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FOREWORD 

An important element of research on population at IIASA has 
been the development of computer programs for demographic anal- 
ysis. Programs for spatial (multiregional) analysis, for multi- 
state analysis, and for the estimation of model schedules and 
flow tables are some of the more widely used programs published 
by IIASA in the past years. To this collection we now add the 
programs described in this paper by Peer Just. Originally 
designed to carry out life table analyses and projections of a 
national population disaggregated by age, sex, marital status, 
and region, these programs also may be used to study other 
transitions, e.g., labor force transitions. They are being 
published to disseminate to a wider audience some of the anal- 
ytical tools of multistate/multiregional demography developed 
at IIASA. 

Andrei Rogers 
Leader 
Population Program 



ABSTRACT 

This paper describes two program packages for carrying out 
multistate/multiregion life table analyses and a female dominant 
two-sex projection by states and regions. The computer programs 
are adaptations of those published earlier for multistate life 
tables (Willekens 1979b) and for multiregional population pro- 
jections (Willekens and Rogers 1978). Users not familiar with 
all the details of the theory of multistate demography neverthe- 
less should be able to analyze populations disaggregated by 
age, sex, states, and regions, using these computer programs. 
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TWO PROGRAM PACKAGES FOR DERIVING 
MULTISTATE-MULTIREGION LIFE TABLES 
AND TWO-SEX (FEMALE DOMINANT) 
POPULATION PROJECTIONS 

1 .  INTRODUCTION 

Soon a f t e r  t h e  framework o f  m u l t i r e g i o n a l  p o p u l a t i o n  a n a l y -  

s is  w a s  d e v e l o p e d  by Roge r s  (1973 ,  1 9 7 5 ) ,  i t s  g e n e r a l i z a t i o n  t o  

o t h e r  k i n d s  o f  " r e g i o n s "  l o g i c a l l y  f o l l o w e d  t h e  p r e v i o u s  r e s e a r c h .  

The g e n e r a l  case o f  a p o p u l a t i o n  d i s a g g r e g a t e d  by s t a t es  w a s  

s t u d i e d  by K e y f i t z  ( 1 9 8 0 ) ,  Kr i shnamoor thy  ( 1 9 7 7 ) ,  L e d e n t  (1978 ,  

1 9 7 9 ) ,  Schoen ( 1 9 7 5 ) ,  Schoen  and  Land ( 1 9 7 7 ) ,  R e e s  ( 1 9 7 8 ) ,  and  

W i l l e k e n s  ( 1  978,  1979a)  among o t h e r s .  

A f t e r  t h e i r  p u b l i c a t i o n ,  I IASA's  compu te r  p rograms f o r  

s p a t i a l  demograph ic  a n a l y s i s  ( W i l l e k e n s  and  Rogers  1978)  w e r e  

s u b s e q u e n t l y  a d a p t e d  t o  i n c l u d e  t h e  p o s s i b i l i t y  o f  c a l c u l a t i n g  

inc remen t -dec remen t  l i f e  t a b l e s ,  which  l a t e r  became commonly 

u s e d  i n  m u l t i s t a t e  demographic  a n a l y s i s  ( W i l l e k e n s  1979b) .  T h i s  

program e n a b l e s  u s e r s  t o  compute m u l t i s t a t e  l i f e  t a b l e s  f o r  a  

p o p u l a t i o n  d i s a g g r e g a t e d  by s t a tes ,  b u t  it d o e s  n o t  t a k e  t h e  

r e g i o n a l  d i m e n s i o n  i n t o  a c c o u n t .  To overcome t h i s  l i m i t a t i o n  

t h e  computer  p rogram p r e s e n t e d  h e r e  i n t e g r a t e s  t r a n s i t i o n s  f rom 

o n e  s t a t e  t o  a n o t h e r ,  m i g r a t i o n  be tween  r e g i o n s ,  a n d  m u l t i p l e  

e v e n t s  i n t o  t h e  e x i s t i n g  inc remen t -dec remen t  l i f e  t a b l e  frame- 

work. 



A computer program to project a population by sex, states, 

and regions was still lacking, however, since the widely used 

multiregional projection program by Willekens and Rogers (1978) 

did not handle disaggregations by states or sex. The projection 

facility presented in this paper, was developed to allow for the 

projection of a population disaggregated by regions, by states, 

or by states and regions, as well as by sex using the so-called 

female dominant solution (see Keyfitz 1968, chapter 13). 

The program packages set out in this paper are written in 

a way that allows them to be implemented by users not familiar 

with the theory of multistate population analysis. A single 

data file can be used as an input for the projection and life 

table calculations, provided that all age intervals are of equal 

length. In this case only a few parameters need to be specified. 

If the population is given by unequal age groups, then the pro- 

jection program cannot be used. The application of the life 

table program, however, is not constrained by the character of 

the age disaggregation. 

These two program packages were first applied to Australian 

data using two regions disaggregated by four marital states. 

Some numerical results are published in Rogers and Williams 

(1 982) . 

1.1. Increment-Decrement Life Tables for Mixed States 

In recent years demographers have given increased attention 

to the development of complex increment-decrement life tables. 

For example, the German demographic literature has focused on 

tables of working life (Linke 1976; Schaich and Schweitzer 1980). 

Recently several more general approaches can be distinguished. 

Schoen (1975) and Schoen and Nelson (1974) developed a uniradix 

multistate life table, which was applied to marital status pat- 

terns. Rogers (1 975) and Rogers and Ledent (1 976) considered 

the multiradix situation. Finally Willekens (1979b, 1980) reform- 

ulated and recalculated the working life table developed by Hoem 



(1970,  1977) and Hoem and Fong (1976)  u s i n g  m a t r i x  n o t a t i o n .  

R e e s  ( 1 9 7 8 ) ,  Schoen and Land ( 1 9 7 7 ) ,  and Kr ishnamoor thy  (1977) 

c o n t r i b u t e d  f u r t h e r  t h e o r e t i c a l  r e f l e c t i o n s .  

The f i r s t  program package  p r e s e n t e d  h e r e  i s  an  a d a p t a t i o n  o f  

t h e  increment-decrement  l i f e  t a b l e  program d e s c r i b e d  by W i l l e k e n s  

(1  979b) . For d e t a i l s  a b o u t  t h e  methodology t h e  r e a d e r  i s  

r e f e r r e d  t o  W i l l e k e n s  (1980)  and W i l l e k e n s  and Rogers  ( 1 9 7 8 ) .  

L e t  u s  r e c a l l  t h e  d i s t i n c t i o n  between p o p u l a t i o n - b a s e d  and 

s t a t u s - b a s e d  l i f e  t a b l e s  ( W i l l e k e n s  1 9 7 9 b ) .  A p o p u l a t i o n - b a s e d  

l i f e  t a b l e  i s  c a l c u l a t e d  f o r  a p a r t i c u l a r  a g e  a t  which a l l  

s ta tes  e x c e p t  one  are empty. An example of  such  a u n i r a d i x  

s i t u a t i o n  i s  a mar i ta l  s t a t u s  t a b l e  based  on a g e  0. A l l  s t a t e s  

e x c e p t  t h e  s t a te  of  n e v e r  m a r r i e d  a r e  empty by d e f i n i t i o n  a t  

a g e  0.  A s t a t u s - b a s e d  l i f e  t a b l e  c a n  be c a l c u l a t e d  f o r  any a g e  

a t  which a l l  s ta tes  a r e  nonempty. I n  s u c h  a  c a s e  t h e  number o f  

c o h o r t s  h a s  t o  e q u a l  t h e  number o f  s t a t e s .  

I f ,  however,  mixed s t a t e s  ( t h a t  i s ,  r e g i o n s  and c o n v e n t i o n a l  

s t a t e s )  are u s e d ,  w e  are p r i n c i p a l l y  f a c i n g  a m u l t i r a d i x  s i t u a -  

t i o n  where t h e  number o f  c o h o r t s  i s  n b t  n e c e s s a r i l y  e q u a l  t o  

t h e  number of  s t a t e s .  Analogous t o  t h e  p r e v i o u s l y  d e f i n e d  

p o p u l a t i o n -  and  s t a t u s - b a s e d  l i f e  t a b l e s ,  t h e r e f o r e ,  are t h e  

r e g i o n -  and s t a t u s - b a s e d  t a b l e s .  A r eg ion-based  l i f e  t a b l e  c a n  

b e  c a l c u l a t e d  f o r  any  a g e  x  f o r  which e x a c t l y  one s t a t e  i n  e a c h  

r e g i o n  w i l l  b e  nonempty. For  a  two-region  working l i f e  t a b l e ,  

f o r  example,  r e g i o n - b a s e d  c a l c u l a t i o n s  c a n  be per formed f o r  any  

age  between 0  and  15 s i n c e  o n l y  t h e  states " r e g i o n  1 ,  i n a c t i v e "  

and " r e g i o n  2 ,  i n a c t i v e "  a r e  nonempty f o r  t h e s e  a g e s .  From a g e  

16 up  t o  t h e  l a s t  a g e  g r o u p s ,  v a r i o u s  s t a t u s - b a s e d  l i f e  t a b l e s  

c a n  be c a l c u l a t e d .  

A s  i n p u t  d a t a  f o r  a s i n g l e - r e g i o n  inc remen t -dec remen t  l i f e  

t a b l e ,  o n l y  t r a n s i t i o n  rates  between s t a t e s  are r e q u i r e d .  

I n t r o d u c i n g  a  s p a t i a l  d imens ion  means t h a t  m i g r a t i o n  a l s o  h a s  

t o  be  t a k e n  i n t o  a c c o u n t  as w e l l  as m u l t i p l e  e v e n t s .  One c a n  

now i d e n t i f y  t h r e e  t y p e s  o f  ra tes  



1 .  T r a n s i t i o n s  from one s t a t e  t o  a n o t h e r  w i t h i n  a  r e g i o n ,  

f o r  example, from " r e g i o n  1 ,  i n a c t i v e "  t o  " r e g i o n  1 ,  

a c t i v e "  

2 .  Migra t ion from one r eg ion  t o  ano the r  s ~ i t h o u t  changing 

s t a t e ,  f o r  example, m ig ra t i on  from " r e g i o n  1 ,  i n a c t i v e "  

t o  " r eg ion  2 ,  i n a c t i v e "  (TJote t h a t  m i g r a t i o n  d c t a  by 

s t a t e s  a r e  r e q u i r e d .  

3 .  Simultaneous t r a n s i t i o n s ,  f o r  example, from " r eg ion  1 ,  

i n a c t i v e "  t o  " r eg ion  2 ,  a c t i v e "  

I f  d a t a  a r e  n o t  a v a i l a b l e ,  model s chedu le s  can  be used.  

Under t h e  r e s t r i c t i v e  assumption t h a t  c e r t a i n  t r a n s i t i o n s  a r e  

n o t  p o s s i b l e ,  t h e s e  r a t e s  can a l s o  be set t o  ze ro .  Zero t r a n s i -  

t i o n  r a t e s  from r e g i o n  l / s t a t e  1 t o  r e g i o n  2 / s t a t e  2 ,  f o r  

example, do n o t  mean t h a t  t h e  p r o b a b i l i t y  of be ing  i n  r e g i o n  2 /  

s t a t e  2 a t  age  x + 1 ,  having been i n  r e g i o n  l / s t a t e  1 a t  age  x  

i s  a l s o  ze ro .  Th i s  i s  because  t h e  Option 3 method of  e s t i m a t i n g  

p r o b a b i l i t i e s  (Wi l lekens  and Rogers 1978) t a k e s  m u l t i p l e  t r a n s i -  

t i o n s  i n t o  account .  A pe rson  may move from r eg ion  l / s t a t e  1 

t o  r e g i o n  2 / s t a t e  1  and t hen  t o  r e g i o n  2 / s t a t e  2 w i t h i n  t h e  

same i n t e r v a l .  

I n  a d d i t i o n  t o  computing m u l t i s t a t e  l i f e  t a b l e s ,  t h e  extended 

l i f e  t a b l e  program package p r e sen t ed  h e r e  a l s o  performs m u l t i p l e  

con t ingency  c a l c u l a t i o n s .  A d e t a i l e d  d e s c r i p t i o n  of  t h e  method- 

o logy  and some numer ica l  r e s u l t s  can be found i n  Keyf i t z  and 

Rogers ( 198 1 ) . 

1 . 2 .  Two-Sex popu la t i on  P r o j e c t i o n  by S t a t e s  and Regions 

Rogers (1975) h a s  shown t h a t  a  popu la t i on  p r o j e c t i o n  by 

r e g i o n s  i s  an e x t e n s i o n  of  t h e  s i n g l e  r eg ion  p r o j e c t i o n  of  L e s l i e  

(1945) and may be d e s c r i b e d  by 



where the vectors - K are the population by age and region at time 

t and t + 1 ,  and G represents the growth matrix of the multiregional - 
system: 

The first row of G is composed of matrices B(x) , where - - 

F(x) is a diagonal matrix of regional birth rates, and the matrix - 
P contains the probabilities of survival from exact age x to x + h. 
w 

The sub-diagonal elements of G w denote the survivorship proportions 

calculated by 

The calculation of the transition probabilities is identical for 

the increment-decrement life table and the multistate projec- 

tion. First the observed death and transition rates are arranged 

into a matrix 



According t o  Option 3 ,  t h e  p r o b a b i l i t y  ma t r ix  i s  c a l c u l a t e d  by 

(Willekens and Rogers 1 9 7 8 )  

I n  t h e  ca se  of  a  two-sex female dominant p r o j e c t i o n  by s t a t e s  

and r eg ions ,  equa t ion  ( 1 )  and t h e  c a l c u l a t i o n  of t h e  s u r v i v o r s h i p  

p ropor t ions  remain unchanged. The elements of t h e  f i r s t  row of 

t h e  growth ma t r ix ,  however, have t o  be modified.  Th i s  i s  because 

t h e  s t a t e  i n  which b i r t h s  appear i s  now n o t  always i d e n t i c a l  wi th  

t h e  s t a t e  of t h e  mother. I n  most m u l t i r e g i o n a l  p r o j e c t i o n s ,  b i r t h s  

a r e  a l l o c a t e d  t o  t h e  s t a t e  of t h e  mother. In  a  m u l t i s t a t e  p ro j ec -  

t i o n ,  however, some s t a t e s  may be empty by d e f i n i t i o n  f o r  c e r t a i n  

age groups.  Popula t ion  p r o j e c t i o n  by m a r i t a l  s t a t u s  i s  an example 

of t h i s .  B i r t h s  can be borne by women i n  any of t h e  fou r  s t a t e s :  

never  mar r ied ,  mar r ied ,  d ivorced ,  o r  widowed. The c h i l d r e n ,  on 

t h e  o t h e r  hand, can on ly  be born i n t o  t h e  never  marr ied s t a t e .  

In  o r d e r  t o  perform a  c o n s i s t e n t  p r o j e c t i o n  by s t a t e s  and 

r e g i o n s ,  two a s p e c t s  have t o  be taken i n t o  account:  t h e  s u r v i v a l  

of c h i l d r e n  through t h e  f i r s t  age group, no t ing  p o s s i b l e  t r a n s i -  

t i o n s ,  and t h e  a l l o c a t i o n  of  b i r t h s  i n t o  s t a t e s  a t  e x a c t  age 0 .  

To t h i s  end a  ma t r ix  C can be de f ined  t h a t  determines  t h e  a l l o c a -  - 
t i o n .  The rows of C denote  t h e  s t a t e s  i n t o  which c h i l d r e n  a r e  - 
born and t h e  columns s p e c i f y  t h e  s t a t e s  of mothers. A t y p i c a l  

e lement  C i j  i s  set t o  1 i f  c h i l d r e n  born t o  mothers i n  s t a t e  j  

a r e  t o  be a l l o c a t e d  i n  s t a t e  i. For example 



S t a t e  1 r e c e i v e s  b i r t h s  from 1 and 2 and S t a t e  3  w i l l  g a t h e r  

b i r t h s  from 3  and 4 .  This  imp l i e s  t h a t  t h e  f i r s t  age groups 

of s t a t e s  2 and 4 w i l l  be empty. I n  t h e  c a s e  of a  two r eg ion  

p r o j e c t i o n  by l a b o r  f o r c e  s t a t u s ,  s t a t e  1 could  be " r eg ion  1 ,  

unemployed" and s t a t e  2 ,  " r eg ion  2 ,  employed". S t a t e  3  and 4 

r e p r e s e n t i n g  r e g i o n  2 can be d e f i n e d  analogously .  

The s u r v i v i n g  of  t h e  b i r t h s  can e a s i l y  be achieved by * 
r e p l a c i n g  m a t r i x  P ( 0 )  i n  equa t ion  ( 2 )  by a  ma t r ix  P ( O ) ,  which - - 
ensu re s  t h a t  t h e  p r o b a b i l i t i e s  of t h e  s t a t e s  i n t o  which b i r t h s  

appear  w i l l  be a p p l i e d  independent ly  from t h e  s t a t e s  of mothers.  

P remul t ip ly ing  e q u a t i o n  ( 2 )  by C and r e p l a c i n g  P ( 0 )  l e a d s  t o  - - 

Equat ions  ( 3 )  and ( 4 )  a r e  t h e  e lements  of t h e  growth ma t r ix  f o r  

a  p r o j e c t i o n  by age ,  s t a t e s ,  and r eg ions .  I t  i s  now a  s t r a i g h t -  

forward e x e r c i s e  t o  complete t h e  female dominant two-sex model. 

F i r s t  a  d i agona l  ma t r ix  xf has  t o  be de f ined .  I t s  e lements  a r e  - 
t h e  r a t i o s  o f  males t o  females  born t o  a  woman i n  each s t a t e .  

Usually t h e s e  r a t i o s  a r e  i d e n t i c a l .  Thus 

where 

and by and bf denote  t h e  number o f  male and female b i r t h s .  For 
J J 

t h e  female p r o j e c t i o n  t h e  f i r s t  row of t h e  growth ma t r ix  i s  g iven  

by t h e  e lements  



  he s u p e r s c r i p t  f i n d i c a t e s  t h a t  t h e  s u r v i v o r s h i p  p r o p o r t i o n s  and 

p r o b a b i l i t i e s  o f  t h e  f ema le  p o p u l a t i o n  a r e  used .  The p r o j e c t i o n  

o f  t h e  male  p o p u l a t i o n  i s  per formed i n  twn s t e p s .  F i r s t  t h e  t o t a l  

(male  and f e m a l e )  p o p u l a t i o n  a t  e x a c t  age O i s  c a l c u l a t e d  by 

* 
~ ( 0 )  i s  now i n p u t  t o  t h e  p r o j e c t i o n  o f  males .  The male p o p u l a t i o n  - 
i n  t h e  f i r s t  a g e  group a t  t i m e  t + 1 c a n  e a s i l y  be d e r i v e d  by 

means o f  

- f  where t h e  e l e m e n t s  ? o f  xm are 1 - s . The o t h e r  age  g roups  are  
j  - j  

c a r r i e d  fo rward  by 

f o r  h  < X f n  - h ,  when n  s t a n d s  f o r  t h e  l a s t  age  group.  - 

The p r o j e c t i o n  program package  w a s  d e s i g n e d  t o  p roduce  a 

t o t a l  p o p u l a t i o n  p r o j e c t i o n  (males and f e m a l e s )  o r  a f emale  

dominant  two-sex p r o j e c t i o n  f o r  

I .  a p o p u l a t i o n  d i s a g g r e g a t e d  by r e g i o n s  

11. a  p o p u l a t i o n  d i s a g g r e g a t e d  by s t a t e s  

111. a d i s a g g r e g a t i o n  by s t a t e s  and r e g i o n s  

T h i s  e n a b l e s  t h e  u s e r  t o  s t u d y ,  f o r  example,  t h e  p r o j e c t e d  a c t i v e  

and i n a c t i v e  p o p u l a t i o n  on a  n a t i o n a l  l e v e l  ( c a s e  11) o r ,  by i n -  

t r o d u c i n g  a n  a d d i t i o n a l  r e g i o n a l  d imens ion  ( c a s e  I I I ) ,  d i s p a r i t i e s  



in the future labor force population among regions can be identi- 

fied. The version of the program presented here projects the 

population at a constant rate. The user, however, can easily 

add subroutines to change the rates over time and recalculate 

the growth matrix at each stage of projection. 

AS far as the transition rates are concerned, the same 

applies for the projection as for the multistate-multiregion 

life table discussed in section 1.1. In addition to transition 

and death rates, the number of births in each state or the cor- 

responding rates also need to be entered. Note that the program 

requires birth data by region and state of mother. 

2. DESCRIPTION OF THE TWO PROGRAM PACKAGES 

The program packages are designed as a modular system. Two 

general purpose subroutines are used in the projection and the 

life table packages; special purpose subroutines are called by 

the two main programs. The main programs are kept very short 

and consist mainly of call statements. Information is passed 

from one subroutine to the other by 

arrays : labeled COMMON blocks 

parameters : arguments of the CALL statements 

The FORTRAN source code is presented in Appendix A. 

2.1. General Purpose Subroutines 

The two general purpose subroutines (a) !IULTIP (matrix 

multiplication), and (b) INVERT (matrix inversion) have the 

following descriptions. 

a. MULTIP: SUBROUTINE MULTIP (N ,K,L) 

T a s k :  multiplication of two matrices A1 and B -. .w 

C = A l  * B  - * ..a 

P a r a m e t e r s :  N: number of rows of A1 .., 
K: number of columns of A1 (and conse- - 

quently, number of rows of B) 
..a 



L: number of columns o f  B 
w 

I n p u t :  - p a r a m e t e r s  i n  t h e  CALL s t a t e m e n t  

- m a t r i c e s  A1 and B i n  a l a b e l e d  COmON: - ... 
COMMON/CYUL/Al ( N ,  K )  B ( K ,  L) , C (N, L) 

O u t p u t :  tile r e s u l t  o f  t h e  m a t r i x  m u l t i p l i c a t i o n  

s t o r e d  i n  t h e  N x L m a t r i x  C 
* 

P r i n t i n g :  none 

b .  INVERT: SUBROUTINE INVERT ( N R ,  NIIADIX) 

T a s k :  i n v e r s i o n  o f  t h e  m a t r i x  CC 

P a r a m e t e r s :  NR: r ank  o f  CC 
k 

NRADIX: see S e c t i o n  3.1 

I n p u t :  - p a r a m e t e r  NR i n  t h e  CALL s t a t e m e n t  ( t h e  

s u b r o u t i n e  assumes t h a t  CC i s  nons ingu-  
rc/ 

l a r  and  t h a t  a l l  t h e  d i a g o n a l  e l e m e n t s  

a r e  n o n z e r o )  

- m a t r i x  CC i n  l a b e l e d  COMMON: 
N 

COMMON/CINV/CC ( N R ,  N R )  

O u t p u t :  t h e  o r i g i n a l  m a t r i x  CC r e p l a c e d  by t h e  
h/ 

i n v e r t e d  m a t r i x  

P r i n t i n g :  none 

2 .2 .  S p e c i a l  Pu rpose  S u b r o u t i n e s  

2 . 2 . 1 .  L i f e  T a b l e  Program Package 

DATINCR: 

PROBSC: 

HIST: 

LIFE : 

r e a d s  and  p r i n t s  t h e  d a t a  a s  t h e y  a r e  r e a d  

i n ;  computes  t h e  o b s e r v e d  r a t e s  i f  n e c e s -  

s a r y  

computes  and p r i n t s  t h e  t r a n s i t i o n  p rob-  

a b i l i t i e s  

computes  and p r i n t s  t h e  c o m p l e t e  l i f e  

h i s t o r i e s  o f  t h e  c o h o r t s  

computes  and p r i n t s  t h e  inc remen t -dec remen t  

l i f e  t a b l e  



TAB : p r i n t s  a  summary t a b l e  i n  c a s e  t h e  number 

o f  s t a t e s  e q u a l s  2 

A d d i t i o n a l  s u b r o u t i n e s  f o r  m u l t i p l e  c o n t i n g e n c y  c a l c u l a t i o n s  

i n c l u d e :  

PROBN: computes  t r a n s i t i o n  p r o b a b i l i t i e s ,  m o r t a l -  

i t y  e x c l u d e d  ( f o r  s u b r o u t i n e  RES) 

LINS : c a l c u l a t e s  p r e s e n t  v a l u e  o f  a n  i n s u r a n c e  

FES : c a l c u l a t e s  r e s e r v e  needed  

DATINCR: SUBROUTINE DATINCR (NA,NOPEN,NY,ZFNY,NRrNRADXr 
NDAT) 

T a s k :  - r e a d s  d a t a  and  p r i n t s  them a s  t h e y  a r e  

r e a d  i n  ( f o r  d e t a i l s ,  see S e c t i o n  3  on  

p r e p a r a t i o n  o f  d a t a  d e c k )  

- computes  o b s e r v e d  r a t e s  

P a r a m e t e r s :  see S e c t i o n  3.1 

I n p u t :  see S e c t i o n  3.1 

O u t p u t :  d a t a  a s  t h e y  a r e  r e a d  i n ,  d a t a  s t o r e d  i n  

l a b e l e d  COMMON 

PROBSC : SUBROUTINE PROBSC (NA,NR,NOPEN, IPROB , N R A D I X )  

T a s k :  computes  and  p r i n t s  t h e  t r a n s i t i o n  p r o b a b i l -  

i t i e s  f o l l o w i n g  O p t i o n  3  

P a r a m e t e r s :  NA,NR,NOPEN,NRADIX: see S e c t i o n  3.1 

IPROB i s  e q u a l  t o  3  

I n p u t :  DATINCR must  p r e c e d e  PROBSC 

O u t p u t :  t a b l e s  

A l g o r i t h m :  see W i l l e k e n s  and  Rogers  (1978,  S e c t i o n  2.7)  

HIST: SUBROUTINE HIST ( N A , N R , N R A D I X ,  IHIST) 

T a s k :  computes  and  p r i n t s  t h e  comple t e  l i f e  

h i s t o r i e s  o f  e a c h  c o h o r t  



P a r a m e t e r s :  N A , N R , N R A D I X :  see S e c t i o n  3.1 

IHIST: p a r a m e t e r  i n d i c a t i n g  t h a t  l i f e  h i s -  

t o r i e s  a r e  computed ( I f  s u b r o u t i n e  

HIST i s  c a l l e d ,  IHIST t a k e s  t h e  

v a l u e  o f  o n e  and  t h e  computa t ion  o f  

t h e  m a t r i c e s  I' (x) i s  s k i p p e d  i n  t h e  
* 

s u b r o u t i n e  LIFE. I f  HIST i s  n o t  

c a l l e d  b e f o r e  LIFE, t h e n  IHIST i s  

z e r o  a n d  I? ( x )  i s  computed i n  LIFE.)  
.u 

I n p u t :  PROBSC must  p r e c e d e  HIST 

O u t p u t :  t a b l e s  

A l g o r i t h m :  see W i l l e k e n s  and  Rogers  (1978,  S e c t i o n  2 . 1 )  

LIFE : SUBROUTINE LIFE ( N A ,  ZFNY , N R , N R A D I X ,  IHIST, I L I F ,  NOPEN) 

T a s k :  computes  and  p r i n t s  t h e  m u l t i r e g i o n a l  l i f e  

t a b l e  

P a r a m e t e r s :  NA,ZFNY,NR,NRADIX,NOPEN: see S e c t i o n  3  

IHIST: see HIST 

I L I F :  p a r a m e t e r  i n d i c a t i n g  t h a t  l i f e  t a b l e  

i s  computed ( I f  s u b r o u t i n e  LIFE i s  

c a l l e d ,  I L I F  t a k e s  t h e  v a l u e  o f  o n e .  ) 

I n p u t :  PROBSC must  p r e c e d e  LIFE 

HIST may p r e c e d e  LIFE b u t  n o t  n e c e s s a r i l y  

O u t p u t :  i nc remen t -dec remen t  l i f e  t a b l e  

A l g o r i t h m :  see S e c t i o n s  2.2 t o  2.6 o f  W i l l e k e n s  and 

Rogers  (1978)  

T a s k :  p r i n t s  summary t a b l e  i f  t h e  number o f  re- 

g i o n s  e q u a l s  2  

P a r a m e t e r s :  NA,NR,NRADIX: see S e c t i o n  3.1 

I n p u t  : s u b r o u t i n e  LIFE must p r e c e d e  TAB 

O u t p u t :  t a b l e s  



PROBN: S U B R O U T I N E  PROBN ( N A , N R , N O P E N ,  I R O B ,  PJRADIX) 

T a s k :  c o m p u t e s  t r a n s i t i o n  p r o b a b i l i t i e s  f o l l o w i n g  

O p t i o n  3 ,  o n l y  used  t o  c a l cu l a t e  reserve 

P a r a m e t e r s :  N A , N R , N O P E N , N R A D I X :  see S e c t i o n  3 . 1  

I n p u t :  D A T I N C R  m u s t  precede PROBN 

O u t p u t :  none 

A l g o r i t h m  adapted f r o m  W i l l e k e n s  and R o g e r s  ( 1 9 7 8 ,  

S e c t i o n  2 . 7 )  

L I N S :  S U S R O U T I N E  L I N S  (NA,ZFNY,NR,NR4DIX,IHIST,ILIFINOPEN,E) 

T a s k :  p r e s e n t s  va lue  on  i n s u r a n c e  of u n i t y  b y  

s t a t u s  a t  age x 

P a r a m e t e r s :  NA,ZFNY,NR,NRADIX,NOPEN,E: see S e c t i o n  3 . 1  

I H I S T :  see H I S T  

I L I F :  see L I F E  

I n p u t :  PROBSC m u s t  precede L I N S  

O u t p u t :  t ab l e s  

A l g o r i t h m :  see K e y f i t z  and R o g e r s  ( 1 9 8 1 ,  p 1 7 )  

R E S :  S U B R O U T I N E  R E S  ( N A , N R , N R A D I X , E , I C )  

T a s k :  ca l cu l a t e s  and p r i n t s  t ab l e s  f o r  reserve 

and l i f e  i n s u r a n c e  

P a r a m e t e r s :  N A , N R , N R A D I X , E :  see S e c t i o n  3 . 1  

I C :  0 ca lcu la tes  and p r i n t s  reserve 

1  ca lcu la tes  and p r i n t s  l i f e  i n s u r a n c e  

I n p u t :  PROBN m u s t  precede R E S  

O u t p u t :  t ab l e s  

A l g o r i t h m :  see K e y f i t z  and R o g e r s  ( 1 9 8 1 ,  ~ 1 7 )  



2.2.2. P r o j e c t i o n  Program package 

DATASB : 

GROWTH : 

r e a d s  p a r a m e t e r s  and  i n p u t  d a t a ;  ca l -  

c u l a t e s  r a t e s  and  m a t r i x  C 
.v 

c a l c u l a t e s  growth  m a t r i x  

PROBSC: computes  and p r i n t s  p r o b a b i l i t i e s  

PROJEC : p r o j e c t s  t h e  p o p u l a t i o n  towards  s t a b i l i t y  

DATAS: SUBROUTINE DATAS (NPR,NA,NY,ZFNY,NR,XZB,XZD,XZO, 
IPROB,NEIG) 

Task  - r e a d s  and  p r i n t s  i n p u t  d a t a  

- c a l c u l a t e s  r a t e s  

- computes  m a t r i x  C 
.v 

- s t o r e s  i n p u t  i n  l a b e l e d  COMMON 

P a r a m e t e r s :  see S e c t i o n  3.2 

I n p u t :  p a r a m e t e r s  and  i n p u t  f i l e  

O u t p u t :  p r i n t s  i n p u t  f i l e  

A l g o r i t h m :  e q u a t i o n  ( 3 )  

GROWTH: SUBROUTINE GROWTH (NA,  ZFNY , N X ,  I L I F )  

T a s k :  - computes  s u r v i v o r s h i p  p r o p o r t i o n s  

- c a l c u l a t e s  growth  m a t r i x  

- p r i n t s  growth  m a t r i x  * - c a l c u l a t e s  K ( 0 )  , see S e c t i o n  1.2 - 

P a r a m e t e r s :  ILIF :  0, S ( x )  c a l c u l a t e d  i n  GROWTH - 
I n p u t :  PROBSC mus t  p r e c e d e  GROWTH 

O u t p u t :  f i r s t  row and  d i a g o n a l  e l e m e n t s  o f  G - 
A l g o r i t h m :  see W i l l e k e n s  and Rogers  ( 1  9 7 8 )  and Sec- 

t i o n  1.2 

PROBSC: SUBROUTINE PROBSC (NA,AFNY, NR,  IPROB) 

See  S e c t i o n  2.2.1.  



PROJEC: SUBROUTINE PROJEC (NA,ZFNY,NR,ZLAMDA,IPOJ) 

T a s k :  - p r o j e c t s  t o t a l  p o p u l a t i o n  o r  male and 
female p o p u l a t i o n  

- c a l c u l a t e s  s t a b l e  e q u i v a l e n t  p o p u l a t i o n  

P a r a m e t e r s :  see S e c t i o n  3.2 

I n p u t :  GROWTH must p recede  PROJEC 

O u t p u t :  - p r o j e c t e d  p o p u l a t i o n  

- p e r c e n t a g e  d i s t r i b u t i o n  

- s t a b l e  e q u i v a l e n t  

2.3.  Main Programs 

M A I N I N C R :  

MAINPROJ: 

- c a l l s  s u b r o u t i n e s  f o r  m u l t i s t a t e -  

m u l t i r e g i o n  l i f e  t a b l e  

- d e f i n e s  d e f a u l t  v a l u e s  f o r  p a r a m e t e r s  

- c a l l s  s u b r o u t i n e s  f o r  r n u l t i s t a t e -  

m u l t i r e g i o n  p r o j e c t i o n  

- d e f i n e s  d e f a u l t  v a l u e s  f o r  p a r a m e t e r s  

3 .  INPUT PARAMETERS AND DATA 

3.1.  I n p u t  F i l e  f o r  L i f e  Tab le  C a l c u l a t i o n s  

A l l  i n p u t  d a t a  a r e  r e a d  by s u b r o u t i n e  DATINCR which i s  t h e  

f i r s t  s u b r o u t i n e  t o  be c a l l e d  by t h e  main program. To make t h e  

program a s  f l e x i b l e  a s  p o s s i b l e  t h e  d a t a  can  e i t h e r  be a b s o l u t e  

numbers o r  r a t e s .  By s p e c i f y i n g  some a d d i t i o n a l  p a r a m e t e r s ,  t h e  

same d a t a  f i l e  a s  f o r  t h e  p r o j e c t i o n  program can be  used .  The 

b i r t h  r a t e s ,  o r  a b s o l u t e  numbers, needed f o r  t h e  p r o j e c t i o n  a r e  

t h e n  sk ipped  f o r  t h e  l i f e  t a b l e  c a l c u l a t i o n s .  Two u n i t s  a r e  

used f o r  I / O  

u n i t  5 i n p u t  

u n i t  6 o u t p u t  

The ar rangement  o f  t h e  i n p u t  d a t a  f i l e  f o l l o w s  Wi l l ekens  (1979) :  



a .  I d e n t i f i c a t i o n  l i n e  

b .  P a r a m e t e r  l i n e  

c .  T i t l e  l i n e s  

d .  Age c o m p o s i t i o n  ( o p t i o n a l )  

e .  Names o f  s t a t e s  and r e g i o n s  

f .  S i z e s  o f  c o h o r t s  

g  Data  

h. "END" l i n e  

Appendix B g i v e s  a n  example o f  t h e  c o m p o s i t i o n  o f  t h e  p a r a m e t e r  

c a r d s .  

a. Identification Line 

T h i s  l i n e  i s  u s e d  t o  l a b e l  t h e  i n p u t  f i l e .  S i n c e  it i s  n o t  

used  by t h e  program it may c o n t a i n  any  i n f o r m a t i o n .  

Read and  w r i t e  FORMAT (25A4) .  

b. Parameter Line 

The p a r a m e t e r  l i n e  c o n t a i n s  i n s t r u c t i o n s  t o  t h e  program con-  

c e r n i n g  t h e  way t h e  d a t a  a r e  t o  be  r e a d  and  t h e  d e s i r e d  computa- 

t i o n s .  The p a r a m e t e r  names,  t h e i r  i n t e r p r e t a t i o n ,  d e f a u l t  v a l u e s  

and  f o r m a t s  a r e  p r e s e n t e d  i n  T a b l e  1 .  

c. Title Lines 

The NU t i t l e  l i n e s  a r e  p r i n t e d  o u t  a s  t h e y  a r e  r e a d  i n .  

The number o f  t i t l e  l i n e s  h a s  t o  be  g r e a t e r  t h a n  z e r o .  

Read and w r i t e  FORMAT 25A4. 

d. Age Composition 

The program c a n  h a n d l e  any  sequence  o f  a g e  i n t e r v a l s .  

W i l l e k e n s  (1979b)  c o n s i d e r s  t h r e e  t y p e s :  

i. Fixed intervals. I f  a l l  a g e  g r o u p s  a r e  o f  t h e  same 

l e n g t h ,  t h e n  t h e  l e n g t h  i s  g i v e n  by t h e  p a r a m e t e r  NY 

and  a n  a g e  c o m p o s i t i o n  c a r d  i s  n o t  needed .  



Table 1. Parameter specification for multistate/multiregion life table. 

- 
D r  f a u l  t Maximum 

Colums  Format Nane I n t e r ? r e t a t i c n  Value Value 

NOPEN 

S t a r t i n g  ( io r i c s t )  age f o r  which d a t a  a r e  availab1.e 0  - 
Highest  age  of po?u la t ion  cons ide red  (NAE i s  t h e  f i r s t  age - 
of t h e  l a s t  i n t e r v a l )  

Lowest age  of popu la t ion  cons ide red  i n  l i f e  t a b l e  c a l c u l a t i o n  NAS - 
( t h e  l i f e  t a b l e  i s  computed f o r  cohor t s  of e x a c t  age NASS) 
I n  gene ra l  NAS = XASS = 0  f o r  l i f e  t a b l e s  y i e l d i n g  popu la t ion  
based measures;  and NAS # NASS f o r  l i f e  t a b l e s  g i v i n g  s t a t e  
s p e c i f i c  measures (except  i n  m u l t i r a d i x  ca se )  

Cha rac t e r  of l a s t  age i n t e r ~ r a l  
NOPEN = I :  l a s t  age i n t e r v a l  i s  open-ended 
NOPEN = 2: l a s t  age  i n t e r v a l  i s  n o t  open-ended b u t  i s  of a  

given i n t e r v a l  ( t h i s  may be t h e  c a s e  i n  working 
l i f e  t a b l e s  w i th  h i g h e s t  age  be ing  some advanced 
age of r e t i r e rncn t ,  cge 70 say .  I n  t h i s  ca se  t h e  
l i f e  expectancy a t  age x  deno te s  t h e  expected  
number of y e a r s  l i v e d  up t o  t h e  age  of 70 + NY) 

Number of s t a t e s  - 
Number of c o h o r t s  ( i . e . ,  nun.bcr of nonempty s t a t e s  a t  age NASS) 1  

Age i n t e r v a l :  u s u a l l y  NY = I  o r  5 - 
- i f  NY = 98: f i x e d  i n t e r v a l s  of 5 y e a r s  except  f o r  t h e  f i r s t  

age groups which a r e  0  and 1-4 
- i f  NY = 99: v a r i a b l e  age  i n t e r v a l s  

Nuaber of t i t l e  c a r d s  - 
Rase y e a r  (yea r  t o  which d a t a  r e f e r )  - 
S p e c i f i c a t i o n  of t h e  t r a n s i t i o n  d a t a  
NDAT = I :  e b s o l u t e  numbers 
NDAT = 2: occurrcnce/exposure  r t i t e s  

Skip popu la t ion  i f  i n p u t  and NDAT = 2; IP  = I 

Skip b i r t h  i f  i n p u t ;  I B  = I 0 

Choose c o h o r t s  a t  age MASS 
- i f  s t a t e  K empty, IR(K) = 0  
- i t  s c a t e  K nonempty, IR(K) = I  

Discount r a t e  f o r  mu l t ip l e '  co:ltingency c a l c u l a t i o n s  0  - 



ii. Fixed  i n t e r v a l s ,  e x c e p t  f o r  t h e  f i r s t  age g roup .  I t  

f r e q u e n t l y  happens  i n  demographic  a n a l y s i s  t h a t  a l l  

age  g r o u p s  c o n s i s t  o f  a  5-year  i n t e r v a l  e x c e p t  f o r  t h e  

f i r s t  two a g e  g r o u p s  which a r e  0  and 1-4. I f  t h i s  i s  

t h e  c a s e ,  i . e . ,  i f  t h e  d a t a  a r e  s u p p l i e d  f o r  t h i s  a g e  

s t r u c t u r e ,  t h e n  NY must  be  g i v e n  t h e  v a l u e  o f  98 and 

t h e  s u b r o u t i n e  DATINCR g e n e r a t e s  t h e  d e s i r e d  a g e  

s t r u c t u r e .  C o n s e q u e n t l y ,  t h e  a g e  c o m p o s i t i o n  c a r d  i s  

n o t  needed .  

iii. V a r i a b l e  i n t e r v a l s .  I f  t h e  a g e  g roups  a r e  o f  v a r i a b l e  

l e n g t h s ,  t h e n u m b e r  o f  a g e  g r o u p s  and  t h e  a g e  s t r u c t u r e  

must  be  r e a d  i n .  Two c a r d s  a r e  r e q u i r e d :  

1 .  number of  a g e  g r o u p s  (NA) 

COLS FORMAT VAR. NAME 

1 - 2  I 2  NA 

2 .  a g e  c o m p o s i t i o n  (age  a t  b e g i n n i n g  o f  e a c h  i n t e r v a l )  : 

COLS FORMAT 

1-72 4012 

VAR. NAME 

N A G E ( X ! ,  X = 1 ,  NA 

I f  v a r i a b l e  i n t e r v a l s  a r e  used  ( t h e  a g e  c o m p o s i t i o n  

c a r d s  must be  r e a d )  NY must be g i v e n  a  v a l u e  o f  - 99. 

e .  Names o f  S t a t e s  and Reg ions  

To i d e n t i f y  e a c h  s t a t e  o r  r e g i o n  i n  t h e  o u t p u t  it i s  l a b e l e d  

w i t h  a  name. T h i s  name may c o n s i s t  o f  up t o  e i g h t  c h a r a c t e r s .  

Any c h a r a c t e r  can  be used .  The l a s t  name i n  t h e  sequence  i s  t h a t  

o f  t h e  t o t a l  sys t em.  So ,  NR + 1 names have t o  be  s p e c i f i e d .  

COLS 

1-72 

f .  S i z e  o f  C o h o r t s  

VAR . NAME 

R E G ( I ) ,  I = 1 , N R + 1  

For  e a c h  s t a t e  t h e  s i z e  o f  t h e  c o h o r t  h a s  t o  be d e f i n e d .  

The c o h o r t s  which a r e  a c t u a l l y  chosen  f o r  t h e  c a l c u l a t i o n s  a r e  

d e t e r m i n e d  by I R .  



COLS 

1-72 

g .  Data 

FORMAT 

9F8.0 

VAR. NAME 

RADIX(1) , I = 1 ,NR 

Data r e l a t e d  t o  e a c h  s t a t e  a r e  g i v e n  s e q u e n t i a l l y :  

- o b s e r v a t i o n  f o r  s t a t e  1 

- o b s e r v a t i o n  f o r  s t a t e  2 

- o b s e r v a t i o n  f o r  s t a t e  NR 

Note t h a t  a l l  t r a n s i t i o n s  s h o u l d  r e f e r  t o  t h e  same t i m e  p e r i o d .  

Two t y p e s  o f  d a t a  c a n  be used:  

- a b s o l u t e  numbers (NDAT = 1 )  

- o c c u r r e n c e / e x p o s u r e  r a t e s  (NDAT = 2 )  

The g e n e r a l  c o m p o s i t i o n  o f  t h e  d a t a  s e t  f o r  e a c h  s t a t e  i s  g i v e n  

by : 

i. P o p u l a t i o n  

- must be i n p u t  i f  t r a n s i t i o n s  a r e  a b s o l u t e  numbers 

(NDAT = 1 )  

- o p t i o n a l  i f  t r a n s i t i o n s  a r e  r a t e s  (NDAT = 2 ) .  I n  

t h i s  c a s e  I P  = 1 .  

ii. B i r t h  

- o p t i o n a l ,  i f  i n p u t  I B  = 1 

iii. Death 

- f o r  a b s o l u t e  numbers ,  NDAT = 1 and I P  = 0  
- f o r  r a t e s ,  NDAT = 2 ,  i f  p o p u l a t i o n  i s  a l s o  i n p u t  

I P  = 1 

i v .  T r a n s i t i o n s  from t h e  g i v e n  s t a t e  t o  t h e  v a r i o u s  o t h e r  
s t a t e s  

- f o r  a b s o l u t e  numbers NDAT = 1 and  I P  = 0  

- f o r  r a t e s  NDAT = 2 ,  i f  p o p u l a t i o n  i s  i n p u t  I P  = 1 



DATA COLS FORMAT VAR. NAME 

p o p u l a t i o n  1-100 10F1O.O HUP(X,I ) ,  X = 1 , N A  

b i r t h  1-100 10A10 n o t  s t o r e d  

d e a t h  

o r  

1-100 10F10.0 HUD ( X , I )  , X = 1 ,NA 

1-100 10F10.6 R A T D ( X , I ) ,  :< = 1 , N A  

t r a n s i t i o n s  1-100 1OF10.0 H U D ( X , I , J )  , X = 1,NA 

o r  1-100 10F10.6 RATM ( X , I , J ) ,  X = 1 , N A  

I f  more t h a n  10 a g e  g roups  a r e  u s e d ,  t h e  same FORMAT i s  r e p e a t e d .  

The maximum number of  age  groups  i s  101. Up t o  8 s t a t e s  can  be  

used.  

h .  "END" L i n e  

COLS FORMAT VAR. NAME 

A4 TIT ( 1 )  

3 . 2 .  I n p u t  F i l e  f o r  P o p u l a t i o n  P r o j e c t i o n  

The i n p u t  f i l e  i s  r e a d  by s u b r o u t i n e  DATAS c a l l e d  from t h e  

main program. Three  110 u n i t s  a r e  used 

- u n i t  4 i n p u t / o u t p u t  ( i n t e r m e d i a t e  d a t a  s t o r a g e )  

- u n i t  5 i n p u t  

- u n i t  6  o u t p u t  

For a  t o t a l  p o p u l a t i o n  p r o j e c t i o n ,  u n i t  4 i s  n o t  used.  I n  

t h e  c a s e  o f  a  female  dominant  two-sex p r o j e c t i o n  t h i s  u n i t  s tores 
* 

t h e  t o t a l  number o f  b i r t h s  [K(O)]  c a l c u l a t e d  by t h e  female  pro-  

j e c t i o n  and used a s  i n p u t  by t h e  p r o j e c t i o n  r u n  f o r  t h e  male 

p o p u l a t i o n .  

The i n p u t  f i l e  ( u n i t  5 )  c o n s i s t s  of pa ramete r  l i n e s ,  iden-  

t i f i c a t i o n  l i n e s ,  and t h e  d a t a  set :  

a .  I d e n t i f i c a t i o n  l i n e  

b.  Pa ramete r  l i n e s  

c .  Names o f  s t a t e s  and r e g i o n s  



d .  S i z e  of  c o h o r t s  

e .  Data 

f .   END'^ l i n e  

a .  I d e n t i f i c a t i o n  l i n e  

A r b i t r a r y  t e x t  t o  be p r i n t e d  a s  page head ing .  

Read and w r i t e  FORMAT (25A4) . 

b .  Parameter  L i n e s  

Line  1 :  i n s t r u c t i o n s  f o r  t h e  program c o n c e r n i n g  i n p u t  and 

o u t p u t  and t h e  k ind  of p r o j e c t i o n  t o  be p e r f o r n e d .  

T a b l e  2 e x h i b i t s  t h e  i n t e r p r e t a t i o n  o f  t h e  param- 

e t e r s ,  f o r m a t s ,  and d e f a u l t  v a l u e s .  

Line  2 :  Only used  f o r  t h e  p r o j e c t i o n  o f  female  and t o t a l  

p o p u l a t i o n .  T h i s  l i n e  s p e c i f i e s  t h o s e  s t a t e s  i n t o  

which b i r t h s  a r e  a l l o c a t e d .  

Line  3 :  Female p r o j e c t i o n  o n l y .  For e a c h  s t a t e  d e f i n e d  i n  

t h e  second pa ramete r  l i n e ,  t h o s e  s t a t e s  a r e  s p e c i -  

f i e d  which c o n t r i b u t e  b i r t h s .  See a l s o  Tab le  2 .  

c .  Names o f  S t a t e s  and R e g i o n s  

The o u t p u t  i d e n t i f i c a t i o n  o f  t h e  s t a t e s  and r e g i o n s  may con- 

s i s t  of  up t o  8  a r b i t r a r y  c h a r a c t e r s .  NR + 1 naRes have t o  be  

g i v e n  where t h e  l a s t  name i s  t h a t  of t h e  t o t a l  system. 

COLS FORMAT 

1-72 9A8 

d .  S i z e  o f  C o h o r t s  

I n s t e a d  of  t h e  sequence  of c o h o r t s  a l s o  b l a n k s  c a n  be i n p u t .  

I n  t h i s  c a s e  t h e  program t a k e s  a  d e f a u l t  v a l u e  o f  100.000 f o r  

e a c h  nonempty s t a t e  a t  age  0. Otherwise  u s e  

COLS FORMAT 

9F8.0 

VAR. PIAME 

RADIX(I) ,  I = 1,NR 





Table  2 .  Continued.  

Line Columns Format Name Interpretation 
Default Maxi~num 
Value Value 

I 32-33 I 2  NTOLL 

34-35 I2  NEIG 

36-37 I 2  NDAT 

NBS 

NSX 

Tolerance level for stopping criterion 7 

Not used 0 

Specification of input 
NDAT = 1 absolute numbers 
NDAT = 2 rates 

Number of states into which births are allocated 

Kind of projection 
NSX = I projection of males 
NSX = 2 projection of females 
NSX - 3 projection of total population 

Only used for projection of males (otherwise IB - 0) 
IB = 0 if no male birth data are input 
IB = I if male birth data are input (this input is skipped) 

IS = I do not print growth matrix 
IS = 2 print growth matrix 

Tolerance level - 
For total and female population projections only. 
This vector holds the sequance numbers of those NBS states 
into which births are allocated. 

For total and female population projections only. For 
each of the states defined by LH(1) one line has to be 
specified (K = 1 ,NBS) . 
This line specifies whether a state J (J = 1,NR) 
contributes birth to a state K. 

Projection of females: 
DF(K,J) = 0.0; state J is not contributing birth to state K 
DF(R.J) = sex ratio of birth of state J; children born to 

mothers in state J will be allocated into state K. 

Projection of total population: 
DF(K,J) = 0.0; state J is not contributing birth to state K 
DF(K,J) = 1.0; children born to mothers in state J will be 

allocated into state K. 



e .  Data 

A s  f o r  t h e  l i f e  t a b l e  t h e  d a t a  s e t  i s  organized  by s t a t e s .  

Rates a s  w e l l  a s  a b s o l u t e  numbers a r e  accep ted  by t h e  program. 

A t y p i c a l  s e t  f o r  a  s t a t e  i s  a r ranged  a s  fo l lows:  

i. Pop14 l a t i o n  

ii. B i r t h  

- o p t i o n a l  f o r  p r o j e c t i o n  of males ,  b u t  n o t  used f o r  

t h e  computation.  To s k i p  t h e s e  d a t a  I B  has  t o  be 1 

- NDAT = 1 f o r  a b s o l u t e  numbers 

- NDAT = 2 f o r  r a t e s  

iii. Death 

- NDAT = 1 f o r  a b s o l u t e  numbers 

- NDAT = 2 f o r  r a t e s  

i v .  T r a n s i t i o n s  from t h e  g i v e n  s t a t e  t o  t h e  v a r i o u s  o t h e r  
s t a t e s  

- i f  b i r t h  and dea th  r a t e s  a r e  i n p u t ,  t h e  t r a n s i t i o n  

r a t e s  have t o  be used 

- i f  a b s o l u t e  numbers  of b i r t h  o r  dea th  a r e  used,  

c b p o z u t e  numbers  f o r  t h e  t r a n s i t i o n s  a r e  r equ i r ed .  

DATA - 
popula t ion  

b i r t h  

o r  

dea th  

o r  

t r a n s i t i o n s  

o r  

COLS - FORMAT VAR. NAME 

1-100 10F1O.O ZHU ( X )  , X = 1 ,NA 

1-100 10F10.6 FATF(X,I), X = 1,MA 

The number of s t a t e s  and r e g i o n s  i s  l i m i t e d  t o  1 2 .  Up t o  101 age 

groups of equa l  l e n g t h  can  be used. 



f. "END" L i n e  

S i n c e  t h e  d a t a  f i l e  i s  r e a d  t w i c e  t h e  "END" l i f e  i s  u s e d  t o  

i n i t i a t e  t h e  r e w i n d i n g  o f  t h e  i n p u t  f i l e .  

COLS FORMAT 

1-4 A4 

VAR. NAME 

TIT(1) 
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A P P E N D I X  A :  L I S T I N G  O F  SOURCE CODES 



1. GENERAL PURPOSE SUBROUTINES 

Subroutine INVERT (NR) 

subroutine invert (nr) 
c  nr : dimension of matrix c c  to be inverted 

dimension pivot(l2) 
common /ci n v /  cc( 12. 12) 
do 606 i=l,nr 
pivot(iJ=cc(i,i) 
ccii,i)=l.Q 
do 607 j=l,nr 
cc(i,j)=cc(i,j)/pivot(i) 

607 continue 
if inr.eq. 1) go to 10 
do 60s k=l,nr 
if (k.eq.i) go to 60s 
h=cc(k, i i  
cc(k, i)=0. 
do 609 1 = 1  ,nr 
cc(k,l)=cc(k,l)-ccii,l)*h 

609 continue 
608 continue 
606 continue 
10 continue 

re turn 
end 

Subroutine MULTIP (N, K, L) 

subroutine multip (n,k,l) 
c a l * b = c  
c  n : number of rows of a1 
c k : number of columns of a1 = number of rows of b 
c  1 : number of columns of b 

common /cmul/ ali12,12),b(12, 12),c(12,12) 
do 3 i=l,n 
do 3 j=l,l 
cii,j)=0. 
do 3 jj=l,k 
c(i,j)=cii,j)+al(i,jjj*b(jj,j) 

3 continue 
re turn 

end 



2 .  L I F E  T A B L E  S U B R O U T I N E S  

S u b r o u t i n e  D A T I N C  ( N A ,  N O P E N ,  N Y ,  Z F N Y ,  N R ,  NRADX, NDAT) 

subroutine datinc (na,nopen,ny ,zfny .nr,nradx, ndat) 
dimension hup(105),hud(105) 
dimension title(25) 
common /cx/ ir(8) 
coaimon /cnag/ nage ( 106) 
common /crate/ ratd(105,8),ratm(105,8,8) 
common /crad/ radix(8),radixt 
common /creg/ reg ( 13) 
common /c t i t/ t i  t (25) 
common /cs/ r,nys 
double precision reg 
integer s 
data dy/4hend / 

C ............................................................. 
C 
c read input file as i t  is and rewind 
C ............................................................. 
C 
100 continue 

read (5,3) ( t i  t(j) ,j=1,25) 
print 50, (tit(j) ,j=1,25) 

50 format (1x,25a4) 
if (tit(l).ne.dy) go to 100 
rewind 5 

C ............................................................... 
C 
c read page heading and parameter card 
C ................................................................ 
C 

read (5,3) ( t i  ttj), j=1,25) 
3 format t25a4) 

read (5,4) nas,nae,nass,nopen,nr,nradx,ny,nu,init,ndat, 
Iip,ib,(ir(j),j=l,Sj,r 

4 format (i2,i3,6i2,i4,i2,2il,Sil,f8.6) 
nys=ny 
nh=nae-nas+l 
1 l=nh/lO 
h2=f loat(1 1) 
hl=float(nh)/l0.0 
if(hl.gt.hZ)Ie=ll+l 
if(hl.eq.hZ)le=ll 

C ...................................................................... 
C 
c read and print title 
C ....................................................................... 
C 

print 64 
64 format (lhl, lx) 

do 66 i = 1 ,  10 
66 print 65 
65 format (1x1 

do 67 i=l,nu 
read (5,3) (title(j) ,j=1,25) 
print 69, (title(j) ,j=1,25) 



69 format (10x,25a4) 
67 continue 

print 64 
if (ny.ge.90) go to 30 
na= (nae-nas)/ny+l 
nage( l)=nas 
naa=na- I 
do 654 x=l,na 

654 nage(x+l)=nage(xJ+ny 
go to 33 

30 continue 
if (ny.ne.98) go to 34 
nage ( 1) =0 
nage (2) = 1 
nage (3) =5 
nze =n ae/5+2 
do 32 x=4,nze 

32 nage(x)=nage(x-1)+5 
na=nze 
go to 33 

34 continue 
C 
c read number of age groups and nage(x) 
C 

if (ny.ne.99) go to 33 
read (5.35) na 
read f5,35) (nage(x),x=l,nai 

35 format (40i2) 
33 continue 

C 
c if nopen=2 the last age groups is closed; the value 
c of nage(na+l) must therefore be known 
C 
c ! nage (na+ l)=nage (na)-nage(na-1) 

naa=na- 1 
zfny=float(ny) 
nrl=nr+l 
read (5,14) (reg(j),j=l,nrl) 

14 format (9a8) 
read (5,15) (radix(j), j=l,nr) 

15 format (9f8.0) 
radix t=0. 
do 16 j=l,nr 

16 radixt=radixt+radix(j) 
C ................................................................ 
C 

do 10 i=l.nr 

222 formatia4) 
112 continue 

if (ndat.ne.1) go to 250 
read (5,17) (hup (j ) , j = 1, na) 

17 format (10f10.0) 
if (ib.eq.0)goto 1001 
do 1002 lh=l,le 

1002 read(5,222)help 
1001 continue 



read (5. 17) (hud(j) .j=l,na) 
do 1s x=l.na 

C 
c if ratd(na.i)=O, then the death rate in the last age group is 
c set equal to 0.3 tto avoid rmla(j , i )  to be zero and to enable the 
c calculation of l(na,i,j) 
C 

if (r.eq.na.and.ratd(x,i).eq.Q.) ratd(x,i)=0.4 
18 continue 

do 19 j=l,nr 
read (5, 17) (hud(x), x=l. na) 
do 19 x=l,na 
ratrn(x, j . i )=0. 
if (hup(x) .ne.O.) ratm(x, j , i)=hud(x)/hup(x) 

19 continue 
go to 251 

258 continue 
if(ib.eq.0)goto 2001 
do 2802 lh=l.le 

2002 read(5,222)help 
2881 continue 

read (5.27) (ratd(x. i) .x=l,na) . . 
27 format i10f10.6) 

do 28 j=l,nr 
read (5.27) (ratm(x,j, i )  ,x=l ,na) 

23 continue 
251 continue 
18 continue 

C 
C 

n a9= n a 
if (nas.eq.nass) go to 728 

c which age group is nass ? 
do 721 x=l,na 
if (nage(x).ne.nass) go to 721 
nassx=x 

721 continue 
na9=na-nassx+ 1 
nal=na+l 
do 723 x=nassx,nal 
ix=x-nassx+ 1 
nage(ix)=nage(x) 
if (x.eq.na1) go to 723 
do 722 i=l.nr 
ratd(ix.i)=ratd(x.i) 
do 722 j=l,nr 
ratm(ix,j,i)=ratm(x,j, i )  
continue 

720 continue 
C 
c write rates 
C 

n a=n a9 
print 64 
print 29 

29 format (lh0.5x.34hobserved occurrence/ex~osure rates/ 
16x ,34( lh*)/j 
do 25 i=l,nr 
print 23, reg(i) 

23 format (lh0,28x,aS/21x,S(lh~~//) 
print 24, (reg(j) ,j=l,nr) 

24 format (5~,3hage,3~,9hmortality,2~,8(2x,a8)/) 
do 25 x=l,na 
print 26, nage(x) ,ratd(x, i), (ratm(x, j, i) ,j=l,nr) 

26 format (5r,i3.2x,f10.6,2~,8flQ.6) 
25 continue 

re turn 
end 



- 3 4 -  

S u b r o u t i n e  H I S T  ( N A ,  N R ,  N R A D I X ,  I H I S T )  

subroutine hist (na,nr,nradix,ihist) 
dimension hulp(S), rm(8) 
common /cnag/ nape(l06) 
common /eel/ c1( 105,S.S) 
common /cmul/ a1(8,8,,b(S,S),c(8,8) 
common /cpq/ p(105,8.S) 
common /crad/ radix(S,.radixt 
common /creg/ reg ( 13) 
common /ctit/ tit(25) 
common /cs/ r,nys 
double precision reg 
integer x,xx 

66 format (lx) 
ihist=l ......................................................... 

c compute the number of survivors at exact age x ......................................................... 
do 5 i=l,nradix 
cl(l,i,i)=l. 
do 5 j=l,nr 
if (i.ne.j) cl(l,i,j)=0. 

5 continue 
naa=na-1 
do 14 x=l ,naa 
xx=x+ 1 
z=float(nage(xx)-nage(x)) 
do 15 i=l,nr 
do 15 j=l,nr 
al(j,i)=p(x,j,i) 

15 b(j,i)=cl(x,i,j) 
call multip (nr,nr,nr) 
do 16 i=l,nr 
do 16 j=l,nr 

16 cl (xx, i,j)=c(j, i) 
14 continue ....................................................... 

c compute and print the life history of the initial cohort ....................................................... 
print 1, (tit(j),j=1,25) 

1 format (lh1.50x.25a4) 
print 9281, nage(1) 

9201 format (lh0/20x,30hlife history of initial cohort, 
17h of axe. i3/20x ,40( lh*)) 
do 250 To=l,nradix 
if (io.ne.1) print 9211 

9211 format (lhl, lx) 
print 9202, reg(io) 

9202 format (lh0.20x.24hinitial status of cohort.2x.a8/2lx. 

do 20 i=i,nr 
if (iskip.ne.i) go to 29 
print 9211 
if (na.le.18) iskip=iskip+2 
if (na.gt.18) iskip=iskip+l 

29 continue 
print 2 1 ,  i,reg(i) 

21 format (10x,i2,2h.-,lx,15hstatus at age x,2x,a8/) 
print 22 



format (9x,6hdeaths,5x,14htransitions to) 
print 2 3 ,  (regtj) ,j=l,nr) 
format (lx.3hage,llx.l2(lx,aS)) 
print 66 
cdr t=0. 
do 6 j=l,nr 
hulp(j)=0. 
do 230 x=l,na 
zz=O. 
do 119 j=l,nr 
zz=zz+p (x, j , i) 
zq= 1. - z z  
zz=cl(x,io,i)*zq 
cdr=zz*radix(io) 
cdrt=cdrt+cdr 
do 24 j=l,nr 
zz=cl(x, io,i)*p(x,j,i) 
rm(j)=zz*radix(io) 
hulp(j )=hulp(j)+rm(jj 
print 25, nagecx, ,cdr, (rmtj), j=l,nr) 
format (lx,i3,2x,13f9.0) 
continue 
print 26, cdrt, thulp(j) .j=l,nr) 
format (/lx,Shtota1,13f9.0) 
print 66 
print 66 
continue 
continue 
re turn 
end 



S u b r o u t i n e  L I F E  ( N A ,  Z F N Y ,  N R ,  N R A D I X ,  I H I S T ,  I L I F ,  N O P E N )  

subroutine life (na,zfny,nr,nradix,ihist,ilif,nopen) 
dimension cm(8),cme(106,8) 
dimension e(106,8,S).t(8),tr(S) 
common /clu/ 1x( 106.8,3) 
conim~n /cx/ ir(8) 
csmmon /cntig/ nage(l06) 
common /eel/ c1(105,S,8) 
commbn /cinv/ cct8,SJ 
common /el/ 1 (105.8.8) 
common /cmul/ aI(S,S),b18,8),ctS,8) 
common / cpq/  p ( lOS,S,S) 
common /crate/ ratdt105,S),ratm(105,8,8) 
common /crad/ radix(S),radixt 
common /creg/ reg ( 13) 
common /crmla/ rmla(8,8) 
common /cti t/ t i  t(25) 
common /csu/ su(105,8,8) 
common /cs/ r,nys 
double precision reg 
real 1. lx 
integer r ,  xr, xy 
ilif=l 
naa=na-1 
iprer= 1 

66 format (lx) 
9103 format (lx,i3,lx,f10.5,12f9.5) 
9020 format (15x,12(lx,a8~) 
9001 format (//20x,6hstatus,2x,aS/~x,16(1h*)/) 
9999 format (lhl//lx) 
9011 format flx,3hage,6x,Shdeath,Sx, lshtransition from, lx,aS, lx,2hto) .................................................... 

c expected number of s u r v i v ~ r s  at exact age r .................................................... 
c compute number of survivors 
C 

na4=naa 
if (nopen. eq.2) na4=na 
na5=na4+ 1 

C 

if (ihist.ne.0) go to 5 
do 761 ih=l,nr 
if tir(ih) .ne. 1)go to 762 
i=ih 
cl(l,i,i)=l. 
do 76 j=l,nr 
if (i.ne.j) cl(l,i,j)=0. 

76 continue 
762 continue 
761 continue 

do 77 x=l ,na4 
xx=x+ 1 
z=float(nage(rx)-nage(x)) 
do 6 i=l,nr 
do 6 j=l,nr 
al(j ,i)=p(x,j,i) 

6 b(j ,i)=cl(x,i,j) 
call multip (nr,nr,nradix) 
do 7 1  ih=l,nr 
if (ir(ih) .ne. 1)goto 71 
i=ih 



do 7 j=l,nr 
7 cl(~x,i,j)=c(.i,i) 
71 continue 
77 continue 
5 continue 

c print number of survivors 
print 1 ,  (titlj),j=1,25) 

1 format (lh1,5@x,25a4~ 
print 66 
print 66 
print 4831 

4831 format (20x,Slhexpected number of survivors at exact age x in each 
17h status,/20x,5S(lhQ)) 

i sk ip=3 
do 601 ih=l,nr 
if(ir(ih).ne.l)goto 601 
io=ih 
if (iskip.ne.io) go to 123 
print 9999 
iskip=iskip+2 

123 continue 
print 9502,reg( io) 

9502 format (//1~.3hage,6~,24hinitial status of cohort,2x,aS/lx, 
13(lh*),6x,34(lhw)/) 
print 9100, (regtj) ,j=l,nr) 

9100 format (10x,Shtotal, 10(lx,a8)) 
print 66 

C 
do 60 x=l,na 
cl t=0. 
do 8 j=l,nr 
cm(j)=cl(x,io,j)*radix(io) 

8 clt=clt+cm(j) 
print 9101, nage(x) ,cl t, fcm(j) ,j=l,nr) 

9101 format llx,i3,lx.f10.0,12f9.0, 
60 continue 
601 continue 

-------------------------------'-------------------- 

c number of years lived between x and x+ny .................................................. 
c - by status at age nass .................................................. 

do 101 ih=l,nr 
if (ir(ih) .ne. 1)goto 101 
io=ih 
d=(nage( 1)-nagel2) )"0.5 
zi=d 
d=-d 
do 10 x=l.na4 
iz=nage (x+ 1)-nage(x) 
if (x.eq.na) iz=nage(x)-nage(x-1) 
zz=0.5*float(iz) 
xx=x+ 1 
do 9 i=l,nr 

9 l(x,io,i)=zz*(cl(x,io,i)+cl(xx,io,i)) 
10 continue 
101 continue 
18 continue 

if (nopen.eq.2) go to 120 
c number of years lived in last age group 

do 2 i=l,nr 
do 2 j=l,nr 

2 cc(j ,i)=rmla(j , i )  
call invert (nr,nr) 
do 3 i=l,nr 
do 3 j=l,nr 
al(j, i)=cc(j, i) 

3 b(j ,i)=cl(na, i,j) 
call multip (nr,nr,nr) 
do 4 i=l.nr 
do 4 j=l,nr 

4 l(na,i,j)=c(j,i) 
120 continue 
50 continue 

print 9999 
print 4532 



4832 format(lOu,39hnumber of gears lived in each status by 
1 ,  14h a unit cohort/lOx53( lh*) 
isk ip=3 
do 34 ih=l,nr 
if(ir(ih).ne. 1)goto 34 
io=ih 
if (io.ne.iskip) go to 124 
p r i n t 9999 
iskip=iskip+2 

124 continue 
print 9502, reg(io) 
print 9100, (reg(j),j=l,nr) 
print 66 
do 58 u=l,na 
cll t-8. 
do 1 1  j=l,nr 

1 1  cllt=cllt+l(x,io,j) 
print 9103, nage(x),cllt, (l(x,io,j) ,j=l,nr) 

58 continue 
34 continue ..................................................... 

c - by status at aae x ----------------------------------------------------- 
print 9999 
print 88 

88 format (10x,39hnumber of years lived in each status by 
1,16h person of age x/lOx,55(lh*)) 
i sk ip=3 
do 85 ih=l,nr 
if (ir(ih) .ne. 1)goto 85 
i=ih 
if (i.ne.iskip) go to 82 
print 9999 
iskip=iskip+2 

82 continue 
print 8 3 ,  reg(i) 

83 format (//lx,3hage,6~,15hstatus at age x, 
12x,aS/lx,3(lh*t,6~.25(lh*,/) 
print 9100, (reg(j),j=l,nr) 
print 66 
do 81 x=l,na 
iz=nage(x+ 1)-nage(x) 
if (x.eq.na) iz=nage(u)-nagefx-1) 
zfny2=0.5*float(iz) 
cmt=Q. 
do 84 j=l,nr 
if (i.eq.j) cme(x,j)=zfny2*(l.+p(x,j, i)) 
if (i.ne.j) cme(x,j)=zfny2*p(x,j , I )  
if (x.eq.na) cme(x,jt=cc(j, i )  

P if (x.eq.na)d=float(na)+0.5*float(nage(na)-nage(na-l)) 
u if ((x.eq.na) .and. (r.ne.0.0) )cme(x,j )=cc(j, i)*exp(-red) 

cmt=cmt+cme(x. j) 
lx(x,i,j)=cme(x,j~ 

84 continue 
print 9103, nage(x),cmt,(lx(u,i,j),j=l,nr) 

8 1  continue 
85 continue ....................................................... 

c number of years lived beyond age u and life expectancy by 
c status at age x ........................................................... 

print 9999 
p r i n t 4835 

4835 format (lQx,4Qhtotal number of years lived beyond age x/ 
118x ,48( lh*) 

iskip=3 
do 51 ih=l,nr 
if(ir(ih).ne.l)goto 51 
io=ih 

if (iskip.ne.io) go to 126 
print 9999 
iskip=iskip+Z 

126 continue 
print 9502, reg(io) 
print 9100, (reg(j) ,j=l,nr) 
print 66 



17 tt=tt+tr(i) 
print 9103, nagefx), tt, (tr(j) ,j=l,nr) 
cl t=0. 
do 333 j=l,nr 

333 cl t=cl t+cl(x, io,j) 
do 13 j=l,nr 
e(x, io,j)=O. 
if (cl t.eq.0.) go to 13 
e(x,io.j)=t(j)/cl t 

13 continue 
14 continue 
51 continue 

c 
c print life expectancy 
c 

print 9999 
print 4830, nage(1) 

4830 format (30x,37hexpectations of life by status at age , 
li3/30~.40(lh*)) 

iskip=iskip+2 
127 continue 

if (iprex.eq. 1) print 9502, reg(io) 
if tiprex.eq.25) print 83. reg(io) 
print 9100, !reg(j) ,j=l,nr) 
print 66 
do 65 x=l,na 
e e x 4 . 0  
ee=0. 
do 15 j=l,nr 

15 ee=ee+e(x,io,j) 
print 9103, nage(x),ee,(e(x,io,jf,j=l,nr) 

65 continue 
651 continue 

if (iprex.eq.25.and.r.ne.0.8)call res(na,nr,nradix,e,0) 
if (iprex.eq.25) go to 877 ........................................................ 

c life expectancy by status at age x ................................................... 
if (nradix.ne. nr) return 

c 
p r i n t 9999 
if (r.ne.0.0)print 156, r 

156 formatf20~,7lhpresent value of a annuity of 1s by status at age 
lx , interest rate :,f5.2/2Qx,76(lh*)) 
iftr.eq.Q.Q)print 56 

56 format (3Qx,39hexpectations of life by status at age x/ 
130x,39(lh*)J 
iprex=25 
d=float(nage(na)-nage(na-1)) 
do 130 i = l .  nr 

continue 
if(nopen.eq.2)goto 299 
do 288 i=l.nr 
do 288 j=l ,nr 
e(na, i ,j )=lx(na, i, j) 

288 continue 
299 continue 

d=@.O 



do 140 ix=l,na-1 
x=na-ix 
d=float(nage(x+lf-nage(xf) 
do 393 i=l , n r  
do 393 j=l.nr 
al(i,j)=e(s+l!j, i J  
b(i.j)=p(x,i,j 

393 continue 
call mu1 tip (nr,nr,nrJ 
do 394 i=l , n r  
do 394 j = l , n r  

394 ecx. i . j ) = c (  j , i)"exp(-rQd)+p(x, j ,  i)*exp(-r*d)*d90.5 
do 538 j = l , n r  
e(x,j ,jf=e(x,j ,j)+d"0.5 

538 con t i n u e  
140 con t i n u e  

g o  to 876 
877 if(r.ne.0.0)call lins(na,zfny,nr,nradix,ihist,ilif,nopen,e) 

if(r.ne.0.0)call res(na,nr,nradix,e,lJ 
re turn 
e n d  



S u b r o u t i n e  L I N S  ( N A ,  Z F N Y ,  N R ,  N R A D I X ,  I H I S T ,  I L I F ,  NOPEN,  E )  

subroutine lins (na,zfny,nr,nradix,ihist,ilif,nopen,e) 
C 
c only called to calculate A(x) for r 
C 

dimension e(106.8.8) 
common /clx/ lx(106.8,8) 
common /cnag/ nage( 106) 
common /ccl/ cl(lOS,S,8) 
common /cinv/ cctS,8) 
common /cl/ 1(105,8,8) 
common /cmul/ a1(8,8J,b(S,S),c(8,S~ 
oommon /cpq/ p(105,S,S) 
common /crate/ ratd(l05,S),ratm(l05,8,8) 
common /crad/ radix<8),radixt 
common /creg/ reg ( 13) 
common /crmla/ rmla(8,S) 
common /ctit/ tit(25) 
common /csu/ su(105,8,8) 
common /cs/ r,nys 
double precision reg 
real 1 ,lx 
integer r 

c print life expectancy 
got0 1 1 1 1  

876 iskip=3 
do 65 io=l,nradix 

if (iskip.ne.io) go to 127 
print 9999 
iskipzisk ip+2 

127 continue 
print. 83, reg( io) 
print 9100, (reg(j), j=l,nr) 
print 66 
do 65 x=l,na 
eex=0.0 
ee=0. 
do 15 j=l.nr 

15 ee=ee+e(x, io, j) 
print 9103, nage(x) ,ee, (e(x, io,j) ,j=l,nr) 

65 continue 
go to 877 

c ........................................................ 
c life expectancy by status at age x 
c ................................................... 

1 1 1 1  print 9999 
print 156, r 

156 format(20x,76hpresent value of a life insurance of 1J by status at 
1 age x , interest rate :,f5.2,/20~,81(lh*)) 
if (r.eq.0.0)print 56 

56 format (30x,3lhpresent value by status at age x / 
130x,31(lh*) J 
d=float(nage(na)-nage(na-1)) 
do 130 i=l,nr 
do 130 j=l,nr 
if (i.eq.j)da=df0.5 
if (i.ne.j)da=0.0 

130 e(na,i ')=(p(na,j,i)*exp(-r*d)*d*0.S+da)Vatd(na,i) 
c i or jl:n ratd 

d=0.0 
do 140 ix=l,na-1 



x=na-ix 
d=f loat(nage(x+l)-nage(~)) 
do 393 i = l  ,nr 
do 393 j=l,nr 
al(i,j)=e(x+l!j,i) 
b(i,j)=p(x, i . J )  

393 continue 
call multip (nr,nr,nr) 
do 394 i=l.nr 
do 394 j=l.nr 
if(i.ea.i)da=d*O.S 
if (i.ni.j)da=O.O 

394 e(x,i ,j ) = c ( j ,  i)"esp(-r"d)+(p(x,j. i)*exp(-r*d)*da0.5+da) 
l*ratd(x,i) 

140 continue 
go to 876 

877 continue 
9502 format (//Ix,3hage,6~,24hinitial status of cohort,2x,aS/lx, 

13( lh*) ,6x,34( lh*)/) 
83 format (//lx,3hage,6x,lShstatus at age x, 

12x,a8/1x,3(1h*),6~,25(lh*j/) 
9100 format (lOx.5htotal,lO(lx,a8)) 
9999 format (lhl//lx) 
9103 format i lx, i3, lx,f 10.5, 12f9.5) 
66 format (lx) 

return 
end 



Subroutine PROBN (NA, NR, NOPEN, IPROB,  NRADIX) 

subroutine probn (na. nr.nopen, iprob ,nradix) 
dimension rm(8,S),p(105,8,8),rrnla(S,8) 
common /cnag/ nage(l06) 
common /cinv/ cc(S,S) 
common /cmul/ al(S,S),b(S,8),~(8,8) 
common /cnn/ cn(105,S,S) 
common /crate/ ratd(105,S),ratm(105,8,8) 
common /creg/ reg ( 13) 
common /c t i t/ t i  t (25) 
common /cs/.r!nys 
double precision reg 
integer x ....................................... 

c matrix of observed rates m(x) ....................................... 
d=0.0 
do 100 x=l,na 
iz=nage(x+l)-nage(x) 
if (x.eq.na) iz=nage(x)-nage(x-1) 
d=d+flctattiz) 
zzz=@.5*float(iz) 
do 5 i=l,nr 
z=0.0 
do 4 j=l,nr 
if (i.eq.j) go to 4 
z=z+ratm(x, j , i 

4 continue 
rm(i, i)=z 
do 6 j=l,nr 
if (j.eq.i) go to 6 
rm(j ,i)=-ratm(x,j,i) 

6 continue 
5 continue 

if (x.ne.na) go to 13 
do 14 i=l,nr 
do 14 j=l,nr 

14 rmla(j, i)=rm(j ,i) 
if (nopen.ne.2) go to 100 

13 continue .............................................. 
c probability matrices .............................................. 

do 7 i=l,nr 

call invert (nrinr) 
do 8 i=l,nr 
do 8 j=l,nr 
al(j ,i)=cc(j,i) 
if (j.eq. i )  b(j,i)=l.-zzz*rm(j,i) 

8 if (j.ne.i) b(j,i)=-zzz*rm(j , i i  
call mu1 tip (nr.nr,,nr) 
do 9 i=l,nr 
do 9 j=l,nr 

9 p(x,j ,i)=c(j , i )  
100 continue 

if (nopen.eq.2) go to 140 
do 10 i=l,nr 
do 10 j=l.nr 



10 ptna,j,i)=Q. 
140 c o n t i n u e  

do 51 i=l.nradix 
cn(l,i.iJ=l. 

51 c o n t i n u e  
n a a = n a -  1 
d o  141 x = l , n a a  
x x = x +  1 
z=float(nage(xx)-nage(r)) 
do 151 i = l , n r  
do 151 j = l , n r  
a l ( j , i ) = p ~ x , j  ,ij 

151 b(j ,i)=cn(x,i , j i  
c a l l  m u l t i p  ( n r , n r , n r )  
do 161 i = l , n r  
do 161 j=l . n r  

161 cn(xx, i,j)=c(j,i) 
141 c o n t i n u e  

re turn 
e n d  



S u b r o u t i n e  PROBSC (NA, NR, NOPEN, I P R O B ,  NRADIX) 

subroutine probsc (na,nr,nopen,iprob,nradix) 
dimension rm(S,S) 
common /cnag/ nage ( 106) 
common /cinv/ cc(S,SJ 
common /cmul/ al(S,S),b(S,S),c(8,8) 
common /cpq/ p(105,8,8) 
common /crate/ ratd(105,8),ratm(l05,S,S) 
common /creg/ reg ( 13) 
common /crmla/ rmla(8,S) 
common /ct i t/ t i  t (25, 
common /cs/ r.nys 
double precision reg 
integer x ....................................... 

c matrix of observed rates m(x) ....................................... 
d=0.0 
do 100 x= l  ,na 
iz=nage(x+l)-nage(x) 
if (x.eq.na) iz=nage(x)-nage(x-1) 
d=d+f loat(iz) 
zzz=0.5*float(iz) 
do 5 i=l,nr 
z=ratd(x,i) 
do 4 j=l,nr 
if (i.eq.j) go to 4 
z=z+ratm(x, j , i 

4 continue 
rm(i,i)=z 
do 6 j=l,nr 
if (j.eq.i) go to 6 
rm(j,i)=-ratm(x,j,i) 

6 continue 
5 continue 

if (x.ne.na) go to 13 
do 14 i=l,nr 
do 14 j=l,nr 

14 rmla(j ,i)=rm(j,i) 
if (nopen.ne.2) go to 100 

13 continue 
--------------------------------'--------------- 

c probabi 1 i ty matrices .............................................. 
do 7 i=l,nr 
do 7 j=l.nr 
if (i.eq.j) cc(j,i)=l.+zzz*rm(j, i )  

7 if ( i  .ne.j) cc(j, i)=zzz*rm(j, i )  
call invert tnr,nr) 
do S i=l,nr 
do S i=l.nr 

do 9 j=l,nr 
if((i.eq.j).and.(c(j,i).eq.l.O))c(j,i)=@.@ 

9 p(x,j,i)=c(j,i) 
100 continue 

if (nopen.eq.2) go to 140 
do 10 i=l,nr 
do 10 j=l,nr 

10 p(na?j,i)=Q. 
140 continue 



a print probabilities .............................................. 
9999 format (lhl. lx) 

p r i n t 9999 
print 1 ,  (tit(j),j=1,25) 

1 format (50~.25a4//) 
p r i n t 4500 

4500 format (20x,2Jhtransition probabilities/20~,24(Ih*)/) 
i s k i ~ = 3  

if (iskip.ne.i) go to 121 
print 9999 
if (na.le.18) iskip=iskip+2 
if (na.gt.18) iskip=iskip+l 

121 continue 
print 9001, reg(i) 

9001 format t//20x,6hstatus,2x,aS,lx/20~,16(lh*~/) 
print 9011, reg(i) 

9011 format (5~,3hage,5~,5hdeath,5~,15htransition from,lx,aS,lx,2hto) 
print 9020, (reg(j),j=l,nr) 

9820 format (lSx,12(lx,a8)) 
print 66 

66 format (lx) 
do 726 x=l,na 
zz=0. 
do 1 1  j=l,nr 
zz=zz+p ( x ,  j , i ) 

1 1  continue 
zq= 1. -zz 
if (zq.eq. 1.0) zq=0.0 
if (x.eq.na)zq=l.@ 
print 9103, nagecx) ,zq, (p(x,j , i )  ,j=l,nr) 

9103 format (5x,i3,1x,13f9.6) 
726 continue 

re turn 
end 



Subroutine RES (NA, NR, NRADIX, E, IC) 

subroutine res (na,nr, nradix,e. ic) 
dimension e(106,8,8),er(S) 
common /cinv/ cc(S,S) 
common /cnag/ nagetl06) 
common /cnn/ cn(105,8,8) 
common /creg/ reg( 13) 
common /cs/ r,nys 
double precision reg 
integer r 
print 9999 
if(ic.eq.0)print 156, nage(I),r 
if(ic.eq.l)print 158, nage(l),r 
do 65 io=l,nradix 
print 83, nage(l),reg(io) 
print 9100, (reg(j) ,j=l,nr) 
print 66 
do 65 x=l,na 
do 5 l=l,nr 

5 ex(l)=0.0 
ee=O. 
do 15 i=l.nr 
do 6 lll,nr 

6 ex(j)=ex(j)+e(x,l,j)"cn(x,ioll~ 
15 ee=ee+ex (j ) 

print 9103, nage(x),ee, (ex(j),j=l,nr) 
65 continue 
156 format(20~,53hreserve needed for a annuity of 1s by status at ape 

1 ,i2,17h, interest rate :,f5.2/20x,77(lh*)) 
158 format(20~,57hreserve needed for life insurance of It by status at 

1 age ,i2,17h, interest rate :,f5.2/20~,81(lh*)) 
9999 format (lhl//lx) 
66 format ( I x )  
9103 format (lx,i3,lx.f10.5,12f9.5) 
9100 format (lQx,5htota1,10(lx.a8')) 
83 format (//lx,3hage,6x,l4hstatus at age ,i2, 

12x,a8/1~,3(lh*),6x,26(lh")/) 
re turn 
end 



S u b r o u t i n e  TAB (NA,  NR, NRADIX) 

subroutine tab (na,nr, nradix) 
C 
c this program prints the summary tables 
C 

dimension hu(lOS),hup(4,4),hulcJ) 
dimension zeu(4),hnt(4) 
common /cnap/ nagetl06) 
common /eel/ cl(lO5,S,S) 
common /cl/ 1(105,8,8) 
common /cpq/ p(105.8,8) 
common /crate/ ratd(105,8),ratrn(lQ5,8,8) 
common /crad/ radixt8),radixt 
common /creg/ reg t 13) 
commvn /ctit/ t i  t(25) 
double precision reg 
real 1 
integer x 

write (7,4) (tit(j),j=1,25) 
4 format (lh1,50x,25a4) 

write (7,12) 
12 format (lhQ,16x,lShage-specific rates,l4x, 

124htransition arobabili ties/llr.30(lh-).2x , . 
write (7,641 

64 format (1x) 
write (7, 13) 

13 format t5x,3hage,3x,9hmortality,41,6hI to 2,4x,6h2 to 1 ,  
16x,6hl to 1,4x,6hl to 2,4x,6h2 to 1,4x,6h2 to 2/) 
do 15 x=l ,na 

15 write (7,14) nape(x),ratd(x,l),ratm(x,2,l),ratm(x,l,2) 
l,((p(x,i,j),i=l,nr),j=l,nr) 

14 format (5x,i3,2x.3f1@.6,2~,4f10.6) 
if (nradix.eo. 1) write (7.33) 
format (lhl,30x,38hpopulation-based life-table statistics/ 
131x,38(lh*)) 
if (nradix.eq.nr) write (7,34) nage(1) 
format (lh1.3Qx,33hstatus-based life table statistics, 
118h (by status at age,i3,lx,lh) /31x,57(lh*)) 

do 500 io=l, nradix 

if (io.ne.1) write (7,66) 
format (lhl, 1x1 
write (7,17) 
format (lh0,10x,30hlife history of initial cohort ) 
if (nradix.eq.1) write (7.37) 
format ( 1  1x,30( lh-)) 
if (nradix.eq.nr) write (7,38)reg(io) 
format (llx,lO(lh-),lx,a8,lx,lO(lh-)) 
write (7,64) 
write (7,16) 
format (16x,6hdeaths,22x,llhtransitions,20x, 

13lhnumber of people at exact age x/l0x, 
120( 1h-) ,2x,4Q( lh-) ,2x,32( l11-)/) 
write (7,18) (reg(j),j=l,nr),(reg(j),j=l,nr) 

format (Sx,3hage.4x,a8,2x,a8,6x.6hl to 1,4x,6h2 to 1, 
14x,6hl to 2,4x,6h2 to 2,4x,aS,2x,a8,7x,Shtotal/) 
do 19 x=l,na 
hu(x)=Q. 
pmig=0. 
do 3 j=1,2  



do 20 j=1,2 
20 h u p ( j , i ) = c l ( x . i o , i l C p ~ x , j , i ~ * r a d i ~ ( i o ~  

hu tt=hu(x) 
19 write (7,21) nage(x),(hul(j),j=l,2),((hup(j,i),i=1,2), 

lj=1,2), (hut(j),j=l,3) ,111itt 
21 format (5x,i3,2x.2f10.8,2u.4f10.0,2~,2f10.0, 

12u,f 10.0) 
write (7.23) 

23 format (lhl,1(3~,30hexpected number of e a r s  lived, 
128h by member of initial cohort/llu,58(lh-)/) 
write (7.24) 

24 format (llx,2Shwithin age  interval x to x+1,6x, 
124hlife expectancy at ape u/) 
write (7,25) (reg(j) ,j=l,nr), treg(j1 ,j=l,nr) 

25 format (5~.3hage,2(4x,aS,2x.a8,5~,5htotal)/) 
do 27 x=l ,na 
cll t=0. 
zext=0. 
hu(x)=hu(x)/radix(io) 
do 30 j=l,nr 
zex(j )=a. 
if (hu(x).eq.O.) go to 30 
t t=0. 
do 32 ix=x,na 

32 tt=tt+l(ix,io,j) 
zex(j)=tt/hu(x) 
zext=zext+zex(j) 
cllt=cllt+l(x, io,j) 

30 continue 
27 write (7,26) nage(x). (l(u,io,j) ,j=1,2) ,cllt, 

l(zex(j) ,j=l,21 ,zext 
26 format (5x,i3,2(2~,3fl0.6)) 
550 continue 

588 continue 
re turn 
end 



3: P R O J E C T I O N  S U B R O U T I N E S  

S u b r o u t i n e  DATAS ( N P R ,  NA,  NY,  Z F N Y ,  N R ,  X Z B ,  X Z D ,  X Z O ,  I P R O B ,  
L N E I G )  

subroutine datas (npr,na,ny,zfny,nr,xzb,xzd,xzo,iprob, 
lneig) 
dimension zhu(105) 
common /cis/ is 
common /ex/ df (12, 12) ,dm( 12,12) ,nbs,nsx, lh( 12) 
common /cpar/ i n i t , n h o r i z , i n t v , i t o l x , n t o l l  
common /c I/ pop ( 105, 12) 
common /cnag/ nagetl05) 
common /crad/ radix(l?),radixt 
common /crate/ ratd(l05,12),ratm(l05,12,12),ratf(105,12~ 
common /creg/ reg(l3) 
common /c t i t/ ti t (25) 
double precision reg 
integer r 
data end/3hend/ 
got0 2222 

301 read (5,302) ( t i  t(j) ,j=1,25) 
302 fclrmat (25a4) 

print 303, (tit(j),j=1,25) 
303 format (lx,25a4) 

if (tit(l).eq.end) go to 305 
go to 301 

305 continue 
rewind 5 

2222 continue ............................................................... 
c read parameter card ............................................................... 

read (5,222) (tittj),j=1,20) 
222 format (20a4) 

read (5,2) na,nr,ny,nu,nzb,nzd,nzo,iprob,init,nhoriz, 
l i n t v , i t o l x , n t o l l , n e i g , n d a t , n b s , n s x , i b , i s  

2 format (i3,7i2,3i4,8i2) 
if(nsx.eq.l)goto 92 
read(5,8l) (lh(i) ,i=l,nbs) 
do 91 i=l.nbs 
k=lh(i) 
read(5,82) (df (k,ji ,j=I,nr) 

91 continue 
81 format( l2i2) 
82 format(l2f8.5) 

if (nsx.eq.3) go to 93 
do 94 i=l,nr 
do 94 j=l,nr 
dm(i ,j)=0.0 
if(df(i,j).eq.0.0)goto 96 
df(i,j)=1.0/(1.0+df(i,j)) 
dm(i,j)=1.0-df(i,j) 

96 continue 
94 continue 

goto 92 
93 continue 

do 99 i=l.nr 
do 99 j=l,nr 
if(df (i,j).ne.0.0)df(i,j)=l.Q 

99 continue 
got0 97 

92 continue 
do 98 i=l,nr 
if(nsx.eq.2)write(4,89S)(dm(i,j),j=l,nr) 
if(nsx.eq.l)read(4,898)(df(i,j),j=I,nr) 

98 continue 
898 format (l2f 10.6) 
97 continue 



............................................................. 
c define default values far parameters 

------------------------------^-------------------------------- 

do 6 u=l .na 
6 nage(u)=(i-l)*ny 

if (azb.eq.0) nzb=l 
if (nzd.eq.0) nzd=l 
if (nzo. eq.0) nzia= 1 

if ( i  tolx.ne.2) i tolx=2 
if (ntoll.eq.0) ntoll=7 
if tintv.eq.0) intv=200 
xzb=f loat (nzb) 
xzd=f loat (nzdJ 
xzo=f 1 oat (nzo 1 

zfny=f loat(ny1 
do 45 i=l,nr 

45 if (radir(i1.eq.O.) radix(i)=100008. 
do 4 i=l,nu 

4 read (5,114) 
114 format (1x1 

nrl=nr+l 
read (5,l-l) (reg(j),j=l,nrl) 

14 format (9a8) 
c read radices radix(j) 

read (5,13) (radiu(j),j=l,nr) 
13 format (9f8.0) 

radix t=0. 
do 66 i=l,nr 

66 radixt=radirt+radix(i) 
if (ndat .eq.Z)goto 70 

c read populatian, births, deaths, migrants 
do 10 i=l,nr 
read (5,3) (pop ( x  , i ) , x =  1, na) 

3 format (10f10.0) 
if((nsx.eq.lJ.and.(ib.eq.0),goto 69 
read (5.31) (zhu(x) ,a=l,na) 

31 format (1BP10.0) 
do 44 x=l,na 

44 ratf(x,i)=zhu(x)/pop(x,i) 
69 continue 

read (5.31) (zhu(x),x=l,na) 
do 48 x= 1, na 

48 ratd(x,i)=zhu(xf/pop(x,i) 
do 32 j=l,nr 
read (5,31) (zhu(x) ,x=l ,na) 
d o 4 6  x=l,na 

46 ratm(x,j,i)=zhu(x)/pop(x,i) 
32 continue 
33 continue 
10 continue 

go to 71 
70 continue 

c read population birth death and transition rates 
do 72 i=l,nr 
read(5,3) (pop(r, i )  , x=I,na) 
if(tnsx.eq.lJ.and.(ib.eq.@))goto 73 
read(5,85)(ratf (x, i )  ,x=l, n d  
continue 
format(10f10.6) 
read(5,85)(ratd(x,i),~=l,na) 
do 72 j=l,nr 
read(5,85)(ratm(x,j,i),x=l,na) 
continue 
continue 
re turn 
end 



Subroutine GROWTH (NA, ZFNY, NR, I L I F )  

subroutine sr5wth (na,zfnp,nr, i l  if) 
dimension hs!12.12) 
c ~ m m o n  /cis/ is 
cammnn / c h s /  bs( 105.12,12) ,hm( 12,121 
conlnic,n / t u /  c lT  ( 12,12) ,dm( 12,12) ,nhs,nsx, lh( 12) 
commcn /ct~:ig/ nase ( 105) 
~ornrn;:~n / c ; r ~ i w /  br( 105, 12. 12) ,popri 105, 12) 
common /cinv/ ~~(12.12) 
common / c n i u  l/ a1 12. 12) , b  ( 12,12) , c! 12, 12) 
common /cpq/ p ( 105.12, 12) 
cornrnr.n /crate/ ratdi105,12),ratm(lO5,13,12),ratf(l05,12) 
common /creg/ reg t 13) 
comm~:jn /crml a/  rml a( 12. 12) 
common /c t i t/ t i  t (25) 
common /csu/ su(105,12,12) 
double pr.ecision reg 
integer x , x x  
naa=na- 1 
zz=zfny+O.25 
zf ny2=zfnpe(3.5 

C ......................................................... 
c compute survivcjrship proportions if ilif-0 
c ......................................................... 

if iilif.ne.0) ,go to 50 
do 30 x=l,naa 
xx=x+ 1 
do 21 i=l.nr 
cc(i,i)=l.+p(x,i,i) 
do 21 j=l ,nr 
if ti.ne.j) cc(j, i)=p(x,j,i) 

21 continue 
call invert (nr) 
do 22 i=l.nr 
dl? 22 j=l,nr 
a l ( j  ,i)=p{x,j,i) 

22 bcj,il=cc{j. i )  
cal 1 mu1 t ip (nr,nr,nr) 
if {x.eq.naa) go to 44 
do 23 i=l.nr 
alii,i)=l.+p(xx, 
do 23 j=l,nr 
if (i.ne.j) al(j 
bCj ,i')=c(j ,i) 
call multip (nr, 
go to 25 
do 26 i=l,nr 
do 26 j=l,nr 
cc(j, i )=rmlatj, i 
chll invert (nr) 
do 27 i=l.nr 
do 27 j=l,nr 
al(j,i)=cctj,i)/zfny2 
b(j,i)=c(j,i) 
call mu1 tip (nr,nr,nr) 
do 28 i=l,nr 
do 28 j=l,nr 
su(x,i,j)=c(j,i) 
do 68 i=l,nr 
do 68 j=l,nr 
if(su(x, i,j) . l  t.0.0)su(x,i,j)=0.Q 
continue 
continue 
con t i nue 



c compute first row of generalized leslie matrix --------------------------------------------------------- 
do 4 x=l,naa 
xx=x+ 1 
do 3 i = l  ,nr 
do 3 j=l,nr 
if(i.eq.j) al(j, i)=ratf(xx,i) 
if(i.ne.j) al(j,i)=O. 

3 b(j .i)=su(x,i,j) 
call mu1 tip (nr.nr,nr) 
do 5 i=l.nr 

continue 
do 7 j=l,nr 
if ( i  .eq.j) h(j .i)=zz*(p(l,j ,kl)+l.) 
if (i.ne.j) b(j,i)=zzup(l,j ,kl) 

7 continue 
do 71 kl=l,nr 
do 71 k2=l,nr 

71 al(kl,k2)=df (kl,k2) 
call mu1 tip (nr,nr,nr) 
do 73 kl=l,nr 
do 73 k2=l,nr 
al(kl,kZ)=c(kl,k?) 
if (nsx.eq. I)hm(kl.k2~=c(kl,k2) 

73 b(kl.kZ)=hs(x,kl.k2) 
if(nsx.eq.l)goto 1 1 1  
call multip (nr,nr,nr) 
do 8 i=l,nr 
do 8 j=l,nr 

8 br(x,j ,i)=c(j ,i) 
4 continue 

1 1 1  continue 
if(is.eq. 1)goto 1 1  1 1  ............................................................ 

c print growth matrix (first row and suhdiagonal elements) 
p ------------------------------------------------------------- 

print 1, (tit(j),j=1,25) 
1 format (lhl.SQx.25a4) 

print 10 
10 format (lh0,5x,48hthe discrete model of multiregional demographic 

1,6hgrowth/6x,54(lh*)/6x,54(1hW 
print 1 1  

11 format (/5x,3lhmultiregional projection matrix/5~,3l(lh*)) 
do 28 i=l,nr 
if (i.ne.1) print 128 

120 format (lhl, lx) 
print 12, reg(i) 

12 format (//20x.6hrenion.2x.a8/28xx16(lh*)) . . 

print 13 
13 format (/Sx,3hage,8~,9hfirst row) 

print 14, (reg(j) ,j=l,nr) 
14 format (11x,12(2x,a8)) 

print 15 
IS format (lx) 

do 16 x=l,naa 
16 print 17, nage(x), (br(x,j, i )  ,j=l,nr) 
17 format (Sx,i3,3x,12f10.6) 

print 18 
18 format (/5~,3hage,8~,24hsurvivorship proportions) 

print 14, (regcj) ,j=l.nr) 
print 15 
do 19 x=l,naa 

19 print 17, nage(x), (su(u,i , j )  ,j=I,nr) 
28 continue 
1111 continue 

re turn 
end 



S u b r o u t i n e  P R O B S C  ( N A ,  Z F N Y ,  N R ,  I P R O B )  

subroutine probsc (na, zfny ,nr, iprob) 
dimension rm(12,12) 
common /cis/ is 
common /cnag/ nage ( 105) 
common /cinv/ cc(12.12) 
common /cmul/ a 1 ( 1 2 ~ 1 2 ) , b ( 1 2 , 1 2 ) , c ( 1 2 , 1 2 )  
common /cpq/ p( 105,12. 12) 
common /crate/ ratd(105,12),ratm(105,12,12),ratf(105,12~ 
common /creg/ reg ( 13) 
common /crml a/ rmla( 12,12) 
common /c t i t/ t i  t (25) 
double precision reg 
integer x ....................................... 

c matrix of observed rates m(x) ....................................... 
naa=na-1 
zzz=zfny*0.5 
do 100 x=l, na 
do 5 i=l,nr 
z=ratd(x,i) 
do 4 j=l.nr 
if (i.eq.j) go to 4 
z=z+ratm(x, j, i)  

4 continue 
rm(i,i)=z 
do 6 j=l,nr 
if (j.eq.i) go to 6 
rm(j ,i)=-ratm(x,j, i )  

6 continue 
5 continue 

if (x.ne.na) go to 13 
do 14 i=l.nr 
do 14 j=l,nr 

14 rmla(j, i)=rm(j, i) 
go to 100 

13 continue .............................................. 
c probabi 1 i ty matrices .............................................. 

do 7 i=l,nr 
do 7 j=l,nr 
if ( i  .eq.j) cc(j, i)=l.+zzzarm(j, i) 

7 if (i.ne.j) cc(j,i)=zzz*rm(j,i) 
call invert (nr) 
do 8 i=l,nr 
do 8 j=l,nr 
al(j, i)=cc(j, i) 
if (j.eq.i) b(j,i)=l.-zzz*rm(j,i) 

8 if (j.ne.i) b(j ,i)=-zzz*rm(j,ii 
call mu1 tip (nr,nr, nr) 
do 9 i=l,nr 
do 9 j=l,nr 
if((i.eq.j).and.(c(j,i).eq.l.0j)c(j,i)=0.0 

9 p(x,j,i)=c(j,i) 
100 continue 

do 10 i=l,nr 
do 10 j=l,nr 

10 p(na,j ,i)=0. 
if (is.eq. 1)goto 1 1 1 1  



.............................................. 
c print probabilities .............................................. 
9999 format (lhl, lx) 

p r i n t 9999 
print 1 ,  t tit(j),j=1,25) 

1 format tSOx,?Sa-I//) 
print 45610, iproh 

4500 format (20x.3611probabilities of dying and migrating/ 
120x, 13(1h*) ,711 u p t  ic~n, i 2 ,  ls, 13( lh*)/33x, 10(1he)) 

iskipz3 
do 726 i = l  ,nr 
if (iskip.ne.i) g o  to 121 
print 9999 
iskip=iskip+2 

121 continue 
print 9001, reg(i) 
format (//20x,6hregion,2x.a8,1~/20~,16(1h")/) 
print 9011, rep(i) 
format (5~,3hage,5~,5hdeath,5~,14hmipration from,lx,a8,lx,2hto) 
print 9020, (reg(j), j=l .nr) 
format (lSx,12(lx,aS)) 
~ r i n t  66 . 
format (1x1 
do 726 x=l ,na 
zz=0. 
do 1 1  j=l,nr 
zz=zz+p(x, j , i )  
continue 
zq= 1 .-ZZ 
if (zq. eq. 1.0) zq=0.0 
if (x.eq.na)zq=1.0 
print 9103, nage(x) ,zq, (p(x, j ,  i) ,j=l,nri 
format (Sx, i3, lx, 13f9.6) 
continue 
con t i  nue 
re turn 
end 



Subroutine PROJEC (NA, NY, ZFNY, NR, ZLAMDA, IPROJ) 

subroutine projec (na,ny ,zfny ,nr,zlamda, iproj) 
dimension zminl(l2~,hup(l2~,ziamb(l2),agem(l2) 
dimension perc(l2),hu(l2) 
dimensign pop tot ( 12) 
common /cih/ ihm,ihf,hp(l2),rl>.m 
common /cbs/ bs(105.12,12).hm(12.12) 
common /ex/ df(12,12~.dm~12,12~.nbs,nsx,lh(l2) 
common /cpar/ init,nhoriz,intv,itoIx,ntoll 
common /cnag/ nage ( 105) 
common /cgrow/ br(l05,12,12),popr(l05,12) 
common /cmul/ a1( 12,12) ,b( 12,12) ,c( 12,12) 
common /crate/ ratd(105,12~,ratm~105,12,12),ratf(105,12~ 
common /creg/ reg ( 13) 
common /c t i t/ t i  t ( 2 5 )  
common /csu/ su(105,12,12) 
common /ctotra/ pct(105),ratdt(10S),ratft(lQ5),ratmt(105) 
double precision reg 
integer x,xl,x2 
data zdatl/Shm.age/,zdatW5hsha /,zdat3/5hlam /,zdat4/5h r / 
ihf=Q 
iproj=l 
j go=@ 
iproj =Q 
zll=(-l)*ntoll 
tolx=10.""(zll) 
naa=na- 1 
zlaml=l0. 

nyearl=ini t 
nyeapr=ini t+intv 
print 1876, (tit(j),j=1,25) 

1876 format (lh1.50x.25a4) 
print 1 

1 format (Ih0,5x,35hmultiregional population projection/6x, 
135(lh*)/) 
if (nsx. eq. 1) read(3,887) ihm, rlam 

887 format(i5.flQ.6) 

c project population ny years 
---------------------------'------------------------------------- 

500 continue 
c iproj = iteration number 
c nyearl=projection year (=ini t + iproj*ny ) 
c zminl(i) = population of region i at time t-1 
c zmint = population of total system at time t - 1  

iproj =iproj + l  
nyearl=nyearl+ny 
do 3 i=l,nr 

3 zminl(i)=~ootot(i) 
zmin t=p to-ta' 
if((nsx.eq. 1) .and. (ihf. 1 t. ihm))read(4,889) (hp(j) ,j=l,nr) 
if(nsx.gt.l)goto 999 
if(ihf.lt.ihm)noto 999 " 
do 998 j=l,nr 
hp(j)=hp(j )*rlam 

998 continue 
999 continue 

i z=0 
92 continue 

do 689 i=l,nr 



689 hup(i)=0.0 
iz=iz+l 

c first age group 
do 2 x=l,na 
do 4 j=l.nr 
b(j, l)=popr(x, j) 
if (nsx.eq. l)b(j. l)=hp(j) 
do 4 i=l,nr 
al(j,i)=br(~,j,i) 
if (nsx.eq. l)al(j. i)=hm(j ,i) 
if ((nsx.eq.2) .and. (iz.eq.l))al(j ,i)=bs(x,j , i )  

4 continue 
call multip (nr,nr, 1) 
do 5 j=l,nr 

5 hup(j)=hup(j)+c(j, 1 )  
if (nsx.eq. 1)goto 93 

2 continue 
93 continue 

if (iz.eq. 1) ihf=ihf+l 
if((nsx.eq.2).and.(iz.eq.l))write(4,889)(hup(j),j=l,nr) 
i f ( ( n s x . e q . 2 ~ . a n d . ( i z . e q . l , ) g o t o  92 

889 format( l2f 10.1) 
c other age groups 

do 6 x=l,naa 
x l=na-x 
x2=x 1 + 1 
do 7 j=l,nr 
b(j, l)=popr(xl,j) 
do 7 i=l,nr 

7 al(j ,i)=su(xl,i,j) 
call mu1 tip (nr,nr, 1) 
do 8 j=l,nr 

8 popr(x',j)=c(j,l) 
6 continue 

do 9 j=l,nr 
9 popr(l,j)=hup(j) 

509 continue 
c compute total popul ation 

do 1 1  x=l,na 
pct (x)=0. 
do 1 1  j=l,nr 

1 1  pct(x)=pct(x)+popr(x,j) 
do 13 j=l,nr 
poptot(j)=@. 
do 13 x=l.na 

c check whether output must be printed ------------------------------------------------------------- 

c print projected population 
C -------------------------------------------------------------- 

if (iproj.gt.0) print 51 
51 format (lhl, lx) 

print 52, nyearl 
52 format (5~,4hyear,lx,i5/5~,10(lh-)/) 



print 253 
253 format (10x.l0hpopulation/10~,5(2h- ) / )  
578 if (nr.le. 10) print 53, (reg(j) .j=l,nr) 
53 format (1x,3hage.2x.6x,5htotal110(3x.aS)) 

if (nr.gt. 10) print 8 0 ,  (reg(j),j=l.nr) 
80 format (lx,3hage,2x,6~.5htota1,12(lx,a8)) 

print 54 
54 format (lx) 

do 55 u=l, na 
if (nr.le.10) print 5 6 ,  nage(x),pct(x),(popr(x,j),j=l,nr) 

56 format (lu,i3,2x,llf11.0) 
55 if (nr.gt.10) print 81, nage(u),pct(x),(popr(x.j),j=l,nr) 
81 format (lx,i3,2x,f11.0,12f9.0) 

print 54 
if (nr.le.10) print 57, ptota, (poptot(j).j=l,nr) 

57 format (lv,5htotal,llfll.O) 
if (nr.gt. 10) print 8 2 ,  ptota, cpoptot(j) ,j=l,nr) 

82 format (lx,5htotal.fll.0,12f9.0) 
c Dercentane distribution 

p r i n t - 5 ~  
5s format (//lOu,23hpercentage distrihution/lQx,l2(2h- : / )  

if (nr.le. 10) print 53, (reg(j ),j=l,nr) 
if (nr.gt. 10) print 8 0 ,  (reg(j),j=l,nr) 
print 54 
zhu=0. 
do 23 j=l,nr 

23 hufj )=0. 
do 59 x=l,na 
prc t=100.*pct (x)/ptota 
zhu=zhu+prct 
do 14 j=l,nr 
perc(j)=100.*popr(x,j)/poptot(j) 

14 hu(j)=hu(j)+perc(j) 
if (nr.le.10) print 6 0 ,  nage(x),prct,(perc(j),j=l,nr) 

60 format (lx,i3,2x,llf11.4) 
59 if (nr.gt.10) print 8 4 ,  nape(x),prct,(perc(j),j=l,nr) 
84 format (lx.i3,2x,f11.2,12f9.2) 

if (nr.le. 10) print 761, zhu, (hu(j),j=l,nr) 
761 format (/lx,5htotal,llfll.4, 

if (nr.gt. 10) print 8 5 ,  zhu, (hu(j),j=l,nr) 
85 format (/lx,5htotal,fll.2.12f9.2) 

c mean age 
agemt=0. 
do 21 j=l,nr 

21 agem(j )=0. 
do 20 x=l,na 
n9=nage(x) 
a9=f loat (n9)+zfny*0.5 
agemt=agemt+a9*pct(x)/ptota 
do 20 j=l,nr 

20 agemcj )=agem(j )+a9*popr(x, j )/pop tot (j) 
if (nr.le.10) print 2 2 ,  zdatl,agemt,(agem(j),j=l,nr) 

22 format (lx,a5,llfll.4) 
if (nr.gt.10) print 8 6 ,  zdatl,agemt,(agem(j,,j=l,nr) 

86 format (lx,a5,f 11.4, l2f9.4) 
c regional share 

z=0. 
do 16 j=l,nr 
h u p ( j ) = ( p o p t o t ( j ) / p t o t a ) W .  

16 z=z+hup (j ) 



if (nr.le. 10) print 22, zdat2.2, (hup(j),j=l.nr) 
if (tlr.gt.10) print 66, zdatl,z,(huptj),j=l,nr) 

501 continue 
c growth ratio (lam) 

if (iproj .eq.O) go to 500 
if tjgo.ge. 1) go to 505 
do 62 j=l,nr 

62 zlamb(j)=poptot(j)/zminl(j) 
zz=ptota/zmint 

if ((nyearl.gt.nhoriz) .and. ( n y e a r 1 . n e . n y e a p  go to 502 
if (nyearl .g t .nhoriz) nyeapr=nyeapr+in tv 

505 continue 
if tnr.le.10) print 6 4 ,  zdat3,zz,(zlamb(j),j=l,nr) 

64 format (lx,a5,11f11.6) 
if (nr.gt.10) print 85, zdat3,zz,(zlamb(j) ,j=l,nr) 

88 format (lx,a5,fll.6,12f9.6) 
c annual growth rate 

rstab=alon(zz)/zf nv 
do 27 j=l,nr 

27 hup(j)=alog(zlamb(j))/zfny 
if (nr.le.10) print 64. zdat4.rstab,(hup(j),j=l.nr) 
if (nr.gt.10) print 88, zdat4,rstab,(hup(j),j=l,nr) 

502 continue 
if((nsx.eq.l).and.(ihf.lt.ihrn))goto 500 
if (jgo.ge. 1) go to 504 

c ------------------------------------------------------------- 
c compare growth ratio with tolerance level ............................................................. 

if (itolx.eq.3) ztolx=zl~mb(l)-zlaml 
if (itolx.eq.3) zlarnl=zlamb~l~ 
if (itolx.eo.2) ztolx=zlamb(nr~-zlamb(1) 

jgo=jgo+l 
c zlamda = stable growth ratio 

z 1 amda=zz 
print 18, tolx 

18 format (lhQ,lx,30htolerance level for eigenvalue,el4.4) 
print 6 5 ,  iproj 

65 format (2x,39hnumber of iterations to reach stability,i7) 
c ............................................................ 
c stable equivalent ------------------------------------------------------------ 

zs=zlamda**iproj 
do 66 j=l,nr 
poptot(j)=poptot(j)/zs 
do 66 x=l ,na 

66 popr(x,j)=popr(x,j)/zs 
do 68 x=l,na 

68 pct(x)=pct(x)/zs 
ptota=ptota/zs 
print 69 

69 format (Ihl,lx,40hstable equivalent to original population/Zx, 
140( lh*)/) 
go to 578 

504 continue 
if(nsx.eq.2)write(3,887)ihf,zz 
return 
end 



4 .  M A I N  PROGRAMS 

P r o g r a m  M A I N I N C R  

call datinc (na,nopen.ny,zfny,nr.nradx,ndat) 
na5=na 
if (nopen.eq.2) na5=na+l 

C 
call probn (na,nr,nopen13,nradx) 
call probsc (na,nr, nopen,3,nradx) 
ilif=Q 
ihist=0 

c call hist (nas,nr,nradx,ihist) 
call life (na,zfny,nr,nradx.ihist.ilif,nopen) 
if (nr.eq.2) call tab (na,nr,nradx) 
stop 
end 

P r o g r a m  M A I N P R O J  

common /el/ pop(105,12) 
common /cnag/ nape(l05) 
common /cgrow/ brt 105. 12,12) ,popr( 105, 12) 
common /crate/ ratd(105,12),ratm(105,121 12),ratf(105,12) 
integer x 
npr= 1 
ihis t=0 
i 1 if=@ 
iproj =Q 
call datas (npr,na, ny ,zf ny, nr, xzb, xzd, xzo, iprob, 
lneig) 
call probsc (na,zfny,nr,iprob) 
call growth (na,zfny,nr,ilif) 
do 10 i=l.nr 
do 10 x=l,na 

10 popr(x,i)=pop(x, i )  
call projec (na,ny ,zfny ,nr,zlamdk, iproj) 
prink 33 

33 format (lx//) 
stop 
end 



A P P E N D I X  B:  EXAMPLE O F  PARAMETER CARDS 

The f i v e  s e t s  of parameter c a r d s  presen ted  h e r e  cons ide r  

a  d a t a  s e t  w i th  t h e  fol lowing s p e c i f i c a t i o n s :  

a .  2 r eg ions ,  4 m a r i t a l  s t a t e s .  The i n p u t  f o r  each of 

t h e s e  8 s t a t e s  a r e  popula t ion  d a t a ,  b i r t h ,  d e a t h ,  and 

t r a n s i t i o n  r a t e s .  These d a t a  a r e  a v a i l a b l e  f o r  male,  

female,  and t o t a l  popula t ions .  

b.  Data a r e  given i n  one year  age groups,  age 0 t o  100+ .  

c .  S t a t e  1 ( r eg ion  1 - never marr ied)  r e c e i v e s  b i r t h  born 

t o  mothers i n  s t a t e s  1 t o  4 .  These s t a t e s  a r e :  

r eg ion  1 - never marr ied 

r eg ion  1 - marr ied 

r eg ion  1 - divorced 

r eg ion  1 - widowed 

S t a t e  5 ( r e g i o n  2 - never marr ied)  t a k e s  t h e  b i r t h s  

from s t a t e s  5 t o  8 .  



1. L I F E  TABLE 

Region based increment-decrement life table 

region based life table 
00101000108020103198002010110001000 
increment-decrement life table 
8 states/regions , 2 cohorts 
region based 

l-n.mar.l-marri.l-divor.l-widow.2-n.mar.2-marri.2-divor.2-widow. 
100000. 100000. 100000. 108800. 100000. 100888. 100000. 188888. 

Status based increment-decrement life table 

status based life table 
00101200108080103198002010111111111 
increment-decrement life table 
8 states/regions , 8 cohorts 
status based , age 20 

l-n.mar.l-marri.l-divor.l-widow.2-n.mar.2-marri.2-divor.2-widow. 
100000. 100000. 100000. 100000. 100000. 100000. 188888. 100000. 



2. PROJECTION 

Two-sex female dominant projection: females 

two-sex female dominant projection . females 
1 0 1 0 8 0  1030 1 0 1 0 1 03 19802000!B9!XQ07&0202000 1 
0 105 
1.0534,1.0534,1.0534,1.0534,0.0,0.0,0.0,0.0, 
0.0,0.0,0.0,0.0,1.0534,1.0534,1.0534,1.0534, 
two-sex female dominant projection 

8 statedregions 
females 1980 

l-n.mar.l-marri.l-divor.l-widow.2-n.mar.2-marr~.2-divor.2-widow. 
180000. 100000. 100000. 100000. 100000. 100000. 100000. 100000. 

Two-sex female dominant projection: males 

two-sex female dominant project ion . males 
101080103010 101031988200099990207006202010101 
two- sex female dominant projection 

states/regions 
ma1 es 

Total population projection 

total population projection 
1018881030101010319802888999902070W202030001 

total popuiation projection 
8 states/renions 
females + males 

l-n.mar.l-marri.l-divor.l-widow.2-n.mar.2-marri.2-divor.2-widow. 
100000. 100088. 100000. 100000. 188888. 100000. 100000. 100000. 


