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ox
0.00708

0.00176
0.00152
000146
0.00140
0.00135
0.00130
0.00126
0.00123
0.00121
0.00121
0.00123
0.00126
0.00132
0.00139
000146
0.00154
0.00162
0.00169
000174

X

P

0.0071051
0.0017615
0.0015211
0.0014610
0.0014010
0.0013509
0.0013008
0.0012608
0.0012307
0.0012107
0.0012107
0.0012307
0.0012608
0.0013208
0.0013909
0.0014610
0.0015411
0.0016213
0.0016914
0.0017415

20
2
2
23
24
25
26
21
28
29
30
3l
32
3
34
3
36
3
38
39

oX
0.00179

0.00183
0.00186
0.00189
0.00191
0.00193
0.00196
0.00199
0.00203
0.00203
0.00213
0.00219
0.00225
0.00232
0.00240
0.00251
0.00264
0.00280
0.00301
0.00325
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P

0.0017916
0.0018317
0.0018617
0.0018917
0.0019118
00019319
0.0019619
0.0019919
0.0020320
0.0020821
00021322
0.0021924
0.0022525
0.0023227
0.0024029
0.0025131
0.0026434
0.0028039
0.0030145
0.0032552



40
4
42
43
44
45
46
47
48
49
50
!
52
53
54
55
5%
o7
58
5

oX
000353

0.00384
0.00417
0.00453
0.00492
000535
000583
0.00636
0.00695
0.00760
0.00832
0.00911
0.00996
0.01086
001190
0.01300
0.01421
0.01554
0.01700
001859

gx

P

0.0035362
0.0038474
0.0041787
0.0045402
0.0049321
00053644
0.0058471
0.0063803
0.0069742
0.0076290
0.0083548
0.0091517
0.0100099
0.0109194
00119713
00130852
00143119
0.0156620
0.0171461
0.0187649

60
61
62
63
64
65
66
67
68
69
10
n
12
3
14
15
16
7
18
19

X
0.02034

002224
0.02431
0.02657
0.02904
0.03175
0.03474
0.03804
0.04168
0.04561
0.04979
0.05415
0.05865
0.06325
0.06812
0.07337
0.07918
0.08570
0.09306
0.10119

440

P

0.0205497
0.0224910
0.0246104
0.0269293
0.0294700
0.0322649
0.0353578
0.0387624
0.C-25735
0.0466828
0.0510722
0.0556713
0.0604402
0.0653495
0.0705512
0.0762009
0.0824907
0.0895965
0.0976790
0.1066836



80
8l

82
83
84
85
86
87
88
89
90
q
92
93
9%
9
9%
97
98
9

gx

qX
0.10998
0.11935

0.12917
0.13938
0.15001
0.16114
0.17282
0.18513
0.19825
0.21246
0.22814
0.24511
0.26593
0.28930
0.31666
0.35124
0.40056
0.48642
0.66815
0.99999

(€]

)

0.1165113
0.1270950

0.1383085
01501022
0.1625307
0.1751150
0.1897329
0.2047267
0.2209585
0.2388411
0.2589521
0.2820579
0.3091509
0.3415049
0.3807627
04326924
0.51175%
0.6702514
1.1030722
115115690
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MAIN PROGRAM - GENERATING DATA

10

DIMENSION SUMQX(100),|AGE (100) WW ITH(100),DDEATH(100),EENDER(100),
* SUMMXI100),RTE3(100)
COMMON/VARL/TABQX(100),TAPQX (100)
COMMON/VAR2INUM PK(100),PB(100).IFIRST,ILAST INTAGE
COMMONA/AR3/GRADQX<100),RTEL(100),RTE2(100> VM QX (100)
COMMON/VAR4/K SUMTW SUMTD, DEATH,WITH,ENDER VMRTELVMRTE2
COMMON/VARS/PN,U ALP BETA NW
COMMON/VARG/VMMX(LTO).VMDX (10T VMEXd00)

---------- ADD  DATA **" w

NUM = 1000
IROUND =2

ISEED = 167

NW = INTI0.3*NUM)

=10
ALP =150
BETA =025

IGEN

"
—_

IFIRST = 16
ILAST

INTAGE = ILAST-IFIRST+1

IAGEd) = 0
DO 5 1= 21

IAGE(l) = IAGEII-1)+1

CONTINUE

WRITE(6,6i

FORMAT(85i'=")

IF (IGEN EQ 11 THEN

WRITE 6,10.

FORMATII5X 1 #### EXPONENTIAL-UNIFORM DISTRIBUTION ######')
WRITE'6,111



—
=

12

16

17

18

19

20

26

30

443

FORMATIBSI-))
WRITE(6.12)U
FORMATISX.U = 'F52)
ELSE  IF 1IGEN.EQ.2) THEN
WRITE(6,16)
FORMATIL5X, ####4# EXPONENTIAL-GAMMA DISTRIBUTION ####4#)
WR:TE(6,17)
FORMAT (851
WRITE(6.18)ALP BETA
FORMAT(5X /ALP = 'F5.2,5X 'BETA = \F5.2)
ENDIF
WRITE(6,1SIISEED NUM,IROUND NW
FORMATISX.SEED = 157X, 'SAMPLE SIZE = M55X /ROUND = '4.
*5X 'NUMBER WITHDRAWS -14)
W RIE (6.20"
FORMATI85i'=))
WRITE(6,26i
FORMATIIX 'AGE'6X DX'8X EX'5X FORCE OF MR.\3X 'EST. OX',
*7X,'PTE' 10X, LAMDA'5X 'DEATH' 4X, W ITH'3X 'ENDER))
WRITE (6,301
FORVIATi85i="
CALL TQX
DO 40 K = 1,100
PBIK)  -(ALOGd 0-TABQXIK))
SUMMX = 00
SUMQX =00
SUMD =00
SUMW =00
SUME 00
SUMEP = 00
DO 45 | =1IROUND
DEATH 0.0
WTH =00
ENDER =00
SLMTW 0.0
SUMTD 00
IF 1IGEN EQ 1i THEN
CALL GENEUIISEED)
ELSE IF (IGEN EQ 2) THEN



45

51

40

CALL GENEGUSEEC:
ENDIF

ESMX = DEATH/(FLOAT(NUM)-SUMTD-SUMTW)
ESQX = 10-EXPI-ESMXi

SUMMX = SUMMX+ESMX

SUMQX = SUMQX+ESQX

SUMEP = SUMEP+(FLOAT(NUMFSUMTD-SUMTW)
SUMD = SUMD+DEATH

SUMW = SUMW+WITH

SUME = SUME+ENDER

CONTINUE

VMMXIKi = SUMMX/IROUND

VMQX(K) = SUMQX/IROUND

VMDXiKi = SUMD/IROUND

VMEX(K) = SUMEP/IROUND

RTE3IK) = ABS(TABQXIK)-VMQXIK))/TABQX(K)*100
WWITH(K) = SUMW/IROUND/NUMMOO.
DDEATHK! = SUMD/IROUND/NUMMOO.

EENCER(K) = SUME/IROUND/NUM'100.

WRITE(6 51IIAGE(K),VMDXIK).VMEX (K).VMMX(K) VMQX (K) RTE3(K),
*PB(K),DDEATHIK),WWITH(K),EENDER(K)
FORMAT(1X,13,3X F7.3,2X F9 23X F10.7,3X F10.7,3X F10.6,
*3X.F10 73X F5.23X F5.23X F5.2)

CONTINUE
SUMWW =0.0
SUMDD =00
SUMEE =00
SUMER =0.0
DO 11= 1.100

SUMVWV = SUMWW+WWITHd)
SUMDD = SUMDD+DDEATHd)
SUMEE = SUMEE+EENDERII)
SUMER = SUMER+RTE3())
CONTINUE

VMWITH = SUMWW/100.
VMDEA = SUMDD/100
VMEND = SUMEE/L00
VMR~E3 = SUMER,'100.
WRITE (6,58
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59

60

8

FORMAT(85i'=")>

WRITE(6,60i\VMRTE3 VMDEA VMWITH,VMEND

FORMATIX.MEAN AGE( 0 - 99 ) ==>1

*30X,F10 7,16X.F5.2,3X.F5.2,3X.F5.2)
WRITE(6,78i

FORMAT(85(=)

CALL WHIT
caLL BAYE
catL INBAYE
STOP

END

15

10

SUBROUTINE
GENERATED FUTURE LIFETIME AND WITHDRAWAL TIME
(EXPONENTIAL-UNIFORM DISTRIBUTION)

D

SUBROUTINE GENEUIISEED)
COMMONYVARL/TABQX(100), TAPQX(100)
COMMON/VAR2/NUM PK(100),PB(100),IFIRST ILAST.INTAGE
COMMON/VAR3/GRADQXi100),RTEL(100),RTE2(100),VMQX(100)
COMMON/VAR4/K,SUMTW ,SUMTD,DEATH WITH,ENDER VMRTEL,VMRTE2
COMMON/VARS/PN,U.ALP BETANW
COMMONA/ARGA/MMX(100).VMDX(100),VMEX(100)
DO 5 1= 1.NUM
WUNI1 = RAN(ISEED)
IF (wuniz LE.0.0) GOTO 15
WUNI = * Nil
TEXP0O1 = RAN(ISEED)
iF (TEXPO01 LE.0.0) GOTO 10
TEXPO = -i1./PB(K))*ALOG(TEXPO1)
IF (WUNLLT TEXPO) THEN
IF (WITH LT NW) THEN
WITH = WITH+1 0
SUMTVVI = 1-WUNI
SUMTW = SUMTW+SUMTW1
ELSE
IF (TEXPO LE.1) THEN
DEATH = DEATH+1
SUMTDI = 1-TEXPO
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SUMTD = SUMTD+SUMTDL1
ELSE
ENDER = ENDER + 1.
ENDIF
ENDIF
ELSE
IF ITEXPO LE 1) THEN
DEATH = DEATH+L.
SUMTD1 = 1.-TEXPO
SUMTD = SUMTD+SUMTD1
ELSE
ENDER = ENDE=- 1
ENDIF
ENDIF
RETURN

END

SUBROUTINE
GENERATED FUTURE LIFETIME AND WITHDRAWAL TIME
(EXPONENTIAL-GAMMA DISTRIBUTION)

2

SUBROUTINE GENEGIISEED)
COMMON/VAR1/TABQXi100) TAPQX(100)
COMMON/VAR2INUM PK.100),PB(100),IFIRST ILAST INTAGE
COMMON/VAR3/GRADQXI100),RTE1(100),RTE2(100).VMQX (100)
COMMON,VAR4/K SUMTLV.SUMTD,DEATH,WITH,ENDER VMRTELVMRTE?
COMM ON,vAR5/PN, uALPBETA NW
COMMONAJARBA/MMXn00),VM DX (100),VMEX (100)
DO 5 1= LNUM
A = LIQ*ALP-1 J*(172 i
B = ALP-ALOGI4)
Q = ALP+LIA
¢ =45
D = 1 +ALOGIC)

UL = RAN(ISEED)

2 = RANIISEED)

V = A*ALOG(U1/(1-UIM

Y = ALPEXP(V)

7 =1 2*U2
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ZI = ALOG(2)
= B+iQ*VpY
WDZ = W+D-(C*2)
IF (WDZ GE 0) THEN
X =Y
ELSE
IF ( GEZI) THEN
X =Y
ELSE
GOTO 2
ENDIF
ENDIF
WGAM = X'BETA
TEXPO1 = RANIISEED)
IF (TEXPOL.LE.0 0) GOTO 10
TEXPO = -117PB(K»*ALOG(TEXPO1)
IFiwGAM LT TEXPO) THEN
IF (( GAM.LE.L).AND.(WITH.LT.NW)) THEN
WITH =WITH+TO
SUMTW1 = 1-WGAM
SUMTW = SUMTW+SUMTW1
ELSE
IF (TEXPO.LE.1) THEN
DEATH = DEATH+l
SUMTD1 = 1-TEXPO
SUMTD = SUMTD+SUMTD1
ELSE
ENDER = ENDER + 1
ENDIF
ENDIF
ELSE
IF (TEXPO LE.1) THEN
DEATH = DEATH+L,
SUMTD1 = 1-TEXPO
SUMTD = SUMTD+SUMTD1
ELSE
ENDER = ENDER + 1
ENDIF
ENDIF



CONTINUE
RETURN
END

SUBROUTINE
TABLE OF MORTALITY

SUBROUTINE TQX

COMMON/VARL/TABQX (100),TAPQX (100)
COMMONA/AR2/NUM PK (100),PB(100),IFIRST,ILAST INTAGE
COMMON/VAR3/GRADQX (100),RTEL(100),RTE2(100),VMQX (100)
COMMON/VAR4/K SUMTW SUMTD,DEATH.WITH,ENDER VMRTELVMRTE?
COMMON/VAR5/PN,U ALP.BETA NW

COMMON/VAR/VMMXi100) VMDX(100),VMEX(100)

TABQXdi =0. 708
TABQXI2) - 0. 176
TABQX[3) =0. 152
TABQXI4) =0. 146
TABQXISI 0. 140
TABQXioi =0 00135
TABQX(7i = 0. 130
TABQX18) =0. 126
TABQXI9) =0. 123

TABQXdO) =0. 121

TABQXdi) =0. 121

TABQXd2> 0. 123
TABQXd3) 0. 125
TABQXH4) =0.00132
TABQXdol =0 139
TABQX(161 =0. 146
TABQXI17) =0. 154
TABQXd8i =0. 162
TABQXd9i =0. 169
TABQX(20) =0 174
TABQX(21> =0 179
TA3QXI22 =0. 183
TA3QXI23) =0 186
TA3QXI24) =0 189
TABQXI25) =0 191
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TABQXI26) = 000193
TABQXI27) = 0.00196
TABQXI28) =0 00199
TABQXI291 =0.00203
TABQXI30I =0. 208
TABQXI31) =0. 213
TABQXI32) =0 219
TABQXI33) = 0. 225
TABQXI34) =0 232
TABQXI35) = 0 240
TABQXI36) =0. 251
TABOX(37) =0. 264
TABQX(38i =0 280
TABQX(39i = 0. 301
TABQXI401 =0.00325
TABQXI41) =0.00353
TABQXI42) =0. 384
TABQX(43) =0 00417
TABQXI44) =0 00453
TABQX145) =0.00492
TABQXI461 =0 535
TABQXI47) =0. 583
TABQX1481 =0 00636
TABQXI1491 =0 695
TABQXiSOi 0 760
TABQX(51i =000832
TABQXI52) =0. 911
TABQXI53) =0.0 96
TABQXI541  0.01086
TABQXI55) =0.01190
TABQXI561 =0013

TABQXI571 = 001421
TABQXI58) =0.01554
TABQXI59) =0017

TABQX(00) = 001859
TABQXIali =0.02034
TABQX1621 =0 02224
TABQX(63i =0.02431
TABQXi64) = 0.02657



TABQX(65) = 0.02904
TABQX(66) = 0.03175
TABQXI67) = 0.03474
TABQXI68) = 0.03804
TABQX169) = 0.04168
TABQXI70) =:0.04561
TABQXI71) = 0.04979
TABQXI72) = 0.05415
TABQX(73) = 0.05865
TABQXI74) = 0.06326
TABQX(751 = 0.06812
TABQXI76) = 0.07337
TABQXI77) = 0.07918
TABQXI78i = 008570
TABQX(73) = 0.09305
TABQXj80i = 0.10119
TABQX(81) = 0.10998
TABQX182) = 0.11935
TABQXI831 = 0.12917
TABQX184) = 0.13938
TABQX(85) = 0.15001
TABQX1861 = 0.16114
TABQXI87) = 0.17282
TABQX(88) = 0.18513
TABQXI89) = 0.19825
TABQX190) = 0.21246
TABQX(91i = 0.22814
TABQX02) = 0.24577
TABQXI93) = 0.26593
TABQX(94i = 0.28930
TABQXI95) = 0.31666
TABQX!96) = 035124
TABQX197) = 0.40056
TABQX198) = 0.48842
TABQXI199) = 0.66815
TABQXI100! = 0.99999
RETURN



FUNCTION RANDOM®, 1)

FUNCTION RANOSEED!

ISEED = ISEED'16807

IF (ISEED.LT.O) ISEED = ISEED+2147483647+1
RAN = ISEED
RAN = RAN*0.465661 E-9

RETURN

END

SUBROUTINE
WHITTAKER GRADUATION

SUBROUTINE WHIT

COMMONA'ARITABQXdOOi.TAPQXd00)
COMMONA/AR2/NUM PK (100),PB(100),IFIRST,ILAST INTAGE
COMMONWAR3/GRADQX(100).RTE1(100),RTE2(100),VMQX (100)
COMMONA/AR4/K SUMTW SUMTD,DEATH,WITH.ENDER VMRTEL,VMRTE?
COMMONA/AR5/PN, ALPBETANW
COMMON/VARG/VMMX (100),VMDX (100),VMEX (100)

DOUBLE PRECISION W.Y, ,C,L.SUM,SUML.SUMLL SUMWX H
DO 500 1Z=14

LAGE = INTAGE

LAGE1 = LAGE-1

LAGE2 = LAGE-2

LAGE3 = LAGE-3

DO 2 I=IFIRST+1,1LAST+1

N=FIFIRST

UMQX (N)=VMQX(1)

REALQX(Ni=TABQX(l)

CONTINUE
SUMWX = 00
DO 1 N=1LAGE

IF (UMQX(N) EQ.0.0) THEN

WIN) = 00
ELSE
WINi = NUM/UMQX(N)*j1 -UMQX(N)))
ENDIF
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SUMWX = SUMWX + W(N>
1 CONTINUE
H = SUMWX/LAGE
CrEE (7o) Re
IF 11ZEQ.1t THEN
DO 5 1=1 LAGE
DO 5 J=1LAGE
ID = ABS(I-))
IF (ID EQ 0) THEN
F (I EQ 1) OR.(I.EQ.LAGE) THEN
(L) = 1 *H+W(1)
ELSE
CILIL = 2*H+W(I)
ENDIF
ELSE IF iTD EQ.1t THEN

C(1,)) = -1.*H
ELSE
Cl) =0
ENDIF
5 CONTINUE

C" * 1722
ELSE IF HZEQ.2) THEN
DO 10 I=1.LAGE
DO 10 J=1,LAGE
ID = ABS(I-))
IF (ID EQ 0) THEN
IF (il.EQ.1) OR.il.EQ LAGEt) THEN
CilJi = 1 H+W1I)
ELSE IF id EQ.2tOR (I.EQ.LAGE1)) THEN

Cildl = 5. *H+W(])
ELSE

Cil.Ji = 6 *H+W (1)
ENDIF

ELSE IF (ID EQ.1) THEN
IF (1 EQ 1) AND.(J.EQ 2» OR
* iil. £Q 2) AND.U.EQ.I )t OR.
il EQ LAGED.AND (J EQ LAGEI.OR.
lilEQLAGE) AND.U EQ.LAGE1))» THEN
C(1Ji = -2.'H



ELSE
C(U) = -4*H
ENDIF
ELSE IF (ID.EQ.2) THEN
C(lJ) = 1*H
ELSE
C(9) =0
ENDIF
CONTINUE
[Z=3 o**
ELSE IF (1Z.EQ.3) THEN
DO 15 M.LAGE
DO 15 J=1,LAGE
ID = ABSil-JI
IF ap Eq o) THEN
IF ((1.EQ.I).OR.(1.EQ.LAGE)) THEN
C(1J) = L*H+W(I)
ELSE IF <(1.EQ.2).0R.(.EQ.LAGEL)) THEN
C(1,J) = 10.*H+W(1)
ELSE IF Id EQ.3).0R.(I EQ.LAGE2I) THEN
C(1,J) = 19." H+W(l)
ELSE
C(1,J) = 20.*H+W (1)
ENDIF
ELSE IF (ID EQ 1) THEN
iIF mil eQ 1LAND  EQ 2ii
OR.id EQ.2).AND.(J.EQ.1))>
OR (I EQ LAGED.AND.(J.EQ.LAGE)))

OR.dI EQ.LAGE).AND.(J.EQ.LAGEI) THEN

C(1J) = -3
ELSE IF 1((((LEQ.2) AND (J EQ.31

OR.ill EQ.31.AND 1) EQ 2)1)

OR.id EQLAGE2).AND.IL.EQ.LAGEL)))

OR ill EQ.LAGED.AND.O EQ.LAGE2))) THEN

CllJ) = -12.*H
ELSE
Cil.J) = -15.*H
ENDIF
ELSE IF (ID.EQ.2) THEN
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e ((("EQ.1).AND.(J.EQ.3))
* OR Il £Q.3).AND.(JEQ ))
OR.((I.EQ.LAGE?).AND.(JEQ.LAGE)))

* OR«l EQ.LAGE).AND.(JEQ.LAGE2))) THEN
C(1)) = 3 n
ELSE
(I = 6 *H
ENDIF

ELSE IF (ID.EQ.3) THEN

C(ld) = -1*H
ELSE
c(ld) = 0.
ENDIF
15 CONTINUE
CHTEIZ=4 F

ELSE IF (IZ.EQ.4) THEN
DO 20 1=1.LAGE
DO 20 J=1.LAGE
ID = ABSO-I
IF [ID EQ 0) THEN
IF ((1.EQ.D.OR.(LEQ.LAGE)) THEN
C(Id) = LH+W()
ELSE IF <(1EQ.2).0R.(.EQ.LAGEL)) THEN
CILJI = 17 *H+W(l)
ELSE IF Il EQ.3).0R (I EQ LAGE2)) THEN
Cd.J) = 53.%H+W(I)
ELSE IF ((1.EQ.4).0R.d.EQ.LAGES)) THEN
CiLJl = 69.*H+W())
ELSE
Cd.d» = 70,"H+W (li
ENDIF
ELSE IF (ID EQ 1) THEN
IF (d(( EQ 1).AND.(.EQ.2»
OR id EQ 2).AND (JEQ 1))

* OR (Il EQ.LAGE1LAND.(JEQ.LAGE)))
* OR.(I EQ.LAGE).AND.(J.EQ.LAGEL))) THEN
CAJl = -4

ELSE IF (((("EQ.2).AND.(J.EQ.3))
OR .EQ3)AND.(EQ.2)
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oR ifi EQ LAGE2T AND (J EQ LAGEL))
OR.illLEQ.LAGE1 )AND.iJ.EQ.LAGE2))) THEN
c(1,J) = -28.*H

ELSE IF (((((1.EQ.3).AND.(J.EQ.4))
OR.i(1.EQ.4).AND 1J.EQ.3»)
OR.iil EQ.LAGE3).AND.iJ.EQ.LAGE2)))
OR M EQ.LAGE2I AND.iJ EQ.LAGE3))) THEN
Cil.Ji = -52.*H

ELSE
C(1,9) = -56.*H

ENDIF

ELSE IF IID EQ.2) THEN

IF (mil EQ D.AND.IJ EQ 3»
OR W EQ.3),AND Ij EQ.1»)
OR il EQ.LAGE2I AND.iJ.EQ.LAGE)))
OR.iil EQ.LAGE) AND.iJ.EQ.LAGE2))) THEN
Cil.at = 6.H

ELSE IF (Hill EQ.2).AND.(J.EQ.4))
OR Ill EQ.4).AND.(J EQ.2)))
OR Il EQ.LAGE3I.AND (J.EQ.LAGEL)))
OR (1 EQ.LAGE1) AND.U.EQ.LAGE3))) THEN
Cil.Ji = 22.*H

ELSE
Cil.Ji = 28.*H

ENDIF

ELSE IF ilD.EQ.3) THEN

IF ((((1LEQ.1) AND.iJ EQ 4))
OR ill EQ.4).AND.(J EQ.1)))
OR iil EQ LAGE3).AND.1J.EQ.LAGE)))

OR.ul.EQ.LAGEI.AND (J.EQ.LAGE3))) THEN

Cil.Ji = -4.*H
ELSE

C/1.Ji = -8.'H
ENDIF

ELSE IF IID EQ.4) THEN

Cil.Ji = 1.*H
ELSE
Cil.Ji = 0.

BNDIF



A ConTINUE

ENDIr

G DEFIND L{J). ...

DO 205 M.LAGE
DO 205 J=1,LAGE
)=0
205 CONTINUE
') = SQRT(C(1,D)
DO 25 I=2,LAGE
Ul1) = c(l,1)/L(1,1)
25 CONTINUE
DO 30 I=2,LAGE1
SUML =0
n =K
DO 35 K=1,n
SUML = SUML+L(I.K)**2
35 CONTINUE
1,1) = SQRT(Cd.I)-SUML)
2=14
DO 40 J=12,LAGE
SUMLL = 0.
DO 45 K=1,I1
SUMLL = SUMLL+L(J,K)*UT,K)
45 CONTINUE
L@.1) = (1/LIL1))*(C(J,1)-SUMLL)
40 CONTINUE
30 CONTINUE
SUM = 0.
DO 50 K=1,LAGE1
SUM = SUM+L(LAGE,K)"2
50 CONTINUE
L(LAGE.LAGE) = SQRT(C(LAGE,LAGE>-SUM)
0........ DEFIND GRADQX *» *» *»
DO 53 M.LAGE
GRADQX(I)=0
53 CONTINUE
DO 5E I=1.LAGE
= VvilrtuM QX (1)

55 CONTINUE



YO)= L)L)
DO 60 =2, LAGE
SUM = 0
“-H
DO 65 J=1,14
SUM= SUM + L(L)*Y()
65  CONTINUE
YO=( O ) )
60  CONTINUE
GRADQX(LAGE) = Y(LAGE)/L(LAGE.LAGE)
DO 70 IM.LAGE1

SUM = 0.
| = LAGE-II
5 =+

DO 75 J=I5.LAGE
SUM = SUM + L(LI)*GRADQX())
75 CONTINUE
GRADQXili = (Y(1)-SUM)IL(L)
70 CONTINUE
SURTEL = 00
SURTE2 = 00
WRITE!6,85i
85 FORMATILX /AGE'5X REALQX'6X 'EST.QX'8X GRADQX"
+ 8X RTE1'8X RTE2)
DO 80 I=1,LAGE
RTEKI! = ABSIREALQX (I)-GRADQX (I))/REALQX(1)*100.
RTEZiii = ABSIREALQX(1)-UMQX(I))/REALQX(1)*100.
SURTEL = SURTEL+RTEKI)
SURTE2 = SURTE2+RTE2(l
WRITE(6,95), REALQX(1),UMQX(1), GRADQX(I) RTE1(I) RTE2(l)
95  FORMATILX I3,3X,F10.7,3X FI0.7,3X F10.7 3X F8.5,3X F8.5)
80  CONTINUE
VMRTEL = SURTEL/LAGE
VMRTE2 = SURTE2ILAGE
WRITES,97)VMRTELVMRTE2
97 FORMATIIX.MEAN RELATIVE ERROR \23X.F8.5,3X,F8.5)
500 CONTINUE
RETURN
END
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SUBROUTINE
BAYESIAN  GRADUATION

SUBROUTINE BAYE
COMMONA/ARL/TABQX(100),TAPQX (100)
COMMON/VAR2/NUM PK(100),PB(100),IFIRST ILAST,INTAGE
COMMON/VAR3/GRADQX (100).RTEL(100),RTE2(100),VMQX (100)
COMMONA/AR4/K.SUMTW.SUMTD,DEATH,WITH,ENDER VMRTELVMRTE?
COMMON/VARS/PN,U ALP BETA NW
COMMON/VARGA/MMX (100).VMDX1100).VMEX (100)
DIMENSION A(85,85),(85,85),BINV (85,85),DEN (85,85),
* ABIg5.85),5(85,85),5INV 185,85),DMU (85),
SMUi85),UMOX (85),PM QX (85),REALQX (85),BBT(85,85)
DO 500 IR=14
IF 1IR.EQ.1I THEN
R=06
ELSE IF (IR.EQ.2) THEN
R=07
ELSE 1= HR EQ 31 THEN
R=08
ELSE IF (IR EQ 4) THEN
R=o0s
ENDIF
CALL TPQX
DO E I=IFIRST+LILAST+1
Il =I-IFIRST
UMQX(Il) = VMQX(1)
PMQXdli = TAPQXI
REALQXilll = TABQX(l)
CONTINUE
N = INTAGE
DO 10 1=1M
DO 10 J=1,N
IF (LEQ.JI THEN
B(1)) = IPMQX(I)*(L.-PMQX(I)))/NUM
DENdJ! = 10
ELSE
B(IJ) = 0.0
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DEN(IJ) = 0.0
ENDIF
10  CONTINUE
SUM =00
DO 30 1=1,N
SUM = SUM + B(lLl)
30 CONTINUE
P = SUM/N
DO 20 1=1,N
DO 20 J=1.N
1 = ABS(I-J)
IF (J.GT.I) THEN
IF (J GT 11+10» THEN
AilLJl =00
ELSE
A(1,J) = P*(R” 11)
ENDIF
ELSE IF (J.LT.I) THEN
IF (J.LT.(MO)) THEN
A(1J] =0.0
ELSE
A(1LJ) = P*(R**11)
ENDIF
ELSE

Ail.Jl

Il
o

ENDIF
20 CONTINUE

DO 40 1=1,N

DMU(l) = PMQX(l) - UMQX(I)
40  CONTINUE

CALL INV2IB,BINV,N|

DO 45 1=1.N

DO 45 J=1,N

ABIIL.J) =00
45 CONTINUE

DO 50 1=1,N

DO 50 J=1,N

DO 50 K=1,N

ABil.J) = ABil.J) + Ail.LKI' BINVIK.J)



50 CONTINUE
DO 60 1=1,N
DO 60 J=1N
() = DEN(IJ)+AB(L)
60  CONTINUE
CALL INV2(SSINV,N)
DO 65 1=1,N
SMU(I) = 00
65  CONTINUE
SURTEL = 0.0
SURTE2 =00
DO 70 1=1N
DO 75 .I=IN
SMU(i) = SMUili + SINVil.J'DMUIiJ)
75 CONTINUE
GRADQX(I) = UMQX(I)+SMU(l)
RTEKI) = ABS(REALQX(I)-GRADQX(I)REALQX(1)*100.
RTE2l) = ABS(REALQX(IFUMQX(i,,REALQX(I)*100.
SURTEL = SURTEL+RTEKI)
SURTE2 = SURTE2+RTE2(I)
70 CONTINUE
VMRTEL = SURTELIN
VMRTE2 = SURTE2IN
WRITE(6,79)
79 FOFMATIL0X,'  BAYESIAN  GRADUATION 1)
CALL BAYE(R.P)
W RTE(6.80iR.P
80  FOFMATIISX,WITH R = "F53.5X.P = \F10.6)
WRIE(6,81)
81 FOFMAT(80C=")
WRITE(6,85)
85  FOFMAT(IX,'AGE'5X TABQX'6X, MEANQX'8X GRADQX',
* 8X/RTE1'8X 'RTE2)
WRI~E( 861
86 FOFMAT(80(-))
DO 90 K =IFIRST+1ILAST+1
WRITE (6.95)IAGE(K), TABQX (K),VMQX (K),GRADQX (K-IFIRST),
* RTE1(K-IFIRSTi,RTE2(KTFIRST)

95 FOFMATILX,I3,3X,F10.7,3X,F10 7,3X,F10.7,3X F8.5,3X F8.5)
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90  CONTINUE
WRITE(6.91)
91 FORMAT(85(=))
WR ITE(6.1001VM RTE 1,VMRTE2
100 FORMATIIX'MEAN RELATIVE ERROR ='23X,F8.5,3X,F8 5)
WRITEI6.1011
101 FORMAT(85I'=)
500 CONTINUE
RETURN
END

Cc  FEERx SUBROUTINE INVERSE METRIX b i
C kkkk kkkkk KK Jekkkkkekkkdkikkk

SUBROUTINE INV2(XTWX,0XTWX N)
REAL XTWX185,85),0XTW X (85,85)
DOUBLE PRECISION A(85,8)
DO 5 1=1 N
DO 5 J=1N

A(L)=(XTWX(1,3>)

5  CONTINUE
DO 10 L=1N
A(L.L)=-1 0DO/A(L L)

DO 20 1=1N
IF (-L) 30,20,30

30 A(l,L)=-1 ODO*A(I.LIA(L,L)
20 CONTINUE

DO 40 1=1N

DO 40 J=1.N

IF (d-LHJ-U) 50,40,50

50 A(13)=A|LJFAJLL)*A(LJ)
40 CONTINUE
DO 10 J=1IN

IF (I-L) 60,10,60
60 A(LJ)=-1 ODO*A(LJI*A(LLL)
10 CONTINUE
DO 70 1=1N
DO 70 J=1N
OXTWX(LJ)=-1 -SNGUA(L)))
C OXTWXilJ)=-L.O*A(,>



70 CONTINUE
RETURN
END

SUBROUTINE

INCRESING BAYESINE GRADUATION

SUBROUTINE INBAYE

COMMONA/AR1/TABQX(100),TAPQX|100)

COMMON/VAR2/NUM,PK(100),PBn00).IFIRST,ILAST.INTAGE

COMMONA'AR3/GRADQX(100),RTE1(100),RTE2(100),VMQX(100)

COM MONA/AR4/K,SUMTW ,SUMTD,DEATH ,WITH,ENDER.VMRTE1.VMRTE2

COM V10ON/VARS5/PN.U,ALP,BETA,NW

COMMON/VARS/VMMXI1100).VMDX(100).VMEX<100).TOL

DIMENSION PPHI(50i,VMi50).H(50),R(50),B(50),PHIO(50),

PHIKSO0),PHI(501,PHIERR(50),CETA0(50),PFMX (50)

DO 500 IM=1,3

IF (IM.EQ.1i THEN

M =1

ELSE IF IIMEQ2) THEN

M =5

ELSE IF (IM EQ.3) THEN

M 25
ENDIF
MAXIT =1
TOL =0.01
KK = INTAGE
CALL TPQX
DO 5 1=1KK

PFMX(l) = -ALOG(1.-TAPQX(IFIRST+D)
WRITE(6,311,TAPQX(IFIRST+1),PEMX(1),VMEX(IFIRST+1),
VMDXIIFIRST+1)

FORMATI3X,13,3X,F10.7,3X,F10.7,3X,F10.3,3X,F10.3)
CONTINUE
DO 10 1=1,KK
IF (1.EQ.1) THEN

PPHI(I) = PEMX(1)
ELSE

PPHI(I) = PFIVIX(IRPFMX(I-1)
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ENDIF
10  CONTINUE
SUMVM =0
SUMH =0
DO 20 1=1KK
VM[1) = (EXP(PEMX(I))-1)/VMEXdFIRST+1)
SUMVM = SUMVM + VM(I)
H{l) = KK--1
SUMH = SUMH + H(I)*(PPHI(I>**2)
20 CONTINUE
= SUMH/12 *M'SUMVM)
ALPHA = 1 +U+SQRT(U*i2 +U!)
WRITEFS.'i ALPHA
DO 30 1=1KK
RI) = (ALPHA-1)/ PPHI(I)
WRITE(6,*)I,Ril)
30 CONTINUE
DO 40 1=1KK
SUME =0
DO 45 J=1,KK
SUME = SUME + VMEXdFIRST+1J)
45 CONTINUE
B(l) = Rdi + SUME
WR TEI6,*I],B(1)
40 CONTINUE
DO 50 1=1KK
PHIO(l) = PPHId)
CETAOdI = PEMXd)
50 CONTINUE
IT=1
DO 60 Il =1,N
DO 65 1=1KK
PHI1U) = PHIOd)
65 CONTINUE
DO 70 1=1KK
SUM1 =0
SUM2 =0
DO 75 J=1,KK

SUMI =SUM1 + VMDXIIFIRST+J)/CETAO(J)



75

80

70

90

170

SUM2 = SUM2 + I-VMDX(IFIRST+J)/CETAOQ(J1**2)
CONTINUE
F = SUM1 + (ALPHA -1)/PHIO() - B(l)
FP = SUM2 - (ALPHA -1)/(PHI0d)**2)
PHI(I) = PHIOd) - F/FP
IF (PHIdi.LT.0.) THEN
PHId) = PHIOd)* 5
ENDIF
PHIOd) = PHI(l)
DO 80 L=1,K
CETAOILi = 0.
DO 80 LL=1,L
CETAOILi = CETAO(L) + PHIO(LL)
CONTINUE
CONTINUE
DO 90 1=1 KK
PHIERR(I) = 100*ABS(PHIL(IFPHIO(1))/PHIL(I)
CONTINUE
TEMP = PHIERRU)
DO 100 I=2,KK
IF (PHIERRIl).GT.TEMP) THEN
TEMP = PHIERRd)
ENDIF
CONTINUE
IF (TEMP GT TOL) THEN
IT=1T + 1
GOTO 50
ELSE
SURTE1 = 0.0
SURTE2 = 0.0
DO 170 1=1,KK
= IFIRST+I1
GRADQXill) = 1- EXP(-CETAOd))
RTEKIJ) = ABS(TABQXdJ)-GRADQX(1J))/TABQXdJ)*100

RTE2(1J) = ABS(TABQXdJPVMQX(1J))/TABQX(1J)*1

SURTE1 = SURTE1 + RTEKN)
SURTE2 = SURTE2 + RTE2(N))
CONTINUE

VMRTEL = SURTEL/KK
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110

79

80

81

85

86

95

90

91

100

101

60

140

150

VMRTE2 = SURTE2/KK

WRITE16.110) IT

FORMAT(2X,’NUMBER OF ITERATION = M3)

WRITE(6,7S)

FORMATOOX; INCREASING BAYESIAN GRADUATION 9

WRITE(6,80)M

FORMAT(15X,'WITH M = M10)

WRITE(6,81)

FORMAT(80('=")

WRITE(6.85)

FORMATNX.'AGE".SX.'"TABQX'.aX."MEANQX'.SX."GRADQX",

* 8X,'RTE1'.8X,'RTE2")

WRITE(5,85i

FORMATI80i'-T)

DO 90 < =IFIRST+1,IIAST+1

WRITE(6.95ilAGE(K), TABQX(K),VMQX(K),GRADQX(K),

* RTE1(K|.RTE2(K)

FORMAT(1X,13,3X,F10.7,3X,F10.7,3X,F10.7,3X,F8.5,3X.F8.5)

CONTINUE

WRITE(6,91)

FORMATI85('=")

WRITE(6,100IVMRTE1 .VMRTE2

FORMATdX.'MEAN RELATIVE ERROR ='23X,F8.5,3X,F8.5)

WFITEI6.101)

FORMAT(85i'="))

GOTO 160

ENDIF

CONTINUE

WRITEI6,150)IT

FORMAT(3X,'ITERATION FAILER .MAX ITERATION = M3)

RETURN

END

SUBROUTINE

TABLE OF PIOR MORTALITY (THAI 2529)

SUBROUTINE TPQX

COMMON/VAR1/TABQX(100),TAPQX(100)

COMMONA/AR2/NUM ,PKn00).PB(100),IFIRST,ILAST,INTAGE



COMMON A/AR3/GRADQXd ).RTE1dOO).RTE2d ),VMQXdOO)
COMMON/VAR4/K,SUMTW ,SUMTD.DEATH,WITH,ENDER,VMRTEL,VMRTE2
COMMONA/AR5/PN, ,ALP.BETA.NW
COMMON/VARBA/MMX(100),VMDX(100),VMEX(100)
TAPQXdi =0.0087721
TAPQXC2) =0. 21806
TAPQXI3) =0. 18833
TAPQXI4) = 0. 18089
TAPQXI5T : 0.0017346
TAPQXi6l = 00016727
TAPQXI7) =0 16107
TAPQXiSi = 0.0015611
TAPQXiS) = 0.0015240
TAPQXdOi =0.0014992
TAPQXdii=0.0015027
TAPQXd2i =0 0015486
TAPQXdSi =0 15936
TAPQXC14) =0 16542
TAPQX(15i =0 17275
TAPQXI16) =0.0018089
TAPQXd7i =0 18938
TAPQXG8) =0 19778
TAPQXM9) =0 20574
TAPQX(20) =0.0021297
TAPQX(21i =0.0021937
TAPQXi22, =0.0022489
TAPQXi23i =0.0022962
TAPQXi24i =0.0023370
TAPQXi25i =0.0023728
TAPQXi26i =0 24049
TAPQXi27i =0 24347
TAPQX(28i =0. 24640
TAPQX(2S) =0 24951
TAPQXi30l =0.0025311
TAPQX311=0 25766
TAPQXf32i =0 26359
TAPQX33) =0 27137
TAPQX34) =0 28135

TAPQXT35! = 0,0029366



TAPQX(35.
TAPQX(37i
TAPQX138)
TAPQX(3Si
TAPQX1401
TAPQX1411
TAPQX142)
TAPQXi43i
TAPQX1441
TAPQX145)
TAPQX146)
TA =0X147.
TA=QXi48i
TA=QXi4S.
TAPQXiSOi
TAPQXi51i
TAPQX(52i
TAPQX(53j
TAPQXi54i
TAPQX(55i
TAPQX(56i
TAPQX(57)
TAPQX(58i
TAPQXiSSi
TAPQX100I
TAFQXiali
TAFQX1621
TAPQX(63i
TAPQX164)
TAPQX165)
TAPQXI156T
TAPQX(67]
TAPQX(68I
TAPOXf69i
TAPQXI170)
TAPQXI71)
TAPQX(72i
TAPQX173)

TAPQXi'74i

o

.0030832

o

0032514

o

.0034380

o

0036382

o

0038468

0 0040593

00042752

0.0044989

o

.0047416

0.0050195

0.0053523

0 0057574

o

0062479

o

0068294

=]

0075010

o

0082560

0 0090864

0.0099849

00109507

00119891

0.0131040

0.0143237

00156643

0.0171360

00187387

00205027

0.0224179

0 0245045

00267826

00292723

0.0320040

0.0350179

0.0383443

0.0420134

0 0459749

0.0501883

0.0545832

0.0591192

0 0637661
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TAPGX'75' = 0.0686650
TAPQX(75i ::0.0739570
TAPQX(77i = 00798134
TAPQX(78) :0.0863856
TAPQX(79> = 0.0938045
TAPQXi80i = 0.1019995
TAPQXi81> = 0.1108598
TAPGX182! = 01203048
TAPQX(83i = 0.1302034
TAPQX(84j = 0.1404950
TAPQXi85i = 0.1512101
TAPQXi85i 01624291
TAPQX(87i = 01742025

TAPQXi88i :01866110

TAPQXi8Si 0.1998350
TAPQXiSQOi 0.2141597
TAPQXiSli 0.2299651
TAPQX(S2i 0 2477362
TAPQXi93i = 0.2680574
TAPQX(94i :0.2916144
TAPQXI195) = 0.3191933
TAPQXO0o) 0.3540499
TAPQXi97i 0 4037545
TAPQXi98i 0.4920552

TAPQXi99> 0.6734952

TAPQXdOOi 0.9999999

RETURN

END
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