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FOREWORD

The BESRL Work Unit, “‘Computerized Models for the Simulation of Policies and
Operations of the Personnel Subsystem--SIMPO-1"°, was conducted by the Statistical
Research and Analysis Division. The task constituted the initial undertaking of an
operations research requirement described in the Army Master Study Program under
the title, "A Simulation Model of Personnel Operations (SIMPQ)'* and is Project
2Q085101M711, ‘*Army Operations and Intelligence Analysis,”’ under the auspices of
the Army Study Advisory Committee. Sub-Work Units include: a) Operational Analysis
of Personnsl Subsystems; b) Cataloging and Integration of Existing Manpower Models;
c) Development of Measures of System Effectiveness: d) Development of Modeling
Techniques; @) Design and Programming of SIMPO-I; f) Application and Evaluation of
Computerized Models: and g) Problem Oriented Language for Management.

The present Technical Research Report deals with the development of a computer
model which can be used in evaluating many different military manpower systems. The
model, the General Matrix Menipulstor (GMM), is based on the movement of elements
within or between matrices used to represent the different pursonnel categories accord-
ing to swplied rules. The two dimensions of the matrices represent two time variables.
Description of the routines, instructions for model use, and a sample problem are
provided.

. E. UHLANER, Direcfor
Behavior and Systems
Research Laboratory
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SIMPO-1 GENERAL MATRIX MANIPULATOR (GMM)

BRIEF

Requirement;

To develop a generalized mass-flow model which can be used to simulate many
different Ariny manpower systems by using an appropriately coded data deck.

Research Product:

The GMM is a modular set nf computerized routines which move elaments represent-
ing groups of persons within and among a variable number of matrices. Two time vari-
ables can be depicted--for example, time in tour and time in service, or timc in grade
and time in service. Movement is controlled by priority-of-fill cards input at simulation
time and may be changed during the simulation period.

tUtilization:

The GMM has been used in developing DISTRO, a SIMPO-| model required by PRIMAR
i1, *‘Program to Improve Management of Army Resources,”’ Monitor Team of the SIMPO
Steering Committee. It has also been used to assist in the evaluation of policies on the
overseas assignment sequence for officer personne! and on the reenlistment of members
of the WAC for the Office of Plans and Programs, Office of Personnel Operations.
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SIMPO-I GENERAL MATRIX MANIPULATOR (GMM)

The U. S. Army Behavior and Systems Research Laboratory Work Unit,
"Simulation Models of Personnel Operations (SIMPO)," has developed a series
of network flow models designed to help the managers of Army personnel make
better estimates of accessions, training, promotion, assignment, and dis-
tribution needs and capabilities under a variety of policy considerations.
The models developed are of two general types: mass flow models in which
groups of similar persons are moved through a series of states in a de-
terministic manner, and entity flow models with which individuals and
their attributes can be considered. In the SIMPO entity models, losses,
gains, transfers, and other changes are stochastic (uncertain), the out-
come of each simulated event depending upon the value of a random number
generated by the computer. In the entity models, a number of different
characteristics can be treated separately--each variable can be permitted
to have many values and more variables can be considered. 1In bulk flow
models, only a single value of a characteristic can be represented at a
node. Additional time-related variables are monitored by using an array
as the data file at the node.

The first mass flow model, DYNAMOD, was quite general in concept.
There was to be, at each node represented in the model, a vector of num-
bers with position in the vector representing time at the node. During
each simulated time period, the subsets of individuals then completing
an assignment were transferred, losses were taken, the system vectors
were updated, requirements were calculated, and new assignments were made.
Four system variations were modeled using this concept, producing four
separate computerized models (1).

New problems within the Army rotation system became so urgent with
the development and subsequent replacement of large forces for Vietnam
that the DYNAMOD concept was abandoned. Additional system complexity
was modeled with matrix nodes and provision for greater flexibility in
the selection of assignment priorities. Plans were made to develop the
SIMPO-I "Grand" Model. The resulting model, now called the General
Matrix Manipulator (GMM), has been especially designed to stress flexi-
bility. It is particularly useful in evaluating the one-time problem as
contrasted with problems that must be periodically reexamined and that
can be handled more efficiently by models specially developed to simu-
late the appropriate system. Examples of special purpose SIMPO-I models
are DYROM II (2) and ACGMOD (3). Another special purpose SIMPO-I mass
flow model has received wide use with different rotation, training, and
reenlistment problems. The Career-ioncareer Model (4) is a rotation
model with the capability of evaluating transition from first-term to
career status. The three special purpose models are more efficient for
the system they represent than the GMM would be. The value of the QM
lies in its usefulness with diverse systems since it permits the analyst
to make an early response to one-time questions on the effects of a

policy change.

-



THe GMM MODEL

This generalized mass flow model was developed around the concept
of maneuvering elements of square tabular data displays, corresponding
to personnel categories, according to rules input at the time of model
execution. Number of tables and interactions between the tables were
to be flexible., Possible interactions were to be from a limited set of
actions: all or a portion of an element, or several elements, of a
table could be moved to the corresponding position in another table, or
out of the system of tables; the movement could also be a shift to the
first column and/or row of another table. The movements were to be
made under constraint of an upper limit on the total number allowed in a
table and a lower limit on the time of stay in the table. Updating the
table from one simulated time interval to the next was to involve shift-
ing each element of the table to the next row below and the next column
to the right, System renewal elements were to be directed to the
selected table(s) at time of model execution.

It was thought that problems in the functional areas of accessions,
assignment, and reassignment including rotation, distribution, and pro-
motion would be especially amenable to evalration with such a model.
Since the actual model of the system of interest would be dependent upon
the flow rules supplied by the analyst/user of the programs, great flexi-
bility for modeling different flow systems would be offered.

The modeling capabilities actually included in the present systcm
of computer programs are these:

1. Monitoring of two different time measurements.

2. Variable numbur of main categories of persomnel, i.e., groups
of tabular displays.

3. Variable number of sub-categories of personnel--separate
tabular displays.

4, Opti aal rules for traneferring all or a portion of elements in
one table to another table.

5. Variable sized tables--up to 48 rows by 48 columns.

The first of these capabilities, monitoring two time measurements,
is accomplished by calling the two dimensions of the square table (array)
time dimensions and by updating all elements in the array each time the
system is advanced from one simulation period to the next. The partic-
ular time measure represented is optional but must be consistent through
all parts of the simulated system. Thus, it is possible to simulate
months, quarters, or years so long as all rates supplied are consistent
with the same time period, and each row and column in the table repre-
sents a time step of the same order. Some time combinations relevant to
Army personnel system problems are time-in-tour and time-in-system, time-
in-grade and time-in-system, and time-in-tour and time-in-enlistment.
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The next two capabilities are related to the numoer of classes or
groups of people required to model a given system. An example of main
categories would be short tour, long tour, and CONUS. Sub-categories
simulated might be first, second, and third or subsequent short tours
within the short tour main category; and before short tour, after one
short tour, and after two or more short tours within the other two main
categories. Another possibility might involve tour areas as main cate-
gories and grades as sub-categories. The model provides the option of
upper limits on the total number in each separate sub-category. The
model uses a symmetric arrangement of sub-categories within main cate-
gories; that is, if one main category requires 9 sub-catcgnries, all
main categories must have 9. (It is possible to have dummy sub-cate-
gories.) Since the model is disk based, the number of separate cate-
gories is limited by disk storage area rather than Ly computer main
memory.

Capability 4, optional ruies of transfer, is the most important
feature of the model. Flow between the elements of any two tables is
possible. The order in which the model considers the flows can be
varied in any manner permitted by the set of rules used. Since each
problem modeled requires its own set of rules, mray Jifferent flow
patterns can be described, making it possible “o0 model quite different
systems,

The fifth capability, variability in table size, makes it possible
to consider different limits on tour lengths, or different limits on
time in grade. In applying the size variation, a full-sized table is
carried along in the computer by the model but a limited area of it is
used, Maximum table size is 48 rows x 48 columns. The last row and
column are used tc accumulate elements advanced into them. Suppose tour
length is only 12 months. The model would carry along the 48 x 48 area
but would function within the 12 + 1, or 13, rows and 48 columns re-
quired by a 12-month tour. A rule of movement would need to be supplied
to keep the 13th row empty if 12 months is the absolute upper limit of
time allowed in the tour.

TECHNICAL DISCUSSION OF MATRIX MODELING

The GMM may be thought of as a collection of matrix nodes connected
by a flow network. Development of routines that could be used flexibly
to maneuver elements or combinations of elements from one matrix to
another led to the examination of certain classes of problems. These are:

1. Number and relationship of the matrices
2. Transition from one matrix to another
3. Search patterns

4. Updating

5. Matrix size

6. Capacitance



In the following paragraphs, these problems are discussed and dis-
tinctions are drawn between the capabilities of the SIMPO-I GMM and that
of a completely general matrix manipulator.

Number and Relationship or Matrices

In a personnel subsystem, there is usually a constraint on total
number of members. This limit may apply to the lowest subset of
individuals--as in the element of a matrix--or it may apply to the sum
of several categories, the total number within a node or across several
nudes. In a matrix manipulator, it should be possible to structure the
system under either type of constraint. Either one or more matrices may
pe allowed in a cluster, and either the individual matrix or the cluster
may be capacitated. The two matrix Jimensions may be as large as the
particular system requires but, in the interest of reducing simulation
time, should be kept as small as possible. Also, the matrices niay be as
numerous as required by the system under consideration, limited only by
disk area available and simulation time costs.

Transition from one Matrix to Another

In a time-dependent model, transition from a cell of one matrix to
another cell of a second matrix can be accomplished by one or another of
several flow types. Denoting the losing matrix node as C and the gain-
ing matrix node as D, the flow types in terms of the element in D which
may gain from an element in C are shown in the following table:

Element losing Element gaining in
Flow Type in C at time t P at time t +1
1 1,3 div, 38
e 1,3 9,
> 1,3 a1
4 ci,j d11

The nodes in a GMM can be thougat of as being located on a grid on
which locations are specified by tour and level (grade, rank, or skill).
When more than one node is located at a grid location (e.g., when several
MOS's are interchangeable in one tour but not necessarily in other tours),



these nodes are considered to be subtours of the same tour. The flow
upward to higher levels within a tour constitutes the familiar feeder
pattern, the flow across tours at the same level depicts the rotation
phenomenon.

Thus, the GMM {s a collection of nodes having one kind of flow
(Type 1) within a command aggregation (the feeder pattern) and a second
kind of flow (Type 2) across commands. These two kinds of flow are de-
picted in Figure 1 in connection with Type A nodes (matrices of time in
command vs time in service). The two kinds of node envisaged for the GMM
are shown in Figure 2. The second type of node (Type B) consists of
matrices whose rows represent time in command and whose columns represent
time in grade or skill level. Only one type of node will usually be
present in a single flow pattern, although a third dimension could be de-
picted by increasing the number of matrices, in effect, combining the
characteristics of A and B nodes in the same model.

Type 1 flows involve adding the amount taken from a feeder node to
the equivalent cell of the gaining node. In Type A nodes, which are con-
sidered in the discussion that follows, neither time-in-service nor time-
in-command changes as a result of the flow. Prescribed proportions can
be taken from each row (representing those with equal time in service).

——TN w&mw‘“u‘u‘p “‘”"‘;‘"""“‘“mmﬂ JREs—

Type 2 flow is implemented by adding K persons to a cell in the
gaining node that corresponds to the first column (least time in command
ﬁ and the row (time in service) from which the K persons were removed in the
4 contributing node. Each cell in the matrix wouul? then be advanced one
; row and one column. Nondeployability constraints relating to rotation
status are imposed on this flow. In a distribution model having both
Type 1 and Type 2 flows, more detailed distribution of assets to cleaimants
could undoubtedly be riade after the Type 1 flows and before the Type 2
flow. The rate of fill (constraints on flow into nodes) at each command
aggregation could then be recomputed to reflect distribution priorities.

A Type 3 flow would represent a flow within a commard via the
feeder pattern among Type B nodes. These nodes have time in node
(grade or skill level for an MOS or branch) as the vertical dimension of
the matrix and time in command (tour) as the horizontal dimension. The
Type 3 flows will have the effect of resetting time in node to zero and
retaining the column location (time in command) of the receiving cell.
This flow could be used to depict an officer promotion policy.

Type 4 flows are included here for the sake of completeness. The
Type 4 flows would place all input into a node at the upper left-hand
cell (i.e., with time in grade and time in command both set at zero).
For a Type B node, this flow would represent promotion to fill a vacancy
located in a different command. See Figure 3.
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Figure 3. Node Type B flows in the GMM

Search Patterns

Flows between model nodes are under the control of priority-of-£fill
rules provided by the analyst. The order in which nodes are reachad in
extracting people to fill other nodes is determined by the sequence of
the rules. Arnother aspect of patterns of search concerns the order in
which elements of the same losing matrix are entered and removed. To
simplify development of rules of flow in the manipulator, it is desirable
that areas of the losing matrix be covered automatically by specifying
appropriate transfer limits in terms of rows and columns (time) beyond
which the cells of a particular matrix are not decremented to provide
flow from the node., Direction of extraction from the transfer area is
also important. In one instance, the search--and the successive
emptying--begins with the highest numbered row {column) and works down,
while in the other, search starts with the lowest numbered row and works
up. Complete flexibility requires that the model user be given the
option of covering specifically any of the shaded areas of the matrices
in Figure 4, with search progressing tn either direction. All these
search areas can be covered by specifying upper and lower row and column
boundaries (matrix (n) in the figure). Similarly, direction of search
can be determined by specifying increasing or decreasing dimensionalicy
for each matrix dimension.
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Figure 4. Search areas needed in the matrix manipulfator flow model
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As is often the case when plans for a model are being developed,
the concepts of search patterns discussed above were not immediately
apparent to the model developer. The SIMPO-I Matrix Manipulator makes
possible flow Types 1, 2, and 3 with all searches starting at the upper
time limit and progressing toward the lower.

Updating

Bringing time up one unit is a different problem in the mass flow
models than in the entity models. In the mass flow models, position in
the node array indicates tire spent in the node, node cluster, or system.
In the entity models, time in state is computable from state entry time
and present simulation time. Moving the nth element of the mass flow
node array to the (n+l)th position poses no problem until the array
boundaries are encountered. This problem can be handled in the fixed
length node by making certain the priority-of-fill rules move the
element into the last position before updating takes place--or as a
first step of the updating process. The node representing residual
system members 1ot in fixed-length nodes--or not in a high priority
function--must either have safeguards that prevent the loss of the last
element at updatirg or the node array must be so large that the last
position always remains empty. In the GMM, the last element in each
row or column is cumulative, and the time represented for this part of
the matrix is ''greater than t'" where t is the nominal duration of the
node on the single dimension.

Uniform or Different-Sized Matrices

The updating function ‘s related to another basic concept for a
matrix manipulator--that of size of array for each node. 1In modeling a
personnel system, some nodes can be easily classified as a matrix, other:
are rightly a vector, still others an element (a pool). The Phase I GMM
uses a matrix at each node. The matrices are square and all are the sam¢
size. Within the square matrix, it is possible to use a second limit
(length of tour) on the number of rows in which an element other than a
zero may appear. Suppose the CONUS tour is 24 months long and rhe maxi-
mum matrix size is 48 by 48. With 24 and 48 input as model parameters,
individuals moving past 24 months in a CONUS assignment are accumulated
in the 25th row. Updating on the other dimension continues during each
subsequent period until the 48th position in the 25th row is reached, at
which point further accumulation occurs. The effect is that the modeler
can stipulate a 25 by 48 matrix at a particular node.

At the present time, it seems desirable to modify the existing mode
to include the capability of handling variable dimensions for the nodes.
The Phase I GMM uses a comtination of maximum matrix size and matrix
number sequence to reach the correct position on the disk where a matrix
node 18 written. Changing the concept of the model from a symmetrical



arrangement of sets and subsets of square matrices to a nonsymmetrical
one composed of elements, vectors, and matrices as required by the sys-
tem teing simulated may mean major changes in all computer routines or
complete restructuring of the model. While the SIMPO-II GMM will
probably use variably dimensioned nodes, it is well to remember that
the SIMPO-I GMM uses a square matrix at each node and accesses the disk
by a combination of dimension and matrix sequence number.

In order to circumvent meaningless search of empty cells of the
losing matrix, the SIMPO-I GMM keeps a record of the extreme matrix
dimension at which non-zero elements are located. Search starts at the
extreme non-zero element and works back toward row or column number one.

Matrix Capacitance

Just as provision must be made to fix an upper limit on the number
of persons contained in a given matrix node (or set of matrix nodes), a
truly general model must also consider the lower limit. In the present
GMM, the lcwer limit 1is considered only in the special purpose DISTRO
application, where distribution of available personnel to Army elements
within a group of matrices is simulated by using a special computer
routine with results of a GMM simulation period as input. Later develop-
ments (SIMPO-II) in the GMM will involve lower as well as upper limits
for matrix capacity.

Model Input and Qutput

The GMM requires the starting data to be supplied to the model in
the same configuration in which it is to be used. In simulating a com-
plicated personnel system, data preparation is a tedious clerical task
even when appropriate information is available. The necessary details
are often not available in a form which allows the analyst to make the
necessary summaries. Since the Army keeps its personnel records on
tapes and makes extracts available for operational snd study needs, it
is feasible to provide routines which allow the @M to obtain data with-
out requiring intermediate hand processing. These routines are planned
as a part of the SIMPO-II effort.

Planning appropriate model output for a general matrix manipulator
is more difficult than for a specific model. System status for a speci-
fied time period is perhaps the most easily provided--and the most
difficult to interpret, unless the simulated system is a very simple one.
A summary based on flows between nodes or on the total number of persons
in a given matrix node at a specified period is probably more useful
information. The GMM package contains routines to obtain these two types
of aggregated information. It is also possible to sum the elements in a
given area of one or more matrices. For example, it would be possible to
obtain the sum of all persons who have been in short tour less than 6
months, .f time in tour were one of the time variables under consideration.

- 10 -
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This capability is useful, too, when the first month of an assignment
area is to be considered transient time and duty personnel are obtained
from those there longer than a month,

SIMPO-I GMM ROUTINES

To insure flexibility and adaptability to special problem areas,
the GMM is conceptualized as a network of matrix routines interwoven
into a logical unit. As new specifications arise, this network of
matrix routines can be expanded to include additional special function
routines. The only major change necessary within the GMM, besides the
development of special routines, will be the logical integration of the
new routines into the main GMM driver program. This network concept has
not completely materialized in the SIMPO-I version of the GMM, for the
current main GMM program accomplishes some functions which will be accom-
plished by separate routines in the SIMPO-II GMM.

One main wroutine serves as a driver program for the entire GMM; it
either performs a specific function or calls the appropriate subroutine
which, in turn, performs this function. As a result, the main routine
determines the logical basis of the simulation, and the validity of any
model 1s directly related to the logic employed. The main routine driver
and its interface with the individual subroutines is described in the
following sections,

Main Oriver Program, MAINGMM

MAINGMM, the driver program, is a logical group of statements which,
using an iterative procedure, simulates each tie period. These state-
ments define the simulation logic by the order and manner in which tluy
employ the separate GMM subroutines.

MAINGMM logic can be summarized in a series of steps, each repre-
senting a special function or event within the simulation process.
These steps perform the following functions:

1. 1input simulation data

2. update the system

3. make initial transfers

4, calculate node assets

5. determine node requirements
6. fill node requirements

7. make final transfers

8. input additional personnel
9. increase time period

These steps are accomplished within MAINGMM in conjunction with the

separate subroutines. In the SIMPO-I GMM, the MAINGMM driver per-
forms steps 1, 2, 5, 8, and 9 without the aid of subroutines.

- 11 -
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Additional subroutines will take over these five functions in the
SIMPO-I1 phase of the GMM. Subroutines TIMEUP, SUMMARY, FILUP,
OUTSIDE, MX, X59B, and LOCK accomplish steps 3, 4, 6, and 7. Each of
these nine steps and the individual subroutines are described in detail
below in the order in which they occur in the iterative process.

Step 1. Input simulation data. The ~ata input deck (Figure 5) can
be divided into three sections, each defined according to its function
within the simulation. These three input sections, outlined in Table 1
and described in Table 2, determine respectively: the status of the
system, the directional flow of personnel within the system, and the
special monthly system requirements.

Status of the system. The primary parameter card and the tcur deck
setup describe in detail the system that will be simulated. The primary
parameter card sets the boundary conditions within which the system
operates. That is, it determines the number of nodes and node clusters,
the number of flow rules, and specific program options.

The tour deck setup cards describe each node, its characteristics,
and personnel within that node. Tour deck card A data serve as parameters
for each node, defining the node in relation to other nodes and describing
its length and loss rate. Tour deck card B data describe personnel dis-
tributed within the node. Currently, an accurate distribution of personnel
according to time served within a particular node is practically impossible
to obtain. Therefore, a uniform distribution of time served in the node is

usually assumed.

Since the tour deck setup card B data--the personnel distribution--
comprises the bulk of the GMM data, card B data are stored on an on-line
disk to save computer storage space. These data can easily be retrieved
as needed. Inputting data in segments onto a permanent storage disk is
definitely more practical than reading all the data from cards into the
core storage area, saving computer time as well as computer storage space.

The MAINGMM has an option to read tha card B data from either a
permanent storage disk or from the cards directly. T1f the data have
previously been stored on the permanent disk, the user inputs only ITT
cards A; the program atuomatically retrieves the card B data from the
permanent storage disk. Only if the user turns on sense switch 3 will
the program read both the card A and card B data from cards. 1In either
case, as the card B data are input in segments to the storage area
within core, card B data are transferred to a temporary working storage
disk. Since several computer runs are usually made to compare output
from the different model options, the permanent disk storage prevents
duplicative reading of the same data cards onto the temporary working
disk. Instead, the data can be read directly from the permanent storage
disk and transferred to the temporary disk.
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Table 1

INPUT TO GMM

No. of
Card Description Cards Variable Columns Format

System Status Parameters

Primary Parameter 1 ID 1-3 A3
NTOUR 4-7 14
ITT 8-11 14
FIRST 12-15 14
LAST 16-19 14
IFILL 20-23% 14
NP 24-27 14
MAXSUB 28-31 14
CI0S 32-35 14
JC 36-39 14
IC 40-43 14
MAXLEN 44-47 14
LRT 48-51 14
PDW 52-57 F6.4
IDISTON 58 I1
TPUNCH 59 11

Tour Deck Setup consists of ITT (found in columns 8-11 of Primary
Parameter Card) groups, each with one Card A followed by M Cards B
(M = ((MAXLEN - 1)/20 = 1) truncated * MAXLEN).

Input Tour Deck Cards B only if Sense Switch 3 is on. Otherwise input
ITT Cards A.

Tour Deck Card A 1 TYPE 1-10 110
SUB 11-20 110
ACTUAL 31-40 110
NUM 41-50 110
LENGTH 51-60 110
ouT 61-66 F6.3

Construct M (M = ((MAXIEN - 1)/20 = 1) truncated * MAXLEN) Cards B:
(MAXLEN is found in cclummns 44-47 of the Primary Parameter Card).
This means the matrix data are input row by row with MAXLEN rows and
(MAXLEN - 1)/20 + 1 truncated cards per row.

- 14 -



Table 1 (Continued)

No. of
Card Description Cards Variable Columns Format
Tour Deck Cards B M SYST(1,1) 1-4 I4
SYST(1,2) 5-8 14
SYST(1,20) 77-80 14
SYST(1,21) 1-4 14
SYST(1,40) T77-80 14
SYST(1,41) 1-4 14
SYST(1,MAXLEN) 14
SYST(2,1) 1-4 14
SYST(MAXLEN, 14
MAXLEN)
Directional
Flow Parameters
Transfer Rule 1l NOTT 1-4 14
Parameter Card NOFIRST 5-8 14
NOLAST 9-12 14
Transfer Rules NOTT OUTTT 1-10 110
OUTST 11-20 110
OUTTO 21-%0 110
OUTSO 31-40 110
PERD 41-5%0 110
PERDTO 51-60 110
PCT 61-66 F6.3
Priority-of-fill NP INTOUR 1-8 18
Rules INSUB 9-16 18
OUTTOUR 17-24 18
OUTSUB 25-32 18
AFTER 3%-40 18

- 15 -



Table 1 (Continued)

No. of
Card Description Cards Variable Columns Format
PEROUT 41-46 F6.3
PER 47-52 F6.3
REP 53-58 F6.3
10D 59-61 13
IGRADE 62-64 13
ITYPE 65-67 13
Last Resort Tour LRT LSTRSTO 1-5 15
Rules LSTRSTT 6-10 15
LSTRSTS 11-15 I5

Monthly Requirements

Monthly requirements consist of one group of two sets of cards, one set
of N Quota cards and one set of M Input cards, for each time period to
be simulated.

(N = ((NTOUR - 1)/10 + 1 truncated; M = ((CIOS - 1)/10 + 1) truncated).

Monthly requiresments consist of one group of two cards, one Quota card
and one Input card, for each time period to be simulated

Quota Card N NEEDS(1) 1-8 18
NEEDS(2) 9-16 18
NE’l::DS( NTOUR) 18
Input Card M 10S(1) 1-8 18
108(2" 9-16 18
Ioé( CI10S) 18

- 16 -



Table 2

VARTABLES INPUT BY USEK TO GMM

Variable

Definition

ID
NTOUR
MAXSUB

ITT
FIRST
LAST
IFILL

NP
MAXLEN
CI10S
PDW

Simulation Identification (3 characters)
Number of node clusters

Maximum number of nodes within each node cluster
(No. of subtours)

Maximum number of nodes (NTOUR * MAXSUB)
First period to be simulated

Last period to be simulated

Parameter governing filling of requirements:

If IFILL less than 1--have NTOUR requirements, one for
each node cluster.

If IFILL .GE. 1--have ITT requirements, one for each
node.

Number of priority of fill rules
Maximum length of system in time periods
Number of categories input from outside the system

Percentage of requirements which may be filled from
outside the system

ITT of the following:

TYPE(I)*
SUB(I)
ACTUAL(I)
NUM( 1)

LENGTH( 1)
OUT( 1)

NOTT

NOFIRST
NOLAST

Node cluster designation (Numbered one to NTOUR)
Node category designation (Numbered one to MAXSUB)
Number of entities ir node

Number of nodes within the node cluster

Length of node in time periods

Percentage of entities lost from node at end of 12 time
periods (yearly attrition rate)

Number of possible horizoatal node to node movements
(translers)

Number of initf{al transfers or horizontal movements

Number of final transfers or horizontal movements

o1l



Table 2 (Continued)

Variable

Definition

NOTT of the following:

ourTT(J)’
OUTST(J)
OUTTO(J)
ouUTso(J)
PERD(J)

PERDTO(J)
PCT(J)

Node cluster to which horizontal movement i% made (gaining cluster)
Node within node cluster to which movement is made (gaining node)
Node cluster from which horizontal movement is made (losing cluster)
Node within node cluster fromwhich movement is made (losing node)

Row of node (particular time period) from which
horizontal movement is maae

Row of node to which horizontal movement is made

Percentage of entities within each cell of losing node which
are available for horizontal movement

NP of the following:

INTOUR(K)®
INSUB(K)
OUTTOUR(K)
OUTSUB(K)
AFTER(K)

PER(K)

PEROUT(K)

10D(K)

REP(K)

Node cluster to which movement is made (gaining cluster)
Node within node cluster to which movement is made (gaining node)
Node cluster from which movement is made (losing cluster)
Node within node cluster from which movement is made (losing node)

Row (time in tour) of node from which movement is to be made
(see explanatory note in I0D(K))

Percentage of requirements of node to which movement is
possible which may be made from the node cluster
(OUTTOUR) and node (OUTSUB) specified

Percentage of node (OUTTOUR) that may be used as fill
for (INTOUR) node to which movement is specified
(Assumed to be 100% if blank on input)

If 10D .EQ. l--movement is only from time pevriod (row)
indicated (AFTER(K))

If I0OD .NE. l-~movement is from time period MAXLEN
through AFTER(K)

i.e. if AFTER .EQ. 12, movement takes place from row 13 only
if 10D .EQ. 1; 1f 10D .NE. 1, from MAXLEN to 12th rows

If REP .EQ. 1--may fill NEEDS with 100% of those
available from outside the system

I1f REP .NE. 1--NEEDS are filled with PDW% of those
available from outside the system

- 18 -
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Table 2 (Continued)

Variable Definition

ITYPE(K) Determines how data will be input into a node
If ITYPE .LE. 2--input will be into row 1, column T.
If ITYPE .EQ. %--input will be into row I, column 1.
I1f ITYPE .GE. 4--input will be into row 1, column 1.

LRT Number of categories of personnel available as input to
system which must be emptied and saved in the event
they are not needed by algorithm

LRT of the following:
LSTRSTT(L)® Tour to which LSTRSTO(L) input is sent
LSTRSTO( L) Designation of cell containing input to system

LSTRSTS(L) Node within node cluster to which LSTRSTO(L) input
is to be sent

NEEDS(M)® If IFILL .EQ. O--Read in NTOUR node cluster
requirements for the period being simulated
NE(1)* If IFILL .EQ. 1--Read ITT node requirements for

period being simulated
I0S(N)f Number innut from outside available to the system

1 =1,ITT; *J = 1,NOTT; °K = 1,NP; °L = 1,LRT; .. = 1,NTOUR; N = 1,CIOS

To input the tour deck card B information onto a permanent storage
disk prior to the simulations, the user employs Program FILL. Program
FILL writes the card B data onto a disk in one of two ways: it either
zeroes the entire muliix node and then entcr: the non-zero elements
into the node, or it enters the elements into an ex?=t.ng uatrix node.

By entering elements j:to an existing node¢, the user holds romput~r

time at &8 minimum wher. he is modifying small parts o1 «c.. “ta, g2 6
illustrates the data deck setup. Table % describes the specific dar. crn-
struction and Table 4 defines each of the input variables for Progre: TJLL.

g 1=
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Table 3

INPUT TO PROGRAM riLL

No. of
Card Description Card Variable Columns Format
Dimension 1 M 1-4 14
Node Definition -1 ISTART 1-4 14
1STOP 5-8 14
Node Input Setup consists of ISTOP-ISTART+l groups, each with one
Card A and K Cards B.
Card A 1 K 1-4 14
1ZERO 5-8 14
Card B K N 1-6 Fu.0
1 7-8 12
J 9-10 12
PER 11-12 F2.2

Repeat Node Definition and Node Input Setup cards for each group of
nodes to be input to system,

Program Terminator ? -none- 1-80 Blank

Table 4

DEFINITIONS OF VARTABLES FOR PROGRAM FILL

Variable Definition

M Dimension of a square matrix. 1In the GMM data, this is
equal to the greatest time in the system.(MAXLEN) .

ISTART Number of starting matrix

ISTOP Number of ending matrix

K Number of data cards to be input to matrix

IZERO If 1ZERO .EQ. O, matrix will be zeroed, then data entered.

If IZERO .EQ. 1, data will be entered into existing matrix.
N Value of the matrix element

Starting row of the matrix entered
J Starting columi of the matrix entered

PER Percent of N entered into each element of a diagonal vector
starting at element I,J. If PER .EQ. O, 100% enters
element I,J.

-21 -



Flows within the system. Three types of personnel flow are avail-
able within the GMM--direct movement between nodes, movement between
nodes based on node requirements, and movement to an initial node positiou.

The initial and final transfer rules determine direct movement
Yetween nodes. This movement can be from any row and column of a losing
node to any row and the same column of a gaining node. These data cards
specify which elements of the losing and gaining nodes within the node
clusters and which percentages of these elements will be moved from and
to the respective nodes. Normally, this movement represents the Type 1
fiow of personnel across skill levels within command elements prior to
the assignment process. For example, a transfer rule might specify that
10 percent of the personnel in the eighth month of the ST node must move
to the next skill level within the ST, or to the outside of the system.

lHovement between nodes based on node requirements, described by the
priority-of-fill rules, represents the Type 2 flow or the rotation phe-
nomenon. These rules direct the search and assignment procedure by
specifying the order in which the program searches certain nodes for
personnel to fill other node requirements. For example, in order to
fill the ST requirements, the rules might initially direct the search to
personnel who have completed 24 months in a CONUS node, after which
search might be directed to personnel who have completed 24 months in
the LT.

Moveuient to an initial node posit.on, i.e., to the first row and
first column of a gaining node, is described by the Last Resort Tour
Rules. This movement represents the Type 4 flow. The Last Resort Tour
Rules currently specify where unassigned trainee input will go. For
example, new trainees who are not assigned to fill the ST requirements
wiil be assigned to a holding node in CONUS. Both data segments--status
of the system and flows within the system--are input once it the start
of the simulation and cannot be modified. In the SIMPO-I7 GMM, the user
will be able to modify these parameters during the computer run.

Special monthly system requirements. The last section of input data
consists of two cards for each time period, one card stating the node
quota or authorized strength and one the input to the system from the
outside. Based on the magni-:ude of these monthly node requirements, per-
sonnel flow through the system according to the priority-of-fill rules.
1f specified in the priority-of-fill rules, the quotas may be partially
filled by the input to the system which represents new output from the
training schools.

Step 2. Update the system. System updating simulates the passage
of a single time period within the personnel system. Since both time in
node and time in system locate personnel within the nodes, the updating
procedure must include both these time dimensions. Therefore, the up-
dating procedure moves all personnel over one row and down one column in
the node corresponding to completion in the real system of another month
in node and in system.

- 20 -



A reverse step-wise process accomplishes this system updating. All
personnel move over one row and down one column starting with the last
row and column and working backwards to the first row and column in the
node. The latest months in the node and in the system equal the para-
meters LENGTH and MAXLEN, respectively. Initially, all personnel who
have completed LENGTH months in the node accumulate, after loss rates
have been applied, in the LENGTH + 1 row in the node and in a column
corresponding to their time in the system + 1; personnel who have com-
pleted MAXLEN months in the system accumulate in the MAXLEN + 1 column
in the node and in a row corresponding to their time in the node + 1.

The LENGTH row and MAXLEN column in the node are then set equal to zero,
after whicn the personnel in the LENGTH ~ 1 row and the MAXLEN - 1 column
are updated to.the LENGTH row and the MAXLEN column of the node. This
reverse process continues moving all personnel diagonally within the node
until the first row and first column equal zero. At this time the up-
dating process is complete.

Step 3. Make initial transfers. 1Initial personnel transfers may
represent losses from the systei: and/or movements between nodes within
the system. These transfers usually represent a Type 1 flow across skill
or grade levels within command aggregates. Since these initial transfers
occur outside the regular assignment process, they are not a function of
node requirements. Instead, the amount of flow is a direct function of
the percentages specified in the transfer rules. To make these transfers,
MAINGMM releases control to subroutine TIMEUP, which transfers personnel
from any row and column of a losing node to any row and the same
columm of a gaining node. Subroutine TIMEUP removes PCT percent of the
personnel who are in the PERD time period from the OUTSO node within the
OUTTO node cluster (see Table 2 for definition of terms). These person-
nel will enter the PERDTO time period of the OUTST node within the OUTTT
node cluster. 1In order to specify movements representing losses out of
the system, the gaining node coordinates, OUTTT and OUTST, must equal
zero. Figure 7 illustrates in detail how TIMEUP ac:omplishes these
different transfers. In the SIMPO I1 GMM, a new subroutine with the
capability of transferring personnel from any row aid column of a losing
node to any other row and column of a gaining node will replace sub-
routine TIMEU?.

To transform records of the initial transfer movements into usable
form, Subroutine TIMEUP releases control to Entry Pack of Subroutine X59B.
This routine PACK, written in COMPASS, compresses or packs a cumbersome
data description of the transfer movements into a data description which
can be easily handled and stored. Entry PACK packs eight fixed-point
24-bit computer words into three fixed-point 24-bit computer words
(Figure 8). These three words contain data describing the node and node
cluster from and to which the personnel were moved, the number of per-
sonnel input into the node and lost to the system, and the time periods
in the input node and 'n the system.
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=6 BITS == 6 BITS =16 BITS —— 6 BITS —

WORD 1 OUTTOUR | oOuTsUB INTOUR INSUB
| )
4
24 BIT WORD
—_——— 17 BITS 7 BiTS —
WORD 2 PERSONNEL INPUT TO NODE TIME
IN NODE
| . )
. 4
24 BIT WORD
17 BITS 7 BITS —
WORD 3 PERSONNEL LOST TO SYSTEM TIME
IN SYSTEM
w J
~
24 BIT WORD

Figure 8. Storage of data by entry PACK
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After PACK has compressed the data description into three computer
words, TIMEUP regains control and stores these three words on a temporary
disk. This cycle of first packing and then storing the data occurs after
each transfer of personnel.

Step 4. Calculate node totals. All personnel assets within each
node and node cluster are matched with node and node cluster requirements
in Step 5 to determine the number of additional personnel needed. To
calculate these asset totals, MAINGMM releases control to subroutine
SUMMARY,

Subroutine SUMMARY has the capability of obtaining sums of partial
and/or complete matrices and groups of matrices. Elements in the rows
and columns of any one matrix may be added to elements in the rows and
columns of any other matrix.

In the GMM, where only sums of complete nodes are calculated, sub-
routine SUMMARY parameters NUMELEM and INDIV determine how these sums
will be calculated (Figure 9). MAINGMM sets NUMELEM equal to two and
INDIV equal to the node to be summed. Personnel in rows one to LENGTH
and in columns one to MAXLEN are summed for each node. This sum repre-
sents all personnel who are serving in the node during a particular time
period. It does not, however, include personnel in row LENGTH + 1, who
have completed LENGTH time periods in the node and are waiting for new
assignments.

Subroutine SUMMARY can also obtain sums of partial nodes or groups
of nodes. A MATGRPS vector, which has NUMELEM elements, controls the
order in which the individuel and aggregate node sums are calculated.
The value of each element in the MATGRPS vector refers to the node to be
summed. A zero value for un element directs the subroutine to obtain an
aggregate sum of all node totals calculated since the last zero element.
For example, if NUMELEM were equal to 3 and the values of the three
MATGRPS elements were 1, 2, and 0, respectively, the subroutine would
sum the first and second nodes separately and then add these two sums
together. In this example, a total of nodes 1 and 2 could represent all
AUS and RA personnel serving in the short combat tour area.

To obtain sums of partial nodes, other summation guidelines of in-
clusive rows and columns for each node must be input as elements of the
following vectors: BEGROW, ENDROW, BEGCOL, and ENDCOL. Disregarding
zero elements in the MATGRPS vector, the order of other elements within
the four guidline vectors corresponds to the order of the elements in
the MATGRPS vector. The first element in each of the BEGROW, ENDROW,
BEGCOL, and ENDCOL vectors refers to the first row, last row, first
column, and the last column to be summed in the first MATGRPS node. If
the first element in BEGROW were equal to 2, in ENDROW to 12, in BEGCOL
to 1, and in ENDCOL to 48, then the first node sum would contain all
personnel in the second to the twelth time periods of the node and the
first to the forty-eighth time periods in the system. This sum could
represent AUS non-transients in the short tour area.
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Step 5. Determine requirements. To determine node and node cluster
requirements, MAINGMM subtracts the assets in each node (calculated in
step 4 by subroutine SUMMARY) from the node requirements input for the
same time period. If additional personnel are needed to fill these re-
quirements, the program continues to step 6. Other, it executes step 7.

Step 6. Fill requirements. Once the node cluster requirements
have been determined, MAINGMM relinquishes control to subroutine FILUP,
which searches for personnel to fill these requirements.

Subroutine FILUP uses an identical procedure to apply each priority-
of-fill rule in the order in which each rule is input to the program
(Figure 10). Initially, FILUP checks to see if the gaining node has any
requirements. When these requirements are positive, FILUP determines
how the personnel search procedure will be handled. If the losing node
is inside the system, subroutines FILUP and LOCK search for personnel
within the node. If the personnel are from outside the system, sub-
routine OUTSIDE handles the search.

When the losing node is within the system, FILUP first seeks per-
sonnel who have completed LENGTH time periods in the losing node and are
available for reassignment. If the requirements for the gaining node
are still positive after using all of these available personnel, FILUP
begins to remove personnel before they have completed LENGTH months in
the losing node. In order to remove personnel within a node, FILUP calls
subroutine LOCK, a routine which locates personnel within a losing node,
removes them, and inputs them into a gaining node.

Initially subroutine LOCK searches for personnel within the LENGTH
row and column MAXLEN to one of the losing node. After each group of
personnel has been located and removed from the losing node, subroutine
LOCK adds them to the gaining node. In subroutine LOCK, the time period
in the system, or column, of the gaining node is identical to that of
the losing node. The time period in the node, or row, however, becomes
row one in the gaining node regardless of what it was in the losing node.

If there are not enough personnel in the LENGTH time period to fill
the node requirements, LOCK searches in a similar manner in the LENGTH - 1
row. This reverse row-by-row procedure continues until all node require-
ments are met, or until LOCK has searched in the AFTER row (Figure.ll).
Control then returns to FILUP.

To decrease the amount of computer time needed for searching the

entire node system column dimension of MAXLEN to one, LOCK uses a
COMPASS function MX.
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Function MX determines the latest time period in the system or the
last column where there are personnel. For each node there is an INE
vector whose pousitions correspond to specific rows in the node (MX sets
each INE element) with elements equal to the last column in that row
where personnel are found. For example, the element INE(X) refers to the
X row and the INE(X) column in row X of the losing node. By searching
backwards in row X from the INE(X) column instead of from the MAXLEN
column, subroutine LOCK reduces search time significantly.

I1f the losing node represents personnel input from outside the

system, FILUP relinquishes control to subroutine OUTSIDE, instead of

to subroutine LOCK. As shown in Figure 12, subroutine OUTSIDE has an
option of either fixed or variable input from outside the system. Under
the fixed input option, the amount of input from the outside for this
time period, specified in the monthly requirements input card, is the
maximum which can be allocated against all gaining node requirements.
Under the variable input option, however, the maximum amount of input
from the outside is a function of the requirements for the individual
gaining nodes. These two options can either test the operating level
of a system with a fixed amount of input or determine the number of new
personnel needed to maintain a certain operating level.

These new personnel enter the first row and first column of the
gaining node, after which control returns to subroutine FILUP.

vata descriptions of each personnel movement within subroutines
FILUP, LOCK, and OUTSIDE are packed, using subroutine X59B-Entry PACK,
and then are stored on a temporary disk. This cycle of transferring
control to FILUP at the beginning of each priority-of-fill rule and then
to LOCK or OUTSIDE, if necessary, continues until every priority-of-fill
rule has been applied.

Step 7. Make final transfers. Final transfers are handled identi-
cally to initial transfers by subroutine TIMEUP. The difference is
merely one of timing. The final NOFIRST + 1 to NOTT transfers occur
after all personnel assignments have been made against the requirements,
whereas the initial 1 to NOFIRST transfers occur prior to the assigament
process. These final transfers round out the system before the next time
period begins by reassigning all remaining personnel who must be moved.
Par example, when a person completes a combat tour (ST), he must be re-
assigned regardless of the requirements in other tour areas. Thus, as a
final transfer movement, personnel who have completed the ST and who have
not been reassigned might be transferred to a CONUS tour.

Step 8. Input personnel from outside into the system. During each
time period of the simulation, the user may input into the system a fixed
number of new personnel representing new trainees. If this new input is
not used within the time period to fill the node requirements, it must
enter nodes within the system. These nodes are called Last Resort Tours.
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MAINGMM inputs these unassigned new trainees into the first row and first
column of the gaining nodes specified in the Last Resort Tour Rules.
This position in the node represents their first time period in the node
and their first time period in the system. As with other movements of
personnel, these movements are packed and stored on a temporary disk.

Step 9. Increase time period. At the end of the eight previously
mentioned simulation steps, the variable INTEG, representing time periods,
is increased by one. A new time period within the personnel system begins.

After Step 9, the cycle repeats itself for the next time period.
The cycle ends when INTEG equals LAST, the last time period simulated.
At this time, MAINGMM calls Entry UNPACK of subroutine X59B, which
reverses the process of PACK by unpacking the data descriptions of the
flow movements within the system. These flow data and other data
specified by the user are then output by an on-line printer.

GMM SAMPLE PROBLEM

A problem for GMM proposed by the Plans and Programs Office of the
Office of Personnel Operations concerned the feasibility of management's
proposed policy limiting overseas assignments. The proposal had been
made to eliminate all third overseas assignments except for those persons
volunteering for such duty or for individuals who had received an inter-
jectory assignment in Continental United States. Very limited informa-
tion was available on a data base for a sample subsystem. In a total
inventory of 1078 persons, 310 were assigned to short tour, 119 to long
tour, and 649 to CONUS. Of the 310 in short tour, 100 had served in
long tour immediately prior to the short tour assignment while 210 had
been in CONUS. The 119 in long tour were 107 from short tour and 12
from CONUS. The system was to be considered closed--no losses or gains.
(Since an intermediate level personnel system was being considered, this
assumption was not bad--losses to the real system would be replaced with
persons having had similar assignment history and the total personnel
inventory would remain the same.) The question posed was: Will it be
possible to maintain the authorized overseas manning levels while at the
same time allowing 18 months in the CONUS tours, if no persons are re-
quired to serve three consecutive overseas tours?

Considering the inadequacy of the furnished data base, the problem
was not complex enough for a simulation model. No more information was
avajilable than that required by the steady-state modeles described in the
early reports on manpower models by Sorenson and Olson (5,6). Pages 44
and 45 of the Nomogram report show estimates of the possible CONUS tours
under two conditions: 1) with no sequential overseas assignments and
2) with all long tour assignees going to a short tour assignment while
all short tour assignees return to CONUS for an assignment, there. With
no sequential overseas assignments, the nomogram shows that duration of
the CONUS tour would fall somewhere between 18 and 24 months. Under the
second condition--with two sequential assignments--the CONUS tour would
be somewhat longer than £4 months, but less than 30 months.
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Since SIMPO-I research analysts wished to test the adaptability of
the GMM, the decision was made to set up a model of this problem with
the GMM. For modeling purposes, the system was structured into three
main tour areas, short tour, long tour, and CONUS. Subtours were deter-
mined by prior history: short tour after CONUS, short tour after long
tour, long tour after CONUS, long tour after short tour, CONUS after
short tour, CONUS after long tour, and CONUS before overseas assignment.
Since the GMM uses a symmetrical arrangement of subtours within main tour
areas, three subtcurs were needed in each main tour. Tour numbers were
assigned by the following design:

Previous Assignment

ST LT CONUS
Present ST 1,1 1,2 1,3
Assignment LT 2,1 2,2 2,53
CONUS 3,1 3,2 3,3

Tours 1,1 and 2,2 are dummy tours. The starting data show them empty

and no priorities are included for transferring persons to them during
the simulation. Maximum, minimum, and actual starting tour durations

in months are shown below:

Maximum Minimum Actual
ST 12 12 12
LT %6 12 18
CONUS 36 12 18

Assignment priorities used were:

Into From Part of quota
Subtour Subtour After to be filled

1,3 P 36 100%
1,3 3,2 46 "

1,2 2,3 36 "

1.3 3,3 18 "

1,3 3,2 18 "

1,3 3,1 18 "

1,3 3,3 12 "

1,3 3,2 12 "

1,3 3,1 12 "

1,2 2,3 12 "
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Into From Part of quota

Subtour Subtour After to be filled
2,3 ) 18 100%
2,3 31 18 "
2,1 1,% 12 "
2,3 3,3 12 "
2,3 3.1 12 L
2,3 3,2 12 it
2,1 1,3 12 "
2,1 1,2 12 "
31 1,1 12 "
3.1 1,3 12 "
31 1,2 12 "
22 2,1 36 "
3,2 2,3 %6 Ay

For the 24-month simulation, the manning levels for the three main tour
areas were to be:

Short Long
Month Tour Tour CONUS
1 310 119 67
2 310 115 o7
3 310 119 6T
4 310 119 676G
9 310 119 T00
6 310 119 109
7 310 119 709
8 310 119 T39
9 310 119 729
10 310 119 T39
11 310 119 739
12-3%6 310 116 769

Changes in the designated manning level for CONUS were made to test
observed shortages output by the model and to meke sure persons ending
overgseas tours would be moved by the model to a different assignment.



Card 1

( Parameter card
describing the
limits of the
system being
modeled)

Data Deck Description

Columns Variable'
{1dentification
1-3 of Sample)
4-7 NTOUR
8-11 ITT
12-1% FTRST
16-19 LAST
20-23% TFILL
24-27 NP
28-31 MAXSUB
32=35 CIOS
36-39 JC
40-43 IC
44-47 MAXLEN
52=5T7 LRT
58 ' IDISTON
59 IPUNCH

* See Table 2 for definitions

Cards 2-10 Subtour Parameter Cards"

Variable Cols
Main tour 1-10
area

Subtour 11-20
Quota 21-30
Actual 31-40
Number of 41-50
Subtours

Maximum 51-60
Length of

Subtour

Loss rate 61-70

* In this problem the data matrices were already on a computer disk and

Card Number

2 3 4 5 6

1 1 2 2
1 2 3 12
0 0 0 0o 0
0 100 210 107 O
5 b 3 3 3
12 12 12 36 36
0 0 0 o o0

were called in when needed.
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Cards 11-%3 Priority-of-Fill Rules

Into Into Out of Out of After Percent*
Tour Area Subtour Tour Area  Subtour (months) Available

Cols 1-8 9-16 17-24 25-%2 3%-40 41-46
Ccard 11 1 3 B 3 36 10C0
Nr. 12 1 3 3 2 36 1000
13 1 2 2 3 36 1000
14 1 3 3 3 18 1000
15 1 3 3 2 18 1000
16 1 3 3 1 18 1000
17 1 3 3 3 12 1000
18 1 3 3 2 12 1000
19 1 5 3 1 12 1000
20 i 2 2 3 12 1000
21 2 3 3 3 13 1000
22 2 3 3 1 18 1000
23 2 1 1 3 12 1000
24 2 g 3 3 12 1000
25 2 3 3 1 12 1000
26 2 3 3 2 12 1000
27 2 1 1 3 12 1000
28 2 1 1 2 12 1000
29 3 1 1 1 12 1000
30 3 1 1 3 12 1000
31 3 i 1 2 12 1000
32 3 2 2 1 26 1000
33 3 2 2 3 36 1000
* Read with three decimal places. S
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Cards 34-69 Tour Area Quotas

Tour Area

Card No. 1(Cols 1-8) 2 (Cols 9-16) % (Cols 17-24)
34 310 119 679
35 310 119 679
36 310 119 679
57 310 119 679
38 310 119 709
39 310 119 ‘109
40 310 119 709
41 310 119 709
42 310 119 709
43 310 119 709
44 310 119 709
45-6 ) 310 119 769

Card 70 End of file card.

To put the data matrices on the computer disk, a special program
called FILL was used. FILL develops a data matri: from input consisting
of matrix maximum dimensions and individual cell vaiues, together with
the row and column for each cell.
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Reassignments actually simulated by the model are shown below:

To Short Tour To Long Tour To CONUS
from from from from from
Month CONUS LT CONUS ST ST LT
1 30 %0
2 30 %0
% 25 25
4 25 25
5 2:“ Z)r.
6 25 25
T 2° 25
8} 25 25
a 25 25
10 25 25
11 25 25
12 25 25
13 230 30
14 70 30
15 25 25
16 25 25
17 25 25
18 25 25
19 25 5 25 5
20 25 6 25 6
21 25 6 25 6
22 25 6 25 6
23 25 € 25 6
24 25 6 25 6
25 29 1 T 30 6
26 29 1 T 30 6
27 24 1 T 25 6
28 24 1 7 25 6
29 24 1 T 25 6
230 24 1 7 25 6
31 24 1 T 25 6
32 24 1 T 25 6
33 24 1 T 25 6
34 24 1 T 25 6
35 24 1 T 25 6
6 24 1 7 25 6



The average CONUS tour duration for overseas replacements was up from
18 months at the start of the simulation to over 21 months at the end
of the first simulated year and to over 23 months at the end of the
second year. No sequential overseas assignments were necessary during
that time. During the third year simulated, the CONUS tour dropped
somewhat, but not below 18 months unless some persons were assigned

to two sequential overseas tours. These results are in agreement with
those obtained from the Nomograms. It is possible to simulate replace-
ments to short tour from long tour. Such runs were not made with the
GMM, but results could be expected to follow the tour lengths computed
for the Nomogram using the same options.

For another application of the GMM see the DISTRO model (7).

- 42 -



LITERATURE CITED

Witt, Joanne M. and Adele P. Narva. SIMPO-I Dynamic Army Model
(DYNAMOD). BESRL Research Study 70-2. May 1970.

Olson, Pauline T. DYROM II: SIMPO-I Model representing Army upper
enlisted grades. BESRL Research Study 69-2. March 1969,

Olson, Pauline T. ACCMOD: A SIMPO-I dynamic flow model to project
enlisted accession needs. BESRL Research Study 68-2. April 1968.

McMullen, Robert L. SIMPO-I Career-Noncareer Model. BESRL
Technical Research Report 1162. June 1970.

Sorenson, Richard C. and Pauline T. Olson. Manpower rotation policy
models. BESRL Technical Research Note 172. June 1966.

Olson, Pauline T, Nomograms for Army manpower policy evaluation.
BESRL Technical Research Report 1147. June 1366.

Witt, Joanne M. SIMPO-1 DISTRO--Distribution Rotation Model.
BESRL Research Memorandum . (In preparation)

- 43 -



T R R e

APPENDIX

Preceding page blank

- 45 -

COMPUTER LISTINGS OF GMM ROUTINES



TNAn

TMAIOAODTADNIODIOOIINADNIDNONONTDINAD YD

31/372/3300 FORTRAN (3_1)/Msos
PROGRAM MA INGMM

APRIL 1967 NARVA

FILIW NARVA ApRIL 1967

ONTSIODE NARVA ApRIL 1967

LNCK NARVA ApRTIL 15A7
COMMNN NOF TRST «NOLAST NOTT +ITRTIME S INTFG
COMMON Ip «INF(48) +IgnD «0UTTT(200)
COMMNON OUTST(200) 0UTTNn(200) .0UTg0(200)
COMMNN PCT(200)  «PERD(200) o Jw +SYST (4R, 48)
COMMNN Pa(100) NAV(100) +LENGTH(100) OUT (10 0)
COMMNN INTOUR(220) «INSHR (2209 +OUTTOURI(220)
COMMNN 10N (220)  +OUTSUR(220) +AFTER(220)
COMMON PFR(220) RATE(100) «NEEDS(1g) sNE (1N, 10)
COMMON, 10s(10) NED(10)  WNEE(I00) SIFILL sMAXLFN
COMMNN NTONR NP +C10S +PERDTO(20n)
CNMMAN PDW +LSTRSTN(10) «LSTPSTT(10)
COMMNN LSTRSTS(1m oIrTY «MAXSUB  +ACT(1p)
COMMNON NSTT (1) «INOS(1ne10) .IGRAnEggzn)
CHAMMNA RFP(220) «ITYPF(220) +PERQUT (220)
COMMNN IDTSTON +ISUM sGRPSUM(100) +PR10(y00)
COMMDON HFGPOW (1 n0) +ENDROW(100) *BEGCOL(100)
COMMNN FNDCOL (1 n0) «MATSIM(]10n) sMATGRRS (100)
COMMNN TYPELLAN) «SURCLION)  oNUM(100) <ACTYAL (100n)
COMMNN NPRLEV oNT +IvO1 D +LEN ~ eLEVEL oM
COMMON NCRNODE (100) WMIN(100) <GRPINPR(140)
COMMON MAXDEPL (100)
COMMON TRTI(1000)
TMTFGFR TYPE «SUR +ACTUAL  (ENDCOL
INTEGFR ct10S «SYST Oy TSUR «+OUTTOUR oAFTER
IMTEGFR ACT OUTTOo JO0yTSon sOUTYT sOUTST
IMTEGFR PERD +GRPSUM +BEGROW «ENDROYW +BEGCOL
INTEGFR FTRST «PERNTO

DEFINITIONS OF TFRMS USED TN STMULATTION PRQGRAM

10= RUN TDENTIFICATION

NTOUR= NUMBER OF QVERALL TOUR TypES

ITT: MUMBER OF TOURS(TOTAL NUMBER) TO RE SIMULATED
FIRST=BFGINNING TIME PERIOD

MAXSUB=MAXTMIIM NUMBER OF SURTOURS

NPz TOTA} NUMBFR OF PRIORITIFS tNPUT

NOUT(NTOUR X MAXSUIBY = TOTAL OUTPYT FROmM EACH TOUR AND SUBTOUR
AVATILABLE FOR ANOTHER TOUR

LOSSES (NTOUR X MAXSUB) = TOTAL mUMBER OUTPUY FRAM EACH TOUR.
SUBTOUR LOST FROM SYSTEM :

vIDAUT( NTOUR X MAXSHB) = TOTAL QUTPUT FROM EACH TOURe SURTOUR
DIRTNG MONTH AVATLABLF FOR ANOTHER TOUR

MIDLOSS( INTOUR X MAXSUB) = TOTAL OUTPUT FRoM FACH ToUR, SURTOUR
NURING MONTH LOST FROM SYSTEM

Preceding page blank 11



IFIiL= PARAMFTER NSEDN TO NFTERMINE IF QUOTAS ARE FOR TNUR OR
TF= 0 HAVF NTOUR QUOTAS

1F LFSS THEN 0OR GRFATER THAN o MAVF 1TV QuUOTAS
CleMIMRER nF CRITICAL TOURS
£2=z NIIMRFR OF CRITICAI TOUR TyPgs # 2

CiNsz NUMHFR OF CATFGORIFS INPUT FROM NytSIpE
HNW=

MAX|{ FN=MAXTMUM LENGTH OF TIMF IN SYSTEM

Tz 1,177

TYPF(1)=TOUR TYPF

SHR(TY)Y=SUHHTNNR TYPF

NHOTA(T) =QNOTA OF TOWR OR SURTOUR(NDEPFNDS ON TFILL PARAMETER)

ACTHAL (1) =ACTUAL NIMRFR OF MFN gN TOUR QR SyRTQuR#
NDFPENNFNT 1IPAN TFTL 1. PARAMETFR

NUM(TYy=NIIMBZ OF SUBTOQ'IRS TN TOyn
LFNGTH(I)y= LFNGTH OF SHRTOUR
OUT (1) =PERCFMTAGFE OHTPUT FORM SvySTEM AFrEQ 1 YEAR FROM SURTNLIR

PERNUT= PERCFNTAGE OF OTNUR AVAIL FOR FILL TO INTOUR NEEDS

o Xe Xuie e Na e e le e le e Ne e lie Ne Ne Tie Ne Balie Tn Jhe Be lae B Bhe Hie Hie Mo Bie Nhe Min |

Come==T1TYPF TYPE OF MOVEMFNT INTO NEW Tour
Com=e==0ele? (Yol INPUT

Coe=== 3 = (I.1) INPOT

Comm=== 4 = (141} INPYT

c

~

MIEN?=N3=N
READ 1o TNGNTOURGTTTF TRSTGLAST o IFTLL NP MAXSURGJC, 1CoCTIOS MAXLEN
YoLRT4PNYWLINTSTNM, TPUNCH
¢ TF IFTLL=14QUOTAS ARFE FOR NODES,TF IFILL=N0.QUOTAS ARF FOR NQDE CLUSTFRS.
IFUIFTLI=1)5754
63 NTENTOUR
60 10 55
&4 NT=ITT
55 CONTTNVE
c READS IN DISTRIBUTION PARAMETERS
TE(INTISTON)214N042160,2149
2149 MATOIT=MATIN=]
CALL TNPUT (MATOUT sMATTN)
2140 DN 2106 T=14MAXLEN
2106 TNF{T) =N
N0 2106 1=1,1T7T
2105 CALL RANWRITF (1] e INEMAXLENsT)
MONTH2 FIRST
JKMAXILFNEMAXLFN
DN 3210 I=1l,IT7T
C
Ce====MATRIX DATA RFAD IN,
READ 44 TYPE(T) ¢SUR(T) qTAUOTE oACTUAL(T) ¢NUM(T) (LENGTH(I) . OUT(T)
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1JKz TYPF(T)
MSTTET IK)YSNUM(T)
C=====1F ON (EOUAL TN 1) RUN WILL RFSTART.«IISE CNMPUTER PUNCHED MATRIX DaTA,
TF(SSWTICHF (4) sEN, 1} GO TO 3210
GO TN (ANNeRNT) « SSWTICHF (1)
BOO NO ? K=)«MAXLFN
2 READ 3¢ (SYST(1eK) eJz)eMAXLFN)
GQ Tn RN
B8n] CALL RANREAD(12.SYSTeJKe1)
802 CALL RANWRITE(1N¢SYSTe IKe 1)
3210 CONTINUF

c
Commea TRANSFER PRIOFITIES RFAD TN,
READ 4NOTTOMOFTPST ¢NOLAST
PRTNT TAeMOTTeNNF TRSToNNLAST
c MOTT=NIIMUFR OF POSSTBIF TRANSFERS BETWFEN M0S
c MOF TRST=MIIMRER NF TRANSFERS PRIOR TN OTHFR ASSIGNMENTS,
c NOLAST=NUMRER NF TRANSFFRS FOLLOWING NDTHER ASSIGNMENTS,
c TF MITTT OR Toln To wHICH PERSONNEL ARF SENT=0, RFMOVALS=I.OSSFS TO SYSTEM

D0 2113 (=1NOTT
READ 4o OUTTT(T)sOUTST(I) «OUTTO(T) eQUTSO(T) PERD (1) PERDTO(T) 4PCT
1N
2113 PRINT T1e PCT(D) «OUTTO(T) oOUTSO(1) sPERD(T) e QUTTTLI) (OUTST(TY o
1PERDTN(TY
pRINT 74 TD
-
Ceww-=PRINAITIES READ IN,
DO 5 T=1.MP
READ 6, INTOUR (1) o INSUR(T) ¢OUTTOUR (1) 40UTSUB (11 AFTER(I)4PFR(T),
1 PFROUT(T)e REP(T)s TOD(TYe IGRADE(T) e TTYPE(D)
NPFHR=PFR{T)#}100
PRINT Re NPFR +OUTTOURIT) «OUTSUR(I) JAFTFR(TY « INTOUR(T) o INSUB(T"
1TTYPF(T)
S COMYINUE
r
C=====LAST RESNORT TOIRS READ TN,
D0 SN0 T=1el RT
READ 5154 (LSTASTO(I) JLSTRSTT(T)4LSTRSTS (1))
50N PRINT 204 (LSTRSTN(T)4LSTRSTT(T) 41.STRSTS(I))

c PERCENT= VFCTOR OF PERCENTAGES 10 BE APPLIEp TO CALCULATED INPyt
C
Cow=e- PRINT SYSTFM .AS TS,

PRINT 1006

NN RNT T=1e1TT

CALL RANREAD (10 «SYSTaJKeT)

CALI. FLTP

PRIMNT 135%. 17

TaT=0

J1T1=n

NO RNB Jl=1s K MAXLEN

JTT=01Te})

11=J1+MAX| EN=]

N0 ARNR J=JI,.17

Te (SYST(.N) 80944084809
809 TAI=TAl.3

18T (TAT=2)= J=JT4

IBT(IATY=SYST ()

18T (TAT=1)= JUT1
808 CONTINUE

TF(TAT) 8108104811
811 PRINT 6fnae (IBT(J)eJ=1aTAT)
810 CONTIMUE
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807 CONTINUIE
r
CoveaeBFGIN MONTH BY MONTH STMULATION,
DO 4N TNMTFA=MNNTHGLAST
1P=0
DO 372 I=1eNTINHR
ACT (1) =0
NEEDS (Ty=n
372 CONTINUF

a UPIATF FNTIRE SYSTEM
PRINT 1YRIMTFG
PO 1n T=1,1TT
NE(YY=n
CALL RANRFAD(1neSYSTeUKeI)
O=] FNGTH(T)
PP=0IT(T)e80/12,.0
LAZLENGTH(T) o)
TFILAJGT JMAXLEN) | A=MAXE EN
| ENMNODF =t FMNOTH(T)
TF (LFNNDNF (GToMAXLEN) LFNNODE=MAXLEN

UPDATFS PFRSONNFL MATRICES BY COLLECTING ALL WHO HAVE COMPLETED THe NODE
IN THE LA MOnF TIMF PFRIOp AND TWE TLel SYSTEM TIME PERTOND,
REMOVE COMPLETEDN NOPF PERSONNEL To SYST(LAsIL.Y)
NO 14 TL=VeMAXLEN
1) SUM=0n
D0 58 K=| FNMODE 4 4AXLEN
IF(SYST(KelL))GAOHIKY
Sk SYST(KeIL) =0
GO0 10 58
&7 X1=SYST (K TL)#pPP
Y=SYST(KeTL) =X}
T.=x
1E(X1=T))11eY1,12
1?2 Ixk=Y
Y=T1Ke)
X1=1
11 IF(TFO.%) PRINT 425¢T«KolLoSYST(Ker|)
SYST(KeTL)=0 )
T)I SUM=T| S!IMey
&R CONTINYF
TF(TLoGTel) SYST(LASTILI=TIRFTAIN
TRFTAIN=ILSUM

il i)

ALLL OTHERS ARF MOVEN 1P ONE MONTH tn THE NODE AND NNE MONTH IN THE SYS .EM
KOLN AND TLNLND=R0W AND COLUMN PRIOR TO UPDATING SYSTEM.
KNFW AND TLNEWw=ROW AND COLUMN AFTER UPDATING SySTEM.
1LOLN=MAXLFNaT(
TLMNFW=MAX| FNa]| ¢}
DO 14 K=)«LENNNDE
KNFW=t FNNNDE =K+ }
KOLD =L FNNODE «K
TF(KNFW, | Fel11504a0
69 SYST(KNEWeTLNFW)=0
Gn T0 14
60 TF(TLNFWLEC1)AR) (62
A1 SYST(KNEW.ILNEW) =0
Gn 10 )&
6?2 SYST(KNEWTLNEW) =SYST(KOLNoILOLD) ¢SySTI(KNEW, ILNEW)
SYST(KOLNLILNOLN) =0
14 COMTTNUE

aa0n



SYST (1,11 =0
CALLL RANWRITF(10.SYSTeKeT)
10 CONTINUF

TIMFIP ACCOMPLTSHES TRANSFERS, THESE TRANSFERS ArRe EFFFCTYTVE Prlop
T0 APP| TCATINN OF FILL RULFS
TTRTIMF=TRANSFFR TIMF, [IF=ys ALL NMOFIRST TRANSFERS ARE MADE.
IF=2, NOFTRSTe]l TO MOTYT TRANSFFRS ARF MAGE,
TTPTIMF =)
CALL TiImMeuP

NOHDHOHN

inRel

SUBRNUTINE SUMMARY CALCULATFS ACTUAL FOP EACH MATRTX
PN A& 11177
T1ACTUAL=ACTUAL (T) =0
CALL SUMMARY (24T, ACTUAL)
AcTUAL (T)=TACTUAL
KKK=TYPF (1)
ArT(KKK)=ACT(KKK) «ACTLIAI(T)

c UPDATFS TNE VFCTOR
CALL RANPFAD(11,INEMAXLEN, )
NO 63 Kz) ¢MAXLEN
TNE(KY =0
NO A7 J=)MAY| FN
IF(SYST(Ked) oGToN) INE (K)=y
63 CNNTTNMUF
CAILL PANWORTTE(Y1 o INFoMAXLENST)
66 CANTINUE

PRINT 2?4
MAXNQDF =MTINNNNE=(
NN 2T T=1.NTOUR
PN 26 1T=1eMAXSHB
v MAXMODF=MAXNNDE +
MINNNDF =MAXSIIRe (T=1) +)
27 PRINT 29¢1eACTII) o (TT<ACTUAL (TT) o TT=MINNORF MAXNONE )

-

2

C
Comen=aCALCUI ATE MINIMIIM PFRSONNEL WITHIN TNIR ARFA.
TE(INTISTONI? 1424214242143
2143 MATOUT=MATIN=)
Catl TSUMAR(MATONT ¢MATIN)
c .
Coem==TNPIIT PFRSNONNF| RFQUTREMFNTS,
2162 TF(IFTLL=Y) 31432432
31 READ 336 INFFDS(I ) el=1eNTNURY
PRINT 484 (MFFUS (1 ) eL=)eNT)
~O TN 4
32 RFAD 334 (NF(L) el =19ITT)
1S=n
M0z
NN 36 =1 eMNTOHR
MXSNSTT)
TS=TSeny
ND Y/ K=MNGTS
36 MEFNDSILY=MFENS (1) o NE (K)
MO=T1S4
35 CONTINMNF
36 CONTIMUF
r
CommmatrPUT ONTSINE NATA
TF(CTINS=1) AlNR]) oA
ALY READ 33, (10S(T1)aT=]aCTINS)



ALD CanT INUF
RO 1AS T=YeNTNHIN
MED(T)=MEEDSI(T)
MFFNS(TY=NFFNS(T)=ACT(T)
TFINFFNS(T)) 17he 1651485
A7A MEFDS(TY =0
VAN CONTINMUF
PRINT 4ARG(NEN(T) e T=]1NTNQ)
POIMT A0 (NFFNS(T) e I=1eNTOURY
MEE (1) =NF LT
MECTY=NFIT)Y=ACTHAL(T)
TEINF(T)) 3TT41A6c]hA
177 MF (Y =0
16 CONTINUIF )
PRINT 4N INEE(T) I=1,TTT)
PRINT 41 «(NE(T)aT=]sITT)

C COAMTRNLS MFENS TN BE FTILED ACCORDInG TO PRYIORIrY 0F FILI. LEVFLS
PRINT S2.1N[STON
IF(INTISTONY 21444721444 2145
21648 DN 2164 | FVF| =) MPRLEYV
MATOUT=MATTIN=]
CALL MONTEY(MATOUT oMATTH)
2144 CAM L FILUIP

C TRANSFFR ALl UMNMASSIGMEN OFRSONNFL
ITRTIMF=?
CAalL TIMEUP

TF(CTNS) AlPe4A124H117
AY3 DN 10N T=) (LRT
1=l STRSTN(T)
K=l STRSTT (1)
| L.=LSTRSTS(T)
TFLINS () S51nR1Ne820
620 Tr=(K=])#MAXSURS| L
CALL RANREAD (1neSYST W JKGIC)
SYST(1e1)=SYST(101)eTOS(Y)
Tp=lPe]
PRINMT 1nnSe Kol LeJeIOS ()P
CALL PACK (KoLl eneJeTNS(J)e0s10]eN1.NPeNT)
CALL RANVWRITF (134N} ¢34 [P)
CALL RANWRTITF(1NeSYSTeUKLIC)
ACTUAL (TC)Y=ACTHAL (ICY +TOS (J)
ACT(KY=ACTIK)+INS(J)
10S(J)=n
Y0 COMTINUF
612 CONTINMUF
PS
Ce====Cal.CiN.ATF DEPLNOYARLE PFRSONNFILL. FOR gACH TOUR AREA,
TF(INISTONLLELN) GO TO 7
MATOIJT=MATTIN=]
CALL TSUMAR(MATOUT «MATIN)
17 CNANTINUE

PRIMY 13I86
PRIMT 1n0e
NN 380 T=11T7T
PRINT 11368. 1
CALL RANOEAD()INGSYSTeJKeT)
CAaLL FLTP
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0

ANN

AR
~NP
RN}

Qnn

3211

401
402

l)‘

IS
2107

L~ E L -

18
=)

2

2h

"t
>0

TAl
J11
NO Aon 11=1e IKeMAXLEN

1ITT= 91 1)

1T1= )1 eMAX| EN=)

N ANN I=0TG 1T

TFISYST (1)) ANLeANNAM
1aT=TATeR
181 (TAJ=2)= )=Jle}

IBYV(TAY)=SYST ()Y
IRT (TAT=1)= JIY
CANT TNUE

TFITATY 60246024603
POINT ANGe (THTO D oJdz=1eTAT)

COMT TrIE
CONT TRNE
N sing T=3),IT11

CALL RAMBFAD()04SYSTeJKe])

0N 1/ANgL K= «MAXLEN

INF (K)=n

NO 8N4 .J=] «MAXLEN

TF(SYST(KeJ)) HO4eBN4eBNS
INMFUKY= )
oMY e
Call RANMNWKDITF 1Y JINEJMAXLENGT)

PRIMNT Q02

DO 90N J=14TP

CALL HAMREAD(134N193e.))

CAL L UNPACK (M) e"12eMIeMLaMSeMAGMT o Mg NT NP oN3)
PPINT 9016 (M)l aM2eM M4 MR aMAMRIMT)
PRINT 1864
GO TN (211 ¢4M)) SSWICHF (S)

WRTTF (SR,17217)
PAIISF

T (SSWTCHF(R) LtQe1) GO TO 402
CoaMT INUF
POTY'T  4n4aeiMIFG
T LTRUMCHLE 4 0) 650 TN A8
Do & =111
Ptc o w0 TYRE (The SUBITY e EQUOTE  , ACTUAL(D) e NUM T) e LENGTH(T)
Y guY (1)

CAlL S i WITINFE ALLOCATF WHICH ACTUALLY NISTRIRUTES PERSONNE). WTTHT
IO AEAS 10 COMMAND FLLEMENTS

TFIINTISTOMN)214AR?]14AP14T

MATOIT=MAT TNz

CALL TAND(MATONT<MATIN)

Xe.QA FNOAIMATS

FARMAT (AT 2T64Fheba?T 1)

FORMAT(2N14)

FORMAT (AT104FH, 1)

FNRMAT (STHe IFALTeTYY

FARPMAT (3I2WIFTLL PRIORTTIFS FOR STMUI ATIONAL/Y)

EORMAT (A1X o T 1,10 THPERCHFNT ¢ SXehH FROM «T2¢1Hoo12.5X7H AFTFR 13, 7HP
TENRTONS XA [HTO 9 1PelHe o [2065X 4 15H MNVFMENT TYpE T2V

FORMAT (//71Y4TH NIIMBER AVATLARLF FOR ANOTHFR T0UR AFTFR MONTu. 14)

FARMAT (1 X AHHNEAATNDFR OF SYSTFM INpyT FROM OUTSINF CATEGORY ]345H
T OINTOG{2elHas [2)

FORMAT . //2RH0HFRSONNFL TNRICATOR VECTNRS /Sv¢34uVALYES = MONTH IN

1SYSTFH OB COLUMN/EX ¢ 3IPHPOSTTIONS = MONTH IN TOUR OR 'ROW)

FORMAT (//2910000E CLUSTFR AND NODF TOTALS)
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71

356
404
425

FORMAT (/5% « 1INNOPE CLUSTER 9 1243H = L16/1(1 oSHNODE e1203H = +16))
FORMAT (/7/772SHANONF CLUSTFR SHORTAGES =,101N

FORMAT (101R)

FORMAT (//14HANNDF QUOTAS =ze3Xe (101101}

FORMAT (//1THANODF SHORTAGFS =4(10110))

FORMAT (7/2P2HANODF CLUSTFR QUOTAS =esaxe10I1M

FORMAT  (6110¢ F6.3)

FORMAT(VIHOINISTON = 417

FORMAT (19HOTOTAL TI'ANSFERS = ¢13¢2X.21H INITIAL TRANSFERS = 413+2X
19 1RHFINAL TRANSFERS = 413) :

FORMAT (1XeFh,3¢6H FROM TlelHeol]142X.6HAFTER 413,144 TIME PERTONS o
YAIHTO o11etHe ol 142XeAHAFTER I1413H TTMF PERIQDS)

FORMAT(//7)

FORMAT (23H LAST PERTOND STIMULATED= 14) , _

FORMAT (RAHAMATRIX 412¢IXe4HROW (72437 THCOLUMN 47243Xe2H =414)

515 FARMAT(315)

604 FORMAT (T (aXe2l4e1T))

901 FNARMAT(ATI0) 7

902 FORMAT(!/6X6HT0UPIN05XSHSURIN03X7HTnnROUT.4X6HSuROUT,ZXGHN MEN IN,
Y4XAHN LOSTo1X9HM IN SYSTeI1X16H M IN TOUR (RQW) )

1005 FORMAT (17H MAIN 2T1ARBXsaT1Y)

1006 FARMAT(//1Xs1SHPERSONNEL NODES/1022H SYS TOYR(COL +ROW))

1355 FNRMAT (1Xe14)
3212 FNRMAT  (103H FOR ANOTHFR PASS-=TURN NFF SWYTCH 5§ AmD PRFSS M7 /

1 MTe TO TERMINATE PRFSS MT / MI,

2146 STOP

EnD

FORTRAN DIAGNNSTIC RESULTS FnR MAINGMM

NULL STATFMENT NHYMRERS

23
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3173273300 FORTRAN (3,1)/uS0S

SURRNOUTINF L.NCK (I.J.vnN.tLoss.!GAIM.IOUT.IrF.Mix-tccolE.Kl;K3 )
Com===A1 L COMMON STATFMENTS IN | OCK ARE NNT IDENTLCAL WITH OTHER SUBROUT INES

COMMNN NOFTRST  (NOLAST sNNTY +JITRTIME  LINTEG
COMMNN Ie +INE(4R)  JIFND OUTTT(24h0).

COMMNN OUTST (2001 «ONTTA(200) +O0UT50(2n0)

CNHMMNN PET(200)  «PFRD(200) ¢k +SYST(4R,48)

COMMNN Pat100) +NAV(100) +sLEMGTH(]0N) WOUT (100)
COMMN INTOUR(220) ' INSUR(220) 'O0UTTOUR (270)
COMMON 1o0n(220) 4OUTSUR(220) AFTeR(220)
COMMNN PER(220) JRATE(100) «NEEDS(1n) «NE(10,10)
COMMNN 10S(10) sNED(10) WNFF(100) JIFT|L sMAXLEN
COMMON NTOUR NP 'CTNS «PERPTN(200)

COMMNN Pnw +LSTRSTO(10) LSTRSTT10)

CNAMMON LSTRSTS(10) Iy +MAXGUR sACT (10n)
COMMON NSTT(10) LINDS(10410) + IGRADE (520)

CAMMNON RFP(220) +ITYPF (220) PERQUT (220) ,
COMMON IDISTON «ISUM 1GRPSUM(10n) sPRIO(100)
COMMON BEGROW(100) +ENNROW (10n) +BEGCOL (100)
€ NMMON ENNCOL (100) ‘MATSUM(10n) sMATGRPS (100)
COMMNN TYPE(100)4SUR(100)  4NUM(100) JACTUAL (104)

COMMNON NPR(EV oNT oInOLD sLEN — JLEVEL oM
COMMNON NCRNODE (100) +MIN(100) GRPTNPR(1A0)

COMMON MAXNEPL (100) '

TMTFGFR TYPE +SUR sACTIAL +ENDcOL

INTFGFR cIns +SYST sOUTSUR  ,OUTTOUR JAFTER
INTEGFR ACT «OUTTO +0uTSo +OUTTT 'OUTST
INTFGFR PERD «GRPSUM +BEGROW «ENDROW *BEGCOL
TNTFGFR PERDTO

IMTFGFR OKK

Ifr (TARANDE(TEND) LE.N ) GO TO 14
PRINT 1nns. IGRANE(IEND), IEND
CALL TRNSPOSF
14 CONTINUF
NI1=N22=N3=0
(=====MNN = TIME PERIND AFTER WHICH REMOVAL TAKES PLACE (MAXLEN Ta MON+ 1,
MONTH=MON e |
ITT=n
Lz(T=1)oMAX+ |
(p
CeeeaalNN= TF ON, REMNVAL 1S FROM PERIND ¢OLLOWING MON ONLY
TFCIND(TEY =1) 4ny4144)
Ce====M= ROW OF REMOvVAL FROM THE MATRIX
T 81 M=MONTH o
GO TO 42
40 M=z=LENGTH(1
7 COMTINUE W FEmmEm EE e o

LEN=MAXLEN
IF ({M=MONTH) 1,16824]57
182 1suU=n '

~ALY WANREASN (1 INE4MAXLENL)
,
2= = FFTNG tmt s OF COL S WITH o VALGE TN ALL ROWS GREATFR THAN OR FQUAL
i3 b “Fa

11544154

- R 'l‘-" .
c- ) Tvilute 1w OF MATRIX (TOURY 44 < ALUE OF {NE(X)= HIGHEST COL oF Row
C.-ov-l wiTem 4 o VAL"F,. = e . . - ' '
Toem=iSl= €At oF ENTITY IN OR BEYOND REMOVAL ROW:

TF {INE(LT)) 158,150
158 TF ((LI)=MONTH) 15041514151
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191 I<U=1Stle)
180 CONTIMUF

Cle==<FUNCTION Mx DFTEFRMINFS HIGHEST COL v+ MATRIv WHICH HAS A PNGITIVE walLyE
Cl====1F 10D 1S OFF,

CRre===CHFCK THF WUMKFR OF COL S W#ITH » VALUE IN ALL RQwS gQUAL TO MONTK 1f

MMN=MX ( [NE e MAXLEN)
Gn 1N 188

184 NN 18A | I=1eMAXLFN
IF (INE(LT)) 1894156
189 TF ((L1)=MONTH) 1564157166
157 tsu=1SUe1
156 CONTINUE

10pON

C=====NMNzZ STARTING ROW OF RFMOVAL FROM Tuf MATRIX (NMN TO COLY OfF ROW M-pFMV|_PT

c

Commw==SFARCH FOR HIGHFST POSTTION OF A POSITIVE INE VALUE

NMN = INF (M)
169 IF(ISH=1) 191024102

102 LFN=NMN
NMN=N
NMLEN=N
1PR=)

C4====NMLEN TS THF HIGHFST POSITION

C

D0 3NV TLK=MONTH,MAXLEN
IFCINF(TLK)Y LLF. 0) GO TO 301
IF(LFN=TNF (TLK)) 301430247304
3IN? NMN=TI K
6Gn 10 3n)
ING NMLFN=TLK
3nl CONTINUF
1PR=1PRe |
TF(NMNGFOQ .0 JAND, NMLEN.FR.0N) GO TO 4
TFINMNY 2034303306 )
303 IF(IND=1)206,414)
INA TF (NMN=NMLEN) 3074305308
J0T7 NMNENMLFN
3nS M=NMN
G0 TO 322

321 CALL RANRFAD(104SYSTeJK.L)
CALL RANRFAN(1146INEMAXLENSL)
IF(INF(M)=1)Q¢244324

324 LFN=TNE (M)
TSU=LEN
GO TO 32

322 CONTINUE
2 CALL RANRFAN(104SYSTJKWL)
CALL RANREAD (11 ¢ INFeMAXLENGL)
323 CONTINUE
IPR=TPRs+
TF(ACTUHAL (L)) 1e1934
34 IF (INF(M)= LEN) 372515
&1 CONTINUF
IF(SYST(MJLEN)) 32¢37.33
33 1HOLD=0
IF(INISTON)G196K] « 60
DISTRN MATNTAINS MINIMIM LEVEL TN TQUR AREAS.
60 TF(NCRNODF (K1) oFQel oANDe LEVEL.,EQsr) GO TO 61
IF(MIN(T) +EN.1) GO TN 62
CAMLL MINTMUM({TKY)
61 TF(SYST(MeLFEN))IRPe6Pek
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e SN

€2 SYST(My) FMI=GYST (MeLLFN) « THOLD
6n In 3>

R3 SNNz=M/]12,0800T (L)
TF(SNO=1) 7,748
g Sn0=1,0
7 IFF=SYST (MJLLFN)#S00
CSYST(MGI . FN)=SYST(MoLFN)=TFF
1TTzIFFel T 4 )
Ceeec==WHFNMN PERCFNTAGF WAS APPLIED TN ) ENTTITY«=THE ENTITY WAS LOSY TO SYs7Y
KOMaSYST (Mo LFN)
TF (SYST(MJLFNY FQ.1) GO T0 24
TFI(PERONIT(IF) «GT.0) 6N TO 12
PFROUT(IFY=1,00
12 SYST (Mgl FN) = SYST (Mol FNYSPEROUT (TE
C PFTATN PFRSNNNFL NEFNFN FNR MINTMUMm FILL
26 KOMEKOMaSYST (M LFN) + THOLD
TE(SYST(MJLEMY=TOUT) 34444
7 IGAINZIGATNGSYST (MgLFN)
TOUT=101T=SYST (MeLEN)
1SESYST(MLFN) _
C 1F KNM,GT, NPFRSONNF{ RFMAIN TN SYST(M4LFN) ANb INE(LEN) RFEMAINS TwF SaME
IF(KDM,GT, N)Y GO TO A4
INF (LEN) = TINF (LFN) =]
F4 CAlL RANWRTITF()11«INEGMAXLFN,L)
SYST(MGLFN)=0
QYST(MeLFN)I=SYST (Mgl ENY +<OM
CALL RANWRITE (104SYSTeJK,L)
NKK=Me Y
CALL RANRFAD  (10eSYSTWJKW]ICC)
CALL RAMRFAN (1)« INF<MAXLFENGICC)

Ly
(eeee=TYPE 3  INTO (14))
LENZ=1
GO TO  (1100,110041300e1400) ITYPE ¢ TEND)
1300 SYST(LENGY) = SYST(LEN.1) + IS
T4 LFN
{ FN2=1
IF (INE(LFN)=LEN2) 1354413551355
1354 TME(LFN) =
CALL RANWRITE(11+INEJMAXLEN,ICC)
1355 Gn Tn 25
c
Ceme==TYPE 4 INTO (141)
1400 SYST(141) = SYST()el) + IS
) LEN?=TJ =) .
TF (INE(Y)=LFN2) 145441455+1455
1454 INF(1)= <
CALL RANWRITF  (11¢INE«MAXLEN,y ICC)
1455 GO TQ 25

C
Come==TYPF 1 AND 2 (14T)
1100 TF (M=MAXLFN) 26424423
23 SYST(YeM ) =SYST(IoM )elS§
1.4=1
LEN2=M
TFIINE (1) =M) 952452453
52 TnEOYY =M
CAtL RANWNRITF (11, INFJMAXLEN,ICC)
53 CONTINUE
T 60 10 25
26 SYST(lel EM)= SYST(leLEN)*]IS
10J=1
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LFN2=LFN
IF(INF(1)=LFN2) 54+455,55
54 INE(Y1)slFN
CALL RANWRTITF (114,INEVMAXLEN,ICC)
S5 CONTINUF
25 CNNTINUF
T1P=1P+}y
M PRINT =3 M=} MAJ OnLY
{TFM=s
PRINT 1001 Kl eK3eloJelSeTFFelJ)eLEN24IPITEM
CALL PACK (K1 9K3eloJe1SoIFF, IJJOLFNZQNI'NZ.N3 )
CALL RANWRITF (13eN14341P)
CALL RANWRITE (10+4SYST4JKeICC)

32 TF(LEN=Y) 94946
9 IF(MaMONTH) 141,410
10 M=M=}
~ 60 TO 32) =
6 LFNsLFN-)
GO 10 2

4 IGAIN=IGATINeIONT
CALL RANWRITE ( 10eSYST UK oL)
CALL RANREAD  (16GeSYSTLJKeICC)
CaLL RANRFAD (114 (NFeMAXLENSICC)
r
- GO TO (1110411104131041410) TTYPE(IFNM)
Cewe== TYPE 3 INTO (I41)
1310 SYST(LFNe1) = SYST(LENs1) ¢ I10UT
--——  1JJs LEN
LEM2=]
IF (TNE(LEN)=LEN2) 1357.22+22
1387 INFILEN) =Y
Go 1o 22
Cc
LmmeaaTYPE ¢ INMTO (1.1)
1410 SYST(141) = SYST(lel)+ TOUT
LEN2=1JJ=} .
IF (INE(1)Y=LEN2) 1457.22+22
1457 INE(1)= |
6o TO 22
€ - - - N N
Cr==-=TYPE l AND 2 (1.1
1110 IF (M=MAXLEN) 21,21420
-2 SYST(1+LENI=SYST(1sLEN)sICUT
19J=1
LEN?=LEN
——-—AF{INECTY=LEN) S5T7922422 SSE ] BEES R OS S e e
§7 INE(1):=LEN
GO TC 22
—-—-20 SYST(1 M )=®SYST(1,M )elOUT
JWNED |
LEN2=M
———HFLINE () =M} 56456422 : e
56 INE(1)zMe)
22 CONTINUE
—————— {PeiPe} - -
MPRINT2M=]
ITEM=6
~PRINT 100%s K1eK3eloJeISelFFeiJUelEN2IPITEM
CALL PACK (K1 oeK3eloJe INUTGIFFaTJJet EN2eN19N2sN3 )
CALL RANWRITE (13+sN143¢1P)

- 58 -



s eye— O

T T T TALL RANREAD

SA

- — g

s o

15

1001
1002
1003
1005
1007

CaLL RANWRITF(114INE,MAXLEN,ICC)
CALL RANWRITE (104SYST,4JKs ICC)

(10eSYST4JKWL)
SYST(MJLEN) =KNM=TOUT+SYST(M,LEN)
CALL RANREAD(11+INEJMAXLENSL)
TF(INE(LEN)=M) 58¢59,59
TME (LEN) =M
CaLL RANWRITE(114INE«MAXLEN,ICC)
" CALL RANWRITE (104SYSToJUKoL)
OKK=Me)
T10UT=g
IFF=ITY
IF (TGRADE (IEND) +LE.N ) GO TO 15
PRINT 1107, TGRADE(IEND)s IEND
CALL TRNSPOSE

CONT INUE

LOCK FORMATS

FORMAT (6H {OCKY 10T10)
FORMAT (6H |LOCK? 10110)

FORMAT(11IHOINISTON = 412)

FORMAT (8H TGRARE= T4, 6H IFND=

FORMAT (8H IGRADE= T4, 6H IEND=
RETURN

END

FORTRAN DTAGNOSTIC RESULTS

NULL STATEMENT NUMRERS

1003

1002
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3173273300 FORTRAN (3_,1)/mS0S

S SURROUTINE FILUP

TELTIFILL=1) Ses10410
5 D0 15 I=l, ITY
15 NF(I)e0

10 TcOUNT=D
PR

COMMON NOFTRST  +NOLAST  «NQTT JITRTIME  JINTEG
COMMON I +INE(48) sIgND OUTTT(200)
——- - COMMON OUTST(200)40UTTO(200) T S0UTgotanm)
COMMON PCT(200) +PFRO(200) ¢Jx +SYST (4R .48) .
COMMON PA(100) oNAV(100) +LENGTH(100) 0UT(1n0)
COMMON INTOUR (220) + InSUB (2201 +»QUTTONR(220)
COMMON 0D (220)  +OUTSUR(220) +AFTER(220) o
COMMON PFR(220) RATE(100) NEEDRS (1) oNE(10,10)
= COHMMON 10S(10) oNENC(10)  NEE(100) JIFTLL  +MAXLEN
COMMON NTONR oNP +C108 +PERPTO (20n)
COMMON PNV +LSTRSTO(10) WLSTASTT(10)
COMMON LSTRSTS (10) 2844 «MAXGUR  +ACT(10)
COMMNN NSTT(10) oINOS(1ns10) « IGRLADE (220)
COMMON RFP(220) +ITYPE(220) +PERQUT (220) B
— ~COMMON IDISTON o ISUM +ORPSUM L1000} +PRTIO(160)
COMMON BEGROW (100) +ENDROW (100) +BEGCOL (100)
COMMON ENOCOL (100) WMATSUM(100) yMATGRDOS (100)
- - COMMON TYPE (100)«SUR(100) oNUuM(100) JACTyAL (100)
COMMON NPRLEV oNT s THOLD +LEN sLEVEL ™
COMMON NCRNODE (100) sMIN(100) (GRPYINPR(100)
COMMON MAXNFPL (100) }
INTEGFR TYPE +SUR sACTUAL +ENDCOL
INTEGFR cros +SYST »OyYTSUR +OUTTOUR +AFTER
INTFGFR ACY WOuTTO +0yTS0 OUTTY +OUTST
INTEGFR PFRD +«GRPSUM +BEGROW +ENDQOW +BEGCOL
INTEGER PEROTO
== INTEGER OK +OKK
M1=N?=N3=0

Coeew=CHFCK EACH TOUR TO FTLL RFQUIRFMENTS ACCORDING %0 FILL RILFS,

DO 20 TFND=1 oNP
K1=INTOUR(TEND)
K22NUTTOUR(TFND)
KI=TNSUB (TEND)
K&é=OUTSUB (TEND)
nK=g
TFIIFILL=1) 5,400,440
A0 TFTIND=NF (K]1eK3)
Gn 10 45
35 JFINN=ENEEDS(K])
45 10CE(Kla)) *MAXSIROK]
TF(PFR(TFND)) P2ReP264930
30 IFINN=PFRITFND) « IFIND
26 CONTINUF
TFOTIFIND) 140614101472
140 IFIND=0
141 GO D 20
147 CNONTINUF
IF(OUTTOUR(IFND))Y RORNLTS
75 1r=(K2=1) * MAXSIIB*K4

c INTTTALLYy SYSTEM INPUTS THOSE WHO HAVE COMPLETEN THE TnuRg,

LASLENGTH(IC) +)

CALL RANREAD(10eSYSTW KL (C)

NN 265 TM=1 4MAXLFN

TF(SYST( (L AeIM) LFL0) RO TN 285
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TF(PFROUT(TEND) ,GTL0) GO TO 5%
PFROUT(IFMN)Y =] , 0N
S5 KAMESYST (L AsIM) aPEROIT (TEND)
IFISYST(LACIM) (FAR, 1) KOM=)
TF(XNOM) P2A2,2R?:256
256 1F (IFIND=KOM) AND¢604AE
60  CONTINUE
(o
Ce==eaNU'MRFR AVAILARLF IS NOT SUFFICIENT vn FILL REQUIRFMENTS,
SYST(L AeIMIZSYST (LA TMI=TIFIND
CALL RANPEAN(1NsSYSToUKsICC)
POINT 143:SYST(LAGIM) qTMGLENGTH(TIC) xOM
SY~T(leIM )=SYST(leIM DeIFIND
1P=1Pe
PRINT 1005¢K1 oK IFK2oeK4IFTINDIM TP
CALL PACK(KY ¢KIeK2eK4oIFINDGOgTMalonTeN2oND
CALL RaANWRITE( 13eN1o3,1P)
CALL RANMWRITF (10+SYST,JKICC)
ox=1FIND
tFIND=zn
ACTI(KI)ZACT(K]) «OK
ACTUAL(ICC)I=ACTHAL(ICC) e0K
a0 TO 70
65 CONTINUF

A
C===-=NyMBFR AVATLAHLE EXCFFNg REQUIRFMENTS,
TFINN=IF IND=-KNM
OK=XOM
SYST(LA«TM)I=SYST (LA M) =KOM
CALL RANRFEAD{10+SYST,4JK,1CC)
SYST(1eTM 1=SYST(leIM 140K
TP2IPe)
PRINT 16GNAK] oK ToK2oK4eOKIMyIP
CALL PACK (K] ¢K3gK2eK&eOKaNoIMelNLsN2oN3)
CALL RANWRITE (134N1e3e1P)
rALL RANWRITE (104SYSTeJUK,1CC)
ACTI(K]))SACT(K]) e OK
ACTUAL (TCC)=ACTUAL (1CC) +0OK
NKKzMe |
G0 10 258
255 CONTINUF
2%8 CONTINUF
TFC IFIND) 2404704262
2640 IFINND=0
G0 TN 7o
c THERF SHOULN NOT BE ANYONE BEYOND THE TOUR LIMITS OR LENGTH(IC).
262 TF(AFTER(TIENN) «LENGTH(IC))S0,50470
© 80 IAUT=TFTND
11.0SS=1GAIN=IFF =0
MMMM=MA X SUR
‘My=MAXSHIA
1F=TEND
C__ CFARCH FOR PFRSONNEL TF THEY ARE AVAJLABLFE ABOVE MINIMUM LEVELS. FnR
< CRITICAL TOUR LEVFLS IGNORE MINIMM LEVE) Se

TELINDISTONGEN.N) GN TO 2§

TIF(MIN(K?) .FN.0) GO TN 25 o
TF(LEVEL .EQ,1 .AND. NCRNODE (K1) .EQ.1) GO 1O 25
Go T0 20

25 CALL LOCK(K2,K4oAFTER(TEND) o ILOSSsIGAIN, TOUT o IFE oMY  JCCoJE oK1 4K 3)

T PAINT 1n62, x?.K4.AFtFn(IENo).YLGSS.lGAIN.Iout.vFF.Qv.lcc.le.x|.x:
MAXSHR2MMMM

ACT(K2)=ACT(K2)=1GAIN-IFF
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OK=1GAIN
TFIND=TONT

e ACTUAL(TC) SACTUAL (IC) = IGAIN=IFF
ACT(K1)=ACT (K1) +0K
ACTUAL(TCC)=ACTHAL (ICC) +0K

e - - HE(IFTLL=1) 150015141651
18] NF (K2 oeK4)=NE (KPP oeK4)+IGAINIFF
160 NEEDS(K?)=NEEDS (K2) ¢JGAIN+IFF
— - — 70 §F(IFILL=1) 85,90+90
90 NE(K]1eK3)=IFIND
RS NEEDS(K1)=IFIND
e e - = @D TO Y20
C
Coee==INPUT SNIIGHT FROM OUTSINE SYSTEM,
- R0 CALL OUTSTDE (IEND)
GO TN 1?70
1; 0 TCOUNT=TCOUNT +NK
20 CONTINUF
¢
C FILUP FNRMATS
143 FORMAT(AH FILUP.4110)
1001 FORMAT (12H BEFORE L0CK 1218)
1002 FARMAT (12H AFTER LOCK 121IR)
1008 FoRMAT (R/H FIjypl GIR,Bx,+2T18)
100~ FORMAT (8H FILIP? STRBX,218)

c

pFTURN
Fab

FORTRAN DTAGNOSTIC RESULTS

NULL STATEMENT NUMBERS
100)
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T SUBROUTINFE TIMEILIP

31/32/330n FORTRAN

«NOLAST

(3.1) /uS0S

COMMNN NOF TRST NOTT +JITRTIME  +INTEG
COMMON 1P «INE(4B)  +IFND +OUTTT (200)

~ COMMNN 0UTST(200) «OUTTO(200) T L0UTg0 (2000
COMMON PCT(200)  +PFRN(200) s Jx «SYST(48,48)
COMMON Pa(100) oNAV(700) +LENGTH(10n) sOUT (100)
 CAMMON INTOUR(220) osINSUB(220) sOUTTONR (220)
COMMON 10n(220) +OUTSUR(220) «AFTER(220)
COMMON PFR(220) +RATE(100) +NEEDS(10) oNE(10,10)

“ TOMMON 10S(10)  WNENLYTOY WNEE(100) JIFI L sMAXLEN
COMMON NTOUR NP +C10S +PERDTO (204)
COMMON PDW sLSTRSTO(10) WLSTRSTT(10)

T CoMRON “ T LSTRSTS(10) LA T WMAXSUB  4ACT(10)
COMMON NSIT(16) +INOS(10,10) +«IGRADE (22M)
COMMON REP(220) +ITYPE(220) +PERQUT (220) .
TTTTTTUTOMMON TINISTON 4 ISUM WGRPSUM (1 0n) +PR101100)

COMMON RFGROW(100) +ENDROW (1 0n) +BEGCOL (100)
COMMNN ENDCOL (100) sMATSUM(10n) yMATGRPS (100)
TAMMON TYPF(100) «SURI100) oNiumM(1006) JACT(AL (104)
COMMON NPRLEV oNT o InnLD +LEN . sLEVEL oM
COMMON NCRNODE (100} sMIN(100) GRPTNPR(140)

TOHMMDN MAXDEPL (100) Tt
TNTFGFR TYPE +SUB sACTUAL  (ENDcOL
INTEGER c10s oSYST +0UTSUB  ,0UTYOUR  oAFTER
INTEGFR ACT +OUTTO »OUTSO JOUTYT +OUTST
INTEGFR PFRD +GRPSUM +REGROW +ENDROW sBEGCOL
INTEGFR PERNTO

" DTMENSTON SYS (4R 44R)
INTEGFR SYS
PRINT 131TRTIME
JKEMAXLFN®MAXLEN
TE(ITRTIMELEQ.2) GO TN 12
1START=]
1STOP=NAF TRST
Go Tn 1N

10 ISTART=NOFIRSTe]

T4TOP=NNATT

11 D0 ) T=ISTART,ISTOP

N)=N2=N3=n

K1=0UTTT (1Y SK2=0uTTO(T)SKI=0UTST (1) eka=0UTSO(])

TFOUTTT(T) =1)
c

AeTe?

C=<2=-TPANSFFRS REHAVF LIKF LOSSES TN SYSTEM,

& k=(DUTTO(]) =1)

& MAXSUR+OUTSO(I)

CALL PANRFAD(104SYSTeJUKWK)

MSP=PFRN (1)
DO R L=1.MAXLFN
TF(SYST(MSP,LL))

BeBe9

9 NMN=SYST (MSP,,L)#PCT (1)
SYST(MSP4L.}=SYST (MSP 4L )=NNN
PRINT 3¢ OUTTT(T)4OUTST (1) s0UTTO(I) ,0UTSO(T)ePCT(T) PERD(I),

1SYST(MSP,| )
Ip=1P+1]

CAlLL PACK (K]l oK3eK2eKGaDNNNoMSP oL
T UEALL RANWRTTE (13,

B CONTINUE
N GORTO B

¢

N1s3eTP)

oM eNZ.N3Y

Ce====TRANGFERS ARE FROM ONE TOUR TO ANOTHER WITHIN TME §v§TEM,
7 J2(ONTTT(I)=1) aMAXSYB+OUTST(T)
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K=(OUTTO(])=1)eMAXSHYReQUTSO(])
CALL RAMPEAN(1N4SYST4JKeK)
CALL RANRFAN(10¢SYSqUKJ)
MSP=PERD (1)
DU 2 L=1MAXLFN
- - = TFISYSTIMSPLL)) 24245
5 CONT INUF
NNNZSYST (MSPLL)®PCTI(T)
SYST(MSP L) =SYST (MSP L) =NNN
MGPTN=MSP
TF(PERDTO(T) ,GT N} MSPTO=PERDTO(I)
----- SYS(MSPTN L) =SYS(MSPTN L) +NNn
PRINT 3¢ OUTTT(T)+OUTST(I) sOUYTTO(1) (0UTSO(T) ePCT(I) PERD(T) o
1SYST(MSPeL) aSYS (MSPTOWL)
- Iealped
CALL PACK (K1 ¢KI4K2 o K& oANNNeD o MSPTOsL N1 sNZ2oNY)
CALL RANWRITF(13«N1l434TP)
= -—- - 2 CONTINUE
CALL RANWRITE (1nySYSeJKs J)
1 CALL RANWRITE(1NnySYSTeJKGK)

C
C TIMFIJP FOPMATS
I FARMAT (41104FB,444110)
13 FORMAT (THATIMEUP 42X o INHITRTIME = 414
C
PFTURN
END
FORTRAN NTAGNOSTIC RESULTS FOR TIMEUpP
NO FRRORS
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31/32,/3300 FORTRAN (3_1)/mS0S

T SUPROUTINF OUTSIDE(T)

COMMON NOFTRST  (NOLAST  oNoTT +ITRTIME  JINTEG
COMMON 1P +INE(48) J1gND WOUTTT(2n0)
~~~~~ TTMMNN ONTIST(200) ,0UTTO(2n0) ~40UTg0(2n0)
COMMNN PCT(200) FFRD(200) oJx «SYST(48,.48)
COMMON PA(100) oNAV(100) +LENGTH(100) 2OUT (100)

T CoMMNN INTOUR(220) +INSUR (2201 . 20UTTONR(220)
COMMNON 10n(220) LOUTSUR (220 «AFTER(220) ,
COMMON PFR(220) LRATE(100) +NEERS(1n) oNE(10,10)

T TOMMON 10S(10) NEDCIOY  WNeE(100) LIFTL oMAXLEN
COMMON NTOUR NP +C10$ +PERQTO(20M)

COMMON PhW +LSTRSTO(10) LSTRSTTOIOY

T TOMMON LSTRSTS(10) oIvT MAXSUR ~ 4ACT(1A)
COMMON NSTT(10) <INOS(10,410) + IGRADE (220)
COMMON REP (220) LITYPE(220M) +PERQUT (220) -

. COMMNN INTISTON  LISUM +GRPSUM(100) +PR1O(Y00)
COMMON RFGROW(100) +sENDROW(100) +BEGCOL (100)
COMMNON ENDCOL (100) +MATSUM(100) sMATGROS (100)

TTTT COMMON TYPF(100)eSUR(100) oNuM(100) JACTUAL (704)

COMMON NPRLEV oNT o THOLD +LEN sLEVEL oM
COMMON NCRNONE (100) MIN(100) +GRPTNPR(100)
T COMMNON MAXDEPL (100)
INTEGFR TYPE +SUR sACTUAL +ENDcOL
INTFGFR cIns +SYST +OyYTSUR  ,OUTTOUR AFTER
TNTEGFR ACT OUTTO WOUTSO JOUTTY sOUTST
INTEGFR PFRD +GRPSUM  +BEGROW  ENDROW  +BEGCOL
INTEGFR PFROTO
INTEGER 0K
N1=N2=NI=0
K&4=NDUTSUBI(])
®3IZOUTTOUR(T)
K2=INSUR(])
K1=TNTOUR(T)
¢ IFK4=0 THIS MEANS THAT PROGRAM 1S USING VARIARLE [NPUT
¢ TOS(K4) = VECTOR OF NFW INPUT DURING THIS TIMg PERIOND

TEF(TFILL=1) 545,10
10 IFTND=NE(K)oK?)
GO TH A7
S TFIND=NEEDS(K])
87 TF(IFINN.LE.n) 6O TO 9]
TF(K4=1) R2,R3,83
B? TF(RF2(1)1~140) 84485485
B4 SSAVF=IFIND
TFIND=PDWESSAVE
GN TO A4
RS TFIND=SSAVE
Ak Kk=10S(1)
TOS(1)=1FIND
KJ=K4
K4z
83 IF(PFR(T))Y 20e2neR]
B8] OK=INS(K4)®PER(T)
IF(INS(K4a)= TFIND) 92,3143)
92 TFIND=IFIND=NK
TOS(K&)=T0S(K4) =0K
GO TO 135
20 IF(INS(K4)=TFIND) 25,310,330
25 TIFIND=TIFIND=T0S(K4)
Ok=TNS(Ka4)
TO0S(K4y=p
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0 TO 135
30 Oxk=IFIND

e 3] -INS{K&) = T0S(K&)-IFIND
NK=TFIND
TFIND=p
. C =36 {(FLIFTLL=Y) 40450450
S0 NE(K]1eK2)=NE (K1eK2)=0K
40 NEEDS (K1) =NEEDS (K])=0K
e —e—- = - INOS(KY oK 2) =0K
ICC=(K1=1) #MAXSIIB+K2
CALL RANREAD(10«SYST«JK1CC)
e —— SYST{141)=SYST(14]1) 0K
CALL RANWRITE (104SYSTeJUK4ICC)
1P=TP+)
e — —PRINT 10069 K] oK29K3eK4e0KyIP
CALL PACK (K} oK2eK39K4e0KeN9)o1oNLoND4N3)
CALL RANWRITE (13eN143e1P)
c e e ACTUK] Y =2ACT (K ) +OK
ACTUAL (ICCI=ACTUAL (ICC) +nK
TF(KJ=1) RO.89,.88
<~ 89 SSAVE=IFIND
10S (1) =KK
K6=KJ
88 CONTINUE
CALL RANREAD(114INEMAXLENJICC)
TFCINF(1)=1) 9091491
90 TME(1) =)
CALL RANWRITE (1)« INE«MAXLEN,ICC)
91 CONTINUE

c.
c OUTSTDE FORMATS
1005 FORMAT (12H OUTSINE=z=- 1218)
(of
RFTIIRN
EnD
FORTRAN DTAGNOSTIC RESULTS F£0R OyTSIpE
NO ERRORS
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]

ND ERRNRS

10
999

3173273309 FORTRAN (3_1)/uS0S

TSURRNITINE TRNSPOSE

COMMNN NOFTRST  (NOLAST  +NpTT JTRTIMF  +INTEG
COMMON 1P +INE(48) oIgnD +0UTTT(200)
COMMNDN OuTST (200)40UTTNL200) +0UT50(2p0)
COMMNN PCT(200) +PFRD(200) ¢Jx +SYST (48.48)
CNMMON Pat100) +NAV(100) JLENGTH(10n) 20UT(10M
COMMNN INTOUR (220) + INSUR (220) +OUTTOUR (220)
COMMON 10n1220) +OUTSUR(2720) +AFTER (220) .
COMMDON PER(220) +RATE(100) +NEEDS (1n)oNE(10.10)
COMMON 1050100 «NFD(10)  oNEE(100) LIFI L sMAXLEN
COMMON NTOUR NP +C10S +PERRTO (200)
COMMNON PDw +LSTRSTO(10) LSTRSTT(10) _
COMMAN LSTRSTS(10) vy MAXSUR ~ 4ACT(10)
COMMNON NSIT(I0) <INOS(1n,10) «IGRADE (229)
COMMNN RFP(220) 4ITYPg(220) PERQUT (220) B
COMMNN IDISTON  ,ISUM +GRPSUM(100) +PRIO(100)
COMMDN BEGROW {100) "+ENDROW(100) *BEGCOL (100)
COMMON ENDCOL (100) *MATSUM(100) ~  +MATGRPS(100)
COMMON TYPE(1001+SUB(100)  oNUM(100) JACTUAL (109
COMMON NPRIEV oNT eIHOLD +LEN ~ oLEVEL o™
COMMON NCRNODE (10n) *MIN(100) +GRPINPR(140)
CNMMNON MAXDEPL (100)
INTEGFR TYPE +SuB sACTUAL  (ENDEOL
INTFGFR c1ns oSYST +OUTSUR  ,OUTYOUR +AFTER
IMTFGFR ACT +OUTTO sOUTSO LOUtTY sOUTST
INTEGFR PERD +GRPSUM  4BEGROW  ENDROW  +BEGCOL
INTEGFR PERDTO
TF (IGRADE(IEND) .LE, 0 ) GO TO 999
ENTRY FLTP
PO 10 T=1MAXLEN
NA 10 J=TMAXLEN
ISAVE= SYST(T..))
SYST(leJd)= SYST(Ja 1)
SYST(Je]t= ISAVE
RETURN
END

FORTRAN NDTAGNOSTIC RESULTS FnNR TRNSPQSE
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3173273300 FORTRAN (3,1)/uS0S

SURRNITINF SIIMMARY (NUMELFM INDIVLINTNT)
APRIL 19AQ=PROGRAMMER WITT
SI'MMARY SHRROUTINE=0RTATNS SUMS OF oARTIAL AND/oR COMPLETE MATRIZE
S AND GROIPS OF MATRICFS
SURRNUTINF PARAMFTERS
TF INDTV o6GTe 0TNTALS FOR WHOLF MATRICES ARE oRTATNED. VALUF OF INNIv
DETFAMINFS MATRIX TO BF SUMMEN
INTOT COMTATNS MATRIX TOTAL

COMMON NOFTRST  (NNLART  (NoOTT JTRTIMF L INTEG
COMMON Ie +INE (48) oIgnD OUTYT2n0)

CNAMMNN OUTST(200) O0UTTO(200) OUTen(2n0)

COMMON PCT(200) +PFRD(200) oJw «SYST(48,48)

COMMNN PA(100) NAV(100) osLENGTH()0N) »0UT(1900)
CAMMNN INTOUR (220) «INSHR (22 +OUTTOUR (220)
COMMON 100 (220)  +OUTSUR(220) +AFTER(220) o
COMMON PFR(220) +RATE (10 +NEEPS(10) oNE (1IN, 0)
COMMON 10s(10) NED(10)  oNEE(100) JIFILL sMAXLFN
COMMON NTOUR NP +C10S PERpTO(200)

CAMMNN PDW +LSTRSTN(10) LSTRSTT (10) )
COMMNON LSTRSTS(10) olrvrY +MAXSUR oACT (M)
COMMNON NSTT(10)  <INOS(10.10) +IGRADE (220)

CNMMNN RFP(220) JITYPE(220) «PERQUT (220)

COMMAN INTSTON «ISUM +GoPSUM(100) +PRIO(100)
COMMON HEGROW(]1n0) +EnNROW(100) +BEGCOL (100)
CNAMMNN ENDCOL (100) «MATSU¥*100) _ $MATGReS (100)
COMMNN TYPE(1N0)4SUB (100}  oNUM(100) JACTUAL (Y0n)

COMMNN NPRLEV oNT «Iunh oLEN +LEVEL ™
COMMON NCRNONE (100) sMTN(100) GRPINPR(]00)

COMMNON MAXDFPL (100)

INTFGFR TYPF +SUR sACTUAL +ENDcOL

INTFGFR c10S8 oSYSH +«0YTSUR JOUTTOUR GAFTER
INTFGFR ACT OUTTO «0yT1s0 JOUTYY +OUTST
IMTEGFR PFON +«GRPSUM +RERROW <ENDROW +BEGCN
INTEGFR PFRNTO

SFCTINN 1

SUMS INNTVTIDIA]. MATRICFS

NUMELEM=NIIMRFR OF ELFMFNTS IN MATGRpS VECTOR

MATGRPS=VFLTAR WHICH NFTFRMINFS WHIcH MATRICES gR veCTORS aApfF T0
HE SHMMFD AND THE AGGREGATE &UMS 1O HE NBTAINED

TECINDIVL,GF1)GO TO &
PRINT 100
PRINT 10X

4 ISTART=z)&TISUM=N
J=n
NO 10 T=1NUME} FH
MATSIM(T) =D '
IF(INDIVL.GF.1)RN 10 P
TF(MATGRPS(TYoFN,0)GD TO S
=J*+
MAT=MATARRPS(T)
18F SR=RFGROW ( J)
TENDR=FNDROW (J),
18FGC=BEGCOL { J)
TENDCZENDCOL (W)
Gn In 3

? IBFGR=1QEGC=Y



(o Ne e Ba e e Ne

NO ERRORS

100
1M
102
103

TENPR=LFNGTH(INDTV)

TENDC=MAXLEN

MAT=TNDTV

CALL RANRFAN(104SYSTeJKeMAT)

No 1 Kx=THFGR.IENDR

NO 1 1 =TRFGC4IENDC

MATSUM(T)=MATSUM(T) ¢SYST (KoL)

IF(INDIV.GE.1)GO TO 1) )

Pnl#T {ol.INTEG.MAYanS(I)oMAISUM(I).IBEGR.vENDQ.lach'IENoc
Go Tn 10

SECTION 2

SUMS GROUPS OF MATRICFS ANN/OR VECTNRS _

GRPSUM=SUMS OF GROUPS OF MATRICES OR VECTORS DESIGNATED IN MATGRPS
VECTNR

T1YEND=1.1

[SIM=TSIIMe }

GRPSUM (T1SHM) =0

PO R K=1STARTHTIFND

GRPSM (TSUM) =GRPSUM{ISUM) +MATSUM (K)
PRINT 102 GRPSUM (ISUM)
JaTART =Y

CONT INUE

Catl RANWRTITE(144GRPSUMISUMeTNTEG)
Gn Tn 12

T TOT=MATSUM(])
CNAMTINUF

SURRNOUTINF SUMMARY FORMATS

FORMAT (/31HONUTPUT FROM SURROUTINE SUMMARY/)

FORMAT (T1S5¢TReT1244X912¢ 1H=012¢3Xes13,1H=412)

FORMAT (47Xs110) .

FORMAT {THAPERIOND ¢ 3%+ 4HNODE ¢ 3X 4 1 OHNODE TOTAL 4 3X9 sHROWS ¢ 3X 4 THCOLIIMNS
13X« VIHCLUSTER TOTAL)

RETURN
END

FORTRAN DIAGNOSTIC RESULTS FfOR SUMMARY
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3173273300 FORTRAN

‘—— - PROGRAN FTLL BN I
COMMON A(4R94B)¢ NB(4R, 48)
COMMON TRT (2000)

(3.1)/MS0S

-RFAL PEReN R
INTFGFR A
Co====M= MATRIX SI7F (SQUARE)

——- - RFAD 10)+™ e s e

1STZFE=MaM

C=====1START = STARTING MATPIX----!STOP z FENDING MATRVX(IMCLUSIVE)

~-—=—}-RFAD 101+ ISTART. ISTOP -
TF (ISTART=1) 9994242
2 D0 60?2 TAa= ISTART, ISTOP
-PRIMT 107 : - : T
CALL RANRFAD (10,A,ISTZE,1A)
RFAD 101K IZERD

-€=====K= NUMRFR OF DATA CARNS - - e :
C--===1F I1ZERO EQ 0 MATRIX WILL BE ZEROED THEN DATA gntERED
C---=-1F IZER0 1S | NATA WILL BE ENTERFD INTO EXISTING MATRIX
—— - IF- (1ZERO=1) 344eé e e

300 10 I=1.M
DO 10 JzleM

‘0 A(I.J, =N o om g 0oL @ o e e e e e

4 17=N=1=)=PFR=0,0
NO ?2n KA=1eK
READ 100+ NoTeJyPER : =
IF (1.LF.0) GO TO 20
IF (J.LE.O0) GO TO 20
Ce====Nz= NUMBFR 14 FORMAT - =052 0 PO
Cre=e=]= STARTING ROW
Coma=ej= STARTING COLUMN
Ce====PFR = % OF N IN EACH ELEMENT
C=====1F PER = neln0 PERCENT IS ASSUMED
IF (PFR,EN. 0) 15416

—— ‘5 p‘lp “ g >0 o . e mere s e — m————

16 11=2100./ (PER'IOO]

NO 20 L=1.11

NAaz N#® PER

IF (I.GT.M) ?30?‘
26 1F (J).GTM) 23,25
25 IF (17€6RD=1) 26421421 Sl
26 TF  (A(T1eJ)) 22471
21 Atley) = NA

I=1+]

NENLA]

Go Tn 2o

- 22 PRINT 103410y ———

L=11
GO Tn 20
23 PRINT 104e 1 4J
L=11
20 CONTTINUF
30 CALL RANWRITF  (104A4ISIZEWTIA)
PRINT 10A 1A
CALL RANRFAD  (1Qe¢A¢1SIZE.TIA)
NO 31 I= 1M
PO 31 J=l.M
ISAVE= A(T+J)
Af(Ted)m A(JeT)
31 A(JeT)= [SAVE
Tatl=0



e ST

Py,

 §

JTI=0
DO 600 11=2)4TST7Fem
- JIT2 J1Te1
: ITA= Jl+Me)
DN 600 J= JI,1(1A
e 1 (ACJ)) A0V e60NK0]
601 IAT= TATeR
TRT (1ATI=1)= JTI
T IRT(TATY= AL(D
TIRT(TAT=P)= J=Jlel
600 CONTINUE
Tt IF (TAT) 602.607.A03
A3 PRINT @Nae (THT (D) J=141AD)
604 FNORMAT (7(4Xe2T6sI7))
T 602 CONTINUF
Gno Tn
Cowww=DATA FORMAT
TS 100 FNORMAT (FR.Qe2124F2,2)
101 FORMAT  (214)
103 FORMAT (14H NATA FOR RNW T2s SH COL 12¢/ 38K NOT ENTERED
-~ T XATA STORFN THERF)
104 FORMAT (14H DATA FOR ROW [245H COL 12+/ 34M ENYERED RUT
XFFNS MATRIX )
cm ottt 1k FNRMAT O (1Xe13)
107 FORMAT  (///5%s IHCIL +4H ROW )
999 FnD

FORTRAN NTAGNOSTIC RESULTS FOR FILL

NULL STATFMENT NUMRFRS

-t 30

ERROR TYPE 1046 DETECTED AY 1 STATEMENT BEYOND STATEMENT NO,
THE RUNNING TNNFX IN A ON MAY BE CHANGED WITHIN THE LO0OD,

ERROR TYPF 1n4g DETECTED Al 1 STATEMENT BEYOND STATEMENTY NN,
THE RUNNING TNDEX IN A DO MAY BFE CHANGED WITHIN THE LOOP,

COMPASS«Pel o X,

- -

PRINR N

DaTAa EXC

22

23



3300 COMPASS/MgOS=COMPASS V X59R

ENTRY PACK ot INPACK
00NN0 01077777 0Y 0 T7777 0 PACK yJP e
00001 47100107 47 0 POOLNT ) ST1 XRvel
00Nn02 1aannnnn 14 1 00000 ? ENA U3}
00NN 14T7NONNO T4 Y 000NN X ENN 0R
0nNNGE 56100000 S4 0 PONDOOO ) LDJ PACK
0NN0S 21800006 21 1 00006 LD I 641
nonnA 13000030 12 0 00030 0 SHAQ 24
00007 21840007 2)Y 1 00007 LDO1] Ton
00010 12400077 12 1 0002? 0 SHQ 18
00011 13000006 13 0 00006 O SHAQ 6
00012 21500010 21 1 00010 1 LONsI 8
0nNn13 172400022 12 1 00027 0 SHA 1R
00014 13000006 Y3 'n 0000 0 SHAQ 6
00n1S 21500011 21 1 0001} LDQeI 941
00016 12400022 12 1 000227 0 SHQ 18
00MP17 13000006 13 0 00006 0 sHAQ 6
00N20  40€00N012 40 1 00017 STAs1 10,1
00N?21 218500004 21 1 00006 1 LDAe1 4o
00Nn22 12000030 13 0 0N03N 0 s4AQ 26
n6023 21500000 21 1 00000 1 LDGeT 0y
NON24 12400024 12 1 00024 0 SHN 20
00rPs 13000006 12 0 00004 O SHAQ 4
annsé 21800001 21 1 00001 1 L0Ne1 1e
NON27T 12400024 12 1 000724 0 sHN 20
00030 13000004 13 0 00004 0 sHAQ 4
0003)1 40500012 40 1 00017 ) STAWI 1
00n32 218500005 21 1 00005 ) LON, I St
00033 13000030 13 0 00030 0 g-AN 24
00034 21500002 21 1 00002 1 L00,1 241
00Nn35 12400074 12 1 00024 0 gHN 20
00036 13000006 13 0 00004 0 SHAQ 4
00037 21500003 2Y 1 00003 ) LDAI 341
00Ns0 12400024 172 1 00024 0 SHA 20
a0rel 13000004 Y3 0 000N 0 SHAQ 4
00n42 40500014 40 1 00014 1 STAI 12.1
0Nr4I  010001NS 01 0 PONLOS 0 uJpP HArK
00N&4  01NTTTTT OV 0 TTTTT 0 UNPACK uJp L
annses 47100107 47 0 POOLOT7 1 STl XRt 4
00Ne6  147N00NON 14 1 00000 3 ENQ 0B
0NNAT  S41NNN4G 54 0 POON4GS Lot UNpACK 1
NONSO 20800012 P20 1 00017 ) LDAWT 101
000%1  1300000A 13 0 0000F 0 SHAQ 6
00052 41500006 41 1 00004 ) STOs1 6
00053 14700000 14 Y 00000 3 ENO 08
00054 12000006 13 0 0000K 0 SHAQ 6
00NSS 41500007 41 1 00007 STNI Tev
00NSA  14TONDONON Y14 ) 00000 3 ENQ 0R
00057 13000006 13 0 0000A 0 gHAN 6
000A0 41500010 41 1 00010 1 ST B
0NNkl 12077788 12 0 T77S5 6 SHA 1o
00rK2  4NS00011 40 1 00011 1 STl 9y
0nne3I 20800013 20} 00017 1} LDAeI 11.1
0NRAG  14TO0NON Y4 1 000NN 3 ENOQ 0R

Reproduced from
best available copy.

-T2 -



3300 COMPASS/MGNS.COMPASS V

0N0NAS
N006KK
HOHLLY
nonTo
nonTl
onn72
0onnrl
00n74
00nTsS
onnTe
onnt?
00100
ontul
onIn?
00103
nnins
nol10%
onVne6e
00107
0no

3300 COMPASS/MSNS=rOMPASS V

1300020
41I8N0NNG
14700000
13000004
41800000
12000004
40500000
20500014
18700000
13000020
41500005
14700000
13n00n4
418500007
17000004
40500007
15100018
47100100
14177777

Mor7777

Reproduc

ENTRY=POINT SYMRQ| S

PACK
UNPACK

nnnno
nNNasG

LENGTH OF Si'RPROGRAM
LENGTH OF COMMON

LENGTH OF DNATA

ed
best availab

17
41
14
13
41
12
40
20
14
13
4
14
13
4)
12
40
15
47
14
mn

DO DDt Drt Dt D ety D vt D m o D

from
!' copY-

X§9R
noo>2n
00004
00000
nocna
00000
00004
0000
00014
00000
00020
0000%
00000
00006
000n?
0n004
00002
LIRS

PONLILO
IXARAS
77117

Dttt D D W D W =D =D DD

XS9R

oo
00000
0900n

N f)

RACK

XR1

SHAQ 16
STQeI 40
ENQ 0
SHAQ 4
STQe1 0o
SHA 4
STAI lev
Lhael 12.1
ENQ oR
SHAQ 16
STN1 Ser
ENQ 0
sHAN 4
STA 1 2
gHA 4
STAe] 39}
™I 13.1
STl *e2.l
ent LA |
uJP e
END

NIMRER OF LINES wrTH DTIAGAOSTICS



3300 COMPASS/MSNS-COMPASS V

ENTRY=POINT SYMBOLS

MX

noond

LENGTH OF SUBPRNGRAM
LENGTH UF CcoMMNN
LENGTH OF DaTA

3300 COMPASS/MGOS-COMPASS V

0nnoo
00001
00002
000603
annna
00nns
00006
00007
oonla
00011
non1?
0nni3
oonlé
onnls
onnls
nom7v
opreo
nne?l
oene2?

14177777
01077777
4T100000
5410000
14400002
34000001
20100000
46000014
4600001 A
20500001
53gNNNND
18177774
A RARAAS
18177774
I ARRAARA
N3IKNONP)
130000230
NP2800NY A
nlonoann

14
0
47
LYY
LY
34
20
44
4s
?n
53
15
2n
1s
A3
nNa
13
07
0

Dt Dt D DD Dt DDIIDID=~IDDODD

MY

00023
noooon
00000

77117
17117
POOONO
pPOO0N)
0n0on?
P00001
00000
PO0O0Y&
PO0O1A
00001
00000
77774
7117
IRARL
LEXRA)
PNNO0PI
00030
P0001A
po000n

RACK
MX

11
12

- T -

ENTRY MX
ENI LA |
uJP L X )
STl BACK.)
Lot MX )
ENA 4
RAD MX
LA 0o
SWA 11
SNA 12
LDAI lev
TAl 1
INT =1.1
LDA *e 1
INI =11
D0 T8
AQJGE ®eo
SHAQ 26
140 12.1
yJP BAcCK
END

NUMBER OF LINgS wiTH DIAGNOSTIC



