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I. IntrkNhiction

This paper requires a firm grasp of both mathematical demo-
graphy and FORTRAN programing for complete comprehension.
Subsequent papers can aim at developing one or another of the
seminal capabilities presented here or at minimizing the programing
or demographic skill requirements for effeetNe use. This paper aims
at the establishment of a language with which complex demo-
graphic manipulations can be briefly expressed in a form intelligible
both to demographic analysts and to computers.

The Demographic Computer Library (DCLY has been structured
around three interrelated operations: Life table construction, stable
population generation, and population projection. Life table con-
struction is fundamental to the other two operations. A stable
population cannot be generated without a life table nor can a
population distribution be projected.

The subroutines of the DCL have been written as parts of a
system. The output of one subroutine is available for immediate use
by any of a number of other subroutines. Once a life table has been
constructed, for example, several avenues are open to the programer
with a single CALL statement He can print the life table (CALL
PLT (NROW)1, generate a stable .population (CALL SPP IR)), or
load the survival ratios of the life table into the projection table
(CALL LSR (NSEX)). Other examples of DCL flexibility will be
given in part IV.

At present, the inclusion of computer programs with the
documentation of a scientific publication is generally not tenable
due to the length of the programs and the difficulty of reading
unfamiliar programs. If a library came into general use, both of
these obstacles would be overcome. A short main program could
easily communicate a complex sequence of computations to those
familiar with the library. The DCL is an early attempt at a small but
basic portion of such a libranj and the DCL chould be evaluated
from this point of view.

The case studies in part IV illustrate the amount of computa-
tional work achieved in relation to the number of program
instructions. Note that FORTRAN instructions other than the
CALL statements to DCL subroutines can be combined as desired
with tircse CALL statements. The system has "canned" program
features but remains open for modification by the prowamer.
Althourjh the fundamental operations of the DCL cants orogramed
with almost no knowledge of FORTRAN, the firmer the programer's
grasp of FOhTRAN the more varied will be the results obtainable
with the DCL

The nonprogramer who wishes to understand the DCL as a
system of computer programs to use the system more effectively
should obtain information about the following programing con-
cepts:

1. Program
2. Main program
3. Subprogram
4. Subroutine
5. SUBROUTINE statement
6. CALL statement
7. nETURN statemeni
8. Calling program and called program
9. The communication of information between calling pro-
gram and called program by means of either:

A. The arguments of the CALL and SUBROUTINE state-
ments
U. The COMMON statement
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If these concepts are understood, intelligent application a the DCL
^hould be possible even for a deomographer who lacks under-
standing of other fundamental programing concepts and is, there-
fore, unable to program The program listings (part V) will remain
intelligible only to the programer.

The nondernographer who wishes to understand the DCL as a
demographic computer system to use the system more effectively
should obtain information about the following demographic con-
cepts and associated methodologies: Life table, stable population,
quasi-stable population, and component population projection. The
contribution of the DCL to demographic analysis cons;sts of
reducing the drudgery and delays required by the multitude of
mathematical computations. The DCL cannot, however, claim to
endow the nondemographer with the ability to produce high
quality demographic analysis.

The DCL is presentli onerative on the following computers:
Univac 1107, IBM 360/40, and GE 635 (time sharing). Copies of
the DCL source programs (IBM 360 version) can be obtained on
magnetic tape. For further informalion write to:

Director
International Demographic Statistics Center
U.S. Bureau of the Census
Department of Commerce
Washington, D.C. 20233
Attn: DCL

li. Subroutine Linkage

There are two ways to communicate between a calling program
(a main program or a subroutine) and a called program (always a
subroutine). The first way is through a C0111,MON statement Most
of the subroutines of the CICL are linked together primarily by
means of a standard COMMON statement which has the form
COMMON A(21,9), B(21,8), C(51), where A represents the life
table array, B represents the projection table array, and C represents
the array containing the parameters of a stable population. These
names need correspond only with the name used for the array in
question in the program in which the COMMON statement appears.
The order of the arrays, however, must be that indicated in the
standard COMMON above. For example, one subroutine ma,.
contain one of the following standard COMMON statements and
another subroutine the other statement without mishap

COMMON A(21,9), 8(21,8), C(51)
COMMON C(21,9), 7.21,8), A(51)

as long as the first array name in each COMMON statement
corresponds to the array name for the fife table in the program in
which the COMMON statement appears. On? of the following
COMMON statements appearing in one subroutine and tho second
COMMON statement in another subroutine would cause a com-
munication breakdown:

COMMON A(21,9), B(21,8), C(51)
COMMON 8(21,8), C(51), A(21,9)

The second way to communicate between a calling program and
a called program is through the arguments of a CALL statement
Although a called program can be linked to a calling progrem both
by a COMMON statement and by the arguments of a CALL
statement, communication of the same information by both
methods is not permitted. It is important to note that in the DCL,
the standard life table, stable population, and projection arrays are
always communicated by means of the COMMON statement and
these arrays are, therefore, neva communicated through the
arguments of a CALL statement
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Examples of the information usually communicated through the
arguments of a CALL statement in the DCL are the life expectancy
at birth, the sex code, and the region code for the model life tables
(CALL MLT (EX, NSEX, NREG)), or the rate of increase to be
used in generating a stable population (CALL SPP (R)).

When writing main programs that use the DCL, the programer
should include the standard COMMON statement and be sure that
the arguments (if any) of the CALL statements of the main
program correspond to those of thu DCL SUBROUTINE state-
ments. A description of each subroutine in the DCL inclujing the
required form of the CALL statement in the calling program is
presented in part III. A firm comprehension of these descriptions is
necessary for the effective use of the DCL. Part !V will illustrate
some frequent DCL applications.

III. Subroutine Descriptions
This part is divided into three sections which correspond to the

three principal DCL operations. Each of terse sections begins with a
description and discussion of the principal array for the corre-
sponding operation.

Note that throughout the DCL, birth rates, fertility rates, death
rates, rates of natural increase, and sex ratios are expressed not per
100 or 1,000 population but on a unit basis (per person). For
example, a 1 percent rate of natural increase is expressed .010.

A. Life Table Related Subroutines

In order to achieve a mastery in the use of the DCL, the user
should be aware of the contents of the arrays being manipulated,
otherwise much of the flexibility of the system will be lost.
Although many of the operations of the DCL take place without
requiring the user to discriminate among the elements of the
principal arrays, several additional important capabilities are at the
command of the user who takes some care in noting these details.

The first array of the standard COMMON statement (with
dimensions 21 by 9) represents the DCL life table array. Whether
the life table is a model or an empirical one, not only the
dimensions but also the column definitions (excluding column 9) of
the table are identical. The column definitions of all life tables
constructed by the DCL will always be as shown in diagram 1. All
age groups except the first two and the lest (NO represent
ccnsecutive 5-year intervals. The final age group of the table is
determined by the number of input Qx values. The final age group
represents an open ended interval with a maximum lower boundary
of 95. That is, the open interval 95+ would fall in row 21, the last
possible row of the table as dimensioned. The model life tables use
18 rows of the table with N equal to 80.

It is assumed that the user understands that certain of the life
table columns are defined in relation to the lower boundary of tha
interval ( I

r
T elc) rather than in terms of the interval itself. This

sc

understood, the only exception to the row definitions as presented
is column 6, the survival ratios. These represent 5-year groups
throughout the column. The first ratio represents survival from
birth, the second suvival from the 0-4 interval, etc. Beginning with
row 3, the denominators of the ratios correspond to the roiv
definitions of all the other columns. The last row of the life table
has a survival ratio of zero.

Much further ter, can be made of life table columns Lx (for
generating stable populations) and Px (for 'rejecting population
distributions).

1. Subroutine MLTX. An understanding of fills complex subroutine
is net essential for all users. It is recommended that the beginner
proceed to subroutine MLT after scanning this dereiption o:
MLTX.

Diagram 1. Formal Content Definition for the DCL Life
Table Array.

age

groupil

0 1

1-4 2
5-9 3

ni+

Life Table Functions

mx

3

lx Lx Px Tx
ex0

4 5 6 7 8 921

I See text for explanation of N+.
2See part III, Al for explanation of positiom 1,9 and 2,9. See part III, A2 for an

explanation of position 3, 9. See part III, Ci for an explanation of positions 4, 9
and 5,9. Note that in the suLwout Ines of the DCL. subscripts representing rows always pre-
cede subscripts representing columns in accordance with statistical convention.

MLTX computes a regional model life table' for the level, sex,
and region specified in the CALL statement. The required form of
the CALL statement is:

CALL MLTX (ET, NSEX, NREG)

CALL statement al gurnents (all Inputs):

ET. The life expectancy at birth of the life table constructed
will rise and fall together with this independent variable. so
fixed relationship has been found, howover, between this
control variable and the life expectancy at birth of the
resulting life table. A life table of desired life expectancy at
birth can be obtained by successive iterations. (See description
of Subroutine M LT below.)

NSEX, NREG. There is a series of model life tables for each sex
and each of four regions as described in the text cited. Hero
the codes for sex (NSEX) and region (NREG) as recognized
throughout the DCL are as follows: NSEX: 1 = female, 2 =
male. NREG: 1 = West, 2 = North, 3 = East, 4 = South.

The output of MLTX (a modal life table) is placed in the
standard life table array of the standard COMMON statement (last
age group is 80i-, in row 18). In addition 'a the life table, MLTX
places the value of the associated control variable, (T, in position 1,
9 of the standard life table array, and the control variable that will
produce the life thle of the opposite sex of the same region,
aceording to the relationship of the model life tables, in position 2,
9 of the stare:eel life table array.'

The methodology for obtaining the ; values of the model life
tables is complex. No explanation is attempted here. The ,eader is
referred to chapter 2 of the Coale-Demeny vcitane, and also to the
MLTX program listing in part V of this paper.

From a given set of qx values, MLTX computes dx and lx values
as follows:

dx qx I0 = 100,000, x = 0,1,5,10 80

lx+n = ndx, = 0,1,5,10 75

lAns:+y J. Coale and Pxul Demeny Regional Model Life Tables and Stable Eomlailuns
(Princeton University Prise Princeton, Mew Jertey. 1966).

2See Coale-Demeny, op. cit. p. 23. See ilso belaw part IV, case 2.
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The formulas for the remaining life table columns taken directly
from the Coale-Demeny volume are as follows:

ol.x and ex° were czimated on the use of the following
formulas:

1LO'kolo+(1--Kolli
4L1=k111 -F(4 k1)I5

5Lx = 2.511x + 1x+5), x = 5,10,...,75

e80
o _ 3.725 + (0.0000625) (150)

T80= e800I80

L80 T80

75

Tx E Lx Tso

0 _ TxeX

The values of 1(0 were as foilows, when 1% > 0.100:

For
Females

West, North, South "Regions" 0.35
East "Region" 0.31

The ialues of 1(0, 1q0 < 0.100,
expressions:

West, North, South
East

West, North, South
East

For
Males

0.33
0.29

were given by the following

For females

ko = 0.050 + 3.00 00
1(0= 0.010 + 3.00 Igo

For males

ko = 0.0425 + 2.875 1%
ko= 0.0025 + 2.875

The values of k1 were as follows, when 1% >0.100:

West North East South

For females 1.361 1.570 1.324 1.239
For males 1.352 1.558 1.313 1.240

The values of Icy
expressions:

< 0.100, were given by the following

For females For males

West 1.524-1.6251q0 1.653-3.0131qo
North 1.733-1.627 Igo 1.85940131%
East 1.402-1.627 Igo \ 1.541-3.0131q0
South 1.48746271% \ 1.614-3.0131q0

Age-specific mortality rates (ex) were
formula omx = ildx/oLx.'

caulated from the

Five-year survival rates for projecting 5-year age groups (57x)
were calculated by the formula 5Px = 5Lx+5/51..x, x = 0, 5, ..... 70.

The first survival rate is the proportion surviving to the end of a
5-year time interval of persons born during the interval, estimated
as 5L0/510. The last surviv& rate is of persons over 75 at the
beginning of an interval (and over 80 at the end), estimated as
T8dT75.3

3Ibkl., pp. 20, 23.

3

The control variable for the opposite sex associated with the
CALL statement argument ET is obtained by solving the lollowing
equation for ETM or ET F as required:

ETM-EXM = (SM/SF) (ETF-EXF)

where ETM and ET F are the control variables for males and females
respectively, one of which is given and the other is unknown. The
value of the other factors for each region are presented below.

West North East South

EXM 55.749 53.922 54.064 53.054
EXF 58.540 56.622 56.664 55.590
SM 4.604 5.911 4.682 4.755
SF 5.046 6.112 5 e83 5.601

For an explanation of the formula, consult page 23 of the
Coale-Demeny volume. These factors which do not appear in the
text were obtained directly from the authors.

Although the riser will seldom made a call to MLTX directly (it is
generally called indirectly through MLT), it is clearly the founda-
tion of the entire system.

2. Subroutine MLT. MLT places in the standard life table array a
model life table of the life expectancy at birth, the sex, and the
model life table region indicated in the CALL statement The
required form of the CALL statement is:

CALL MLT (EX, NSEX, NREG)

where EX indicates life expectancy at birth, NSEX is the sex code
(1 = females, 2 = males), and NREG is the region code (1 = West,
2 = North, 3 = East, 4 = South).

MLT calls MLTX repeatedly until a model life table is obtained
whose life expectancy at birth differs by not more than .001 of one
year from the life expectancy indicated by the CALL statement If
greater precision is desired, subroutine MLT can be easily modified
to achieve this. The number of iterations required to satsfy the
specified level of precision is placed in Position 3, 9 of the standard
life table array. For the .001 level ot precision, the number of
iterations is r.....,nerally between 3 and 5.

3. Subroutine ELT. ELT constructs a Re table using a serieJ of ax
values entered in column 1 of the standard life table array prior to a
call to ELT. The CALL statement must be of the form:

CALL ELT (NSEX)

where NSEX is the sex code: 1 = females, 2 = males.

The life table is rlaced in the standard life te'cle array. Apart from
the exceptions noted below, the special prob!ems in life table
construction are resolved by ELT in the same manner es stated in
the description of subroutine MLTX above. In computing 1L0 and
411, the Ko and Ki factors of the West region are always used. The
following ELT formulas are somewhat different from those of
MLTX:

Le" inIeg101n

T. = E
ex

ecio = To/in

where n is the lower boundary of the final, open-ended age group.
The last 0x value should be 1.0. If it is not. ELT will change the
last nonzero cell in column 1 of the standard hie table array to 1.0
before proceeding. The final age group of the life table is implicit in
the length of the list of 0.,4 values entered.

7
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4. Subroutine MXOX. MXQX converts a series of empirical Mx
values to Ox estimates by means of the Reed-Merrell method. The
CALL statement must be of the form:

CALL MXQX (EMX, NSEX)

where EMX is an array containing the Mx values (unit basis) and
NSEX is the sex code: 1 = females, 2 = males.

EMX must be dimensioned EMX (21) in the calling program
regardless of the actual number of ; values entered. The set of Mx
values muct represent in succession the standard 5-year life table age
froups; i.e., 01, 1-4, 5.9, 10-14, etc. The heed-Merrell method is
riot used for the first two Qx estimates. The value entered in the
first position of array EMX is assumed to represent total deaths
below age one (male or female) divided by total births for the same
12-month period as the Mx values. This value is directly accepted as
the Q0 estimate without change. The estimate for 401 is obtained
by resolving the formula:

44M 1/( 1+(4-k1)4M1)

where k1 is the same as West region k 1 as presented in the descrip-
tion of subroetine MLTX. The Qx value for the position following
the final Mx input is set to 1.0. For the remaining 5-year age
groups, Qx values are computed from the given Mx values by means
of the following Reed-Merrell formula:

50x = 1 - e55M)1

where e is the base of the natural logarithms.4 The Qx estimates
(unit basis) are placed in column"' of the standard life table array in
order that a call to ELT can follow immediately if desired. See part
IV, case 3.

4J. L Reed and M. Merrell, "A Short Method for Constructing en Abridged Life
Table," rz. Amerken Jownel of Hygiene Vol. 30, No. 2. pp. 33412. September. 1939.
For en introductory presentetion see George Rarcley. Technause of Populetion Analysis
(Wiley. New York. 19581 appendix to chew& 4 paragraph 4:18.

1 Subroutine PLT. PLT is a subroutine which prints the contents
of the standard life table array. The output is labeled as in table 1
below. The required form of the CALL statement is:

CALL PLT (N ROW)

where NROW specifies the number of rows to be printed (a positive
integer number not greater than 21).

B. Stable Population Related Subroutines

Once a life table (m3del or empirical) is present in the standard
life table array, an age structure and many other pare met; of a stable
population can be easily generateii simply by specifying a rate of
natural increase. A call to the DCL stable population generating
subroutine (SPP) results in a large selection of stable population
parameters being placed in the standard stable population array.
For a detailed list of the contents of the 51 positions of this array,
see part III, B 2. The proportions in various age groups of a stable
population are computed by means of the formula:

C(x) = en( Lx/ Lela La

where C(x) is the proporti n of total population in the age group
whose midpoint is x; e is the base of the natural logarithms; r is the
fate of natural increase; L is the life years column of a life table for
that age group whose midpoint is x; and a is simply a variable
expreuion for x.

This formula and the formulas for the computation of other
stable population parameters found in the standard stable popula-
tion array are adequately explained in the demographic literature.s
A painstaking presentation is not attempted here.

sSee The Concept of Stable Population, U.N., STISOAIER.A139 Sales No.: 5.135,
.XIII.3.

Table 1. Sample Output for Subroutine PLT

AGE' 0( X) D(X) M(X) I(X) L(X) P(X) T(X) E00

0 0. 11831 11831. .12816 100000. 92310. .85661 4999978. 50.00
1 0.07170 6321. .01881 88169. 335995. .94523 4907668. 56.36

5 0.02136 1748. .00432 81848. 404870. .98100 4571672. 55.86
10 0.01659 1329. .00335 80100. 397177. .98042 4166803. 52.02
15 0.02261 1781. .00457 78771. 389402 .97430 3769626. 47.86
20 0.02886 2222. .00586 76990. 379396. .96927 3380224. 43.90

25 0.03266 2442. .00664 74768. 367736. .96518 3000828. 40.13

30 0.03704 2679. .00755 72326. 354933. .96077 2633092. 36.41

35 0.04151 2891. .00848 69647. 341007. .95608 2278159. 32.71

40 0.04644 3100. .00951 66756. 326029. .94998 1937152. 29.02
45 0.05376 3422. .01105 63656. 309722. .93753 1611123. 25.31

50 0.07188 4317. .01487 60233. 290373. .91695 1301401. 21.61

55 0.09530 5329. .02001 55916. 266257. .88344 1011029. 18.00

60 0.14005 7085. .03012 50587. 235223. .83317 744771. 14.72

65 0.19797 8612. .04394 43502. 195981. .76028 509548. 11.71

70 0.29177 10' ZO. .06832 34890. 149001. .65661 313667. 8.99
75 0.41629 10287. .10514 24710. 97835. .40550 164566. 6.66
80 1.00000 14424. .21815 14424. 66731. 66731. 4.63

'This ample is the result of a CALI. PLTI181 instruction following e CALL PrILTI50.,1,11 instruction.



1. Subroutine SPP. Using the Lx column of the life table present
(by means of a previous call to MLTX, MLT, or ELT) in the
standard life table array, SPP generates the selected list of stable
population parameters (see part Ill, 82). The results are placed in
the standard stabla population array. The CALL statement must be
of the foim:

CALL SPP (R)

where R represents the rate of natural increase (unit basis).

2. Subroutine PSPP. PSPP prints the selected stable population
parameters together with labels. The CALL statement must be of
the form:

CAL L PSPP

A sample of PSPP output is shown in table 2. The numbers to the
left of the line indicate the address of the standard stable
population array position containing the parameter. These numbers
are not part of PSPP output but will be necessary if the programer
wishes to manipulate the contents of the array directly (that is,
without using the DCL subroutines). See pat IV, case 4..

C. Projection Related Subrcutines

Projection, the third principal operation of tho DCL, is more
complex, has more related subroutines, and demands closer
attention than the first two principal operations. The albroutines
connected with the projection operation can most easily be
described in relation to the standare projection table. Each ot these
subroutines either loads data into the projection table prior to
projection or carries out the computations of the projection
process (that it, manipulates the data within the projection table) or
prints the contents of the projection table. Before describing the
individual projection related subroutinek therefore, attention must
be directed to the standard projection table and its pcsition
definitions which are presented in diagram 2.

Note that the formal inputs required for a projection are found
in the first five columns of the projection table. These formal inputs
are: population distributions (male and female), survival ratios
(male and female), fertility rates, and the sex ratio at birth. There
can be no guarantee that the data selected to utisfy the formal
input requirerril ms for projection will constitute a set of reconciled
parameters. The selection of the proper data to satisfy these formal
input requirements requires a great deal of demographic under-
standing, which this paper does not attempt to provide.

As a general rule each row of the projection table represents
information for a 5-yeer age group except the last which represents
an open ended interval. TI13 :swivel ratios (columns 3 and 4) have
the same row positions as they had in the life table (see part III, A).
That is, they occupy the row corresponding to the age group of the
survival ratio numerator. Thus, the suivival ratios of the incoming
birth cohort occupy the first row position. The sex ratio at birth
(unit basis, males/females) is found in row 1, column 5. Fertility
rates (unit basis) are found in rows 4 to 16, column 5.

Columns 6 and 7 contain the projected age distributions. Column
8 contains a selection of statistics summarizing the contents of the
projecting table. These statistics as well as the projected age
distributions are computed in connection with the projaction
process.

Before projection can take place, the reguircd inputs listed above
must be loaded into the first fwe columns of the rtandard
population table Six simple subroutines are available to assist the
user in this loading operation. (All of these subroutines begin with
the letter "L".)

5

Table 2. Sample Output for Subroutine PSPP

The address of the stable
population array position
containing the parameter'

PSPP Output'

label' parameter

5
6
7

a

10

11

12

13

14

15

16

17

18

19

20
21

22
23

24
25
26
27

28
29
30
31

32
33
34
35
36
37

39
ao
41

42
43
44
45
48
47

49
so
51

0.1 2.52
1-4 8.95
5.9 10.31

10-14 9.62
15-19 8.97
20-24 8.32
25-29 7.67
30-34 7.04
35-39 6.43
40-44 5.85
45-49 5.29
50-54 4.71
55-59 4.1 1
60-64 3.46
65-69 2.74
70-74 1.98
75-79 1.24
00 + 0.79

TOTAL 100.00

1 2.52
5 1 1.47

10 21.78
15 31.40
20 40.37
25 48.69
30 56.36
35 63.40
ao 69.83
45 75.68
50 80.97
55 85.68
60 89.79
65 93.25

TOTAL 10000

BIRTH RATE
DEATH RATE

GRRI27)
GRI3(29)
GRI3(31)
GRR(33)

AVERAGE AGE
PROP. 1544
BR./P.15-44
POP-4/15-44
POP.5-14/54-
DEP RATIO
P. SZ.B(0)=1

.02745

.01 745
1.772
1.831
1.894
1.962
29.41
44.28
0.062
0.259
0.225
0.713

36.432
'This ample is the remit of a CALL PSPP Instruction foIIomIns CALL 5PPI.010)

instruction following o CALL MLT(50..1.1).
2 The f Int four positions of the way are not detimd,
3The selection of stable population parameters so wed as the Wes are the semi at

those in do Coale.Dameny yolunw, (chapter 21). The labels corresponding to addresses 5
to 22 refer to the percent of total owl/onion In mutually widusivesp Groups. The labels
oonsoponJing to address 24 to 37 refer lo the cumulative percent of totsi populdion
from ap taro up to but not including the age indicated !n the MN. Other labels Olich
rebuke some a:planet:on are defined below.

Gross repmduction rate ohm the mean ap of Me fertility schedule b
X yew.

PROP. 15.44: ProtortIon of the population 15 to 44 vain of sp
SR./P.15-44: Births me pawn 15 to 44 vow 0$ sale.
POP-4/1614: r7mons Ism than S'per prep 15 to 44.
DEP RATIO: De:Jandency ratio; tne sum of persons les than 15 years and portant

r.ore than 50 yams dbided by prone 15 to 50.
P.SZBI011: The reciprocal of the birth mu

9
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Row
1

2
3
4
5

6
7

8
9

10
11

12
13
14
15
16
17
18
19
20
21

Diagram 2. Formal Content Definition for the DCL
Projection Array

1.

Column

5. 6. 7. 8.

1
0

ct.

3

0
co

a
ci.
Q.,

u .

'4%

CC

,z
an
ca

i

CC

TO
.z
a
a

12

SRB
------

CO

k
0
U.

---
---
---
---------

c

a
0

1.-
co2

'E

.
v

c

S
cio

ty

0
E
0,

u.

T

.

t

---
Total Births
Total Deaths
Total Col. 1
Total Col. 2
Total Col. 6
Total Col. 7
Midyear Total

CB R
CDR
RNI------------------------------

Definition of Symbols:

SRB: sex ratio at birth, unit Wis.
Total Birthc (Deaths): 5-year period.
Midyear Total: that is, middle of 5-year period. (one-half of the

sum of columns 1,2,6,7)
C6R: crude birth rate, midyear, unit basis. One-fifth of total

births divided by total midyear population.
CDR: crude death rate, midyear, unit basis. One-fifth of total

deaths divided by total midyear population.
R NI: rate of natural increase. (CBR - CDR)
---: blank

1. Subroutine LSP. LSP loads a Stable population percent age
distribution 15-year groups to 800 into the first or second column
of the projection table depending on the definition of the sex code.
The stable population must be available in the standard stable
population array (through a previous call to SPP). The CALL
statement must be of the form:

CALL LSP(NSEX)

where NSEX represents the sex code (1 = female, 2 = male).

Before returning to the calling program, LSP places the birth
rates into column 9 of the standard life table array. The birth rate is
pieced in row 4 if the sex is male; in row 5 if the sex is female. This
feature makes possible the calculation of a weighted birth rate (see
subroutine LMFPX) once the male and female population totals
have been assigned (see subroutine PART). Case study number 6
(part IV) illustrates how this feature can be exploited.

2. Subroutine LSR. LSR loads the sirvivai ratios present in the
standard life table array into the third or fourth column of the
projection table depmding on the definition of the sex cods The
CALL statement must be of the form:

CALL LSR (NSEX)

where NSEX is the sex code ( 1 = female, 2 = male).

3. Subroutine LPOP. LPOP loads a population distribution (5-year
groups) present in a 21-word array (floating point) into column 1 or
2 depending on the definition of the sex code. The CALL statement
must be of the form:

CALL LPOP (ARRAY, NSEX)

where AR RAY is the name of a previously dimensioned floating
point array containing a male or female population distribution and
NSEX is the sex code (1 = female, 2 = male).

4. Subroutine LPT. LPT is a meta-subroutine. It contributes
nothing but a higher level organization of other subroutines. LPT
obtains and loads not only male and female stable population
percent age distributions into the first two columns of the
projection table but also the sets of survival ratios (corresponding to
the average life expectancy of the 5-year projection interval) into
the third and fourth column& The CALL statement must be of the
form:

CALL LPT (EM, EF, R, NREGM, NREGF, STEP)

CALL statement arguments (all are inputs):

EM, E F. Life expectancies at birth at the starting point of the
projection for males and females, respectively. The values of
EM and EF are returned to the calling program with an
increment of STEP multiplied by 2.5.

R. Rate of natural increase for both sexes at the starting point
of the projection. R is expressed of unit basis ( 1% = .010).

NREGM, NREGF. Model life table regions for males and
females, respectively.

STEP. Average annual increment to life expectancy for the
5-year interval.

Note that the floating point variables EM, EF, R, and STEP when
entered as constants must havo a decimal point A glance at the
listing of LPT in part V should remove any confusion about what
LPT does and how. LPT will be useful in the preparation of
quasi-stable projections. To convert percent distributions in
columns 1 and 2 to absolute distributions, see part III, Cl. Note
that LPT calls LSP and, therefore, male and female birth rates are
placed in rows 4 and 5 of column 9 (life table array) respectively.

5. Subroutine LMFP. LMFP loads fertility whedules based on any
one of eight model fertility pattems into rows 4 to 10 of column 5
of the standard projection table. These fertility patterns are taken
from U.N. Population Bulletin No. 76 The reader is referred to this
source for a complete explanation of the model fertility paean.
The fertility patterns are expressed as percentages samming to 100
across the 5-year age groups between 15 and 49. By converting the
percentages to proportions and multiplying tech by s predeter-
mined total fertility rate (divided by five) a fertilitY schedule is
obtained. The CALL statement must be of the form:

CALL LMFP (N,TFR)

where TFR is the desired total fertility rate (TFR must have a
decimal point if entered as a constant) and N is a code (1 to 8)
indicating one of the eight model fertility patterns. The codes are as
follows:

Early peak 1

Low fertility patiems Broad peak 2
Late peek 3

4
Early peak { tyPe A

tYPe B 5
High fertility patterns Broad peak a

Late vat: {type A 7
type B

10
'Conditions and tronds.of.,!171II.ity In the world. 1983, chapter 7. Salm No.: 58.XIII.4.



6. Subroutine LMFPX. Subroutine LMFPX is similar to subroutine
LMPF. LMFPX uses LMFP to load a model fertility schedule into
rows 4 through 10 of column 5 of the projection table. The fertility
schedule loded will be reconciled with a specified crude birth rate
representing the midpoint of the 5-year projection cycle. All of the
other projection table inputs required for projection must be
present in the projection table before LMFPX is called. The
required form of the CALL statement is:

CALL LMFPX IN, CBRI

where N is a model fertility pattern code (see part I II, C5), and CB R
is a crude birth rate (unit basis). (CB R must have a decimal point if
entered as a constant) Note the utility of entering a weighted
average of male and female stable population birth rates as CB R in a
call to LMFPX. This will establish a fertility sc hedule reconciled
with these stable populations See part III, Cl and part IV, case 6,
line 12.

7. Subroutine CPT. When percent distributions are present in
columns one and two of the standard projection table, they can be
converted to numerical distributions with a call to CPT. The CALL
statement must be of the form:

CALL CPT (TM,TF)

where TM is the total population for males and TF is the total tor
females. If entered as constants, TM and TF must have decimal
points. An overall sex ratio of TIVItTF is, of course, implied. The
resulting age distributions in absolute form when associated with
sets of survival ratios in turn imply a sex ratio at birth which may
not be tenable if CPT is used carelessly. Subroutines PART and SR
have been designed to assist the user with these problems.

8. Subroutine PART. PART partitions a given population total into
a male and a female component in accord with a givon sex ratio.
The required form of the CALL statement is:

CA LL PART (OSR,T,TM,T F )

where the call statement arguments are as follows:

OSR: Overall sex ratio, unit basis (input)
T: Populat ion total (input)
TM: Total male population (output)
TF: Total female population (output)

9. Subroutine SR. SR can be used only if the projection table is
loaded as follows

Columns 1 and 2: Age distributions, percent form.

Columns3 and 4: Survival ratios corresponding to the same
point in time as the age distribution in columns 1 and 2.

If these conditions are met and the sex ratio at birth is known, 8R
will calculate the overall sex ratio (which can be used when calling
PART). The required form of the CALL statement is:

CALL SR (S RB, OSR)

where SRB is the sex ratio at birth, unit basis (input) and OSR is
the overall sex ratio, unit basis (output).

For stable populations subroutine LPT (with STEP set to zero !
can be used to load the first four columns of the projection table
prior to calling SR. For an example of the use of CPT, PART, and
SR, see part IV, case 6.

10. Subroutine PROJ. Once the required inputs have been loaded
into the standard projection table, a call to PROJ will project the
population distributions present in columns 1 and 2 for 5 years. The
results will be placed in the appropriate row positions of columns 6
and 7 respectively. PROJ then applias the annual fertility rates for
each 5-year age group between 15 and 49 (present in column 5 of
the projection table) to the average number of women in each age
group during the 5-year interval. The cumulated results (which
represent an average annual cohort of births for the 5-year period)
are multiplied by five, partitioned with the sex ratio at birth
(present in row 1, column 5), and survived. If no sex ratio 9t birth is
specified, a ratio of 1.05 will be used. The survivors of the 5-year
male and female birth cohort are placed in row 1 of columns Er and
7 respectively. PROJ also places a selection of summary statistics of
the 5-year projection interval in column 8. See diagram 2 for the
positions and descriptions of these statistics. The CALL statement
must be of the form:

CALL PROJ

In order to continue the projection, the contents of colsrmns 6
and 7 must first be transferred to columns 1 and 2. Subroutine T67
accomplishes this transfer (see part III, C11). If changes of fertility
or mortality are desired for the next 5-year projection cycle, these
also must be introduced prior to the next call to PROJ. Calls to the
output subrou tines described below related to PROJ should be
made prior to the call to T67. See part IV, case studies 5 and 6.

11. Subroutine T67. T67 simply transfers the contents of the sixth
and seventh projection table culurnos (the projected population
from the previous cycle) to columns land 2 in preparation for the
next projection cycle. The CALL statement must be of the form:

CA LL T67

12-15. Projection Output Subroutinu. A table of output sub-
routines related to projection is presented in place of a separate
description of each subroutine.

Subroutine Name

12. PTP

Function

Prints totals and
percents

Form of
CALL Statement

CALL PTP

13. PT Prints totals CALL PT

14. -- PP Prints percents CALL PP

15. PTAB Prints projection
table CALL PTAB IN ROW

All of these subroutines (except PTAB) deal with the population
at the beginning of the 5-year projection cycle. Calls to these
subroutines must preceed the call to T67. In the event of
malfunction, a call to PTAB will reveal the contents of the entire
projection table. Other output options can be developed by
selecting from the statistics in column 8 (see diagram 2) and using a
WR ITE statement Sample output of each of these subroutines is
shown in tables 3 through 6.

7 NROW opacities the number of rows to be printsd, positive number not greeter than
21.
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Table 3. Sample Output fur Subroutine PTP

Age' Both sexes Male Female
Percent

both sexes
Percent

mr,le
Percent
female

All ages 100000. 50472. 49528. 100.00 100.00 100.00

0-4 11108. 5665. 5443. 11.11 11.22 10.99
5-9 9930. 5069. 4861. 9.93 10.04 9.81

10.14 9303. 4751. 4552. 9.30 9.41 9.19
15-19 8727. 4459. 4269. 8.73 8.83 P.62

20-24 8139. 4156. 3983. 8.14 8.23 8.04

25-29 7560. 3857. 3703. 7.56 7.64 7.48

30-34 7011. 3575. 3436. 7.01 7.08 6.94
35-39 6484. 3302. 3182. 6.48 6.54 6.42
40-44 5969. 3032. 2937. 5.97 . 6.01 5,93

45-49 5456. 2756. 2700. 5.46 5.46 5.45

50-54 4926. 2468. 2458. 4.93 4.89 4.96

5559 4357. 2157. 2200. 4.36 4.27 4.44
60-64 3719. 1813. 1906. 3.72 3.59 3.85
65-69 2989. 1431. 1558. 2.99 2.84 3.15
70-74 2169. 1017. 1152. 2.17 2.02 2.33
75-79 1323. 605. 719. 1.32 1.20 1.45

80+ 830. 360. 470. 063 0.71 0.95

ITables 18 were generated with tlw following progrem:

COMMON A121,91,11(21.8).C(51)
CALL LPTI6O.,62.,.010,41,41.0.1
CBR 1A14,914M5,91112.
CALL LMFPX(BCBR)
T.100000.
SRB1.05
CALL SR(SRB.OSR)
CALL PARTIOSR,T,TM.TF I
CALL CPTITM,TF)
CALL PROJ
CALL PTP
CALL PT
CALL PP
CALL PTA8121)
STOP
END

Table 4. Sample Output for Subroutine PT

Age' Both sexes Male Female

All ages 100000. 50472. 49528.

0-4 11108. 5665. 5443.
5-9 9930. 5069. 4861.

10-14 9303. 4751. 4552.
15-19 8727. 4459. 4269.
20-24 8139. 4156. 3983.

25-29 7560. 3957. 3703.
30-34 7011. 3575. 3436.
35-39 6484. 3302. 3182.
40-44 5869. 3032. 2937.
45-49 5456. 2756. 2700.
50-54 4926. 2468. 2458.

55-59 4357. 2157. 2200.
60-64 3719. 1813. 1906.
65-69 2989. 1431. 1553.
70-74 2169. 1017. 1152.
75-79 1323. 605. 719.
80+ 830. 360. 470.

Table 5. Sample Output for Subroutine PP

A gel
Percent

both sexes
Percent

. mile

-
Percent
female

All ages 100.00 100.00 100.00

0-4 11.11 11.22 10.99
5.9 9.93 10.04 9.81

10-14 9.30 9.41 9.19
15.19 0.73 8.83 8.62
20-24 8.14 8.23 8.04

25-29 7.56 7.64 7.48
30-34 7.01 7.08 6.94
35-39 6.48 6.54 6.42
40-44 5.97 6.01 5.93
45-49 5.46 5.46 5.45
50.54 4.93 4.89 4.96

55-59 4.36 4.27 4.44
60-64 3.72 3.59 3.85
65-69 2.99 2.84 3.15
70-74 2.17 2.02 2.33
75-79 1.32 1.20 1.45
80 + 0.83 0.71 0.95

12
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Table 6. Sample Output for Subroutine PTAB

9

1 5665. 5443. .83511 .84258 1.0500 5891. 5601. 0.0
2 5059. 4861. .94115 .93927 0.0 5331. 5113. 13772.40
3 4751. 4552. .98531 .98441 0.0 4994. 4785. 9109.00
4 4459. 4269. .98664 .98587 0.0660 4687. 4437. 50472.00
5 4156. 3983. .97986 .98099 0.1758 4369. 4187. 49528.05
6 3857. 3703. .97568 .97742 0.1810 4055. 3893. 52853.89
7 3575. 3436. .97431 .97547 0.1476 3758. 3613. 51809.55
8 3302. 3182. .97117 .97344 0.1090 3472. 3345. 102331.69
9 3032. 2937. .96523 .97041 0.0482 3187. 3088. 0.02692

10 2756. 2700. .95574 .96622 0.0141 2898. 2838. 0.01780
11 2468. 2458. .94127 .95722 0.0 2595. 2584. 0.00911
12 2157. 2200. .91876 .34093 0.0 2268. 2313. 0.0
13 1813. 1906. .88348 .91074 0.0 1906. 2004. 0.0
14 1431. 1558. .82989 .85923 0.0 1504. 1638. 0.0
15 1017. 1152. .74717 .77712 0.0 1069. 1211. 0.0
16 605. 719. .62506 .65615 0.0 636. 756. 0.0
17 360. 470. .38795 .41032 0.0 235. 295. 0.0

Note: See diegrain 2 for location definitions. Also, see footnote to table 3.

IV. Case Studies

CASE 1. Construct and print a moJel, west, male life table with a
life expectancy at birth of 50.0 years.

Line Instruction
1 CALL MLT(50.0,2,1)
2 CALL PLT(18)
3 STOP
4 END

Line Comments
1 Places the specified life table in the standard life table array.

2 Prints 18 rows of the standard life table array. Column 9 is not
printed.

- The standard COMMON statement is not required in the main
program because no manipulations of the standard arrays are
carried out within tht: main program.

(XL subroutines which must by included: MLT, MLTX, PLT.
Output. one life table. see descdption of subroutine P LT for sample format.

CASE 2. Construct and print a model, south, male life table
corresponding to the female, model, south life table with life
egrztancy at birth of 50.0 years.

Line Instruction
1 COMMON D(21,9), TM:1(21,8), E(51)
2 CALL MLT150.0,1,41
3 CALL MLTX(D12,91,24)
4 CALL PLT(18)
5 STOP
6 END

Line Comments
1 Standard COMMON statement must be present whenever the

main proryam makes direct use of any of the standard arrays.
Note the call to MLTX, line 3.

2 Places female life table in the standard life table array. The
control variable for the opposite sex is computed and,placed in
D(2,9). See description of MLTX.

13

3 Places male life table in the standard life table array.

4 Eighteen rows (excluding column 9) of the current contents of
the standard life table array (in this case, the male life table)
are printed.

DCL subroutines which must be included: MLT, MLTX, PLT.
Output: one life tabIs.

CASE 3. Print a male life table constructed form a given set of Mx
values using the Reed-Merrell method for Mx-Clx conversion.

Line I nstruction
1 DIMENSION EMX(21)
2 DATA EMX/.18933,.02838,.00381,.00372,

.00693,.00903,.00928,.00964,.01037,.01154,
48( .01275,.01609,.02255,.02949,.04712,.06388,
5at 5*0.0/
6 CALL MXOX1EMX,
7 CALL ELT(2)
8 CALL PLT(17)
9 STOP

10 END

Line Comments
1 It is necessary that the array containing the Mx values be

dimensioned 21 regardless of the actual number of Mx values
in the set concerned.

2 A set of Mx values are entered into array EMX with this
DATA statement

6 This call converts the Mx values to Ox values. The Clx values
are placed in column 1 of the life table array.

7 With Qx values alreedy in place, this call to ELT will complete
the life table.

8 Sixteen Mx values were entered and subroutine MXOX adds
another Ox value (set to 1.0).

OCL subroutines whkh must be induded: MXI3X, ELT, PLT.
Output: one life tibia
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CASE 4. Generate a stable population with a model, east, male life
table with a life expectancy at birth of 37.2 years and a rate of
natural increase of .020. Print the stable population parameters
with labels.

Line Instruction
1 CALL MLT(37.2,2,3)
2 CALL SPP(.020)
3 CALL PSPP
4 STOP
5 END

Line Comments
1-3 See subroutine descriptions for details.

DCL subroutines which must be included: MLT, MLTX, SPP. PSPP.
Output: a selection of stable population parameters. See description of subroutine PSPP.
Output can be checked with Coale-Demeny volume oco. eiL p574.

CASE 5. Project male and female stable population structures (life
expectancies at birth: male = 50.0, female = 52.0; region is south
and rate of natural increase is .010 for both sexes) 25 years into the
future ming constant mortality and fertility (model fertility pattern
6, total fertility rate = 6.4). Sex ratio at birth is 1.05 and constant.
No migration. Print percent age distributions for the starting points
of each 5-year projection cycle.

Line Instruction
1 COMMON A(21,9), B(21,8), C(51)
2 CALL LPT(50.,52.,.010,4,4,0.)
3 CALL LMFP(6,6.4)
4 1311,51=1.05
5 DO 21=1,5
6 CALL PROJ
7 CALL PP
8 2 CALL T67
9 STOP

10 END

Line Comments
2 This CALL causes the first four columns of the standard

projection array (in this case, array 13) to be loaded.

3-4 These CALLs cause column 5 of the standard projection array
to be loaded. (Note that use of the total fertility rate does not
guarantee a birth rate reconciled with the birth rates of the
stable populations. See case 6.)

6 This CALL: (1) projects columns 1 and 2 for 5 years, (2)
computes, partitions, and survives a 5-yeer birth cohort, and
(3) calculates the selected statistics of column 8. The results
are placed in the positions of the standard projection array
indicated in diagram 2.

8 After each 5-year projection cycle, the new population
distributions (columns 6 and 7) are placed in the source
population columns (1 and 2) in preparation for the next
projection cycle.

DCL subroutines which must be included: LPT, PAL1', MLTX, sr*, s.sp, LSR, LMFP,
PROJ, T67.
Output: fee secs of percent rep distribution& See sample erten for lebroutine PP anon

CASE 6. Project male and female model gable populations (eon) =
50.0, eof = 52.0, South region for both sexes, rate of natural
increase = .010) 26 years into the future using constant fertility
(model fertility pattern 6). Reconcile birth rate with those of the
stable populations. Mortality is declining at the rate of .75 years
irowement to life expectancy per year. Initial total population is
15,000. Sex ratio at birth is 1.05 and constant No migration. Print
the age distributions (totals and percents) for the starting points of
each 5-year projection cycle.

Line Instruction
1 COMMON A(21,9),13(21,8),C(51)
2 T=15000
3 EM=50.0
4 EF=52.0
5 STEP= .75
6 9I1,51=1.05
7 CALL LPT(EM,EF010,4,4,0.)
8 CALL DOB( 1,5),OSR)
9 CALL PART(OSR,T,TM,TF)
10 CALL LPT (EM,EF,.010,4,4,STEP)
11 CALL CPT(TM,TF)
12 CE113.1A14,91TM+A(5,9)*TF)/T
13 CALL LMFPX(6,C811)
14 D021=1,5
15 CALL PROJ
16 CALL PTP
17 EM=EM+STEP*5,
18 E F=ENST EP*5.
19 CALL KT( EM,2,4)
20 CALL LSR(2)
21 CALL KT( E F,1,41
22 CALL LSR(1)
23 2 CALL T67
24 STOP
25 END

Line Comments
8 With the first four columns of the projection table loaded, SR

calculates the overall sex ratio implied by the sex ratio at
birth.

9 PA RT partitions the given population total by means cf the

10 LPT must be called again here to load the survival ratios

12 A weighted average of the stable population birth rates is
obtained here to be used as input to the following instruction.
(See part III Cl and C6.)

.

17-22Male and female life expectancies art birth are incremented,
new life tables generated, and the now euvival ratios loaded
into columns 3 and 4 of the standard projection array prior to
a call to 167 and the next call to PROJ.

aerial sex ratio obtained from SR.

appropriate tor projection.

DCL subroutines which must be included: (PT, PALT, MLTX, SPP, LSP, LSR, LMFP,
PROJ, 167. LMFPX, PTP, SR. PART.
Output: five abbe Se serge output of PTP for forma



V. Program Listings

(alphabetical order, IBM 360)

SLBRUUTINE CPT( TM, TF )
CLN.MUN D(21 .9), TAB( 21 O), E (51)
00 4 1=1,21
TAb(11)=TA13(1,1)*TM/100.

4 TA 611 t2)=TAI3 (112)*TF /00.
HE TURN
END

SUBROUTINE ELT UNISEX )
COMUN TAB( 2 10),TDUMII(21, 8)
LJLMENSION 6,2)
REAL KtatK1
DATA K/.35, .L531 . 361,1.524.1.625, .33,442 5, 2.87591. 35211.653

13.C13/
IF (TAM/ 1 ) .LT.0.1 ) GO TO 22
cl =KI IINSEX )
K1=K(4NSEX )
GO IL) 23

22 KZ=K(2NSEK )+K(3oNSEX)*1A(3( 1 11
=K(5NSEX)K(6NSE X)*TA811 .1)

23 CUINTINUE
IA6(1,4)=100000.
DO 30 1=1.21
TM:1(1,2)=1'A6(It4)*TAd( Irl)

3(. TAB( I+1,4)=TAB1I t4)-TA8( It 2 )
TAb( 1,5)=KL*TA8 (1, 4 )+(1.-KZ )*TAB(2,4 )
TAB( 2,5)=K1*TA8 (2.4)+(4e-K1 )*TA8(3,4)
00 14 1=4,21
IF (TAB(1,4) ) 4,4,14

14 TAB( I-1,5)= (TABII-1 4 1+TA8( I 4 ))/2.*5 .
N= I
GO TU 16

4 N= I-1
16 CONTINUE

TA61111,5)=TAI3 (Nt4)*ALO6 (TAB( Nt 4))/ALOG( 10))
TAI3041,71=TAti (NO)
N2=N-.1
CO 60 I=1 012

60 TAB( Jt7)=TAB(J+17)+TAB(4 5)
DO 66 I=1,N

66 TAB( 1,8)=TA:3 I 01/TAB(1141
DU 68 1=3012

68 TAB( 1,6)=TAB1I+1,51/ TA8(15)
TAb(1,6)=ITA811,5)+TAB(2,5))/(TAB(1,4).5.)
TAB( 2,6)=TAB 3,51/ITABIlt5)+TA1312,51)
DO 607 1=1,N

607 TAB( 1,3)=TAB (1,2)/TAB11,5)
RE TURN
ENC

i5

las- - _As

1.
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SUBROUTINE LNI-P(LtTF R)
CCMMUN O(21 ) JAM 2 1 f8),k( 51 )
U I MEN S ION F ( 7 03)
CATA El

1.0 59
1.034,
1.162g

361, a 70,4,148,
304, 307 .193

229t .3 19
.247t.21.9,174,

076 .02 6 f.0f)31
113fir ,03 4 .003,
.135,449 405,
.118145 tip 023,

1.125,285t. 251 ,.178, 11"21.040 p.009,
1.089,237t.244,.199, 147,.065 419,
1.051,229, 2 tidt.22b, 1450.1151, .0101
1.056,194,.246 .233 172,084 .114/
DO 6 1=107

o TAB( 1 +305)=F ( I tl)*TER/ 5.
RETURN
END

SUBRUUTINE LMFPKIN,C, BR
CLIMMUN A(21 9 ) 0121 8 ) tC/511
TERI= 2
TFR 2= 7
CALL LMFP(N, TERI)
CALL PROJ
CR81=B(9,8)
CALL LMEP(N TER2)
CALL PREL)
CBR2=13(9,8)
TFR=TER1+(C13R--C8R1)/ ( CBR2-4:10(1 ) *( TER2 -TFR1)
IX) 5 1=1,10
CALL LMFP(N, TER )
CALL PROJ
GAP=13(9,8)C BR
BAP=A8 S(GAM)
IF (GAP .LT. 4001 ) GO TO 8
TFR=TFR+IC8RB ( 9,8)) / ( Cf3R2B( 9 8 ))*( TFR2TFR )

5 CONT /NUE
8 RETURN

ENO

Sli8RUUT1NE LPOP( POP,NSEX)
CUMMON 1)(21, 9) 0148(21 8) tE(51 )
O/MENSION POP( 21)
N=2/NSEX
00 2 1=1,21

2 TAB( I ,N)=POP ( 1 )
RETURN
ENG
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SUBROUTINE LPT IEM,EF,R,NREGM,N(EGF,STEP)
LCRIWN D(21, 9 ) ITAB(21 8) ,E(51 )
CALL MLT(EF, 1 ,NREtiF)
CALL SPIRI
CALL LsPn)
EF=EF+STEP*2 5
CALL MLTIEF 91. ,NREGF)
CALL LSR (I)
CALL MLT(EM.29NREGM)
CALL SPP(R)
CALL LSP(2)
EM=EM+STEP*2
CALL MLTIEM, 2 ,NREGM)
CALL LSR(2)
RETURN
END

SUBROUTINE LSPOI
COMMON OI21 91 ,TAB(21981,E151 )
NSEX=N
NSEX=2/NSEX
DO 30 1=1,17

3C TAB( I ,NSEX)=E (1+5) .

TAB( 1 NSEXI=TAB11,NSEX )+E( 5)
IF (NSEX.E411) D14,91=E(39)
If (NSEX.EQ.2) 015,9 )=E(39)
RETURN
END

SUBROUTINE LSK(N)
COMMON L)121991,TAti(21981,E(51)
NSEX=N
NSEX=2/NSEX+2
DO 10 1=1,21

10 TAB( 1 oNSEX)=0 ( I 1,6)
RETURN
END
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SUbRUUTINe MLT EC) SEXIREt.i)
INTEUER SLXIIthG
CCMMUN 0(210),TM:3(21p LI) vE(51)
DIMENS ION 812.2. 4 )
CATA 6/3 .391.6709 7.60..d 34.5.84,

1 .642114 .26.096 15.41, .782/
K=SEX
L=REG
N=1
0=1()%7 0
V=100.0
in =G 0
I.)=C0
ET=13(1 ,K pl )+ki( 2, :f.gL)*Er)
CALL MLTMET,K.L)

1( A=ED-U1198)
Y=ABSI
IF (Y-.U01 / 13,13940

40 CUNT INUE
IF IX) 11945,45

45 CONTINUE
or-ET
Isi=Ol1g 8 /

12 ET=Ilfrfr.)*(E0-.6)/ / (V-4))+W
CALL MLTX(E1OC.L1
N=N+1
GU TU 10

11 0=LT
V=D(1, )
GO 11.1 12

13 0(3.9)=N
RETURN
END

.8180.791 799.16 .141.713 22.23,

is



nr,e,

SUBRUUTINE MLTX(ET,SEX,REG)
COMMON O( 7.1,9)1TAB( 210) T1DUM(51 )

C KIX GENERATES LIFE TABLE FROM DUMMY VARIABLE MD)
C THE METHODOLOGY IS SET FORTH I N COALE&DEMENY"REGIONAL MODEL L IFE TABLES

DIMENSION B(2,2,4, 2 ),A(4 a 7 ,214),C( 2 t2t4, 2 )9E(2,2,4)
DIMENSION A1.111(68) AIJ21 ( 68 ) ,AIJ12168hA IJ22(68 )
DIMENSION A1J13(68),A1J23( 6 8 ),AIJ14( 68),A IJ24(68 )
DIMENSION T( 4,4)
IN TEGEK SEXgREG
LATA 1/55 74908.540,4.604, 5.046,5 3 .922,56 .6 22,5. 9 1 1 t6.112

1 5 f'.064,56. 664,4.6820.883 53 .054,5 5 .590,4 .755,5.60 1 /
DATA B/0 3 54.00 3310.0 ,0 .35,0.09 0.330.0 90 .310.090.29,0.0 0.35,

104,0.33 90.04.05 3.00.0425,2.875 4.05,3 .0,0.0425 2.875,0.01 0.0.
2 .0025,2. 8754.0593.0,0.042 5 2.875/

OATA C/1 361,0.0. 1.352,0 .0,1 .57010 .0 g1.55 c .0,1. 324,0.0,1. 313 0).0
1 g 1 .239,0.0,1.240 ;0.0 1 524,1.62 5 ,1.653 3. 013,1.73 3,1.627 .1.859,
23.013,1.402,1.627 1.5410.013,1.48 7 ,1627 .1 614,3.013/

CA TA 1/1.0/
CATA AIJ1 1/

10.53774,0.080449 5 .89920.05406,
20 39368,0.0061629 '7.45760.08834g
30.10927,0001686.6.2018, .07410,
40.08548,0.001320 5 .962700 .0 7181,
5G 10979,0.001672, 5 93350.06812,
60.1358003.0020519 5 .9271,0 06577,
70.15134,0.002276, 5 .81450.06262,
B0.17032,0.00255695.6578, 0 .05875,
90 1846410.002745 5.36324.05232,
A0.19390,0.00282094.96000.04380,
BO 20138,0.00283194.5275,0.03436,
C0.25350,0. 003487,4.4244,0.03004,
DO 31002,0.004118, 4.3131, 0.02554,

.43445,0.005646. 4.3439, 0 .02295,
FO. 5348190.0064609 4.2229,0.01773,
GC. 69394.0.007713.4.1838,0.01376,

E4569,0.008239, 4.1294,0.00978/
DATA AIJ21/

10.63726,0.009958,5.8061,0 .05338,
20 40548,0.006653, 7 1062, 0 .08559,
30 10393,0.001662 I, 5.44720.06295,
40.07435,0.001183, 5 .0654,0 .05817,
50.09680 ,0.001539, 4 870000.05070,
60.14009,0. 002183, .0677,0.05156,
70.157850.002479,5.26600.05471,
8C. 1826090.0028759 5 .34380.05511,
90.21175,0.003312. 5.27920.05229,
A0 2504990.003864, 5.04150.04573,
80. 2789490.0041589 4.6666,0.03637g
CO. 33729,0.00485694.4506,0.02961,
DO 3842590.0051909 4.2202,0.02256,
EC 48968,0. 006300 94.1851,0.31891,
FO. 5956590.007101, 4.1249,0.01491
GO. 7308590.007911 4.1051,0.01161,
MO. 89676.0.008695.4.1133,0.00895/
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DATA AIJ 12/
10.4750400.0069239 5.7332,0.05133,
20.41502590.068C5, 7.629890.08909,
30.19376,0.002928 v 7.12710 p08647,
40. 10041,0 001497913.108990.07192,
50.1012690.0014809 5.49040.05955,
60. 11261,0.1,001618.5.264990 .05372,
70.13137,0.001893, 5 .2547,0.05236f
80.'1544890.002239, 5.3691,0.05339,
90 1769390.002566 5.3186,0.05136,
AC 18440,0.002612 4.9099,0.0420f
B1).1944090 e002712 4.6164,0.03627,
CO.2236490.003011 4.3673,0 .02961,
DC 3004390 .00405394.43630 .02858,
EC. 4103300 00539494.41630.02511,
FO, 5669190.00718704.403090.02152f
GO. 7720690.009334, 4.38260 .01784,
HD. 5617590.010681y 4.3108,0 .01355/

DATA AIJ22/
1054327ge .0082519 5.6151,0.05022,
20.46169,0.007290 ip 7.2025,0 .08475,
30.1898390.002974,6.1 947,0.07195f
40.055190.0014769 5.3488,0.06047,
50. 0966690.00142294.56620.04322,
60.1347290.00196894.69700.04277,
70 .1432590.002103, 4.7661,0 .04372,
80.1528090.002244, 4.72480 .04236,
9C .1753510.002589 94 75680.04197,
AG .2092490.003083, 4.7280,0.03986,
80.2467390.0036059*.60200.03578,
CO 2857890.00401694.34990.02 857,
DO.3617190.00503704.37180.026829
ED 4584990.006124v 4.2971, 0 .02244,
FO. 59986,0.007677,4.28580.01913f
GC. 82662,0.010241,4.3482f 0 *01710t
11.C36810G .011906 1,4e 3197,0.01357/
DATA AIJ 1 3/

10.1821990.011679 5.852990.05064f
20.46584,0.007284,7.226990.08351f
30.13739,0.002136 6.320490 .07590t
40.0760090.00116695.63324 .06684,
SC. 10067,0.0015299 5.5780,0.06295,
60.13039,0.0019739 5.587200.06081f
70. 1540190.002335, 5.61490.06004,
80. 16941,0.002559,5.4593,0.05616,
90. 1818490.0027189 5.1 8810.05000f
AD. 1855590.00271804. 81864.04209f
BO. 1940790.00274694.4509f 0 .03368,
CO. 24415,0.003376,4. 370290 .02 966,
00. 3449090.00472394.44800.02 8079
E0. 4958590.00665194.491190.02 544,
FO. 6886700.008874,4470290.02 152,
GO. 8845290.010551 4.37590.01640f
H1 .0772790.01151394.2 97290.01191/
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MIA A1J2 3/
11. G7554,L. 017228,6. 379610.0 b 124/

5517911). 009201, 7. 6944,0.09934/
30. 15292/0. 0)223,6.4371 0.08076,
40..L6o56,11.U0109b15. 1.1.990.r:5 978,

10060,0.0(11578,4.92290.05 182,
b(2.. 147"i5IC . 002312, 5 .1.11560).r. 5 225/
7C. 1512110.002381,5.1 (.1360) 05201/

1712291.0.01j2b86, 5. 1 6850.0 5 2441
90. a786/0.1$03271, 5.1 98610.0 5 1310
AO. 2487610.0f:1386d,5.:.;2210.1:4 577
60. 28685,0.0(14323,4.69150.03 6971
CC :;11623,E). ^.(146540i. 492/9.f.',2 717/
00. :1890E10,3005443r 4. 1 849,0.2 171
t3. 49331,G. O0o341, 4. 1 647,0.01 842/
FL; 66168,0.018182, 4.2175/0.01634/
C. egs1b13,C. 0Oct/44,4.21710.01324/

111.C3876,0. C 10781,4 .2 1550.01n35/
UAU AIJ14/

10. .520 69,4. 00705114. 5e9 T10.02 5661
20. 68268,0.010453,5 4815/0.(,5 5321
3C, 17066,0. 3026570. 6 479,0.0 6 136,
4 .(.910C10.0C136),5.1645/0.G5 537,
SC 12189,0.111851, 5. 2 384/0.C5494,
60. 151)83;0.002279, 5 1 7C8,0.0 5 1 71/
7%; . 16073,6 .002412,5. 949,0.04 945/
80. 1671S,G.OU2505.,4. 9291/0.04591/
90.17408,0. 002583,4. 434.13 5 /0 .014 2 80
AL 17278/0.0C2504,4.4917/C1 3 615,
80. 178(CW. 0 02513,4. 2 6930.f...3f:42r
CC. 22639/0.013140,4. 1 982,0.0 2 717t
J)C 30167,0. u04130,4. 2724,0.02 588,
E0. do7682,(. 006501,4.424210.0 2',91
F0 . 67414,0.04)8891,4 .4554/0.0 2 1 9^,
GC. 92943,0.011532,4.4348,0.C" 775/
HI. 16023,0.013;109,4. 3 5420.111 2 96/

A1J24/
10 61903,0.008974,4. 70960.02 98%
2. 70 613 /0 . 11375 I 6 32460.0f:3433f
30. 16455,0.0126741 5. 6401/0.06389,

.0 7634,0. Oq1207, 4, 66160/05 Z:08,
50 . 114494.0(11811,4. 9454/0.6 5 1 70,
be. 17104,0.0026930 2 7480.05458r
70. 171714.00271195. 11680.0 5 1 52
80. 16483,0 . GQ253594 645910.04547,
90. 17905,0.112734,4 7660,0.04292r
AC. 2C666,(f. 00308114.57960.V 3 738,
80.23208,0. 003370,43559,0.3116/
C0. 281C0/0.003917,4. 1 918/04.2 547/
00 35245/0. 004765,4. 1492/0.02 1931
EC 49465,0 006569,4. 2 479,0.02063,
FO tb941,C. 008608,4. 30690.01 863,
GO. E9759,C.O1C843,4 . 3 2510.0 1 552/
1-11. 101.11,C .411806,4. 2 684104,1 1231
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'01

i4SEXE.NE.1).AND.(SEX.NE.2)1 WRITE(3157 ) SEX
IF (ISE A.NE .1).AND.(SEX.NE.2) ) STOP

5 7 FORMAT ( 1Xt4HSE X= 012t1rH tiAD CODE
IF I (REG.LT.1).OR (REG.GT.41) GO TO 48
/HET) 48148145

4 9 1F (ET-10))45148v 48
448 NR1TE( 3.47) REG 9ET
4 7 I-UkMAT I 1Xt3DH REG OR ET HAS BAD CODE REG =

RETURN
4 5 CCNTINUE

DU 6f) J =1. t17
DO 60 1=1,4
MS=(J- 1 )4(4+1
A(10.), 201)=AIJ2 1 (MS)
Atl r.), 1 st2)=AIJ12 (MS)
A( 1 tJt 2 g2)=A1J2 2 (MS)
4(11.11 1 3)=A1J1 3IMS)
A( 1..), 2 3)=AIJ2 3 (MS)
A( ItJt 1 g4)=41J1 4 (MS)
A( ItJg 2 4)=A1J2 41MS)

6(! A( It.), 1 1)=AIJ1 1IMS)
K=SEX
L=KEG
011891 )=1.0
U1119)=ET
DU 10 .1=1,17
Y=Al1g.itK,L).-A( 2 .J,K,L)*ET
X=A(3,J.Kg1.)-A( 4 irJ,Ktl..)*ET
11(( .6T 170.0 ) GO TO 1 00
GU TO 1 3

100 VoR1TEl 3 g101) ET, X, J
10 1 FORMAT ( 5)(g7HEVE EXP F12 6,5X1F1 2.615X113 )

RETURN
1 3 h=(10**X)/10000

1F (14.-Y ) 11095095
9 5 IF (EF-54 .0) 9(,g 9 6,12
9b D(J01)=Y

UU TO 10
1 2 DIJ01)=W

GU TO 10
1 1 C(J01)=4'1+10/2.3
10 CUNT1NUE
20 U1104)=100000.0

DC) 21 J=2,18
D(J.1, 2 )=1)(J-1, 4 )*D(J-11 1)

2 1 C(.114)=1)(J.104)--D(J.1,2)
D(1802)=0(1804)
IFIDI1 1 ).=0.1)2 3.52052

5 2 M=1
24 131(=k3(1 giCt1.9M)+13( 201(t1.01)4q)(1,1)

LIK=C(1 giCtl.4)-C( 2 tiktlg M) *0(101)
C;(205)=BK*()(2,4)4(4.0.-13K)*()(314)
GU TU 30

1 2 3HET= 1F11.5)
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23 M=2
GO TO 24

311 UO 31 J=3,17
31. U(.1,5 )=2.5 *(O(.1,4)+D( J+1,4))

0(18,8 )=3.725+0.0000b2 5*D(18,4 )
U118,71=0(18,8 )*D(18,4)
U(18,5 )=D1113,7 )
CU 32 I-=1,11
J=18 I

32 D(U, 7 )=UIJ+1, 71+0(J, 5 )
UO 33 J=1,18
1.71,1181=0 (JO)/ O(J, 4)

3 3 0(.1,3 .!=0(,1,2)/1)(Jg 5)
CU 34 J=3,16

34 Gil Jtb )=UIJ+1, 5 //0(J,5)
C11,61=10110 /*DUO/ / /( * 13(1,4 ))
1(2,6 )=U(3,5)/(U(1,5)+0(2,5))
0I17, 61=0(18,7) 10111,7 /
0118,6 )41.0
IF (SEX-1) 73, 75,73

75 0(20 )=T(1,REG)+I TT 3,REGI/T(4,REG) )*(ET.-T(2tREG.) )
GU TU 77

73 0(20 )=IET-411 tREG) l*T ( 4 gRE()/TI 3tRE(i)+T( 2,REG)
77 RETURN

ENC
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SObRUUT INE ilXJK(EMX,NSEX)
CUMMUN TAB(21, 9 ) tTUUMYI 21181. E( 5 1 )
1. [MEN! ION bMX( 2 1 )
C1MENS ION K16. 2 )
REAL K ,K1
CATA KI351.05, 3.11.361 1.524,1 .6259.33, .C42502.875,1.352,1.653,

13.013/
IF ( TAti( 111) .L T .0.1) GU TO 22
Kl::K( 4 .NSEX)
GU TIJ 2 3

2 LUNT INUE
K1=KI 5 OSLO -ic( 6 INSEK)*TABIlt 1

1 3 CONTINUE
TABI 1 1 )=EMX(1
TAti(2 1 )=4*EMXI 2 )/11.+14....K1)*EMX(2) )
CUN=.Cd*5.**3
LII) 3 1=3,21
IF (EMX(1)./T..00101) GU TO 4

3 TAP( 1 1 )=1.-EXP EMX( 1 )*( -5)CON*EMX( 1 )**2
4 TAI3( 1 1 )=1.0

RETURN
ENC

SIAROUTINE PART (USR,T.TM, TF )
TM=T*USF4/ IUSR+1

RETURN
END

SUBROUT I NE PLT (NROW )
CCMML)N I)(21,9),TAii(21, 8) E(51)

ITE ( 3.131)
131 FORMAT(///4X0AGE 611X) D(X) N(X) 1(X) L(X)

T(X) E(X)'//)
()U 30 I=1,N(OW
IF Ei 1) KT 5=q)
IF (I EQ 2) KT 5=1
IF II .GE . 3) KT 5=(1-2) * 5

30 *RITE( 397) KT5t I,J) .J=10)
7 FORMAT (4X,1312A,F7.5,1X1F¢.0,1X.F6.5,1X9F7.1,1X9F7.0,

1X,F6. 91X,Fb..13, 1X,F 5.2)
RETURN
ENG

"4



SLBRUUT1NE PP
CLPMON (210) TA13121, 00E(51)
UIMENS ION KTAti( 21,2) ITTX1 21).

DATA MINUS/4(.-
DATA PLUS/4H+ +/

DU 71 K=1,21
KTABliCt 1. )=K*5.-5

71 KTAB(Kt2 )=K*5-I.
00 62 1=1,21

6 2 TOT( I )=TAB(1,1 ) +TAB( lt 2 )

TT=1.
TT=TAb(4 t8)+TAI3 518)
00 08 1=1, 21
TIM I 1=TOT(1)/TT*10).
TMX11 1=TAB(1,1 ) /TAB( 4, 8)41100

IS 8 TFM I )=TAEl( I a )/TAB( 50)41100.

TP,10.
TMP=0
TFP=C.
DU 27 I=1,21
TP=1P+TTX( I )
IMP=TMP+7MX(1)

2 7 TFP:sTFP+TFX(1)
wRITE4 3,6)

6 FOKMATI1H )
INK ITE 3,4)

4 FORMAT 2)(9 'A(E* 5X,' BUTH° 2X, MALE' a X,' FEMALE')

YALU( 3,101)
10 1 FOKMAT (10X, 'SEXES")

hR 1TE ( 3 got))

A1'1E(30117)
11 7 FORMAT! 2X, 'ALL )

WRITE(3,17) TP TMPt TFP
1 7 FORMATI2 WA(ES° .4)(tF6.2 2XtF6.2 r3X,F6.2 )

WiRITE( 3,6)

00 lb 11,2L
IFITTX(1+1)) 10111,7

1 Cr i+KITEI 3,99 ) KTAB( I 1) tPLUS,TTX( ), TMX(1 ) t,TFX( I )

WRITE( 306)
GU TO 5

9 9 FOkMAT ( 2X,13, 2XtA1t2X,F6 .2,2X,F6.2 t3A,F6 .2 )

7 CUNT I NUE

lb ORITE( 3.2) KTAbillt1),M1NUStKTAEll It2)iTTX(I) gTMX(I ),TFX( I)

2 FORMAT (2)(t13, Al t13,1X,F 6.2,2X,F6.2,3X,F6 .2)

5 RETURN
END

TMX( 21 ) tTFX(21),TOT (21 )
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SLdROUTINE PRUJ
CCMMON 0121,5),TA8(21,81,E1511
DO 8 1=2,21
TAB(1,6)=TA8(1..1,1)*141311,3)

b TAB(1,7)=TA8111,21*1413(1,41
T4d(2,8)=0.
DO 6 I=4,10

6 TAd(2,8)=TA8(2,8)+1TA13(1,2)+TAblIg711/2.*TAB(I,5)
TAb(2,8)=1A8(2,8)*5.
IF(TA1311,5).LT..01) 11%8(1,51=1.05 ,

TA6(1,6)=TA812,8)*14d(1,5)/(T4B(1,5)4.19)
T413(1,7)=TAd(2,8)TAB11,6T
7/18(1,6)=TA811,6)*TA811,3)
TAB(1,7)=TAB(1,7)*TA611,4T
T4d(3,8)=0e
DU 53 1=1,20

53 TAB(3,8)=TA8(3,61)+1TA8(1,1)TAB(14.1,6)MTAB(I,2)....TAB(14147)Y
748(3,8)=T4d(318)+TAB( 21,1)+148121,2)
TA13(3,8)=TA813,8)+T4d(2,8)(T48(1,6)+T4B(1,7)/
TM=0.
7F=0.
DO 73 1=1,21
IM=TM+7Ad(1,1)

73 TF=TF+TAI3(1,21
74B(4,8)=TM
TA6(5,8)=TF
148(6,8)=0.
T40(7,8)=13.
DO 87 1=6,7
DO 87 J=1,21

137 TA13(1,8)=TAB(1,8)+T4B(J,1)
T4bl$3,8T.=(TA8(40(3)+T4d(5,8)+T4B(6,8)+TA8(7,8)//2.
T46(9,8)=(TA8(2,13)/5.)/T413(8,8)
T48110,8T=IT4bl3,(3)/5.1/TAB(8,8)
T4b111,8)=T46(9,b)....TA6110,8)
kETURN
EAU;
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SCbRUUTINE PSPP
COMMON 0121,9/ITA13(21,8),E151/
UIMENS1ON N0I141)
UIMENS1ON N0XI153/
CATA NU/

1411 0411 g4H g4h 14g411 g411 g4H 5-9t4H
1411 1,4110..-14g4H g4H 1g4h5-19g4H 94H 20411024,411
1411 2,4115-29,411 g4H 3g4110-34,411 g4H 3,4115-..39g411
14H 4g4110-",4g4H g411 4g411549g411 g411 5,4110....54,411
1411 5,411559,411 g411 6g4110-64,411 g4H 6,411569g411
14H 7g4110-..74g411 g411 7g411579g411 0411 8,4110 titH

1411 Tg411OTALg411 g4H g411 1,411 g4H gitH 5,411
1411 g411 10,411 g411 g411 15g411 g411 g4H 20,411
1411 g4H 25t4i1 g411 1411 31g411 g411 t411 35,411
1411 g411 40,411 g411 g411 45,01 g411 g4H 50,411
1411 g411 55g411 g411 g411 60,411 g411 t411 65,411
1411 TUg411TAL g411
1411 BIRg4HTH Rg4HATE g411 UEAg4HTH Rg4HATE
1411 GRg4HRI27,4H1 g414 GRg411R12994111
1411 GRg411R131,4H/ g411 GRg411R1339411/ g411 AVEg
1411RAGE,411 AGEg41r1 PRUg411P915,41144
1411 6R.,411/Polg411544,4H POP,4114/194H5.44g4H POP,
1411951,4114/5+,4H UEPg4H RATg411I0 T411 PoS1411Z.8(,
14K)=1/
DO 12 1=19141

12 NOXII+121=NUI1/
UO 10 1=5051
J1211=.11*3.1.1
J2=I*3
IFII.EQ924.0R919E0.39/ WRITE13,6/

6 FORMAT(111
(I0E61.39.0R.I.-E4.40) CAI TO 13

1FI1.67.46) GO TU 9
IFII.GT.40.ANU.I.LT.45/ GO TO 9
KR1TE13,71 IN0X(JX),JX=J1,J2/0E(I)

7 FURMATI1X9344,1X,16.2)
6U TO 10

13 WRITE13,331 INOXIJX/gJX=J19J21, EII)
33 FOKMAT 11)(03A4,1X9Fb.5)

GU TO 10
9 WRITE(3,81 (NUA(JX),JX=J1,J2),E11/
8 FURMATI1X93A4,1X,F6.3/

10 CONTINUE
WRITEI3g6/
RETURN
ENC
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SUROUIINE PT
CCPMON D(21,9),FAB(21,8),E(51)
UIMENSION KTAB(21,2)
DIMEMSION TOT(2L)
LATA MINUS/4H
DATA PLUS/4H+ +/
UU 71 K=1,21
KTA8(1(11)=K*5-5

71 KTA8(K,2)=K*5-1
TT=0.
TT=TAbI4,8)+TAB(5,8)
CU 16 I=1,21

16 TO1(1).=TAB(I,1)+TA8( 1,2)
NRITE(3,50)

50 FURMATI1H )
MR1TE1318)

8 FUKMAT(2X0A6E°14XOUOTH SEAES',4X0MALE',5)0FEMALP)
NRITE(3,50)
WRITE(3161) TT,TA8(408),TA8(508)

61 FORMATI2X0ALL A(iES',1X,F8.0,2X,F80,1X,F8.0)
*RITE(3,50)
00 11 1=1,21
IF(TOT(1+1)) 16918,12

lb WRITEi3,66) KlA8(1,1),PLUSIT0T(I),TAB(Ig1),TAB(1,2)
NRITE13,50)
GO TO 3

66 FORMAT(2X,13,1A,A1,4X,F8.0,2X,F84,1X,F8.0)
12 ONTINUE
11 WRITE13,45) KTAB(101),MINUS,KTAB(Ig2),TOT(1),TAB4Ie3),TABII,2)
65 FORMAT(2X,13,A1,13,2X,F8.0,2X,F8.011X,F8A)
3 RETURN

NU

SUBROUTINE PTAI3(NROW)
COMMON 0(210)11Ab(21,8),E(51)
WRITE( 3,55)

55 FORMAT(1H )
DO 2 1z1,NROb
1F(TAb11,11) 23,2317

7 IF(I.GT.8.4ND.I.LT.12) WRITE(3,5)1,1TAB(19J11J=1,8)
1F(I.LT.9.UR .I.GT.11)WR1TE(3,3) Ig(TAB(I,J),J=1,8)

2 CUATINUE
3 FURMAT 21F8.0)11X,2(1X,F6.5)1,1X,F8.4,211X,F80n),
11X,F14:1.2)

5 FORMAT I1Ag12,2(F8.0)11X.2(1)(gF6.5),IX,F8.4,2(1X,F8.0/g1X,F10.5)
23 REIURN

END
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SUBROUTINE PTP
CLPMUN 0(21,9),TA5I21,81,E(51)
UIMENSIUN TTX(21), TMX(21),TFX(21),TOT(21),KTAB(21,2)
DATA MINUS/4H..
DATA PLLS/4H+ +/
DU 71 K=1,21
KTAd(K,1)=K*5..5

71 KTAB(K,2)=K*5-.1
TT=O.
DU 39 1=1,21

39 TOT11)=TA8( I,1)+TAB( 1,2)
TT=TAB(4,8)+TA8(5,8)

75 FORMATI2X0ALL AGtS',F8.0,1X,F8.0,F80,6X,F6.2,6X,F6.2,4X,F6.2)
hKITE( 3,49)
DU 89 1=1,21
TTX(I)=TOT( I)/TT*100.
TMXIII=TAU(I11)/TAII14,81*100.

89 TFX11)=TAB(1,2)/TAB(5,8)*1011.
TP=00
THP=0.
TFP2j.
DO 57 1=1,21
IP=TP+TTXII)
IMP=TMP+TMX( I)

57 TFP=TFP+TFX(I)
hRITE( 3,49)

49 FORMATI1H )

WRITE( 3,40)
40 FURMATI2X0AGE',3X08OTH SEXES',3X0MALE°,4X0FEMALE°,3X0* BOTH S

1EXES8,3X,IX MALE°,3X,e14 I-EMALE')
hRITE(3,49)
NRITE(3,75) TT,1AB14,8), TAB(5,8),TP,TMP,TFP
NRITE( 3,49)
UO 18 1=1,21
IFITOT(1+1), 24,24,31

24 WRITtI3,44) KTAB(1,1),PLUS,TOT11),TA8(1,1),TAB11,2),TTX(1),THXIII,
1TFX(1)
MRITE(3,49)
GU TU 2
CONT1NLE

18 flRITEI3,321 KTA8(1,1),MINUS,KT4BII,2),TOT(1),TAB(1,1),TAB(1,2),
1TTXII),TMX( 1),TFX( I)

32 FURMAT (2X,13,A1,13,1X,F8.0,1X,F8.01,F8.0,6X,F6.2,6X,F6.2,4X,F6.2)
44 FORMATI2X,I3,1X,A1,X,F8.0,1X,F8.0,F8.0,6X,F6.2,6X,F6.2,4X,F6.2)
2 RETURN

ENU

29
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Mftreen....mWRIPP*1.1.46071.t.

SLBROUTINE SPP(R)
t. SPP PRODUCES THE STABLE POPULATICN FROM RNI+LIFE TABLE

COMMON 0(21,9) ,TAB(2103),E(51)
DIMENSION C(18),V(18)0(704)
INTEGER SEX,REG
DATA C/.5,3.0,7.5,12.5,17.5,22.5,27.502.507.5,42.5,
147.502.507.502.5,67.5,72.5,77.5000/

C ARRAY C=INTERVAL MIDPOINTS
DATA P/.0299.1755,054,.037,020,404,001, .11810.042,0560.C144,.02
18,0109.002y .008,032,.0549.0509.034,018,004,.0t12, .019,047,0
256,446g.C250.()5/

CLEAR E
DO 10 1=1,51

10 E(I)=0.0
ESTIMATE AVERAGE AGE OF PERSONS IN THE OPEN INTERVAL

C(18)=180.0+.6*D(18,8)+.92)
COMPUTE ARGUMENT FUR EXP

DO 11 J=1,18
11 V(J)=--k*CIJ)

CHECK ARGUMENT FOR SILE (RETURN TU MAIN IF UNACCEPTABLE)
20 DO 21 J=1,18
21 E(39)=E(39)+D(3,51*EXP(VI.0)

C E439<=RECIPROCAL UF INTEGRAL S PIAI*EXP(--R*A)
E4391=1./E1391

COMPUTE PERCENT IN AGE GROUP VIA C(A)=P(A)*EXP(R*A)/S P(A)*EXPI-R*A1
DO 22 1=5,22
E(1)=EXPIVII-411*041-4,5)*E(391*100.

22 EI231=E(231+EII)
El241=E(5)
DO 23 1=25,37

23 El1)=E(1-1)+E(1-19)
El38)=E( 23)
E(391=EI39)*100000.
EIA0J=E4391R

3C DO 31 1=5,22
31 E(45)=E(45)+EI1)*C(I-4)

EI45)=E(451/100.
U0 32 1=9,14

32 E(461=E(46)+E(1)
EI47I=E.(39)/(E(461*10.)1*1000.
tI481=IE(5)+EI6WEI461
2(491=lEI7)+E(8))/IEI231-E(51--E16))
E150)=IE(27)+E130-E(36))/IE(361-E(27))
E(511=1./E(39)
DU 33 K=41,44
DO 34 J=5,11

34 EIK)=EIK)sEXP(V(J))*U(J,5)*P(.km.4,1(...40)
33 EIK)=100000.0/E(K)

RETURN
ENC
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SUbRUUT1NE Sk(SRagUSR)
LUMMUN A(21,9103(21,81,C(51),
OSR=ISR8/4(1111,1)/6(1,3)1/18(1,2)/b(1,4))1)
RETURN
ENC

SUbRUUT1NE 167
COMMON U(210),TAB(21,8),E451)
CU 35 1=1,21
1A8(1,1)=TA1311,6/

35 TAb(1,2)=TAd(1,7)
RETURN
ENC

31

27
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VI. Miscellaneous Information
A. Subroutine Name Mnemonics

CPT: convert percents to totals
ELT:
LPT:
LMFP:
LMFPX:
LPOP:
LSP:

LSR:

empirical life table
oad projection table
oad model fertility pattern
oad model fertility pattern
oad population
oad stable population

oad survival ratios
MLT: model life table
MLTX: model life table
MXQX: converts ; values to Clx values
PART: partition total population into male and female totals
PLT: print life table
PROJ: project

PP:
PSPP:
PT:
PTAB:
PTP:
SPP:
SR:
T67:

print percents
print stable population parameters
print totals
print (projection) table
print totals and percents
stable population parameters
sex ratio
transfer columns 6 and 7

B. Summary of the Required Form of DCL
CALL Statements

CALL CPT (TM,TF)
CALL ELT (NSEX)
CALL LPT (EM,EF,R,NREGM,NREGF,STEP)
CALL LMFP (N,TFR)
CALL LMFPX IN,CBRI
CALL LPOP (ARRAY,NSEX)
CALL LSP (NSEX)

CALL LSR (NSEX)
CALL MLT (EX,NSF.X,NREG)
CALL MLTX (ET,NSEX,NREG)
CALL MXQX (EMX,NSEX)
CALL PART (OSR,T,TM,TF)
CALL PLT (NROW)
CALL PP

CALL PROJ
CALL PSPP
CALL PT
CALL PTAB (NROW)
CALL PTP
CALL SPP (R)
CALL SR (SRB,OSR)
CALL 167

Definition of symbolic names used as arguments:

ARRAY: the name of the 21 word array containing the
population distribution of the sex indicated by NSEX

CBR: crude birth rate, unit basis
EF: female life expectancy at birth
EM: male life expectancy at birth
EMX: the name of the 21 word array containing the set of

; values
ET: control variable (see description of MLTX.)
EX: life expectancy at birth
N: model fertility pattern code (see description of sub-

routine LMFP)
NREG: model life table region code (1 = West, 2 = North, 3 =

East, 4 = South)
NREGF: NREG for females
NREGM: NREG for males
NROW: number of rows to be printed
NSEX: sec code (1 = females, 2 = males)
OSR: overall sex ratio, unit basis
R: rate of natural increase, unit basis
SRB: sec ratio at birth, unit basis
STEP: average annual increment to life expectancy at birth

for the 5-year projection interval
T: total population, both sexes
TF: total female population
TFR: total fertility rate
TM: total male population

C. Schema of DCL Relationships

Diagram 3 presents a schema that reveels at a glance the network
of DCL relationships. The symbols on tho margin of the diagram
represent data inputs, the boxes represent the three principal arrays,
and the circles represent DCL subroutines. Wherever it could be
done easily, the locations of subroutine inputs and outputs are
indicated by directed lines. Output external to the computer is
indicated by the three curved boxes.
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r-1PART 1 only of the 1970 Census
Users' Gu ide @ $1.25 per copy
C3.6/2:C33/4/970/PT.1
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1970 Census
Users' Guide

Part 1 and Part 2
The 1970 Census Users' Guide is a two-part publication
designed to furnish most of the information data users will
need for effective access and use of 1970 census data
products.

III Part 1 of the Guide (standard, paper-bound publication) includes the
text and three appendixes. The text covers such subjects as the
collection and processing of 1970 data, data delivery media (computer
tapes, microfilm, and printed materials), maps and information on how
to obtain census materials. The appendixes are:

1970 Census Users' Dictionary - defines concepts associated with
population and housing tabulations and geographic areas relevant to
the collection and publication of data.

Comparison of Printed Reports and Summary Tapes summarizes and
compares the contents of the reports and tapes

Glossary - defines many terms used in connection with collecting,
processing, and publishing census data, and lists many abbreviations
relevant to the census.

1111 Part 2 of the Guide (prepunched for 3-ring binder) contains appendixes
specifically related to the use of census summary tapes and the Address
Coding Guide.

Technical Conventions and Character Set present information on the
physical characteristics, format, and languages associated with tapes
released by the Bureau.

1524th Count Technical Documentation - describes the arrangement
of geographic codes and census data on the first four series of
summary tapes.

Address Coding Guide Technical Documentation - furnishes informa-
tion on the format and content of ACG's.

Many data users will find both Parts 1 and 2 of great value. Part 1,
with its comprehensive coverage of the decennial census program, data
products, and related services, is an important instructional and
reference tool. Part 2, concerned exclusively with computer tape
products, is designed particularly for those who plan to obtain tapes
or who want complete information on the data content of the
summary tapes.
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