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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 .0 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
solicitation of models is to survey and catalog ongoing research in
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.

July, 1976 George E. Rossmiller
Director '
Agricultural Sector Analysis and
Simulation Projects



INTRODUCTION

The standards set out in tais manual are for the Computer Library
for Agricultural Systems SimuTation (CLASS). The library contains models
designed specifically to simuizi? processes and/or address problems related
agriculture, components ceveloped to simulate specific functional processes
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
1ibrary as computer programs and written documentations.

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
essential that a set of standards be defined and maintained. These
standards pertain to the admissibility and continued inclusion of models,
components, and routines.

The purpose of this manual is to specify the standards to be followed
for definition, computer programming and documentation of library software.
The manual is divided into three parts: software selection standards,
documentation standards, and programming stardards. Broad standards are
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



(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 &
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. In the 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



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 within
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 and 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 rmodels 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.



Compatibility

Since models, components, and routines will be combined in a variety
of configurations as required for specific appliications, 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 ana 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. In particular, 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



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 Tibrary.

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



In addition, accuracy and, to a lesser degree, clarity and complete-
ness is checked by at least two reviewers for each software item's set of
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.

The other reviewer must have expertise in the subject areas (disciplines)

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

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
model) and as a basis for deciding the appropriateness of the
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
offer. Thus, in most cases it will be on the basis of announcements that
a user will decide, at least initially, whether certain software may be
useful to him and, hence, whether to seek further information by requesting
the abstract, documentation and/or consultation with the Tibrary staff.

An announcement, therefore, while it must be brief (a short paragraph),
must include enough information so the above decision may be made. As a
minimum, an announcement must give a verbal, non-technical statement of

what the software does, i.e., the problem or process simulated by the



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 ir 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.



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.

In order to meet these objectives, each documentation adheres fo the

following guidelines on contents and formats as outlined:

Abstract
I. Problem or process description
IT. Technical description
A. Mathematical model
B. Sample comptiter 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. 0Of 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



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. In addition, an example of

the software item's use is developed and carried through the rest of the
documentation. Any references cited are listed at the end of the documentation
rather than in footnotes.

IIA. The technical description of the mathematical model is presented

in the context of the esample developed in section I and includes (in

addition to equations) process flow diagrams, graphs, etc. as nacessary to
enhance the efficiency and clarity of the discussion of the moc2l equations.

The discussion itself states the assumptions embodied in the eguations,
jdentifies the input and output variables, and indicates limitations and
weaknesses of the model. Again, any references cited appear in the bibliography
at the end.

IIB. 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.

IIIA. The program description discusses the:

a) operacing 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. A1l neccssary FORTRAN library functions are



10

Tisted, and any tape and file requirements as weli 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.

ITIB. The program implementation information includes:

a) interral data requirements

A Tist 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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A1l known conditions which will cause improper program
functioning are explained.
e) special instructions (if any)
ITIC. Sherter 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

5

)
(3)
(4) facilitate further developments
(5) enhance readability

(6)

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-
Ly users of CLASS software.
Language

The Tanguage 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 standards 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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As a

a)

b)

minimum for readability and consistency:

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.

Nested DO loops should be indented as follows:

po 30 I =1,10
TOTAL(I) = 0.
b0 20 J=1,20
D0 10 K =5,25 TOTAL(I) = TOTAL(I) + X(I,J,K)
10 CONTINUE
20 CONTINUE
30 CONTINUE

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

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 witi due regard to readability.

Statement Labeling and Ordering

a)

—

b)

The order of statements in each subprogram should be:

SUBROUTINE or FUNCTION statement
COMMON

type statements

DIMENSION

EQUIVALENCE

DATA

statement functions

executable statements

FORMAT statements

END

T R T ST T T P P~ T
OQUOWOONOTOTP WN -
e N Mt e S e e e e et

Statement numbers should be in numericai order. Since FORMAT
statements appear last, they must have the highest statement
numbers in the routine.



c)

Comments’

a)

13

Assignment statements for data initialization should appear
at the beginning of the executable statements, They should
be separated into groups by their function. FEach group
should be prefaced with a comment explaining what it is.
Initialization for local use should appear lant.

It is helpful if comments are arranged in some 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.

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

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.

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 1,
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.

A commen® should he placed at the beginning of each logical
secticn ¢f the rovtine, oriefly describing its function.

Any call to ar entry point of a subroutine other than by the
subroutine’s rname shou'd have a comment telling what subroutine
cortains the entrv point and on what line it can be found.

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

Any unusual circumstances or any information which would be
of help to someone unfamiliar with the routine. should be
included in the comments. Also, any variations from these
standards should he 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 in more than one of the
following contexts: variable name, common block label,

subprogram name.

(4) A variable which is used ‘in more 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.

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)

b)

A1l common blocks should be labeled. Separate COMMON statements
should be used for each block. They should be ordered alpha-
betically.

A1l arrays in COMMON statements should be dimensioned there,
not in separate DIMENSION statements.

Implied PO loops should not be used in DATA statements.

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

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

No mixed mode arithmetic is permitted--use IFIX and FLOAT
functions where necessary.

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

No more than one statement should appear on each card.

Multiple replacement statemerts should not be used.
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If a statement is continued to following cards, no comments
should appear between the continuation cards comprising the
statement.

Hollerith constants should not appear in assignment statements.

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

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

IMPLICIT statements should not be used.

NAMELIST statements should not be used.

Assigned GO TO statements should not be used.

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 (1ine printer or terminal).

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) If more than a one-line IF is needed, the following
structure should be used:

IF (logical expression) GO TO 21

51
Sm
¢o TC 2,
Ql tl
t
m
) Uy
Loops

(1) Loops will be DO loaps rather than programmed IF( ) GO TO.
If the 1imit of the CC is not known, 99999 should be used.
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(2) Each DO Toop should end on a unique CONTINUE statement.

(3) Each DO loop should contain no more than one statement
transferring control out of that loop.

Error Messages

a) Error messages will be included in association with data
checking and any other checks made within the program.

b) Error messages will include the following information:
(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 error occurred

(3) What the error was (incorrect data values, an incipient
attempt to divide by zero, etc.)

(4) The actual vaiue of the offending piece of data and if
possible, what it should be.

Overlays

a) A1l variables to be saved will either be in common in the main
overlay or be written out onto disk or tape and read back
in after the subprogram has been replaced in core.

b) Except for unchanging variables, all variables initialized
in data statements must be so initialized in the main overlay.

¢) Variables in COMMON in the main overlay must not be in data
statements in lower level overlays.
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APPENDIX
SAMPLE DOCUMENTATION

This appendix includes the complete set of documents for one of
the software jtems of CLASS. These documents serve to iiiusirate the
types of documents and the documentation and programming stangards of
CLASS, as well as what is meant by a "generalized function-oriented

component."
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CLASS Document

I, Symbolic Name 7. Name 3. Typc 7 Veraion No.
and Datfe
DEMOGC Demography with Distributed componin t 1A
l Age Cohorts 5/1/74

DLMOGC Anncuncemast -

DEMOGC models the demographic cohort-survival processes of birth,
death, migration and aging for a population a¢isagaregated by age ano
sex. The length of a cohort is an averagc of The Time individuals take
to pass through the cohort; i.e., conort sfaying times vary among
individuals In the populaticn. DEMOGC may pe used, for example, for
populations of trees, capival equipment, livestock, insects and humans
--where "age" cohorts may be definea by such age-related characteristics
as yield, reliability, fertility, instar and use of social services,
respectively.
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CLASS Document

T SymboZic Name 2. Name | 3. Type [ §. Vedsdon No,
dD
DEMOGC Demography with Distriobuted { Comnoriedn | 1A and Date
Age Cohorts | 5/1/74

DEMOGCC Abgiract

DEMOGC models The demographic cohart-surviva, »rocesses o Nistn,
death, migration and aging for a pepulation disacgregated by ade and
sex, The length of a cohort is an average of The time individuals take
to pass through +the cohort; i.e., conort sTaying Tim:s vary among
individuzls in the population. DEMOGC may be used, for example, for
populations of trees, capital equinment, livestocw, irsects and humans
--where "age" cohorts may be defined by such age-raeta‘cd churacteristics
as yield, reliabitity, fertility, instar anc use of wocle: services,
respectively.

Age cohorts are modeled by distriburted celays which assume individual
staying Times in a cohort are random variables following an {rtang distri-
bution. The delays are non-conservative to handle storage fosses fue to
deaths and migrations, and the means of vhe distributions, i.e., tho
average staying times, may be time varying. Finally, the user has the
option of specifying whether births are to be encogerous (i.,., hy
natural reproduction) or freated as an input (e.g., overt plantings in
the case of tree populations). i

Inputs To DEMOGC are age-sex specific proportionat fertilily, death
and net out-migration rates and mean delay times. OEMOCC computes
population levels (total and by age ond sex), births, deaths, migrations,
the sex ratio, cruae birth and death rates and the popularion’s natural
and net growth ratec.

DEMOGC requires 429 gecimal words of core strarage andh,D millliseconds
to execute (with three cohorts for each of iwo sexes) on a CLL 6500
computer,



CLASS Document

DEMOGC-1i

I. Symbolic Name T. Name 5. Type 4. Versdon No.
~ and Dafe
DEMOGC Demography with Distributed component 1A
Age Cohorts 5/1/74
DEMOGC Documentation
Contents

I. Process Description ...eeeeoveeenonnonss s P |

Il. Technical Description «cvieiceecernens teeseane Yeres Ceseens . .5

A. Mathematical model .....cieevvivesrirncnsnsrsrnsnnsanes 5

B. Sample run ...... veeaan ceteianas ceeanes Chsereneaas R |

111, Program Information ...cveviunnens teisens Creeiennaas eevaeaes 13

A. Program description ....... [T TR TR IR Cerreeees 13

B. Program implementation ......eveeveensrncsnnnns Cerians . 14

C. Program lists .....cu.e. Cetreeenas Cereeraatranaens veeas 14

I. Of'sample run executive ..... Cerseesaaes eresseeses 15

2. Of component ..uvveierenneeessnsarosnns veaeas vereen 16

Bibliographic References ....... . Cereeearirenas Cereiennes . 22




DEMOGC- 1

I. Process Description

One of the components mosflcommonly found in large-scale socioeconomic
systems models Is a population dynamlcé model. Population models, at one
extreme, are often simple models in.whlch a constant exponentlial growth rate
is applied to an iInitial population ievel. AT another extreme are found
comp lex demographic sys*ems in which the population is disaggregated by
age, sex, income class, education level, geographic area, employment,
etc.; fertility and‘deafh rates for each category are determined endogenously
by socloeconomic conditions In the larger model ; and'mlgrafions among
categories are élso 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 fbo 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 liml ted
applications--!imited to situations where the designated dimensions are
applicable and where the chosen factors and functlonal forms determining
fertility death and migration rates are appropriate. In addition, where
the population model is but one component of a much larger modei!, the use
of computer resources (i.e., execution time and core requirements) becomes
a real constralnt to the use of the more disagyregated models. DEMOGC
Is general enough, however, to be used, if desired in a particufar

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 1o
OEMOGC as inputs. In addition, such a larger population compcnent 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 cohqrf-
specific fertility, death and migration rates are treated as possibly
time-varying inputs. The user has the flexibility fo collapse either
the sex dimension or the age dimension or both if greater aggregation is
desired. For example, for capital equipment popuiations, 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
trees. Further, the user has the option of specifying that births are
not to be generated within the population by natural reproduction but
rather by external factors or decisions. Again, capital equipment popula-
tions serve as an example, where "births" are investment decisions.

Finally, age cohorts in DEMOGC are modeled as distributed delays
(uslng 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 environmenial differences. DELLVF also accounts for cohort
population losses and additions due to factors other than aging, e.g.,
deaths and migrations. The average staying time in each cohort is
treated as an input to DEMOGC and may change over time depending on

conditions in a larger model. In this way, age cohorts may be defined
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not by chronological age but by some other age-varying characteristic.
Continuing the capital equipment example, if it can reasonably be assumed
that reliabiiity lor productivity) and maintenance requirements vary with
age In general but that individual pieces of equipment of the same age

may exhibit different degrees of reliabiiity and maintenance requlirements
(l.e., individuals "mature" at different rates)--then the use of distributed
delays Is appropriate. |f fixed age cohorts are desired, CLASS component
DEMOGD may be used in place of DEMOGC.

The technical d2scription of DEMOGC, which follows, Is bresenfed with
reference to the Illustrative use of DEMOGC as a simpll%ied version of a
demographic cafflé mode! developed for a reglon of Colombia [1]. Three
age cohorts are defined (Figure |). For females, the three cohorts
represent heifers, producing cows and old cows, respectively. For males,
the output of the second cohort Is considered finished males, all of which

are sold for slaughter, so the third cohort remains empty.
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male births

female births

©  Producing - \¥f?Tale
—> Heifers > Cows > Old Cows > natural
deaths
v IV IV
:L ' :L > female
slaughtel
male
>nafural
N\ N\ deaths
Finishing
7 Calves Males Old Males
4 \male
“ slaughter
Figure 1

DEMOGC Cattle Demography |1lustration
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Il. Technical Description

A. Mathematical model

DEMOGC is modeled in two parts. The first part uses CLASS component
DELLVF to simulate the maturation process of indiv%dual animals aglng
through the distributed delay cohorfé, and it computes the population
for each age-sex cohort, for each sex, and the total. Tlhe delay for each
cohort, e.g., of age | and sex k, is of order KCjk' See the DELLVF
documentation for dérivafions of equations (1) and (2). (The simulation

" model uses Euler integration to solve the differential equations.)

0RO, 1, (1) ) | OEL,, ()
th TR CRP e k() RPN e 3t
Jk jk
DEL , (1)
b ¢ PLR (D, ], L, KOy
Jk ~
RP (e 1y k() = RING, ()

ROUT.k(T) = RP . (1)

J Ijk
oL, (1) Uik
(2) POPJk(f) = Z RPijk(T)
JK =|
NC
(3) POPS, (1) = .Z POPJk(+)
Jj=1 :
NSEX
(4) TPOP(t) = | POPS, (1)
k=1
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 (animais)

PLR -- proportional loss rate due to deaths and migraflonl/
(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=I|, ..., NC

k -- indexes sexes, k=I|, ..., NSEX

NC -- the number of cohorts

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

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

BTHR(T) for j=I
(5) RIN, (+) =
Jk

ROUT(j-I k(T) for j=2, ..., NC

)

where:

BTH -- births by sex (animals/year) (equation (1)

The DELLVF routine (refer to its CLASS dccumentation) 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 o° of the delay times of individual

l/MigraTions are Interpreted as slaughter in this illustration.
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anima!s about the mean--the larger KC, the smaller the varfance, where
02 = DELZ/KC,and 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 growfh 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) PLR., (f) = PMR. (+) + DR., (1)
Jk Jjk

Jk

where:
PMR -~ proportional ﬁlgrafion rate--input to DEMOGC (proportion/year)
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.

DRJk(f)-POPJk(f), J=1, «.., NC-I

(7) nnuk(+)=
DRy (1) *POPy oy (1) + ROUT o (1)
NSEX NC
(8) TOTH(+) = Z .Z DTHJk(T)
k=1 j=I
NSEX NC
(9) TMR(t) = Z; 'Z PMRJk(f)-POPJk(T)
k=! j=1
where:

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

TMR -- total migration (animals/year).
Notice Thaf.animéls aging out of the last, oldest cohort of the population
are accounted as deaths (equation (7)).

Equations (10) and (1) compute total births and births by sex.

NC
(10) TBTH(t) = ) FR (t)+POP._ (1)
o J=1
J
(1) BTH, (1) = PBF-TBTH(1)
BTH, (1) = TBTH(T) - BTH (1)
where:

TBTH -- total births (animals/year)

BTH -~ births by sex (animals/year)

FR -- fertility rate--input to DEMOGC (proporfion/year)'

PBF -- proportion of births which are female.

|f 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) = POPSZ(T)/POPS'(T)

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

(15) PGRN(1)

100(CBR(+) ~ COR(*))

(16) PGRT(1)

PGRN(t) - 100-TMR(1)/TPOP(t)

where:

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

CBR -- crude birth rate (proportion/year)

COR -- crude Zeath rate (proportion/year)

PGRN -- natural growth rate (percent/year)

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

Initial conditions must be speclfied exogenously for the inputs
FRJ' DR., and PMR,

Jk Jk
internal variables (e.g., Rpijk’ Rlek) are ini+ialized by DEMOGC.

and for the cohort populations POij. Qutputs and

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 1) assumes constant proportional annual fertility, death and
mlgraf%on 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 .1l and .! 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, 742, and 43 for female cohorts, and !17 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 1,



TIME TOT. FOF. FEM. FOF.

. ' s DEMOGC41
MSLE FOF., TERTHE EIFTH
0. JALSUEA N DI OE+ QL

JELIOE+4E (2 IZTES0D ol»E+Ur

%EV FRTIOD CFRUDE EF CRUDE LF HAT. GFRTH., HET GRTH. MIGEN,
ErINE+O0 LIISEE4O0 LITIIE-01 LISTIE40E JQGESE+OS JESESE+ QS

FEMALE PD°ULH1IDH'EbHDPT?

MALE FOSLILATION COHORTS
JHISDE+(E JS4SO0E+ e S 3EC0EHOD

AATHE+DE  JAJONEHNT O,

TIME TOT. #OF. FEM. FCF., MALE FOF. DERTH EIRTHE
LOUONE+DT  JTSOSE+DE 473 5E+00 STRZE+ NS &E4“E+05 1 F44E+ O

SEX FRTIO CRULE EF CEUDE DR HAT. G8TH. MET GFTH. MIGFH.
SHINEH00 LESIOSH0r JSHITE-UL LZEFIE+OS JHIQUE4NY J1OZZESOE
FEMRLE FOPULATICH COHORTC MALE FOPULATION CBHORTS

ITOLEH4DE  (SDRZEH0S JETISE40S (1TISE40E JBERIE40S 0.

TIME TOT. FDF. FEM. FCOF.

MAILE FOF. DERTHY CEIFTHE
LSOODE+NT  LEAIZE+DE  (SHESE+0S JIINTEH0S L ESTEZE40D LEED0E+ DD

SEM FRTID CRTE EF CPHDF L'F:

MAT. GRFTH., MET GRTH, MIGEN.
ASETE+ND JETSHE+ Q0

CESTE-D1 JEETREH0S JHSIGE401L LLITEEHOE
FEMALE FOFULATION COHORT:

MALE FOFPLLATION CCHOPTS
JOUPTESNS  JINSHE+0E LIS IEHNS

LTIZE4E JLEIRE4GE O,

T0T. FOF. FEM, FOF. M9LE FOF. TDERTHI BIFTHE
WOE+ 0] JINTSE+07  JESENE+DE (JSSEHGE LIHIIEHOD LETHIEH QG

SE® FATIO CFUDE EF CRUDE DE HAT .

SRETH, HET GFTH, MIGFM.
LGIDEAOD (EDIOESOD

ETTIE-01 LZFIEE4GE LHTSIE40D 144
FEMRLE FOFULATION CORCRTEL
LEATIE+E LITENE+OE L I4TIE+NS

CE+ G

MELE FOFLLATION COHORTSZ
CSSOE+HIE 1S IERID D,

TIME I0T. FOF. FEM. FOF.
SOOQUE+UL LA TSEANT v '"E

MHLE FOF. TDERTHE: EIFTHET
DE JSINRE+08  JISETE40S JEISOE+DG

SE¥ RATIO CFUDE EF CRUTE DF MHRT .
EALZEFOD LS leEH 0O SVENE-O1

Py el

17

GETH., HET BRTH. MIGFM.
LOI4EEHA0S LLIOSSE+QE LITEREHDG

FEMALE FOFULATION LOHCRTC

MALE FOFULATION COHOFTS
CIOGOE+ DR LS (E+ O

JISEDE4NS  JI1LZE40Z J1RRSE40E 0.

TIME TDT. FOF., FEM. FOF. MALE FOF. TDEATHT EIFTHS
SACONE+DZ L 1ITIE+UT VUCASE R LESIRE4CS  LIIITEHCS LI1TEEH0G
—QEV FHTIO CREUDE EF CEUDE DR

,--

MET. GFTH. HET GFTH. MIGFN.
IAAE+ 0N LEESIE+NN LEFOLE-DL

LIISHEH0D L1O4RE4 02 LSUESEE+NE
FEMALE FOFLILAHTION CO4Y0RTC

AS_E FOCULATION TCHCFTS
JETSREATS  JESEZEAUS JAERRE40S REISEH0A L S42TREA0 N,

Figure 2
Sample Run Output



Table 1

DEMOGC Sensitivity Test Results at Year 10

Female Male Sex Natural Sales--Culls
Standard POpulatioh Population Ratio Growth Rates and Slaughters
Value Test
Run :
) Coh. | Coh. Coh.| Value 1000 animals 1000 animals - %/year 1000 animals/yr
un Definition 1 2 3 .
1. Standard run 974.8 623.8 .6399 23.54 208.6
74 deviation from standard run

2. Female initial cohort '

pcpulations 118.0 | 242.0| 43.0| +10% +10.1 +10.0 0 0 4+10.0
3. Male initial cohort

perulations 117.0 94.0 0 +10% 0 0 0 0 0
i. Ferale cohort matura-

tion tires 2.5 10.0 5.0{ +10% -3.10 ~64.64 -1.60 -1.70 -4.02
7. M2lie cohiort maturation

tirmen 2.5 3.0 - | +10% 0 +4.91 +4.92 -2.13 -1.44
>. Female cohor: death

rares .03 .02 .02 +10% -2.25 -1.72 +.5 -.8 -1.73
. Male cohort death rates .03 02 -- +107% 0 -.609 ~-.594 -.170 -.527
;. Ferinle cohort sales

Tates .13 .02 .5 +10% -5.73 -3.98 +1.86 -.212 -.911
. Male cohort sales rates .11 .1 - +107% 0 -2.32 -2.31 +.9 +.8
. Ferrilicy rate .75 +10% +15.7 +19.7 +3.50 +6.37 +16.7
. Proportion of births

female .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 3

3
=
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I1l. Program !nformation

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

COC Scope 3.2 ’

Compiler: CODC 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 |ibrary subprograms used: FLOAT, AMAXI

DEMOGC is structured as two subroutines, DEMOGC and DELLVF, the former
containing two calls to the latter, the second cal! 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 mode!s
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 = 1 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 DEMOGC. |f this is the case, two calls to DEMOGC (the first with ICALL = 1,
the second wi.th ICALL = 2) should be used, with FR, DR, and PMR calculated
between the two calls. (f 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 curfenf 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 O or |. |If NSEX = |, PBF need
not be defined. |f NOBTH = |, TBTH must be defined outside of DEMOGC,
and FR need not be defined. Finally, the following conditions must hold:

0T > 0

NC > | and integer

DEL;, (1) > 0 for-all *, j=I, ..., NC; k=l, ..., NSEX

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

Jk

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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FROG
DIME
DIME
DIME
DHTR
DATA
TIIRTA
IRTH
DATH
IIRATA
DRTA
DRTH
DATA
DATR
T =
DO 4
T
0
CH

CH

™
Fia
IF
FF
FF
PR
ZONT
STOP
FORM

FOFM
FOFM

£EMD
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FAM DEMTITCOQUTFUTY
NSION BR(3Ys BTHCE2)Ys DELCRs2)s DELPC3s20s DRC24E7 s DTHCZ 92D
MSION KiZ€3e8Y e PLRECZZ) s PMRCZ2) s PORC2s20 s FOFPSLER
MZION ROUTCIaZ0« RPOLID 20D
FOP ~ 113000, S42000,y 42000, 117000,y 24000, 0, 7
NEL 7 2.9 10,y Sos 2.5 3.0 1. 7 '
DF 7 J03s 0S8 03 03y .02y 0. 7
FMR 7 13y 0S8 .9y il WL 0,/
InTy -~ 1 -
KC 7 109 s 3% 10s B9 & 7
ER «» 0.y .79y 0, ~
ME «MTsMIE® » (0 2 & 7
MOERTHSECP «PRF ~ Us L1,y .S -
DT /v .25 -
-D7
0 I=1.41
=T + DT
UTC2s32 = 11,
LL DEMOGCCFOFs FOWTy FPs DELs DELFs KL s POFSs TROFs SR ([ =)
COFs DTHy TDTHe HOETHe FEFs EFRs CEBF« BTHs TETH
THR s PMRs PLFs F3REMy FRRTs MEs HCs HIEXAs DTs ID0TUS
Te 12
LL DEMOGCCFOFRs ®OUTs FFs DELs DELPs KC« FOPT« TFOP» IR« DRy
CORs DTHs TOTHs MOETHs FEFs ERs CERs ETH, TBTH.
TMFR s PMRs FLRs PiGRMs FERTs Hks MZs HIEAs DTy IDTU.
Te &0
P = THR + ROTCS 20
RT = PERN — {00, eTMRE/TPOF
rMODCI-1+3y JME. 0O) B0 TO 40
INTR0 T «TFOF FOFT «TUTHSTETH
IMT21 « SR ZER s CUR «PRRM sFERT s THE
INT=2sFOP
INLUE

ATCSHITIME » 7% «3HTOT. FOP . 2X+2HFEM. POP. s2XsIHMALE FOP.+2Xs
EHIEATHS + 55 o HEIRTHS - 1H s£E11.4%

ATCLOHOIER FATIO2AsSHIRUDE ER o2 oZHORUDE DR 350 LOHNAT . GRTH.
1 BHHET SFTH. o235 GEHMIGPM 7 1H oEE11 .47

ATCIOHD  FEMALE FOFULATION COHORTSs3s4s 1SHMALE FOFULATION .
ZH COMURTEIH «n€11.45
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SUBROUTIME DEMOGCCFOPs ROUTs RFs DELs DELFy wiZy POPTs TFOFs R

+ DFs CORs DTHs TDTHs NOETHs FPEFs EF« CEFS
+ ETHs TETHs TMR« PR s FPLEs PGOREMs FIRTs HMHlos M
+ HzExs DT IDTUs T ICHLL)D

TITLE - DEMOGRAFPHY WITH DISTRIBUTED HAGE COHORTS

VERSION - 1A

DATE - 1| MAY 1375

PURPOSE ~ DEMOST MODELS THE COHORT-IURVIVAL DEMOGRAFHIC PPOCEIZZEY
OF EIFTH« LHEATHs MIGRATION AMD AGIMG FOR R FOFULATION

DITAGERESATED BY RSE AND ZEXs WHERE AGE COHORTS RARE
MCDELED EBY DISTRIEBUTED DELAYS

INPUT REQUIREMENTS

VALUES TRAMNIMITTED THROUGH THE ARGUMENT LIST -—- ALL INFUT
VAR IARBLES

VAPIAELES FEQUIRIMG “ALUES WHICH WILL MHOT CHANGE DURIMNG A FUN
—— DOTs IDTLs ECCTedns MOs MOETHs MIEX

VARIREBLES FEPUIRIMG WALUES WHICH MAY CHAMGE DURPIM: A FUN
—— BRCIYs DELCIs oy DRCI oAy s ICALL s PEFs FMRCTI s J0s

T

VARIARELES COMPUTED EBEY THIS FOUTINE REQUIRING INITIAL VALUES:

-= POFCLody .
DUTPUT VARIHELES

VYALLES TRAMIMITTED THROWEH THE ARGLMENT LIST == BTHC 1> CEF
COF s DELFE T edos DTHCI s 3 s FORHe PGRETs FLECI « 12y
FOFSElas ROUTCI a0 s #PCK I sJ?s SEs TETHs TDTHs
THMF s TPOP

YHRIABLE DEFINITIOMS
BR{I>Y - FERTILITY FATE IM FFROFORTION-UNIT TIME. CAGEX
BETHCJY - BIRTHS IM INDIYIDUALS/UNIT TIME. 4SEXD
CEF - CREUDE BIFTH FERATE IN PROFORTION-UNIT TIME.
DR - CRUDE DEATH RATE IM PROFOPTIONCUMIT TIﬁE.
DELCI sy - LEMGTH OF DELAY IN TIME UMITE. CAGE ZEN?

DELPCI s 4y - LEMSTH OF DELRY AT FREWIOU: TIME FERIOD IM TIME
JHITE . (HGEsXE#D

DRCI»Jy» - DEATH RATE IN PROPORTION-UNIT TIME. CRGEsZEXD

DT - EIMULATION TIME INCFREMENY IM TIME UNITEZ.
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DTHCI»Jy = DEATHE IN INDIVIDIMLS-UAIT TIME. CASESEXD

ICALL - MODE OF OFERATION OF THE COMFOMEMT. UMITLEST.

IDTY - MUMEEP OF IMTEPVALT IMTO WHICH DT IS DIVIDED FOR LUSE
IN THE DELHY ROUTINHE. UHITLESS.

KCtIsJd? - ORDER OF COMORT DELAY. UMITLESS. (AGEsSEXD
HC - MUMEEFR OF ASE COHORTS. UMITLESS.

MOBTH - INMNDICRTES WHETHER BIRTHI ARE SENERRTED BY THE
FOFULATION OF HOT. UMITLESS.

MSEX - MUMBER OF SEXEZ (OR SUEPOPULATIONSY. UMITLESS.
PEF ~ PROPORTICN OF EIRTHS WHICH RRE FEMALE ¢OR FIRST
SURPOPULATIONY .
PSRN - MATURAL GROWTH RATE OF THE POPULATION IN FERCENT/
© UNIT TIME.

PSRT - ACTUAL SROWTH RATE OF THE FOPULATION IN FERCENT-
UNIT TIME.

PLRCI+J) - PROFOFTIOMAL LOS: FATE ¢MIGRATION AND DEATHS) IN
FROFPORTIOM-UHIT TIME. CAGEsZEXN

FMRCIsJ» - FROFORTIOMAL MIGRATION RATE IM FROPORTION/UNIT
TIME. C(HREIEX?Y

POPCI sty ~ POFULATION IN IMDIVIDUALS. CRAGE,SEXY
POPSC¢Jy - TOTAL POPULATION BY ZEX IM INDIVIDUALI . CAGE SEX

ROUTCIsd7 — COHORT QUTPUT RATE IN INDIVIDUALS/UMIT TIME.
» CAGE  ZEX

FPCKs1sJd) - SET OF IMTERMEDIATE RATES FOF EACH COHORT IN
IMDIYIDUALTUMLT TIME. (ITAGE OF DELAY «RGE SEXD

SR - IEX RATIO. UMITLESS.
T - TIMULATION (IME IM TIME UNITS,

TETH - TOTAL EIRTHS IN INDIVIDUALZ/UNIT TIME.

TOTH - TOTAL DEATHS IN INDIVIDUALS-UNIT TIME.

TMR - TOTAL MIGRATION PATE IM IMDIVILUALS/UNIT TIME.

TPOP -~ TOTAL FOFULATION IM IMDIVIUDUALS.
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ITHEREION T oy s ETHOHTERS s DEL MZeHEERD « DELP (M HIEMD
TIMEHT TN TR FHo s fTE s e ITH T HTEY D s WD OHT EERD . FUR O MRS
MTMENTION FRm 0 G HEE RS« POR CHT W HEFMY o PIRTCNTEND
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IF ToAis =10 TRE CHRFREMT FOFLILATION T3 JALCiiATeD
17 oAl =2 BIRTHZY DEATHT, MIAAATIONs €To. AT CAL L ATe D

IFCTCALE LT, 1 A0 TN S8
TP = 1,
D 50 =1 edne s

1FeT JHF. n,y A0 TR &N

TET THITIAL WALHFT FNe DELAY FOUTIHE

N 15 =107
NET P by = Tich vbedld
| N E
T 1t T=1a 760
FReT e tern = PORY epr STiIZL Vel d
COHT NI
AT Cdep s = FF T begld
COAT T e
Y T =0

VRTATE FORE ATTON SDHDRTS

AT = M=
O &5 1A=t I
1o T 4+ 1 = b
CALL DR T MFORIIIT V=1 sy ROUT O dakn e PRV ds il FOF O

FLRO ey DELCdeid s DELPCdaps DTy TDT RO dar

-

ALWEETH E Y RPOUT ler e mROlelerss FPOR ey PLREVLIYRY
et vleryy DELFOLar e UTs TIDTily EiZvL1ersd

POEEATION TO AR
FOPZEY = 0,
IO A0 =t e 4o
FOFT O = POPS G+ PO Oy &0
DT THUE
TROF = TPOF + PORY R
CONTTNLE

TFOLDALL o0, 3 mETUEN

IF 17Aie =1 FepdUTION b Here
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IF ICHLL=c EXZECUTION ERERINL HRE

MIGFRTION AND DEATHS

TMF = 1,
TOTH = 0, )
00 S k=1 HIEX
Do 53 J=1.HC
PLREC KDY = PMRCIKY + DRCIGED
e DTHE Jdabide = DR Jak o #RORC Ao

THE OUTPUT OF THE LAST HGE COHORT IS COMSIDERED TO BPE LERTHS

IF) LE@. M3 DTHOIskd = DTHOJWKD, 4 ROUTC) )
TOTH = TDTH + DTHCskD
TMP = TMR + FMRCIkDeFDP Ik
COMT IHUE |
ZOMT IHUE

BEIRTHS

IF BIRTHS AFE NOT COMFUTED FROM THE FOFPULATION C(HOBTH=13
THEN THE CHLLING FROGEAM MUST SET TRTH TO THE DESIRED
HUMEBER OF BIFTHE

IFCHOETH E@. 1) 0 TO =S
TETH = 11,
DO 5% J=1.NC
TRTH = TETH + ERcJ ePOFCIsa1D
COMTINMUE
IFCNIEX NE. &> 50 7O =2

FOR TuO ZE-ES RIRTHYX ARE AFPORTIOMED EBETWEEN THEM ACCORDING
TO VYARIAERLE PEF

ETHCL Y FEFeTRTH

ETH. 2> TBTH - BTHC1)
IFCRORPSCLM (ER. .2 0 TD ¥a
R = POFZC2Y-FOFSCLD

=0 70 75

Hn

FOR OHE

/4l

EX ALL EIRTHS &GO TO THAT TEW AND ZEX RATIO 1S ZEROD

BTH(1Y = TBTH
SEo= 0.

CRUDE BIFTH FATE. DERTH FATE. AND GFONTH RRTES

IFCTROR LERQ. .2 30 TO =20

CEF = TETH/TPOR

COR = TOTH-TROF

FEPM = 100 .6¢CEF - COR)
FoRT = FEREN - 100, TMR/TFOF
FPETUFN

CERP = 11,

CIE = 0.,

FREM = 10,

FERPT = 0.

FETURN

EMND
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ZUPROUTIHE DELLVF(RIN!RDUTsRaSTRGsPLRsDELsDELPsDTpIDTUsH)

TITLE - DIEZTRIBUTED DELHY WITH YARIABLE DELAY TIME AND LZTORRGE
LOSZES

VERSION - IR
DRTE - 1 NOY 1374

PURPOSE - IIMULATION OF A DISTRIEUTED TIME DELRY FROCESS WITH
WARTAELE DELAY TIME AMD STORAGE LOSZIER :

INPUT REGQUIREMENTS

VALLES TRANIMITTED THROUGH THE ARGUMENT LIZT -- DEL DELF »
LTy I0OTW,s Ks PLRs RCIZs RIMs STRG

VAR IAEBLES FEQUIRIMG YRALUES WHICH WILL HOT CHANGE DURING A FEUN
—= D7 10T K
VHRTHELES FEQUIRING YALUES WHICH MAY CHAMGE DIURING A FIUH
—-— DELs FLEs FIN
VARIABLES COMPUTED EY THIZ SOUTINE REGUIRIHG IMITIAL VHALUES
—— DELPs RuIds TTEDR
QUTFUT YARIHELES

YHLLES TRANZMITTED THROUGH THE ARGUMENT LIST -- ReIns FOUT s
STRR

VARIAELE DEFINITIONE
NEL - CURPENT LEMGTH OF DELAY IM TIME UMLITE.
DELF - FREVIOUS LENGTH OF DELAY IN TIME UMITE.
DT - SIMULH%IDH TIME IMCREMENT IN TIME UNITI.
IDT - MHUMBEF OF ZUEDIYISION: OF DT RESUIRED. UMITLEZE.
IDTU - USER-IFECIFIED MUMBEF DF SURDIYISIONS OF DT. UHITLESS.
K - OFDEF DF DELAY. UMITLESE.
FLR - FFOFORTIONATE LOZ: RATE IM PROFORTIOH-LHIT TIME.
FCTY - INTERMEDIATE FATES 1IN UMITICUNMIT TIME,.CSTHREE OF DELAY S
RIN - INMPUT FATE IM UNITS-UMIT TIME.
ROUT - OUTFUT FATE IN UMITS/UNIT TIME.

3TRiG - STORAGE IN UHITS.
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15
el

DIMENZION Re1D
FK = FLORT (K 2
BE = 1. + COEL-DELPY (FKeDT) + PLReDELP/FK
IDT = 1. + Z,eFEelTeFK /LELF
IFCIDT .LT. IDTW» IDYT = IDTU
H = FKeOT,(DELFeFLORTCINT 2
DELP = DEL
KML = k-1
DD 20 J=1.1DT7

IFCK LEQ. 12 30 7O 15

Do 190 I=1«kMl

Rl = RCLY + ReCRCI+1v-FeRCIND

CONTIMUE :

RCk) = RCED + Ae(RIMN-EORCK I
COMTINUE
ITRG = 0.
DO 20 I=1.K

ETEL = STEG + RCI2eDELAFkK
COMTINUE
FOUT = RCLD
FETLRN
END
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