEITBIERBH®RUTVAS.

T, sOEROIB@-DEEETEITRHE
HUTVBERETS. £ Priys 1 yi=si,j,...
»Ya-158a-1,  JEVOTEEN, va= 1L 00EBHD
LEbHETERLIRETSE, aREBOEXRTH
%sa, ;W dEhEO,

s, _={1 CPriya=l I y1281, jyeen,yya-15Sa-1, ;7

" O :Pr{ysa=01y1=S1,j,..+,Ya-1Sa-1, i}
OEETHREIELIL L.

—RRICU, Priva=hbs | y1=bi, .. ya-1=ba-1} &0
W TIROIBEEABK 0 L.

Pr{ya=ba | y1=b1,...,ya-1=ba-1}

Priyi=bi,...,ya=ba}

Pri{yi=bt,...,Ya-1=ba-1}
=b; }

=h, }

REDDPr{y=b1EARB-2DDO LD CHEM|ML T,
RAD,UNEHVS L,
Pri{ya=ba 1 y1=b1,...,Ya-15ba-1}
3 Ru,albtyeoesba)—Ri,albi,...,ba)

RU.a-l(bl,-n-,ba-1)—RL.a—1(h1,...?bé—l)

E720, sa,  BRESHBZIENTES.
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