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C  CONFIDENCE BANDS FOR SURVIVAL FUNCTIONS

e T T T

'DOUBLE PRECISION PHIJFAULT,PLIM,P0,P1,P2,P3 P4,

*  Q0,QLQAQ3.Q4P.VTEMP B

DIMENSION X(200),IDX(200),X C(200),XN(200),PL(3),PL.1(3),PA0(3),
*PB1(3),WEN(12,3),WHN(12,3),WRN(12,3),SWE(12,3),SWH(12,3),
*SWR(12,3),WE(12,3),WH(12,3), WR(12,3), BWE(12,3),BWE(12,3),
SBWR(12,3),Y(12), WEED(12.3), WHED(12,3),WRBID(12,3),88(12),ELP(3),
*HLP(3),RLP(3),UEP(3),VEP(3),UHW(3), VHW(3),URN(3),VRN(3)
COMMON /SEED/IX /SELECT/KK

REAL NORMAL

DATA (Y(D)I=1,12) /0.25,05,0.75.10,1.25,1.5,1.75.2.02.25.2.5,
227530/

LP=3

NP = 12

N =25

NN =23

NC=2

LO = 2000

PL(1) = 0.1

PL(2) = 0.05

PL(3) = 0.01

PL1(1) = 0.8850

PL1(2) = 0.5405

PL1(3) = 0.9843

PAO(1) = 20

PAO(2) = 3.0
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PAO(3) = 30
PBL(1) = 3.0
PB1(2) = 40
PB1(3) = 4.0
AA =00
BB = 3.0
EALP = 04
ALP = 1.0
GMA = 1.50
DMEAN = 0.0
DVARI = 0.7
SIGMA = SQRT(DVARI)
 AB =030
AC =350
IA = 65539
X = 173
KK = 0
WRITE(6,900) NNNNC,LOJIX
900 FORMAT(20X,' N =13, NN =13, NC =13, LO =14, IX =16)
WRITE(6,910) ALP,GMA ,AA BB
910 FORMAT(20X; ALPHA ='F52, GAMA = ‘F52' A =\FS2 B =\F5.2)
5000 SIC = 0.0 |
DO 91 LIz = 1 NP
DOSOI=1LP
SWE(LI2]) = 0.0
SWH(LIZT) = 0.0
SWR(LIZ]) = 0.0
BWE(LI2]) = 0.0
BWH(LIZ]) = 0.0
BWR(LI2]) = 0.0
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WEN(LI2]) = 0.0
WHN(LI2]) = 00
WRN(LIZ]) = 0.0
WE(LI2.) = 0.0
WHLIZ]) = 0.0
WR(LIZ) = 00
WEBD(LI2]) = 0.0
WHBD(LIZT) = 0.0
WRBD(LIZ]) = 0.0

90 CONTINUE
51 CONTINUE
NNLO = 0.0
DO S0L = 110
66 DO 1001 = LN
X(@) = 0.0
XNQ) = 0.0
XCq) = 0.0
IDXQ) = 0
100 CONTINUB
PDL =00
VRI = 0.0
VKN =00
VBKN = 0.0
UBD = 0,0
VED = 0.0
DO 1051 = L.LP
UEP(Q) = 00

VEP({I) = 0.0
UHW() = 0.0

VHW({) = 0.0
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URN() = 0.0
VRN(Q) = 0.0
ELP(l) = 0.0
HLP() = 0.0
RLP() = 0.0
105 CONTINUE
J5=0
INN =0
INC=0
DO 120 J1 = 1N
109 XN(J1) = WEIBUL(ALP,GMA)
C105 Al = NORMAIL({DMEAN,SIGMA)
C  XN(J1) = BXP(AL)
C109 XN(J1) = GOMPT(AB,AC)
XC(J1) = UNI(AABB)
C  XCQ1) = CEXPO(BALP)
- X(J1) = AMINI(XN({1),XC(I1))
IF (X(J1) BQ. XN(J1)) THEN
INN = INN+1
IDX(1) = 1
ELSE
INC = INC+1
IDX(J1) = 0
ENDIF
IF (INN BQ. NN) GOTO 121
IF INC EQ. NC) GOTO 122
120 CONTINUE
GOTO 132
121 NC1 = NC-INC
IF (NC1 EQ. 0) GOTO 132



DO 128 J2 = 1,NC1
J3 =J14J2
124 XN(J3) = WEIBUL(ALP,GMA)
C124 Al = NORMAL(DMEAN,SIGMA)
C  XN(U3) = EXP(AD)
C124 XN(J3) = GOMPT(AB,AC)
XC(JI3) = UNI(AA BE)
C  XC(3) = CEXPO(EALP)
X(I3) = AMIN1(XN(J3)XC(J3))
IF (X(73) EQ. XN(J3)) GOTO 124
 IDX(3) = 0
128 CONTINUE
122 NN1 = NN-INN
“IP (NN1 BQ. 0) GOTO 132
DO 129 J2 = 1,NN1
B=N1412
126 XN(J3) = WEIBUL{ALP,GMA)
C126 Al = NORMAL(DMEAN SIGMA)
C  XNU3) = BXP(AL)
C126 XN(J3) = GOMPT(ABAC)
XC(J3) = UNI(AABB)
C  XC(J3) = CEXPO(EALP)
X(I3) = AMIN1(XN(J3),XC(J3))
IF (X(J3) EQ. XN(J3)) GOTO 126
IDX(73) = 1
129 CONTINUE
132 CALL RANK(NXIDX)
DO SLI = NP
SSQLI) = 0.0
XS = YL

190
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CALL SURLNR(XS,SUWALP,GMA)
SS(LI) = SUW
CALL PROLM(NX DX X3,PDL)
CALL VARIAN(NXIDX XS,VRLVEN,VEKN)
CALL CVARIA(NX,IDX,VKNT)
DO1S0I=1LP
CALL CVALEP(PAO(),PBI(),PL),VENTEL(D)
CALL CVALHW(PLO)HLP(D)
CALL CVALRN(PL(T),VKNT.RLE()
CALL EPBAND(N ELP(),PDL, VRLUEP() VER()
CALL HWBAND(NHL(1)PDL, VBKN,UHW(D), VHW(D)
CALL RNBAND(NRLP(1)PDLURN(),VRN()
CALL ERRBD(UEF(D), VER(),SUW,WEN(LLT)
CALL ERRBD(UHW (1), VHW(1),SUW.WEN(LID)
CALL ERRBD(URN(I), VRN(),SUW,WRN(LII))
CALL WIDEBD(UEP(I), VER(I) WEBD(LLI))
CALL WIDEBD(UHW(), VEW (1), WHED(LL)
CALL WIDEBD(URN(),VRN() WRBD(LLD)
SWE(LL]) = SWE(LLI) + WEBDQLLY)
SWH(LLI) = SWH(LLI) + WHBD(LL])
SWR(LL) = SWR(LL]) + WRBD(LL))

150 CONTINUEB

5 CONTINUE

50 CONTINUE

WRITE(6,1168) .
1168 FORMATY(/,30X, #s#ssssasssassssssnass 135X WEIRULL DIST.

/30X, SHASSEERRRRSRRRSRRRSSW)
DO 180I=1LP

WRITE(6,1166) PL{),PL1(T)
1166 PORMAT(/,30X,/ALPHA = 'FS$.2,10X,LIMIT = 'F64)



"~ WRITE(6,1165)
1165 FORMATY/,20X,' X(T) '4X,EP BAND'7X,HW BAND,7X,RN BAND')
DO 160 LI = 1,NP
" WELLID = WENLLI/LO
WH(LLT) = WHN(LII)YLO
WR(LLI) = WRN(LLI/LO
WRITE(6,1175) Y(LI),WE(LLT),WH(LL) WR(LLT)
1175 FORMAT(20X,B634X,F74,7X.F 4. TX F1.4)
BWE(LLI) = SWE(LLIYLO
BWH(LLI) = SWH(LLI)/LO
BWR(LLT) = SWR(LLI)YLO
IF (WE(LLD) LT. PLi(l)) THEN
BWE(LL) = 0.0
ENDIF
IF (WHQLI) LT. PL1(1)) THEN
BWH(LL]) = 0.0
ENDIF
IF (WR(LLI) LT. PL1(I)) THEN
BWR(LL]) = 0.0
ENDIF
160 CONTINUE
WRITE(,1180)
1180 FORMAT(//SX,” SUR',SX,! X(Iy,5X, WIDE OF EP,SX,'WIDB, OF HW"5X,
*WIDE OF RN")
DO 170 LI3 = 1,NP
WRITE(6,1190) SS(LI3),Y(LI3),BWE(LI3I),BWH(LI3,I) BWR(LI3,I)
1190 FORMAT(5X,F7 4,5X F5.2,3(5X F10.4)) o
170 CONTINUE
180 CONTINUE

8000 WRITE(6,3270)
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3270 FORMAT(/30X, BND OF JOB /)
STOP
END
C . SUBROUTINE RANDOM VARIABLE
C3SPSETESTSSSETITTISTTIITITISIIIITIIIIIIISISS
SUBROUTINE RAND(IX IY,YFL)
IY = IX*65539
IF (TY) 10,20,20
10TY =IY + 2147483647 + 1
20 YFL =IY
YFL = YPL/2147483647
X=IY
RETURN
END
C  WEIBULL DISTRIBUTION

(623 L33 % L 3 S

FUNCTION WEIBUL(ALP,GMA)
COMMON /SEED/IX
10 CALL RAND(IX,IY,YFL)
IF ((YFL BQ. 1.0) .OR. (YFL EQ. 0.0)) GOTO 10

WEIBUL = (1/ALP)*(-1 ALOG(1.0-YFL)))**(1.0/GMA)

RETURN
END
C NORMAL DISTRIBUTION
C3SSFS3STSE5TESSSISTIIIESTIITISTIIITSIISSS
FUNCTION NORMAL(DMEAN,SIGMA)
REAL NORMAL

193



COMMON /SEED/IX /SELEBCT/KK
PI = 3.1415926 '
IF (KK.EQ.1) GOTO 10
~.CALL RAND(XIY,YFL)
RONE = YFL
CALL RAND(IX.IY.YFL)
RTWO = YFL
ZONE = SQRT(-2*ALOG(RONE))*COS(2*PI*RTW O)
ZTWO = SQRT(-2*ALOG(RONE))*SIN(2*PI*RTW O)
NORMAL = ZONE*SIGMA + DMEAN
KK = 1
RETURN
10 NORMAL = ZTWO#SIGMA + DMBAN
KK = 0
RETURN
. END
C  GOMPERZT DISTRIBUTION -
CISSSSSIEsSsSsITsSTTseTISIosSsISITIIIIISSISSISISS
FUNCTION GOMPT(B,C)
COMMON /SEED/IX
CALL RAND(IX,IY,YFL)
GOMPT = (1/ALOG(C))*ALOG(1 (ALOG(C)*ALOG(1 -YFLYE)))
RETURN
END

A A e
C UNIFORM DISTRIBUTION

CISISISISISISISISISTITISLISITEITIISITIISIISSSS
FUNCTION UNI(AA,BB)

COMMON /SEED/IX

194
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CALL RAND(X IY,YFL)
UNI = AA+(BB-AA)*YFL
RETURN
END
C EXPONENTIAL DISTRIBUTION

FUNCTION CEXPO(EALP)
COMMON /SEED/IX
" CALL RAND(XJIY,YFL)
CEXPO = (-1.0%ALOG(1 0-YFL))/EALP
RETURN
m J
CESsssEsssssssisssTssssssssssssssssssssssessss
C  SUBROUTINE SORTING DATA

SUBROUTINE RANK(N.XJDX)
INTEGER N,1,J,8PMID,LEFT(20),RIGHT(20),JDX (200)
REAL X(200),PIVOT
LEFT(1)=1
RIGHT(1) = N
SP=1

10 IF (LEFT(SP) LT. RIGHT(SP)) GOTO 20

SP=8P1
GOTO 130

20 I = LEFT(SP)
J = RIGHT(SP)
PIVOT = X(J)
MID = (I+])/2
IF (J1 LT. 6) GOTO 50



IF ((FIVOT .GT. X(1)) AND. (PFIVOT LT. X(MID})) GOTO 50
IF (PIVOT LT. X()) AND. (FIVOT .GT. X(MID})) GOTO 50
IP (X() LT. X(MID)) AND. (X(I) .GT. FIVOT)) GOTO 30
IF ((X(I) .GT. X(MID)) AND. (X() LT. PIVOT)) GOTO 30
CALL SWAPX(MID),X(J)IDX(MID)IDX(J7))
GOTO 40
30 CALL SWAPQX(@),X()DX{D,DX())
40 FIVOT = X(J)
50 IF ( .GE. J) GOTO 110
60 IF (X(@) .GE. FIVOT) GOTO 70
I=1+1
QOTO 60
707 = J-1
80 IF (NOT( LT. J) AND. (FIVOT LT, X(3)})) GOTO 90
I=11
GOTO 80
S0 IF (I LT.J) CALL SWAPX®)X()),IDX(¥)IDX())
100 GOTO 50
110 7 = RIGHT(SP)
CALL SWAPX(@)X(DIDX()IDX(J))
IF ((LLEFT(SP)) .GE, (RIGHT(SP) - I)) GOTO 120
LEPT(SP+1) = LEFT(SP)
RIGHT(SP+1) = I-1
LBPFI(SP) = I+1
GOTO 125
120 LEFT(SP+1) = I+
RIGHT(SP+1) = RIGHT(SP)
RIGHT(SP) = I-1
125 SP = SP+1
130 IF (SP .GT. 0) GOTO 10

196
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RETURN
END
C3335355S35SSSESTEETISIISITITEITIITISSITISISLSSSS
C  SUBROUTINE SWAP X(I) WITH X(I+1)
e et EEEt ettt tEtetEsEratareratEcteros:
SUBROUTINE SWAP(X1X2,DX1IDX2)
T=X1
X1 = X2
X2=T
II = IDX1
IDX1 = IDX2
IDX2 =11

SUBROUTINE PROLM(NxJDX.XS,PDL)
DIMENSION X(200),IDX(200)
REAL NKNK1

SURMU = 1.0
DO 20 X=1N
 IF X(K) .GT. XS) GOTO 30
IF (X BQ. N) GOTO 30
NK = N-K
NK1 = N-K+1
SX = (NK/NK1)**DX(K)
SURMU = SURMU*SX
20 CONTINUE
30 PDL = SURMU
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RETURN
END
= VY
C  SUBROUTINE SIGMA SQUART WITH CENSORING DATA
OO S TS eSS S SEEEE SESSS S S STET ST S TS S SSSSSSIISesssss
SUBROUTINE VARIAN(N.X,IDX,XS,VRI,VKN,VBKN)
DIMENSION X(200),IDX(200)
REAL NRR
SSR = 0
N1 = N-1
DO 20 K = 1N1
IF (X(K) .GT. X$) GOTO 30
 NRR = (N-K)*N-K+1)
SR = IDX(K)/NRR
SSR = SSR+SR
20 CONTINUE
30 VRI = N*SSR
VKN = VRI{VRI+1)
VBKN = 1-VKN
RETURN
END
e T T T
C SUBROUTINE SIGMA SQUART WITH COMPLETE DATA

SUBROUTINE CVARIA(NX,IDX,VKNT)
DIMENSION X(200).IDX(200)
REAL NRR

SSR = 0

DO10I=1N A
IP (IDX{T) EBQ. 1) THEN



IT=1
ENDIF
10 CONTINUE
N1 = N-1
DO 20K = I,N1
IF (X(K) .GT. X(IT)) GOTO 30
NRR = (N-K)*(N-K+1)
SR = IDX(K)/NRR
3SR = SSR4SR
20 CONTINVE

30 VRI = N*SSR
VKNT = VRIA{VRI+1)

C SUBROUTINE CRITICAL VALUE OF EQUAL PRECISION
W

SUBROUTINE CVALEP(PAO,PB1,PL,VKNT.ELP)

PO = PAO

P1 = PBI

TOL = 0.0001

NO =200

X1 = 0.95

X2 = VKNT

A =005

B = AMINI(X1X2)

1=2

PP = 83141592654

QO = PO*EXP(-1*(P0**2)/2)*ALOG((B**2)/(A **2))/SQRT(PP)-(PL/2)

Q1 = P1*EXP(-1%(P1%%2)/2)*ALOG((B**2)/(A **2))/SQRT(PP)-(PLv2)

199



DO 10I=2NO
P = P1-(Q1*(P1-POM(Q1-Q0))
FP = PYEXP(-1%(P**2)/2)*ALOG((B**2)/(A**2))/SQRT(PP)-(PL/2)
IF (ABS(P-P1) LT. TOL) THEN
BLP=P
GOTO 50
ENDIF
PO = P1
Q0= Q1
P1=P
Ql = FP
10 CONTINUE

C SUBROUTINE CRITICAL VALUE OF HALL WELLNER

SUBROUTINE CVALHW(PLHLP)

HLP = SQRT((-0.5)%(ALOG(PL)-ALOG(2.0))

RETURN

" END

S S E S S ES TS S S S S s S T ssSTEssSEssEsssssssessssssssesssSIsssIssss
C SUBROUTINE CRITICAL VALUE OFRENYI
@ T T T T T T T T T O

SUBROUTINE CVALRN(PL,VKNT,RLP)

DOUBLE PRECISION Pm,IPAme,PI,PZ,P3,P4,

*  Q0.Q1LQ2.Q3,Q4P.VTEMP

xl =08

X2 = VKNT

200



IFAULT = 0.0
PHI = (1-PL43)4
WL = VNORM(PHLJFAULT)
B = AMIN1(X1X2)
RLP = SQRT(BA1-B))*WL
RETURN
END
C FUNCTION VALUE OF STANDARD NORMAL

FUNCTION CDFN(Z0)
TLZO=(1/2.5066282746)*EXP((-1.5Z0%*2)/2.))
TLWW=1.0/(1.040.33267*ABS(Z0))
TLP=10-TLZ0*(0 4361836 " TLWW-0,12016 76 TLWW*52)
* 40.937298%TLWW**3)) '
IF (Z0.GB.0) THEN

CDFN-=
ELSE

CDFN=10-TLP
ENDIF
RETURN
END

CEESSSS5E 53T IS TISTIITIEITTITTIIITIIISEIIITSISIIIISIISITISIIESSSSS
C' FUNCTION VALUE OF INVERSE STANDARD NORMAL
CE3S S I TTs TSI T ETIsTsssTsssIsssssssssssesssssssIsssssIsssIssssss
FUNCTION VNORM(PHLIFAULT)
DOUBLE PRECISION PHIIFAULT,PLIM,PO,P1 P2 P3 P4,
*  Q0,Q1.Q2.Q3,Q4.P,VTEMP
DATA PLIM/1.0D-18/ |
DATA P0/-0.3222324310245D0/, P1/-1.0/, P2/-0.34224208854 TD0/
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DATA P3/-0.0204231210245D0/, P4/-0.43642210148D-4/
DATA Q0/0.099348462606D0/, Q1/0.588581570495D0/
DATA Q2/0.53110462366D0/, Q3/0.10353775285D0/
DATA Q4/0.38560700634D-2/
IFAULT=0.0
P=PHI
IF (P.GT.0.5) P=1-P
IF (P.GB.PLIM) GOTO 100
VMTEMP=8.0
IF (PLT.0.0) GOTO 900
GOTO 200
100 Y=DSQRT(-DLOG(P*P)) -
VTEMP=Y+(((Y*P4+P3)*Y+P2)*Y+P1)*Y+PO)/
* o ((((Y*Q4+Q3)*Y+Q2)*Y+Q1)*Y+Q0)
200 IF (PHLLT.0.5) VTEMP=-VTEMP
VNORM = VTEMP
RETURN
900 IFAULT=6
RETURN
END
CEPSss8538553338553555535535535533555553553535853338S
C  SUBROQUTINE EQUAL PRECISION BAND
CEPSsIPTTSSESSETSESTIIITSSITEITISTSITITSIIITISISSSS
SUBROUTINE EPBAND(NELP PDL,VRI,UEP,VEP)
REAL N1
SEP = 0.0
N1=N
SEP = ELP*PDL*SQRT(VRI)/SQRT(N1)
UEP = PDL + SEP
VEP - PDL - SEP



RETURN

END
C35355555555553555555555555535535535SSSSSS53853838SSe
C  SUBROUTINE HALL-WELLNER BAND

SUBROUTINE HWEBAND(N,HLP FDL,VBEN,UHW,VHW)

REAL N1

SHW = 0.0

N1=N

SHW = HLP*PDL/(SQRT(N1)*VBKN)
UHW = PDL + SHW

VHW = PDL - SHW

PSS S S ES eSS S eSS ESESEEETEIsEesessesectesccareecss
* SUBROUTINE RNBAND(N.RLP,PDL,URN,VRN)
REAL N1 i
SRN = 0.0
Ni=N
SRN = RLP*PDL/SQRT(N1)
URN = PDL + SRN
VRN = PDL -'SRN
RETURN
END

BRAMRNRRNN AIRRRARRATIRIIHAR AT AR LRI LALLTLRARLLR NN AR RN,

C SUBROUTINE SURVIVAL FUNCTION OF WEIBULL

SUBROUTINE SURWEI(XS,SUW,ALP,GMA)
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SUW = EXP(-1.0%((ALP*XS)**GMA))
RETURN
END
C SUBROUTINB SURVIVAL FUNCTION OF LOGNORMAL |
SUBROUTINE SURLNR(XS,SUW,DMEAN,SIGMA)
Z0 = (ALOG(XS)-DMEAN)/SIGMA
SUW = 1-CDFN(Z0)
RETURN
e e A Y
C  SUBROUTINE SURVIVAL FUNCTION OF GOMPERZT
SUBROUTINE SURGMT(XS,SUW,B,C)
Al = 10-C**XS
A2 = A1"B/ALOG(C)
SUW = BXP(A2)
RETURN
END .
CPSSSSTTSSSSSSSESTISIITEIITTSSETTITTITTSSTISSISSISSSS
C  SUBROUTINE ERROR OF BAND
CESSSSS5SS5TSS 5SS SISITISTEETTIIITTESTTIITTSISISSISSS
SUBROUTINE ERREBD(UBD,VED,SUW ENN)
IF (UBD LT. SUW) GOTO 30
IF (VBD .GT. SUW) GOTO 30
ENN = ENN+1.0 '
30 RETURN
 END



GAATETRRARRL AL AATANTALR TN O AN RN RS NS A A RNCANN AN RN NN N

C SUBROUTINE WIDTH OF BAND
SUBR OUTINE WIDEBD(UBD,VED,WBD)
WED = UBD-VED
RETURN
D
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