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! E(A) = E(C)/E(T)

1
! RENEWAL THEORY Ross !
! Stochastic Process Counting Process
I ! (Poisson
Process) Exponential
Renewal Theory
YXn // sl 2,38 }
(Nonnegative) F
PiXxn =01 <1
X EX
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Random Variable Interpretation
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Renewal
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Renewal ni t
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1 Renewal [0, t]
A =
3 0 Renewal [0, t]

EN(t) = EE M

= 2 EAM

= PlA =11

= EPIShi 11

= E Fn (t)

(Sumation)

Renewal Equation and Generalization
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5) Renewal
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(6) Renewal-type equation
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(t 10 (6)

(t >0

Xi, X2,.. .,



Corollary 1
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EXXr = EX XnY\n = Z EMXnYn) (7)
Yn =1 Xl,..., Xn-i
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EXX = | BXEn

= EX X B
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* 2 (The Elementary Renewal Theory)
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Corollary 1
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Renewal Reward Process
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Renewal Process Xi, 2,... m
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RHS

Shutdown Process 2.7.2
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C + Avg
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START

READ DATA

tHiC

compute AR

XK =@

D01:=1,18

¢ 34

compute RHS

RHS > Af

YES

- ————
b <
<

XK = XK + 8.5

14

XX = XK =85

\

®
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XK<@ Y

YES

NO l‘

compute n

¥

Set Nwin = n - 10
Nwax = n + 10
(1,Nmin){ n {Nmax

¥

DO T = Nmin,

Nmax

XN =1
¥K = 8.5

¥

STEP = 0.5

38
BESTFN = 1 x 10
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Compute OBJFN,

e

k, P, H
YES

OBJFN ) BEST

¥

KO
BESTK = XK

BESTFN = OBJFN
XK = XK + STEP

¥

XK = XK - STEP

38
BESTFN = 1 x 18

¥

STEP - 8.1

|
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Compute OBJFN,
A, P, H

YES

BESTK = XK
BESTFN = OBJFN | |
XK = XK + STEP ‘
Y
¥K = XK - STEP

38
BESTFN = 1 x 10

¥

STEP = .01

¥

®




Compute OBJFN,

.

A, P, H

YES

BESTFN = OBJEN

XK = XK + STEP

BESTFN = OBJFN
BESTA = &
BESTP = P
BESTH = H
BESTK = XK

¥
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EESt, BSP
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PROGRAM SEARCH

THE BEXPECTED SEARCH OOST FCOR ASSIGNABLE CAUSE

THE RATE OF OCCURENCE OF THE ASSIGNABLE CAUSE

INPUT

VARIABLE DESCRIPTION

VO THE AVERAGE INCOME IN THE IN-CONTROL STATE

Al THE FIXED COST OF SAMPLING

A2 THE VARIABLE COST OF SAMPLING

A3

A3P THE BEXPECTED SEARCH OCST FOR A FALSE ALARM

A THE HOURLY PENALTY QOOST FOR OPERATING IN
THE OUT-OF-CONTROL STATE
THE GOST OF MACHINE SETTING

XLAM

DELT SHIFT PARAVETER

G THE TIME REQUIRED TO SAMPLING ONE ITEM AND
INTERPRET THE RESULTS

D THE TIME REQUIRED TO FIND THE ASSIGNABLE
CAUSE FOLLOWMNG THE RESULTS

Dl THE TIME REQUIRED TO FIND THE FALE ALARM

Sl THE TIME REQUIRED TO MACHNE SETTING

Cx THE COEFFICIENT OF PROCESS VARIABILITY

e MEASUREIVENTS  ERROR

QUTPUT

VARIABLE DESCRIPTION

N SAVPLE SIZE

XK

CONTROL LIMIT COEFFICIENT FOR CHART



C H SAMPLING INTERVAL
C APHA TYPE O\E BRROR
Cp POAER OF THE CHART

C OB LOST QOST PER UNIT TIME

CHARACTER*15 FN

DIMENSION ¢ (7)

WRITE(*,1(A)') '  ENTER OUTPUT FILE NAVE*
READ(*, 1(A)) FN

OPEN(UNIT-6, FILE=FN, STATUS-*N&W' )
WRITE(*,'(A) ') ' DELT =

READ(*,*) DELT

WRITE(*,1(A)) 1 XLAM =

READ(*,*) XLAM

WRITE(*,' (A) ') 0=
READ(* ,*} G
WRITE(*,1(A)1) D -
READ (*1*) D
WRITE(*11(A)") - M -
READ(*,*) A4
WRITE(*,"(A)1) 1 b -
READ(*,*) Al
WRITE(*, ' (A)) 1 ¢ -
READ(* %) A2

WRITE(*1' (A)")

READ(*,*) A3



WRITE(*,1(A)?) 1 T =
READ(*,*) A3P

YRITE(*, 1A) 1) 1 Vo = 1
READ(*,*) \O

WRITE(*,1(A) 1) 1 =
READ(*,*)

WRITE(*,' (A)") S

1
=

READ(* 1*) Sl

WRITE(*,’ (A)l) ' D1
READ (*1*) D1
WRITE(*,'(A)) 1  Cx = '
READ(*,*) Cx

WRITE(*, " (A)")

®
1]

READ(*,*) e
WRITE(6,98)
WRITE(*,98)
WRITE(6,99)
WRITE(*,99)
WRITE(6,98)
WRITE(*,98)

98 FORMAT(1H,1

99  FORMAT(IH, 1 ECONOMIC DESIGN OF A X-CONTROL’
&,-CHART'
WRITE(6,100) FN
WRITE(*,100) FN

100 FORMAT(/,T10, 'CASE',T16,A4)

WRITE(*,101)



101

102

103

104

105

106

WRITE(6,101)

FORMAT(/,T10, INPUT DATA"'//,T13," b’ ,T22/ ,
&T32," 1,T43," T ''T53," M1,T63, IXLAM)
WRITE(*,102) Al,A2,A3,A3P,A4,XLAM

WRITE(6,102) A1,A2,A3,A3P,A4,XLAM
FORMAT(T10,F5.2,T19,F5.2,T27,F8.2,T38,F8.2,T48,
&F8.2,T63,F4.2)

WRITE(6,103)

WRITE(*,103)

FORMAT(/,T11,'DELT',T23,m’,T33,'D’,T44,'Cx',T55,'e")
WRITE(6,104) DELT,G,D,Cx,e

WRITE(*,104) DELT,G,D,Cx,e
FORMAT(Til,F4.1,T17,F8.4,T31,F4.1,T42,F5.3,T52,F5.3)
WRITE(6,105)

WRITE(*,105)

FORMAT(/,T il," Vo 1,T23,’ 1,T33,'SI',T44,'D11)
WRITE(6,106) VO, ,SI,D1

WRITE(*,106) VO, ,SI,D1
FORMAT(Til,F6.1,T20,F6.1,T32,F4.2,T42,F4.1)
WRITE(6,1)

WRITE(*,1)

FORVIAT (/ , 1H, 1

&, o=======================5¢)

WRITE(6,3)

WRITE(*,3)

WRITE(6,1)

WRITE(*,1)

FORMAT(, 1H0,3X,'N',5X,'OPTIMUM K', 4X, OPTIMUM H ',



QOO O

&7X,'ALPHA",5X,'/POWER',8X,'COST")

FIND INITIAL VALUE OF SAVPLE SIZE AND GONTROL LIMIT

COEFFICIENT FOR CHART

AA=DELT*2*(A3P+D1*V0)/ (A2+XLAMFA4*G)
XK=0.

DO 4 1=1,10

RHS=(1 . 2826+XK)/ORDN(XK)

IF (RHS.GT.AA) GOIO 5

XK=XK+0.5

XK=XK-0.5

IF (XK.LT.0.) XK=0.

N=((1.2826+XK)/DELT)**2

FIND THE OPTIMAL DECISTION VARIABLE AND

THE LOST CGOST PER UNIT TIME

NMIN=N-10

IF (NMIN.LE.O) NMIN=1
NMAX=N+10

DO 9 I=NMIN, NVAX

XN=I

XK=0.5

134



135

STEP-0.5
DO 8 J=1,3

BESTFN-1. OE+38

IF (J.EQ.2) STEP-0.1

IF (J.EQ.3) STEP-0.01

CONTINUE

ARG-(-1.0*XK)/SQRT(1+€)

ALPHA-2.0-PNORM(ARG)

ARG-(DELT*SQRT(XN)-XK)/ ( (SQRT (1+€)) * (1+Cx))
P-PNORMARG)

H-SQRT( (ALPHA*(VO*D1+A3P)+ (A1+A2*XN)* (XLAMFG*XN
&+1.)) | (XLAM*A4*(I/P-0.5)))
B-H*(1./P-0.5+XLAM*H/12.) +G*XN

XC-D+S1+( (DI*ALPHA)/ (XLAM*H))
OBJIFN-(A4*XLAMFB+XLAMHVO*XC+ (AL+A2*XN)* (1 . O+XLAM*B)/H
&+ALPHA*A3PIHHXLAMFASHXLAMF ) / (LEXLAMK(B+XC) )
IF(OBJFN.GT.BESTFN) GOTO 7

BESTFN-OBJFN

BESTA-ALPHA

BESTP-P

BESTK-XK

BESTH-H

XK-XK+STEP

QOO 6

IF (J.EQ.3) GO TO 8

XK-BESTK-STEP

CONTINUE

WRITE(6,10) | ,BESTK, BESTH, BESTAIBESTP, BESTRN



10

WRITE(*710) |, BESTK,BESTH, BESTA,BESTP, BESTFN
FORVMAT(IH ,14,2( X,F8.4),3X,2(3X,F7.4),4X.F9.4)
CONTINUE

WRITE (*, 1)

WRITE(6,1)

SToP

END

FUNCTION ORDN(2)

ORDN=0.39894228*EXP(-Z*Z/2)

RETURN

B\D

COVPUTE THE CUMULATIVE DISTRIBUTION FUNCTION
ply<=x] OF A RANDOM VARIABLE Y HAVING A
STANDARD NCRVAL DISTRIBUTION, USING SINGLE-

PRECISTION VERSION OF FUNCTION BY CRAIG (1984),

JOURNAL OF QUALITY TECHNOLOGY, p. 234

REAL FUNCTION PNORM(X)

REAL X,Y, ,RN,ZERO, ONE, ERF, SQRT2, P
DATA SQRT2,0NE/.414213562373095,1.0/
DATA PI,ZER0/3.141592653589793,0.0/
Y=X/SQRT2

IF(X.LT.ZERO) Y=-Y

S=ZFRO

0O 1 N=1,37
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RN=FLOAT(N)
S=S+EXP(-RN*RN/25)/N*SIN(2*N*Y/5)
CONTINUE

S=S+Y/5

ERF=2*S/PI

PNORM=(ONE+ERF)/ 2

IF(X.LT.ZERO)  PNORM=(ONE-ERF)/2
IF(X.LT.-8.3) PNORVEZERO
IF(X.GT.8.3) PNORVEONE

RETURN

BE\D
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