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COMPUTER LIBRARY FOR AGRICULTURAL SYSTEMS SIMULATION
 

The Computer Library for Agricultural Systems Simulation (CLASS) is
 
one of the four major activities of the Agricultural Sector Analysis
 
and Simulation Projects at Michigan State Unviersity under U. S.
 
Agency for 'International Development Contract AID/csd-2975. The
 
other three major interrelated project activities include theoretical
 
and methodological research, the Development Analysis Study Program,
 
and field activities, primarily in the Republic of Korea.
 

The project objective is to develop an approach to institutionalizing
 
an analytical capacity for planning, policy formulation, program
 
development, and project implementation for agricultural sector
 
development within the public decision making structure of developing
 
countries. A major component of the analytical capacity is a series
 
of system simulation models tailored to the needs of the individual
 
country. Much of the experience gained from the field activity and
 
the knowledge gained from the theoretical and methodological research
 
added to the present stock of knowledge about building and maintaining
 
analytical capacities for agricultural sector development can be
 
preserved and extended in the training provided through the Develop­
ment Analysis Study Program and in the stock of model, component, and
 
utility routine computer software documented in the Computer Library
 
for Agricultural Systems Simulation.
 

In full operation, the Computer Library for Agricultural Systems
 
Simulation (CLASS) acquires, catalogs, maintains and distributes
 
computer programs and associated documentation. These computer
 
programs are of generalized simulation models, components, and
 
routines designed specifically for the analysis of agricultural
 
development problems and processes. In particular, the library sets
 
standards of admissibility for programs and documentation; catalogs
 
and indexes programs and documentation so as to facilitate their
 
retrieval by users seeking a set of programs to be used in a specific
 
problem analysis; and distributes programs and documentation ;o users.
 

To enhance the effectiveness of the library, its functions also
 
include identifying and soliciting needed models; actively bringing
 
programs and documentation up to the library's standards; and
 
providing limited consultation in identifying and implementing
 
appropriate library programs for a particular application. A subsidiary
 
function of the library in conjunction with the identification and
 

to survey and catalog ongoing research in
solicitation of models is 

agricultural systems modeling and simulation.
 

The CLASS document publication series is the main vehicle for informing 
potential users of the substance of CLASS holdings and activities. 

George E. Rossmiller
July, 1976 

Di rector 
Agricultural Sector Analysis and
 

Simulation Projects
 



INTRODUCTION
 

are for the Computer Library
The standards set out in tnis manual 


The library contains models
for Agricultural Systems Simnulation (CLASS). 


designed specifically to simui:>' processes and/or address problems related
 

functional processes
agriculture, components developed to simulate specific 


and which can be combined into models, and utility routines which perform
 

generally useful mathematical or logical operations. Each software item
 

is basically an abstract concept which is operationally realized in the
 

computer programs and written documentations.
library as 


For CLASS to operate effectively and efficiently in carrying out its
 

obligations of maintenance and distribution; and for the software to be
 

of a standard which will allow the successful building of models, it is
 

that a set of standards be defined and maintained. These
essential 


standards pertain to the admissibility and continued inclusion of models,
 

components, and routines.
 

to specify the standards to be followed
The purpose of this manual is 


for definition, computer programming and documentation of library software.
 

software selection standards,
The manual is divided into three parts: 


Broad standards are
documentation standards, and programming standards. 


given for the conceptual base of software items for selection, while
 

standards for documentations and computer programs are specified in greater
 

detail. These standards help to: (1)maintain a consistency of form, basic
 

technical style, and type of content in the various classes of documents, and
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(2)maintain a consistency of programming style and technical standards
 

among software computer programs.
 

It must be noted that the standards described here apply to library
 

software as individual system models, components, or utility routines. Not
 

covered here is the relationship between individual software items and a
 

simulation "language" system which is necessary for testing and executing
 

the software items singly or in combination.
 

SOFTWARE SELECTION STANDARDS
 

Software are evaluated for admission to, and continued inclusion
 

in, the library in five broad respects. These include general applicability,
 

theoretical and empirical validity, compatibility with other software in
 

the library, user orientation, and documentation. Since quantitative or
 

objective criteria cannot be set for many of these concepts, subjective
 

evaluations must be made. Inthe following two sections, however, more
 

precise criteria are, set for documentation and programming standards.
 

General Applicability
 

The quality of generality is actually an open-ended, one-dimensional
 

continuum wherein movement in one direction is towards the more specific
 

and in the other towards the more general. In this sense "complete"
 

generality is impossible. Indeed, extreme generality in a model
 

is as undesirable for the library as is extreme specificity. While
 

a model of the latter type may be so pragmatic as to have no
 

application but one, one of the former type may be so abstract and
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unrealistic as to have no application at all. As usual, an optimum
 

(qualitative if not quantitative) must be found somewhere in the middle range.
 

In this sense, library software is expected to be of general interest
 

and applicability in the library's areas of application, i.e., agricultural
 

development. That is, specialized models designed to simulate processes
 

and/or address problems unique to a particular country or region withi,
 

a country will not be included in the library. 
 Models built for specific
 

countries or regions will be eligible for admission to the library after
 

reworking to generalize their structure and programming and otherwise be
 

made to meet the library's standards and if the processes modeled or
 

problems addressed are judged to be of broader interest than that for which
 

the models were specifically written originally. Specific functional
 

process components must meet similar criteria.
 

Similarly, utility routines will be included if they are judged to
 

be of general usefulness. These may include matrix operations, simplex
 

algorithms, gradient search procedures, distributed an(! discreate delays,
 

table look-up functions, plot routines, etc.
 

Theoretical and Empirical Validity
 

Generalized models cannot be completely validated to the extent of
 

faithfully representing a particular real-world system, Such a validation
 

can only be made once the models have been adapted in a specific application.
 

Nevertheless, a model's validity can and will be evaluated with respect to
 

its own internal logical consistency and its conformity with empirical
 

observations and with accepted social and economic theory.
 



4
 

Compatibility
 

Since models,components, and routines will be combined in a variety
 

of configurations as required for specific applications, library software
 

items are expected to be compatible with one another. Compatibility is
 

insured and facilitated by the use of a common programming language, a
 

standard programming style, clearly specified anc compatible (as to definitions
 

and formats) inputs and outputs, and documentation illustrating how software
 

combinations may be made.
 

User Orientation
 

For CLASS to be used extensively and successfully, its software and
 

associated documentations must be user oriented; that is,they must be
 

both comprehensible and easy to use. The various forms of documentation
 

and the computer program coding (see the following sections) must be clear
 

and readable for their respective audiences. Necessary data--initial
 

conditions and system parameters--must be clearly specified and input means
 

and formats easy to use. Inparticular, the user's access to a model-­

including policy input and output formats--must be quick and uncomplicated
 

and must allow the option of man-machine interactions where results may
 

be evaluated and policies changed during the course of a simulation run.
 

Documentation
 

One of the most crucial elements of any library software item is its
 

documentation. It is primarily through the documentation that users
 

will be able to identify the software that best serve their purposes and
 

then to implement, modify, test and interpret that software. While the
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last section of this manual defines standards for another crucial software
 

element, the computer program, the next section outlines standards which
 

the 	software documentation must meet for inclusion in the library.
 

DOCUMENTATION STANDARDS
 

CLASS maintains three types of documents for each software item it
 

inventories: announcement, abstract and documentation. Format and content
 

standards for each of these is discussed separately following some general
 

considerations.
 

General
 

Standard identifying information appears on the first page of each
 

of the three document types for a software item. This information
 

includes:
 

1. 	the software item's symbolic name--up to six alphanumeric characters,
 

the first of which must be alphabetic, and preferably the same
 

name as the primary subroutine of the computer program;
 

2. 	the full name, for which the symbolic name is a mnemonic acronym;
 

3. 	the software type, i.e., model, component, or routine;
 

4. 	the version number--a number and a letter representing the
 

software item version and documentation release, respectively,
 

where the original release is numbered 1A.
 

The 	layout of the above information appears on the first page of each
 

The 	attached appendix shows a full sample documentation.
type of document. 


In addition, the first (and only) page of the announcement and of the
 

abstract contains the body of the announcement or abstract. The first page
 

of the documentation contains a table of contents following the identifying
 

information, with the body of the documentation beginning on the second
 

page.
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In addition, accuracy and, to a lesser degree, clarity and complete­

is checked by at least two reviewers for each software item's 
set of
 

ness 


documents. A ccmputer-oriented reviewer evaluates primarily the documentation
 

and the computer program itself in terms of:
 

(a) the accuracy and efficiency of the program as a 
computer model
 

of the mathematical model described in the documentation; and
 

(b) the sufficiency of the documentation for implementing the
 

computer program.
 

(disciplines)

The other reviewer must have expertise in the subject areas 


His evaluation
 
covering the problem or process addressed by the software. 


deals with:
 

(a) the theoretical and empirical validity of the mathematical model
 

described in the documentation, and the appropriateness 
of
 

the software item as a whole, in terms of its intended applica­

tions; and
 

(b) the sufficiency of the documentation for understanding 
the
 

software and its intended applications (e.g., the completeness
 

of the discussion of implicit and explicit assumptions of 
the
 

and as a basis for deciding the appropriateness of the
model) 

software for any particular application.
 

Announcement
 

Software item announcements will be published and distributed to actual
 

and potential library users as a means of publicizing what CLASS 
has to
 

it will be on the basis of announcements that

offer. Thus, in most cases 


a user will decide, at least initially, whether certain software may 
be
 

to him and, hence, whether to seek further information by requesting
useful 


the abstract, documentation and/or consultation with the library staff.
 

An ainouncement, therefore, while it must be brief (a short paragraph),
 

As a
 
must include enough information so the aoove decision may be made. 


minimum, an announcement must give a verbal, non-technical statement of
 

process simulated by the
what the software does, i.e., the problem or 
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model, component, or utility function or algorithm performed by the routine,
 

including any specific features of the software which may distinguish
 

it from other possible models of the same process or similar processes.
 

In addition, examples may be given of possible uses of the software item,
 

e.g., larger models into which it may be embedded.
 

Abstract
 

Abstracts are intended to provide technical experts, analysts and
 

advisors with brief (about half a page) technical descriptions of CLASS
 

software items for use in preliminary software evaluation and selection.
 

In addition to a more technical presentation, where appropriate, of the
 

information contained in the announcement (the announcement itself is
 

included in the abstract as the first paragraph), an abstract states the
 

inputs required by the software item, the outputs it supplies, and the core
 

storage and sample run execution time for the computer on which it was
 

tested.
 

Documentation
 

There are actually two audiences for which documentations are intended:
 

consultants and analysts, and programmers. One effective way of meeting
 

the needs of these distinct audiences is to compartmentalize the documentation,
 

either in three separate documents or in three clearly identifiable sections.
 

The first document or section should include much explanatory material which
 

would be require in order to understand what the software does and where
 

it may properly be used; the second should go deeper into the theoretical
 

and mathematical detail required by the protessional analyst; and the third
 

should provide the information a computer programmer would need in order to
 

successfully implement the software at the local computer-installation.
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The documentation is essential in: (1)selecting appropriate software
 

for a particular application, (2)validating models composed of a number of
 

software items, (3)analyzing the results of simulation experiments, (4)
 

operationalizing a software item on a local computer in the context of a
 

larger program comprising a model, and (5)making modifications to software
 

as necessary to suit a specific need.
 

Inorder to meet these objectives, each documentation adheres to the
 

following guidelines on contents and formats as outlined:
 

Abstract
 

I. Problem or process description
 

II. Technical description
 

A. Mathematical model
 

B. Sample computer run and, for models, sensitivity test results
 

III. Program information
 

A. Program description
 

B, Program implementation
 

C. Program lists
 

1. Of sample run executive
 

2. Of software item
 

Bibliographic references
 

(See the appendix for a complete example.)
 

The abstract described above should be included in the software
 

documentation as preliminary material.
 

I. This section presents a non-technical description of the problem
 

or process the software simulates and suggests possible applications of it.
 

In the case of a utility routine, the mathematical function or operation
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performed is discussed. In essence, the objective of the discussion is
 

to describe the need and rationale justifying the software item. The
 

use of tables and figures is encouraged where such use contributes to
 

the efficiency and clarity of the discussion. Inaddition, an example of
 

the software item's use is developed and carried through the rest of the
 

Any references cited are listed at the end of the documentation
documentation. 


rather than in footnotes.
 

IIA. The technical description of the mathematical model is presented
 

in the context of the £^ample developed in section I and includes (in
 

addition to equations) process flow diagrams, graphs, etc. as necessary to
 

enhance the efficiency and clarity of the discussion of the mocel equations.
 

The discussion itself states the assumptions embodied in the eq:lations,
 

identifies the input and output variables, and indicates limitations and
 

Again, any references cited appear in the bibliography
weaknesses of the model. 


at the end.
 

1iB. The sample run is based on the example developed in section I.
 

Included in the discussion are the data input used, the equations and
 

assumptions used to generate input variables exogenously and the output
 

produced. In addition, for models, results of sensitivity tests using the
 

sample run data as a base are reported so users will have information on
 

the relative sensitivity of data input requirements.
 

liA. The program description discusses the:
 

a) operauing environment
 

The machine, operating system, and compiler used for
 

test runs are specified, including the sample run central
 

processor compile and execution times and core storage
 

requirements. All necessary FORTRAN library functions are
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listed, and any tape and file requirements as well as special
 

hardware requirements are stated.
 

b) program structure
 

This discussion includes a list of all subprograms
 

supplied as part of the software item with a brief description
 

of the purpose of each. COMMON block structure and usage are
 

explained. Where necessary to meet the standards of clarity
 

and completeness, appropriate subprogram flow charts and calling
 

sequence diagrams are provided.
 

IIIB. 	 The program implementation information includes:
 

a) internal data requirements
 

A list of all variables whose initial values are set
 

within the program, either in DATA statements or assignment
 

statements, is provided.
 

b) 	input
 

An explanation of all exogenous data requirements of the
 

program--including the input units used, file descriptions
 

and formats--is included.
 

c) output
 

A description of all intermediate and final output formats
 

(i.e., WRITE statements), different types of output variable,
 

output units used and a rough guide to the number of records
 

of output produced are included.
 

d) error conditions and program restrictions
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All known conditions which will cause improper program
 

functioning are explained.
 

e) special instructions (ifany)
 

IIIC. Shorter listings of the computer program including the executive
 

routine producing the sample run are included in the documentation; longer
 

listings in a supplement.
 

Bibliographic references, if any, appear at the end.
 

PROGRAMMING STANDARDS
 

Objectives
 

The objectives of programming standards are to:
 

(1) maintain a consistent programming style
 

(2) maintain compatibility among computer programs
 

(3) ensure adequate error checking
 

(4) facilitate further developments
 

(5) enhance readability
 

(6) ensure compatibility as much as possible across computer
 
models and across compilers
 

These objectives have been set with the belief that their attainment will
 

resolve a large number of problems which might otherwise be encountered­

y users of CLASS software.
 

Language
 

The language to be used is FORTRAN. In general, the version of FORTRAN
 
which is used must be compatible with the compilers currently in use
 
at MSU and on the IBM 360/370 series computers. Effort should be made
 
to ensure that the FORTRAN standard used is compatible with as large

a number of additional compilers as possible. This can be done by

following ANSI FORTRAN standard, as closely as possible. Within this
 
general requirement, the specif'c points which follow are not at all
 
to be considered exhaustiv..
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Coding Format
 

As a minimum for readability and consistency:
 

a) 	Continuation cards should be indented to the column following
 
the end of the statement name (e.g., IF,CALL, FORMAT, etc.)
 
or following the equal sign in an assignment statement.
 

b) 	Nested DO loops should be indented as follows:
 

DO 30 I = 1,10
 
TOTAL(I) = 0.
 

DO 20 J = 1,20
 
DO 10 K = 5,25 TOTAL(I) = TOTAL(I) + X(I,J,K)
 

10 CONTINUE
 
20 CONTINUE
 
30 CONTINUE
 

c) 	When continuation carJs are required, the break in the statement
 
should not occur within a symbolic name.
 

d) 	Blanks should be used before and after equal signs and after
 
commas between symbolic entities in COMMON, DIMENSION, CALL,
 
SUBROUTINE, and DATA statements. In particular, arrays in
 
DATA statements may be arranged in tabular fashion for
 
readability. A blank should appear before and after each
 
relational or logical operator. Elsewhere, blanks are
 
optional witli due regard to readability.
 

Statement Labeling and Ordering
 

a) 	The order of statements in each subprogram should be:
 

(1) SUBROUTINE or FUNCTION statement
 
(2) 	COMMON
 
(3) type statements
 
(4) DIMENSION
 
(5) EQUIVALENCE
 
(6) DATA
 
(7) statement functions
 
(8) executable statements
 
(9) FORMAT statements
 

(10) END
 

b) 	Statement numbers should be in numerical order. Since FORMAT
 
statements appear last, they must have the highest statement
 
numbers in the routine.
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c) Assignment statements for data initialization should appear

at the beginning of the executable statements, They should
 
be separated into groups by their function. Each group

should be prefaced with a comment explaining what it is.
 
Initialization for local 
use 	should appear last.
 

Comments
 

a) 
It is helpful if comments are arranged in ;ome hierarchical
 
structure. 
This 	may be done through the appropriate use of
indentation, blank lines, and special characters (*,=, 
-, etc.

for leaders and underlining). In order to help differentiate
 
comments from regular FORTRAN statements, it is recommended
 
that comments not start in column 7.
 

b) Comment cards should be designated by a C in column 1
 
(not a $ or *).
 

c) Title heading comments may include a brief description of
 
what the routine does, all inputs to the routine, any formal
 
arguments, and any technical restrictions as to variable
 
type, array size, numeric or alphanumeric data.
 

d) 	Variable name definitions should appear in the primary sub­
routine of each component. These will contain information
 
about each non-trivial variable which is used. 
 The following

format is suggested for these definitions (capitalized words
 
will appear in the definition):
 

name (i,j,k). definition IN units. type.* (meaning of i,

meaning of j, meaning of k). /Common block name/. DEF:

subprogram where defined. USED: 
 subprograms where used.
 

*only if the variable appears in a type statement.
 

e) A comm'ient should be placed at the beginning of each logical

sectior c7 the routine, iefy describing its function.
 

f) Any call to an entry point of a subroutine other than by the

subroutine's rnae shou'd have a comment telling what subroutinecontains The 	 entrv pao-nt and on what line it can be found. 

g) 	 A comment should appear with each computed GO TO explaining
what the different choices represent, if it is not clear
 
from the context.
 

h) Any unusual circumstances or any information which would beof help to someone unfainliar with the routine should be
included in the comments. Also, any variations from these 
standards should be noted. 
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Variables
 

a) 	Symbolic Naming
 

(1) The names of variables, arrays, subroutines, functions
 
and common blocks shall be no more than six characters
 
long.
 

(2) Except for DO loop parameters, the choice of names
 
should be an acronym reflecting as closely as possible
 
the meaning of the variable.
 

(3) No symbolic name may be used inmore than one of the
 
following contexts: variable name, common block label,
 
subprogram name.
 

(4) A variable which is used 'inmore than one routine should,
 
if possible, have the same name in all routines. Variables
 
used in different routines, for different purposes, should
 
never have the same name.
 

b) 	No array should have more than three FORTRAN dimensions. For
 
a larger number of dimensions, an index-generating function
 
should be used.
 

Statement Forms
 

a) 	All common blocks should be labeled. Separate COMMON statements
 
should be used for each block. They should be ordered alpha­
betically.
 

b) 	All arrays in COMMON statements should be dimensioned there,
 
not in separate DIMENSION statements.
 

c) 	Implied DO loops should not be used in DATA statements.
 

d) 	If variables in labeled COMMON are to be initialized in DATA
 
statements, this must be done in a BLOCK DATA subroutine.
 

e) 	Data values should appear only in DATA statements, not in
 
specification statements (DIMENSION, etc.).
 

i) 	No mixed mode arithmetic is permitted--use IFiX and FLOAT
 
functions where necessary.
 

g) 	Parentheses should not be nested so deeply as to impair
 
readability of a statement.
 

h) 	No more than one statement should appear on each card.
 

i) 	Multiple replacement statements should not be used.
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j) 	if a statement is continued to following cards, no comments
 
should appear between the continuation cards comprising the
 
statement.
 

k) 	Hollerith constants should not appear in assignment statements.
 

1) 	Hollerith fields should be used in FORMAT statements rather
 
than enclosing literal fields with asterisks or apostrophes.
 

m) 	Avoid transferring control to an earlier statement in the
 
routine (except with a DO loop).
 

n) 	IMPLICIT statements should not be used.
 

o) 	NAMELIST statements should not be used.
 

p) 	Assigned GO TO statements should not be used.
 

q) 	PRINT statements should not be used. ALL READ and WRITE
 
statements should use a variable to specify the I/0 device
 
number. Unit 5 should be used for the standard input
 
device (card reader or terminal) and unit 6 should be used
 
for the standard output device (line printer or terminal).
 

r) IF statements.
 

(1) The logical expression should reflect as closely as
 
possible the "natural" way of looking at the question

(i.e., do not optimize at the expense of readability).
 

(2) 	Ifmore than a one-line IF is needed, the following
 
structure should be used:
 

IF 	(logical expression) GO TO zI
 

sI
 

CO TO
 

ti
 

t
 
2Um
 um
 

s) 	Loops
 

(1) Loops will be DO loops rather than programmed IF( ) GO TO. 
If the limit of the 0O is not known, 99999 should be used. 
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(2) Each DO loop should end on a 
unique CONTINUE statement.
 

(3) Each DO loop should contain no 
more than one statement
 

out of that loop.
transferring control 


Error Messaqe
 

be included in association with data
 a) Error messages will 

checking and any other checks made within 

the program.
 

include the following information:
 b) Error messages will 


(1) The subprogram generating the error 
message
 

(2) Where in the program and at what 
stage of execution
 

(usually represented by the current 
incremental value
 

of some DO loop) the eryor occurred
 

incipient

(3) What the error was (incorrect 

data values, an 


attempt to divide by zero, etc.)
 

(4) The actual value of the offending 
piece of data and if
 

possible, what it should be.
 

Overl as
 

common in the main
 
a) All variables to be saved will either be in 


overlay or be written out onto disk 
or tape and read back
 

core.
 
in after the subprogram has been replaced 

in 


variables initialized
 
b) Except for unchanging variables, all 


initialized in the main overlay.
in data statements must be so 


c) Variables in COMMON in the main overlay must not be 
in data
 

overlays.
statements in lower level 
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APPENDIX
 

SAMPLE DOCUMENTATION
 

This appendix includes the complete set of documents for one of
 

the software items of CLASS. These documents serve to iisr~te the
 

types of documents and the documentation and programming stanoards of
 

CLASS, as well as what is meant by a "generalized function-oriented
 

component."
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CLASS Document
 

3. lyre 4. Ves~on No.2. Name and PateSymboLo' Name • -­

1ADemography with Distributed c.n,-,DEMOGC 

5/1/74


Age Cohorts 


DE13GC Anncurc .m, ; 

DEMOGC models the demographic cohort-survival processes of birth,
 

death, migration and aging for a population diseggrogated by age ana
 

sex. The length of a cohort is an average of the1time individuals take 

to pass through the cohort; i.e., conort stc-,',in(z times vary among
 
DEMOGC may DO used, for example, for
individuals In the population. 


insects and humans
populations of trees, capital equipment, livesTock, 


where "age" cohorts may be definec by such age-relaTt~d characteristics
 
instar and use of social services,
as yield, reliability, fertility, 


respectively.
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CLASS Document 

1. Symbo.&c Name 2. Name. 7 3. E)__ f 4. VP 6no. 

Demography with Distributed ",,.: n t1A and Vate
DEMOGC 

Age Cohorts ___ 5//74
 

DEMORCC WiLrau
 

DEMOGC models t e demograpnic cohort-surviva, ,roces,s o,: irr-, 
death, migration and aging for a population disaggre.-tdY 1y, .lnd 
sex. The length of a cohort is an arvrage of the ie individuals take 
to pass through the cohort; i.e., ,-nort staying Tir-S vary among 
individuals in the population. DEMOG2 may he used, for example, for 
populations of trees, capital equioent, iiveslocv, irocts and hIumant, 
--where "age" cohorts may be define by such age-rola'. chuw rleristics 
as yield, reliability, fertility, instar anriuse of - c1.; services, 
respect ively. 

Age cohorts are modeled by dstribuied 6elays which assume individual 
staying times in a cohort are random variables fol lowing an Friang distri­
bution. The delays are non-conservative to handle storage loSses :ue to 
deaths and migrations, and the means of the distribtion, i.e., the 
average staying times, may be time varying. Finally, the user has the 
option of specifying whether births are to he ondogerous ( ie., by 
natural reproduction) or treated as an input (e.g., overt pin ,tinqs in
 
the case of tree populations).
 

Inputs to DEMOGC are age-sex specific proportional ferti 1 iy, death 
and net ouI--migratiur rates and mean delay times. DEMOGC compule:; 
population levels (total and by age and sex), births, deaths, grations, 
the sex ratio, crune birth and death rates and the popularlon ', natural 
and net growth rales. 

DEMOGC requires 429 decimal words of core storage and 6., ;-i I seconds 
to execute (with three cohorts for oach of two sexes) on a C(KC 6500 
computer.
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CLASS Document
 

1. Symbolic Name 2. Name 3. Type 4. Veion No. 
and VZTe 
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I. Process Description
 

One of the components most commonly found in large-scale socioeconomic
 

systems models Is a population dynamics model. Population models, at one
 

extreme, are often simple models In which a constant exponential growth rate
 

is applied to an Initial population level. At another extreme are found
 

complex demographic systems In which the population is disaggregated by
 

age, sex, income class, education level,-geographic area, employment,
 

etc.; fertility and death rates for each category are determined endogenously
 

by socioeconomic conditions In the larger model; and migrations among
 

categories are also linked to factors in the larger system.
 

DEMOGC takes a middle course in order to Increase its general useful­

ness. Aggregated exponential growth models, for anything but very macro
 

analyses, limit too greatly considerations of socioeconomic feedback
 

effects on population growth and of population distribution effects on
 

demographic outputs to the larger system. Demographic models which, on
 

the other hand, disaggregate the population along several dimensions and
 

compute fertility, death and migration rates endogenously have limited
 

applications--limited to situations where the designated dimensions 
are
 

applicable and where the chosen factors and functional forms determining
 

fertility death and migration rates are appropriate. In addition, where
 

the population model is but one component of a much larger model, the use
 

of computer resources (i.e., execution time and core requirements) becomes
 

a real constraint to the use of the more disaggregated models. DEMOGC
 

Is general enough, however, to be used, if desired In a particular
 

application, as a subcomponent of a larger population component which
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computes the feedback effects to and from a still larger socioeconomic
 

model and thus passes endogenous fertility, death and migration rates to
 

OEMOGC as inputs. In addition, such a larger population component can
 

use DEMOGC repetitively to treat a multidimensional disaggregation of a
 

single population as a collection of populations with possible migrations
 

among them.
 

DEMOGC itself disaggregates a population by age and sex, and cohort­

possibly
specific fertility, death and migration rates are treated as 


time-varying inputs. The user has the flexibility to collapse either
 

the sex dimension or the age dimension or both if greater aggregation is
 

desired. For example, for capital equipment populations, the sex dimension
 

may not be appropriate. Even for cases where disaggregation by sex is
 

inappropriate, the "sex" dimension may be redefined and used for another
 

classification, e.g., modern and traditional biological varieties of cocoa
 

Further, the user has the option of specifying that births are
trees. 


not to be generated within the population by natural reproduction but
 

rather by external factors or decisions. Again, capital equipment popula­

are investment decisions.
tions serve as an example, where "births" 


Finally, age cohorts in DEMOGC are modeled as distributed delays
 

(using CLASS component DELLVF) wherein the length of time spent in each
 

cohort varies from individual to individual in the population, e.g., due
 

to genetic or environmental differences. DELLVF also accounts for cohort
 

population losses and aJditions due to factors other than aging, e.g.,
 

deaths and migrations. The average staying time in each cohort is
 

input to DEMOGC and may change over time depending on
treated as an 


In this way, age cohorts may be defined
conditions in a larger model. 
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not by chrodological age but by some other age-varying characteristic.
 

Continuing the capital equipment example, If it can reasonably be assumed
 

that reliabiilty (or productivity) and maintenance requiremenis vary with
 

age in general but that individual pieces of equipment of the same age
 

may exhibit different degrees of reliability and maintenance requirements
 

(i.e., Individuals "mature" at different rates)--then ihe use of distributed
 

delays Is appropriate. If fixed age cohorts are desired, CLASS conmponent
 

DEMOGD may be used in place of DEMOGC.
 

The technical d3scription of DEMOGC, which follows, Is presented with
 

reference to the Illustrative use of DEMOGC as a simplified version of a
 

demographic cattle model developed for a region of Colombia [I]. Three
 

age cohorts are defined (Figure I). For females, the three cohorts
 

represent heifers, producing cows and old cows, respectlvely. For males,
 

the output of the second cohort Is considered finished males, all of which
 

are sold for slaughter, so the thirdcohort remains empty.
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DEMOGC Cattle Demography Illustration 
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II. Technical Description
 

A. Mathematical model
 

DEMOGC is modeled in two parts. The first part uses CLASS component
 

DELLVF to simulate the maturation process of individual animals aging
 

through the distributed delay cohorts, and it computes the population
 

for each age-sex cohort, for each sex, and the total. ihe delay for each
 

cohort, e.g., of age j and sex k, is of order KC. See the DELLVF
 

documentation for derivations of equations (I) and (2). (The simulation
 

model uses Euler integration to solve the differential equations.)
 

dRP,. (t) KC 	 dDEL (t)
 
jk - [RP Mt- RP (t)(+ 	 j(I) 

dt DELjk(t) (i+l)jk ijk KCjk dt
 

DEL kCt)
 
+ Djk -. PLR. (t))], ... , KC.(t) 	 =l, 


KCk jk 	 jk' 

RP(Kc+ )j k (t) = RINjk (t)
 

ROUTjk(t) = RP ljk(t)
 
KC.
 

DEL k(t) Jk~p t
 
(2) POPjk~tM KCk =I RPijk(
 

NC

(3) 	POPSk(t) I POP.k(t) 

kJ=l i 

NSEX
 
(4) 	TPOP(t) = POPSk(t)
 

k=l
 

where: 

RP -- intermediate rates of the delay 

RIN -- population entering the cohort (animals/year) 
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ROUT --	rate at which population matures out of the cohort (animals/
 
year)
 

POP --. population level In the cohort (animals)
 
iI
 

loss rate due to deaths and migration-
PLR -- proportional 
(proportion/year) (equation (6)) 

DEL -- the average time for an individual to mature through the 

cohort--input to DEMOGC (years) 

KC -- the order of the delay 

POPS -- population by sex (animals) 

TPOP -- total population (animals) 

j -- indexes cohorts, j=l, ..., NC 

k -- indexes sexes, k=l, ..., NSEX 

NC -- the number of cohorts 

NSEX -- the number of sexes (NSEX = I or 2). 

Population entering cohort j of sex k, RIN, is defined as: 

fBHk Mfor j=I
 

(5) RINk(t) TH (t)

ROUT (j-l)k(t) for j=2, ... , NC 

where:
 

BTH -- births by sex (animals/year) (equation (I)).
 

The DELLVF routlne (refer to its CLASS documentation) simulates a
 

distributed delay with time-varying mean delay time DEL (an input to
 

DEMOGC) and storage losses PLR (equation (6)). The order of the delay
 

KC is a measure of the variance a of the delay times of individual
 

I-/Migrations are interpreted as slaughter in this illustration.
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anima!s about the mean--the larger KC, the smaller the variance, where 

a DEL 2 KCand where Individual delay times follow an Erlang distribution. 

In certain cases, KC and DEL may be estimated from observed or experimental 

data [2]. 

The second part of DEMOGC computes births, deaths and migrations
 

from fertility, death and migration rates (inputs to DEMOGC). It also
 

computes growth rate statistics.
 

The total proportional rate at which animals leave cohort jk for
 

reasons other than aging, i.e., due to deaths and migrations, is PLR.
 

(6) PLRjk(t) = 	PMRjkt) + DRjkt)
 

where:
 

PMR migration rate--input to DEMOGC (proportion/year)
-proportional 


DR -- proportional death rate--input to DEMOGC (proportion/year). 

Deaths, then, are computed for each cohort and summed across cohorts, 

and total migration is calculated. 

(DR jk(tPOPjk(t)' j=l, ..., NC-I 

(7) 0TH Ct)M= 

DRNCk t).POPNk t) + ROUTNCk t) 

NSEX NC
 
(8) 	TDTH(t) = I DTHjk(t) 

k=l j=l 

NSEX NC
 
(9) 	 TMR(t) YI PMRjk(t)POP jkt) 

k=! j= j 

where:
 

DTH -- deaths from a cohort (animals/year)
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TDTH -- total deaths (animals/year) 

TMR -- total migration (animals/year). 

Notice that animals aging out of the last, oldest cohort of the population 

are accounted as deaths (equation (7)).
 

Equations (10) and (II) compute total births and births by sex.
 

NC
 
(10) 	 TBTH(t) = IFR (t).POP. (t) 

j=l J 

(II) BTH It) = 	PBF-TBTH(t)
 

BTH 2(t) = TBTH(t) - BTH It)
 

where: 

TBTH -- total births (animals/year) 

BTH -- births by sex (animals/year) 

FR -- fertility rate--input to DEMOGC (proportion/year) 

PBF -- proportion of births which are female. 

If DEMOGC is used to model a population which does not reproduce
 

Itself naturally (or for which It is not desired to model reproduction),
 

and births are determined exogenously to DEMOGC, e.g., the planting
 

of trees, then equation (10) is not executed and TBTH is considered an
 

input to DEMOGC. It is also possible to use DEMOGC for populations not
 

disaggregated by sex.
 

Finally, DEMOGC generates a number of population statistics.
 

(12) SR(t) = POPS2 (t)/POPSI t) 

(13) CBR(t) = TBTH(t)/TPOP(t) 
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(14) CDR(t) TDTH(t)/TPOP(t)
 

(15) PGRN(t) IO0(CBR(t) - CDR(t)) 

(16) PGRT(t) PGRN(t) - lO0.TMR(t)/TPOP(t)
 

where: 

SR -- sex ratio (not computed If the population Is not disaggregated 
by sex)
 

CBR -- crude birth rate (proportion/year) 

CDR -- crude death rate (proportion/year) 

PGRN -- natural growth rate (percent/year) 

PGRT -- net growth rate (percent/year). 

Initial conditions must be specified exogenously for the inputs
 

FR. DR and PMR and for the cohort populations POPjk Outputs and
j' k jk j upt n
 

internal variables (e.g., RP jk, RINjk) are initialized by DEMOGC.
 

Parameters which must be given values are PBF, KCjk, NC, NSEX, and the
 

simulation step size DT.
 

B. Sample Run
 

The sample computer run using the cattle demography Illustration
 

(Figure I) assumes constant proportional annual fertility, death and
 

migration rates, where "migration" Is Interpreted to be slaughter. The
 

fertility rate for the producing cows is .75. The death rates are, for
 

the three female cohorts, .03, .02 and .02; and, for the two male cohorts,
 

.03 and .02, respectively. Slaughter rates are .13, .02 and .5 for the
 

three female cohorts, and .11 and .1 for the male cohorts. The mean
 

lengths of the cohorts, also assumed constant for this Illustration, are
 

2.5, 10 and 5 years respectively for the female cohorts, and 2.5 and 3
 

years for the male cohorts. Initial population levels are (In thousands
 

of animals) 118, 242, and 43 for female cohorts, and 117 and 94 for male
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cohorts. The output of a ten-year simulation appears in Figure 2.
 

The results of sensitivity tests changing parameters by +10%
 

and DT by -50% (the latter to test Integration accuracy) a.'e tabulated
 

in Table I.
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Table 1 

DEMOGC Sensitivity Test Results at Year 10
 

Standard 
Value Test 

Female 
Population 

Male 
Population 

Sex 
Ratio 

Natural 
Growth Rates 

Sales--Culls 
and Slaughters 

Run 

un Definition 

1. Standard run 

Coh.
1 

Coh. 
2 

Coh. 
3 

Value 1000 animals 

974.8 

1000 animals 
1 

623.8 J 
---

.6399 

%/year 

23.54 

1000 animals/yr 

208.6 

% deviation from standard run 

2. Female initial cohort 
pcpulations 

3. Male initial cohort 
118.0 242.0 43.0 +10% +10.1 +10.0 0 0 +10.0 

poulations 117.0 94.0 0 +10% 0 0 0 0 0 
1. Fer.ale cohort matura­

tion times 2.5 10.0 5.0 +10% -3.10 -4.64 -1.60 -1.70 -4.02 
'. N1,: zcmfort maturation 

t 2.5 3.0 -- +10% 0 +4.91 +4.92 -2.13 -1.44 
I. Fe7.wIe cohort death 

-. 

raLes 
ale cohort death rates 

Fe -ale cohort sales 

.03 

.03 
.02 
.02 

.02 
--

+10% 
+10% 

-2.25 
0 

-1.72 
-.609 

+.5 
-.594 

-.8 
-.170 

-1.73 
-.527 

rates 
Nalc cohort sales rates 

.13 

.11 
.02 
.1 

.5 
--

+10% 
+10% 

-5.73 
0 

-3.98 
-2.32 

+1.86 
-2.31 

-.212 
+.9 

-.911 
+.8 

* Fertility rate .75 +10% +15.7 +19.7 +3.50 +6.37 +16.7 
Proportion
femat e 

of births 
.5 +10% +15.7 -2.02 -15.3 -3.99 +3.64 

. Simulation time 
increment DT .25 -50% +1.09 +1.47 +.391 -3.823 +1.39 O 

G") 

N3 
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Ill. Program Information
 

A. 	Program Description
 

DEMOGC was programmed and tested in the following operating environment:
 

Machine: CDC 6500
 
Operating system: MSU Hustler 2 L239 LSD 32--an extension of
 

CDC 	Scope 3.2
 
Compiler: CDC FTN V3.0-P357
 
Core requirements: 429 decimal words
 
CP 	compile time: 2.5 seconds
 
CP 	execution time (for sample run): 6.0 milliseconds
 
Tapes: none
 
Direct access files: none
 
FORTRAN library subprograms used: FLOAT, AMAXI
 

DEMOGC is structured as two subroutines, DEMOGC and DELLVF, the former
 

containing two calls to the latter, the second call being inside a DO-loop.
 

No COMMON blocks are used.
 

DEMOGC models the cohort-survival process of a population disaggregated
 

by age and sex, given fertility, death and migration rates. DELLVF models
 

the flow of population through the cohorts as distributed delays. (See
 

DELLVF Documentation.)
 

DEMOGC is divided in two parts which may be executed separately by
 

specifying ICALL = I or ICALL 2 in the argument list. This is significant
 

only if fertility rates (FR), death rates (DR), or migration rates (PMR)
 

depend on current population levels, which are computed in the first part
 

of DEMOGCC. If this is the case, two calls to DEMOGC (the first with ICALL 1,
 

the second with ICALL = 2) should be used, with FR, DR, and PMR calculated
 

between the two calls. If this is not the case, i.e., if FR, DR and
 

PMR are constant or depend only on past values of variables, a single
 

call to DEMOGC (with ICALL = 0) will suffice. (Although In the
 

sample program one call with ICALL = 0 rather than two calls would work
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because FR, DR and PMR are constant, two calls are used for illustrative
 

purposes as if FR, DR and PMR depended on current population levels.)
 

B. Program Implementation
 

All Inputs and outputs are transmitted through the argument list,
 

and no logical units are used by DEMOGC. See the list of the sample run
 

executive program for an example of the call statement.
 

The program will not execute properly if NSEX has a value other than
 

I or 2, or NOBTH has a value other than 0 or I. If NSEX = I, PBF need
 

not be defined. If NOBTH = I, TBTH must be defined outside of DEMOGC,
 

and FR need not be defined. Finally, the following conditions must hold:
 

DT > 0
 

NC > I and integer
 

DEL k(t) > 0 for all t, j=l, ..., NC; k=l, ..., NSEX
 

KC k > I and integer, j=l, ..., NC; k=l, ..., NSEX.
 

C. Program lists
 

The computer programs for the sample run and for DEMOGC, Including
 

subroutines DEMOGC and DELLVF, are listed below:
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PPOGRAM DEMTST (OUTPUT.
 
DIMENSION BR(. B sTH(,EL(3,-), DELP('3,2:' DR(M'2), DTH(32)
 

DIMEN:.ION 1:C(3,>, PLR'..3:): PMR(:32), POP(3,2), POPS(2>
 

DIMEINSION ROUT(3I2), RP( 10,a2"
 
DATA POP / 118000., 242000., 43000.: 117000., 94000., . /.
 
DATA DEL / 2.59 10., 5.; 2.5, 3.- 1. /
 
DATA DR / .03, •0 , .02-.3 ..
.02, : .03, 


DATA PMR / .13, .029 .5, .11: .1, 0. /
 
DATA IDTU ..
.Y 1 "
 
DATA KC / 109 6, 39 10, 6, 2 "
 
DATA ER / 0.; .75P 0. /
 

DATA HKMCSEX / 10P 3P .
 

DATA MOBTHMCPPBF / 0, 1.,.5 .
 
DATA DT / .25
 
T = -DT
 
DO 40 1=1,41 

T = T + DT 
POUT(2, .2' = 0. 
CALL DEMOGC(POP' FOUr, PP, DELP DELP, KC; POPS, TPF'OP, SR; iR, 

+ 	 CDR, DTH, TDTH, HETH, Fe EPP CBP' BTH; TBTH, 

+ 	 TMR, PMR, PLP PGRI'N, PGRT, t , IC; H E:X, DT, IDTU, 

+ 	 T- > 
CALL DEMOGP.(FOP' ROUT RP, DEL, DELP, KC- POPS- TPOP, SP, DR9 

+ 	 CDR; DTH, TDTH, rOETH, FBF, ER, CBR, BTH, TBTH, 

+ 	 TMRi PMR, PLR, PGFP', PGRT9 1*K, HC, HSEX, DT, IDTU 

+ 	 T, ):'
 

TMP = TMFP + POlIT(2,v E
 
P'GRT = PGPN - 100.*TMP..PTPOP
 
IF(MOD'I-I,9S •NE. OV GO TO 40
 
PPINT90 t TPOP qPOPS.,TDTRTHTH
 
PRINT?1, i:"
P, 'BRP Ct,PGRM,PG.'T; TMP
 
PPIrIT92 ,POP
 

CONT INUE
 
STOP
 
FORMAT(5HITIME,7,-9HTOT FOP. 2X9-IFEM. POP. ,9HMALE POP. ,2X,
 

:." 
+ 	 6HE'EATH:S 5X ,6HBIPTH' IH ,6E1 1.4)' 
FORMAT ( 10HOSEX PAT IO .2X ,8HC" '_DE F.'.X ,'.HCU'DE .- I 0HHAfT. G'TH.LIP :x 


+ 	 lIv,9HHET GPTH.q,2'",6HMIGPN..H ,6El1 .4) 

FORMAT:0HO FEMALE FOFULATION COHOPT,'9.X,15H MALE POFULATION, 
+ :SH COHORT'1H ,6E11.4) 
END
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SUBROUTINE DIEMOiQC(POP, ROUT. PP DEL DELP! K.C; POF. TFOP. S' 
+ 	 DR;! C.DP, DTH; I.ITH, NOETH, PBF, BR CBF, 
+ 	 BTH, TBTH, TMF., PMFR., PLR, PGRP., FGF..T, HK,H 
+ 	 H:'SEXp DT, IDTU, T. ICALL) 

TITLE -'DEMOGRAPHY WITH DISTRIBUTED AGE CIOHORTS 

VERSION -	 IA
 

DATE - I MAY 1975 

PURPOSE -	 DEMO,_': MODELS THE COHORT-SUR I V,L DEMOG'RAPHIC P'OC'ES:ZES 
OF BIRTH-	 DEATH. MIGRATION AND AGING FOR A POPULATION 
DI. '3GREGATED BY AGE AND S.EX; HERE AGE COHORTS ARE 
MODELED BY DISTRIBUTED DELAYS 

INPUT REQUIREMENTS
 

VALUES TRAN.MITTED THROUGH THE ARGUMENT LIST -- ALL INPUT 
VAR I ABLES 

VARIABLES 	 REPUJIRIIHG .'ALUES WHICH I,.IILL NOT CHANGE DURINHG A RUN 
-- T IDTIJ , I< (I Hi:t NOBTH, IN.: E>::J:,, N 

VARIABLES FEO'UIRIHiG VALUES WHICH MAY CHANGE DUPING A RUN 
-- ER( I) , DEL(IJ)., DR( I . ., ICALL., PBF, PMR(I,.J::'., 

T 
VARIABLES COMPUTED BY THIS ROUTINE REQUIRING INITIAL. VALUE:: 

-- POP(I,.J)
 

OUTPUT VARIABLES
 

VALUES TRAHNMITTED THROUGH THE ARGUMENT LIST -" BTH(J:', CBR, 
CDP;i DELF' I ,.. DTH(. J . PGRN, PGRT : PLR( I , 
POF"(.., ROUT I*)., SR, TBTH: TDTH.. RPK I .J 
TMR. TPOP
 

VARIABLE DEFINITIONS 

BR(I) - FERTILITY RATE IN PROFORTION/UNIT TIME. (AGE' 

BTH(J) - BIRTHS IN INDIVIDUALS/UNIT TIME. (SEX) 

CBR - CRUDE BIRTH RATE IN PROPORTION/UNIT TIME. 

CDR - CRUDE DEATH RATE IN PROFOPTION/UNIT TIME. 

DEL'IJ) - LENGTH OF DELAY IN TIME UNITS. ,AGEiiE': 

DELP(I,.J:., - LENGTH OF DELAY AT PREVIOUS TIME PERIOD IN TIME 
UNII TS. (AGE .,EX) 

DR(I ,.J -	 DEATH RAIE IN F'ROPORTIOI*UMIT TIME. (AGE:SE.. 

DT - SIMULATION TIME INCREMENT IN TIME UNITS. 



DEMOGC-17
 

DTH(I ,..) - DEATHS IN INDIVI["-IYL _"UrIT TIME. (AGE,SEX)
 

ICALL - MODE OF OPERATION OF THE C.OMPONENT. UNITLES:S.
 

IDTU - NUMEEP OF INTERVAL" INTO IHICH DT I:S DIVIDED FOR USE
 
IN THE DELFIY ROUTINE. UNITLE:SS. 

KC,. I J> - ORDER OF COHORT DELAY. UNITLESS. (AGE.,:&EX) 

NC - NUMBER OF AGE COHORTS. UNITLESS.
 

NOBTH - INDICATES: WHETHER BIRTHS APE GENERATED BY THE
 
POPULATION OR NOT. UNITLESS. 

NSEX - NUMBER OF .SEXE. (OR SUBPOPULATION.S). UNITLE.S. 

PBF - PROPORTION OF BIRTHS WHICH RRE FEMALE (OR FIRST 
SI.BPOPULATION.'.
 

PGRN - NATURAL GROWTH RArE OF THE POPULATION IN PERCENT/ 
UNIT TIME. 

PGRT - ACTUAL GROWTH RATE OF THE POPULATION IN PERCENT' 
UNIT TIME. 

PLR(I.,J) - PPOPOPTIONAL LOS: RATE (.MIGPFRTION AND 'DEAHS> IN 
PROPORT I ON/UI' I T T I ME. (AIGE 9' , 

PMR(I.J> -PROPORTIONAL MIGRATION RATE IN PROPORTION/UNIT 
TIME. (HGEgSEX; 

POP(I PUJ) IN (AGE,SEX,-POP.ILATION INDIVIDU.IALS. 

POPS(J) - TOTAL POPULATION BY .EX IN IN'DIVIDUALS. (AGE,SEX) 

ROUTI..I ). COHORT OUTPUT RATE IN INDIVIDUAL.,LINIT TIME. 

(AG'SEEX:) 

RP(KI.,J) - SET OF INTERMEDIATE RATES FOP EAC.H COHORT IN 
IrDIVIDURIU.."IM T TIME. (STAGE OF DELAYAGE ,SEX> 

R- SEX RATIO. UrI'TLESS.
 

T - SIMULATIOrN 'IME IN TIME UINITS. 

TBTH - TOTAL FIRTH3: IN INDIVIDUALS/UNIT TIME. 

TDTH - TOTAL DEATHS IN INDIVIDUALS.'UNIT TIME. 

TMR - TOTAL MIGRATION PATE IN INDIVIDUAL./UNIT TIME. 

TPOP - TOTAL POPULATION IN INDIYIDUFL. 
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IF ICFILL=2 EXECUTION BEGI_ INKPE
 

MIGRATION AND DEATHS 

TMP = 0.
 
TDTH = 0.
 
DO 54 K= ,IE-:
 

DO 5. J=IlfIl'
 
PLR(J:K) = PMP(JK) + DR(J,K)
-.-DTH..tIj . R .Jt.... P .j. ,L ......J00,-.=-..OF.J..IK& &.OP-.J-. ...
 

THE OUTPUT OF THE LAST AGE COHORT IS CONSIDERED TO BE DEATHS 

IF.J .E9. N:, DITH(J;:) = DTH.:.J,K) + ROUT(J.K)
 
TDTH = TDTH + DTH(.Jk'>)
 
TMP = TMR + FMR(.J,K)POP(J;K'.
 

C:OT I NUE
 
CONT I NlUE
 

BIRTHS
 

IF BIRTHS APE NOT COMPUTED FROM THE FOPULATION (HOBTH=I:', 
THEN THE CALLING PROGRAM MUST SET TBTH TO THE DESIRED 
NUMBER OF BIRTHS 

IF(NiOBTH E 1? GO TO 65
 
TEBTH = ].
 
DO 55 J=1,NC:
 
TBTH = TBTH + E:R.y.)*POP(.J,:'
 

CONT IHUE
 
IF (NSEX N . 2) GO TO 6'
NE 


FOR TWO :EXES F:IPTHS ARE APPORTIONED BETWEEN THEM ACCORDING 
TO VARIABLE PBF 

BTH(1> = PBF*TBTH
 
I:TH(2) = TBTH - BTH(1)
 
IF(POPS1) .E... 0.) GO TO 70
 
SP = POPS(2).POPS1)
 
GO TO 75
 

FOR ONE SEX ALL B:IRTHS GO TO THAT SEX FIAND EX RATIO IS ZERO
 

PTH(1:' = TBTH
 
S' = O.
 

'CRUDE BIRTH PATE, DEATH RATE- AND GPOiTH RATES 

IFTPOP .EQ. 0. GO TO ::0 
CBP = TFTH.,TPOP 
CIP = TDTH."TPOP 
FGPN = 100.*(C B' - CDP.) 
PGRT = PPN - 100. *TM./TPOP 
PETLIPN 
CBP = U. 
".CDP = 0. 
F'GRN = 0. 
PGPT = 0. 
RETURN 
END
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;DELF ,IT I DTU ,K)SJBROUT IHE DELLVF (RIM ,ROUT ,R ,& TR3 FLR ,DEL 

TITLE - DI:STRIBUTED DELAY W!ITH VARIABLE DELRY TIME AID STORAGE 

LO.SSES 

VERSION - 1A 

DATE - I IOY 1974 

TIME DELAY PPOCES IWITH
PURPOSE - .- IMULATIOr OF A DITRIBUTED 
STORAGE LO$ZESVARIABLE DELAY TIME ARD 

INPUT REQLIIREMENTS 

VALUES TRAKiMITTED THROUGH THE AFRGUMEIIT LIT -- DEL, DELP, 

DT9 IDTlL, q:.,PLR, R(I); RIN, .STRG 

NOT CHRN'GE DURING3 A RUNVARIABLES REOUIFRIH3 VALUES WHICH WILL 
-- IT; I[,TU, 


MAY CHAHGE DIPIN'G A PUINVARIABLES PEOUI'IN6 VALUES I.IHIC.H 
-- DEL; FLP, RIN 

BY THIS POUTIIIE REQIJIRING INITIAL VALUE:S'.VARIABLES COMPITEI 
-- DELP, R,:.I), STFG 

OUTPUT VARIABLES 

-- R(I)',"OUT,VALUES TRAH:MITTED THROUGH THE ARGUMENT LIST 


3TF:'.G 

VARIABLE DEFIHITION'-


DEL - CURREMT LENGTH OF DELAY IN TIME UNITS.
 

DELP - PREVIOUS LEHGTH OF DELAY IN TIME UNlITS.
 

DT - SIMULATION TIME INCR.F'EMENT IIN TIME UN ITS.
 

IDT - NUMBER OF .SUIEDIYIO. OF DT REI.UIRED. UINITLES?. 

IDTU - USER-FECIFIED NUMBER OF 3UBDIVI:SIONI" OF DT. UNI TLESS. 

K - OFDEP' OF DELAY. UNITLESS. 

IN PROPORTION.UHIT TIME.F'LR - PFOPORTIONArE LOS. FATE 

OF DELAY)R(1) - INTERMEDIATE RATES IN UNITS/UHIT TIME.:&STAGE 


RiN - INHPUT RATE IN'lUN IT. "LIHNIT TIME.
 

ROUT - OUTPUT FATE IN UI"IT:S&/JNiT TIME.
 

STRG - STORAGE IN UNITS.
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DIMEM.S IOH R(I) 
FK = FLOAT(K 
B = 1 + (DEL-DELP).'(FF.'DT) + PLR*DELP/FK 
IDT = 1. + 2*.*BDT*FK'DELF 
IF(IDT .LT. IDTUi) IDT = IDTU
 
A = FK*DT/(DELP+FLOAT(*IDT")
 
DELP = DEL
 
KMI = K-I 
DO 20 J=i:IDT
 

IF'K .). 1) GO TO 15
 
DO 10 I=1,KrI
 

R(I> = R(I)> 
I0 CONT INUE 
15 R(K) = R(K) + RI-B:F(K) 
20 CONT IIUE 

":TRG = A.
 
DO :C, I= IK 

STF.' = 3TRG + PF(I).DEL/FK 
30 C'OriT I UE 

POUT = R(i> 
RETURN
 
END
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