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FOREWORD 

The BESRL Work Unit, "Computerized Models for the Simulation of Policies and 
Operations of the Personnel Subsystem-SIMPOI", 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 (SIMPO)" and is Project 
2QD66101M711. "Army Operations and Intelligence Analysis." under the auspices of 
the Army Study Advisory Committee. Sub-Work Units include: a) Operational Analysis 
of Personnel Subsystems; b) Cataloging and Integration of Existing Manpower Models; 
c) Development of Measures of System Effectiveness; d) Development of Modeling 
Techniques; e) 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 Manipulator (GMM), is based on the movement of elements 
within or between matrices used to represent the different personnel categories accord- 
ing to supplied 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 

7 



SIMPO-I GENERAL MATRIX MANIPULATOR (GMM) 

BRIEF 

Requirement: 

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

Research Product: 

The GMM is a modular set of computerized routines which move eloments 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 time 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. 

Utilization: 

The GMM has been used in developing DISTRO, a SIMPO-I model required by PRIMÄR 
II, "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 personnel 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.     In 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 modelr 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 nodeu 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 reexamlned 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 (5).    Another special purpose SIMPO-I mass 
flow model has received wide use with different rotation,  training, and 
reenlistment problems.    The Career-Noncareer 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 GMM 
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. 



IHt 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(8) 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 evalrstion 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 system 
of computer programs are these: 

1. Monitoring of two different time measurements. 

2. Variable number of main categories of personnel, i.e., groups 
of tabular displays. 

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

4. Opti nal rules for transferring 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 th3 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. 



The next  two capabilities are related to the numoer of classes or 
groups of people required to model a given systea.    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 synmetric arrangement of sub-categories within main cate- 
gories;  that Is,  If one main category requires 9 sub-categories, 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 by computer main 
memory. 

Capability 4,  optional rules 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,  mr.ny different flow 
patterns can be described, making it possible  -o 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 to 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 15,  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 

5 - 



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 
n-ides.    In a matrix manipulator,   it should be possible  to structure the 
flystem under either type of constraint.    Either one or more matrices may 
oe allowed in a cluster,  and either the individual matrix or the cluster 
may be capacitated.    The two matrix ■.'imensions 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 may 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 
Flow Type in C at time t 

1 ci,i 
2 CI,J 

5 CI.J 
4 c. . t,J 

Element gaining in 
D at time t + 1 

di+l, J+l 

di+l. 1 

dn 

The nodes in a GMM can be thouf.it 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), 
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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 Is a collection of nodes having one kind of flow 
(Type 1) within a conanand aggregation (the feeder pattern) and a second 
kind of flow   (Type 2)  across cornnands.    These two kinds  of flow are de- 
picted In Figure 1  In connection with Type A nodes   (matrices of time in 
conmand 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 conmand 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-comnand changes as a result  of the flow.    Prescribed proportions can 
be taken from each row (representing those with equal  time  in service). 

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 conmand 
and  the row  (time in service)  from which the K persons were  removed in the 
contributing node.     Each cell  in the matrix would th^n be advanced one 
row and one column.    Nondeployabllity 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 claimants 
could undoubtedly be made after the Type 1 flows and before the Type 2 
flow.    The rate of  fill  (constraints on flow Into nodes)  at each conmand 
aggregation could then be recomputed to reflect distribution priorities. 

A Type 5 flow would  represent a flow within a comnard 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 (l*e., with time  in grade and time in conmand 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* 



COMMAND 1 COMMAND 2 
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LEVEL 1 

Figure 1. Flows for Type A Nodes 

TYPE A 

MONTHLY PROGRESSION 
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Figure 2. Node types in the GMM 



COMMAND 1 COMMAND 2 

SKILL 
LEVEL S 

SKILL 
LEVEL 4 

Figures. Node Type B flows in the GMM 

Search Patterns 

Flowc between model nodes are under the control  of priority-of-fill 
rules provided by the analyst.    The order In which nodes are reached  in 
extracting people to fill other nodes  is determined by the  sequence of 
the rules.    Another 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  sucrpssive 
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 in 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 decieasing dimensional icy 
for each matrix dimension. 
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Figure 4. Search areas needed in the matrix manipulator 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   inmediately 
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 tine 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-fl)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 not  in fixed-length nodes—or not in a high priority 
function--must either have safeguards that  prevent the IOSF 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.  In modeling a 
personnel system, some nodes can be easily classified as a matrix, othert 
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 ehe 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 combination of maximum matrix size and matrix 
number sequence to reach the correct position on the disk where a matrix 
node is written. Changing the concept of the model from a symmetrical 
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arrangement of sets and subsets of square matrices to a nonsymmetrical 
one composed of elements, vectors, and matrices as required by the sys- 
ten being 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 orde- 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 elementL> are located. Search starts at the 
extreme non-zero element and works back toward row or column number one. 

Matrix Capacitance 

Jus»- 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 lewer limit.  In the present 
GMM, the lower limit is considered only in the special purpose DISTRO 
application, whero 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 Output 

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 suinmirles.  Since the Army keeps its personnel records on 
tapes and makvs extracts available for operational and study needs, it 
is feasible to provide routines which allow the GMM 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 und^r consideration. 

- 10 



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 routine 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  is directly related  co the logic employed.    The main routine driver 
and  its interface with the individual  subroutines  is described  in the 
following sections. 

Main Driver Program. MAINGMM 

MAINGMM, the driver program, is a logical group of statements which, 
using an iterative procedure, simulates each ti .e period. These state- 
ments define the simulation logic by the order and manner in which tt t-y 
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. input simulation data 
2. update the system 
J. 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, &,  and 9 without Che aid of subroutines. 

- 11 
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Additional subroutines will take over these five functions in the 
SIMPO-II phase of the GMM. Subroutines TIMEUP, SUMMARY, FILUP, 
OUTSIDE, MX, X59B, and LOCK accomplish steps J>,  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 r'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 tour 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 «n option to read the card B data from either a 
permanent storage disk or from the cards directly.  If 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.  In 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 (Ml 

No. of 
Card Description     Cards     Variable Columns    Format 

System Status Parameters 

Primary Parameter ID 1-3 A5 
NTOUR 4-7 14 
ITT 8-11 14 
FIRST 12-15 14 
LAST 16-19 14 
IFILL 20-25 14 
NP 24-27 14 
MAXSUB 28-31 14 
CIOS 32-35 14 
JC 36-39 14 
IC 40-43 14 
MAXLEN 44-47 14 
LRT 48-51 14 
PEW 52-57 F6.4 
IDISTON 58 11 
IPUNCH 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 - l)/20 = l) 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 
SUB 
ACTUAL 
NUM 
LENGTH 
OUT 

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

1-10 110 
11-20 no 
51-40 no 
41-50 no 
51-60 no 
61-66 F6.5 
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Table 1 (Continued) 

Card Description 
No. of 
Cards Variable Columns Format 

Tour Deck Cards B M SYST(1,1) 
SYST(1,2) 

• 

1-4 
5-8 

14 
14 

• 
• 

SYST(1,20) 
SYST(1,21) 

• 

77-80 
1-4 

• 
14 
14 

• 
• 
• 

SYST(1,40) 
SYST(1,41) 

• 

77-80 
1-4 

• 
• 

14 
14 

• 
■ 

• 
SYST(1,MAXLEN) 
SYST(2,1) 

• 
1-4 

• 
« 

14 
14 

• 
• 
• 

SYST(MAXLEN, 
MAXLEN) 

• 

14 

Directional 
Flow Parameters 

Transfer Rule 
Parameter Card 

Transfer Rules NOTT 

Priority-of-fill 
Rules 

NP 

NOTT 1-4 14 
NOFIRST 5-8 14 
NOLAST 9-12 14 

OUTTT 1-10 no 
OUTST 11-20 no 
OUTTO 21-50 no 
OUTSO 51-40 no 
PERD 41-50 no 
PERDTO 51-60 no 
PCT 61-66 F6.5 

INTOUR 1-8 18 
INSUB 9-x6 18 
OUTTOUR 17-24 18 
OUTSUB 25-52 IB 
AFTER 55-40 IB 
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Table 1 (Continued) 

Card Description 
No.  of 
Cards Variable Columns Format 

Last Resort Tour 
Rules 

LRT 

PEROUT 41-46 P6.5 
PER 47-52 F6.5 
REP 55-58 F6.5 
IOD 59-61 15 
IGRADE 62-64 15 
ITYPE 65-6? i? 

LSTRSTO 1-5 15 
LSTRSTT 6-10 15 
LSTRSTS 11-15 15 

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 - l)/10 + l) 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 

Input Card M 

NEEDS(l) 
NEEDS(2) 

• 

1-8 
9-16 

18 
18 

• 
• 
• 

NEEDS(NTOUR) 

• 

18 

I0S(1) 
10S(2S 

1-8 
9-16 

18 
IB 

IOS(CIOS) 18 
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Table 2 

VARIABLES INPUT BY USER TO GMM 

Variable Definition 

ID 

NTOUR 

MAXSIIB 

ITT 

FIRST 

LAST 

IFILL 

NP 

MAXLEN 

CIOS 

PDW 

Simulation Identification (3 characters) 

Number of node clusters 

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

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 l--have NTOUR requirements, one for 
each node cluster. 

If IFILL .GE. l--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)'      Node cluster designation (Numbered one to NTOUR) 

SUB(I)       Node category designation (Numbered one to MAXSUB) 

ACTUAL(I)     Number of entitles ir. node 

NUM(l)       Number of nodes within the node cluster 

LENGTH(I)     Length of node in time periods 

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

NOTT Number of possible horizontal node to node movements 
(transfers) 

NOFIRST      Number of initial transfers or horizontal movements 

NOLAST       Number of final transfers or horizontal movements 
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Table 2 (Continued) 

Variable Definition 

NOTT of the following: 

Node cluster to which horizontal movement lo 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 from which movement is made (losing node) 

OUTTT(j)b 

OUTST(J) 

OUTTO(J) 

OUTSO(J) 

PERD(J) Row of node (particular time period)  from which 
horizontal movement  is maoa 

PERDTO(J) Row of node to which horizontal movement  is made 

PCT(j) Percentage of entities within each cell  of losing node which 
are available   for horizontal movement 

NP of the following: 

INTOUR(K)c Node cluster to which movement is made  (gaining cluster) 

INSUB(K) Node within node cluster to which movement  is made (gaining node) 

OUTTOUR(K) Node cluster from which movement  is made (losing cluster) 

OirrSUB(K) Node within node cluster from which movement   is made (losing node) 

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

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

PEROUT(K) 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) 

IOD(K) If I0D  .EQ. 1—movement  is only from time period (row) 
indicated (AFTER(K)) 

If I0D  .NE.  1—movement  is from time period MAXLEN 
through AFTER(K) 

i.e.  if AFTER  .EQ. 12,  movement takes place from row 15 only 
if  I0D   .EQ.   1;   if I0D  .NE.   1,   from MAXLEN  to 12th rows 

REP(K) If REP  .EQ. l--may fill NEEDS with 100^ of those 
available from outside the system 

If REP  .NE. 1--NEEDS are filled with PEW^t of  those 
available from outside the system 

i 
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Table 2 (Continued) 

Variable Definition 

ITYPE(K) 

LRT 

Determines how data will be input into a node 

If ITYPE .LE. 2--input will be into row 1, column T. 

If ITYPE .EQ. 3--input will be into row I, column 1. 

If ITYPE .GE. 4--input will be into row 1, column 1. 

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)* 

LSTRSTO(L) 

LSTRSTS(L) 

Tour to which LSTRSTO(L) input is sent 

Designation of cell containing input to system 

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

NEEDS(M)e 

NE(I)* 

IOSCN)' 

If IFILL .EQ. 0--Read in NTOUR node cluster 
requirements for the pi riod being simulated 

If IFILL .EQ. 1--Read ITT node requirements for 
period being simulated 

Number innut from outside available to the system 

aI - 1,ITT; ^J = 1,N0TT; CK - 1,NP; d L - 1,LRT; e: - 1,NTOUR; fN =■ 1,CI0S 

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 muLux node and then enterJ the non-zero elements 
into the node, or it enters the elements into an e:'J""Ing ...atrix node. 
By entering elements i -to an  existing node, the  user holds '•ompu'^r 
time at a minimum wher. he is modifying small parts oi c^.   ^ta,  Pi^i.i"; 6 
illustrates the data deck setup.  Table J describes the specifii. am^  con- 
struction and Table 4 defines each of the input variables for Progrp: TILL. 
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Table 5 

INPUT TO   PROGRAM tLLL 

Card Description 
No.  of 
Card Variable Columns Format 

Dimension 

Node   Definition 

] 

1 

M 

ISTART 
ISTOP 

1-4 

1-4 
5-8 

14 

[4 
14 

Node   Input  Setup consists of  ISTOP-ISTART+1  groups,  each with one 
Card A and K Cards   B. 

Card A 

Card  B K 

K 
I ZERO 

N 
I 
J 
PER 

1-4 
■5-8 

1-6 
7-8 
9-10 
11-12 

l-i 

14 

FG.O 
12 
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 El ank 

Table 4 

DEFINITIONS OF VARIABLES FOR PROGRAM FILL 

Variable 

M 

ISTART 

ISTOP 

K 

IZERO 

N 

I 

J 

PER 

Definition 

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

Number of starting matrix 

Number of ending matrix 

Number of data cards  to be input to matrix 

If IZERO  .EQ. 0, matirix will be zeroed,  then data entered. 

If IZERO  .EQ. 1, data will be entered  into existing matrix. 

Value of the matrix element 

Starting row of the matrix entered 

Starting  columi, of the matrix entered 

Percent of N entered  into each element of a diagonal vector 
starting at element  I,J.    If PER  .EQ. 0,  100^ enters 
element  I,J. 
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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 position. 

The initial and final transfer rules determine direct movement 
between 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 
flow of personnel across skill levels within command elements prior to 
the aasignment 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. 

Movement 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. 

Moveiiient to an Initial node position, 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 
will 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-P 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 inagniude of these monthly node requirements, per- 
sonnel flow through the system according to the priority-of-fill rules. 
If 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. 

, 
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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 which 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.     Initial personnel  transfers may 
represent  losses from the  system 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  Vosing node  to any row and  the  same 
column 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.    In 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 accomplishes these 
different  transfers.    In the SIMPO  II  GMM,  a new subroutine with the 
capability of transferring personnel   from any row Siid  column of a losing 
node to any other row and  column of a gaining node will  replace  sub- 
routine TIMEUP. 

To transform records of the initial  transfer movements  into usable 
form,   Subroutine TIMEUP releases control  to Entry Pack of Subroutine X^9B. 
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  ptored.    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   In the system. 
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WORD  1 

WORD  2 

6 BITS 6  BITS 6  BITS  6 BITS — 

OUTTOUR OUTSUB INTOUR INSUB 

24 BIT WORD 

— 17  BITS    

PERSONNEL  INPUT TO  NODE 

WORD  3 PERSONNEL  LOST TO SYSTEM 

24  BIT WORD 

Figure B.     Storage of data by entry PACK 

7 BITS 

TIME 
IN  NODE 

24 BIT WORD 

17  BITS    7 BITS 

TIME 
IN SYSTEM 
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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  individual and aggregate node  sums are calculated. 
The value of each element  in the MATGRPS vector refers to the node to be 
sunned.    A zero value for an 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 guldllne 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 ^. Detemiine 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 sy&tem, 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 11). 
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. 

- 28 - 



si*K5 

r\ 
if" 1 

0*0 / til .81 

g § ssg 
* Sac 

in -*o 

I 

I 

29 - 



GH 11 

*rtT 
>- 1 ■ 1 

3 — l'   
knw 

/l    \       O s s 

> 

/  oo\   2 

\   »-o / m 
°f 

-© "|2 
OS 
mt   II 

"' 
S2r 
3 = 2 I o 
o 

""• 

ü 
l|i-0 

GH 

r\ 

^y 

T r ■ 

UJ 3» 4U 

II   S ^ 
o      ^ 

5i 

Ir s o 

MV 

< ~ üf 
iC 

30 - 



Ml  k 
*** T 

S.                   / 

o P. _m 
\ ^ > f ^o - 
\ 2  / *n ^ »- « 

^**   / 

u© 
1 

8 

g 

31 - 



f 
o 

i k II 

ii 
< 

'. 

f \ 

2? 

«s ^j 

|    -*-*(E>-— 02 o-go -© 
^y  \^y 

I  -©(!>-II 

I   -© © |   ^0 

- 52 



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 positions 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. 

If the losing node represents personnel input from outside the 
system, FILÜP 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. 

üata descriptions of each personnel movement within subroutines 
FILUP, LOCK, and OUTSIDE are packed, using subroutine X^B-Entry PACK, 
and then are stored on a temporary disk. This cycle of transferring 
control to FILUP at the beginning of each priority-of-flll rule and then 
to LOCK or OUTSIDE, if necessary, continues until every priority-of-flll 
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 assignment 
process. These final transfers round out the system before the next time 
period begins by reassigning all remaining personnel who must be moved. 
For 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 ot+ier 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 I078 persons,  510 were assigned to short tour,   II9 to long 
tour,  and 649 to CONUS.    Of the 510  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 
available than that required by the  steady-state models 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 IB and 24 months.    Under the 
second condition--with two sequential assignments—the CONUS tour would 
be somewhat longer than 24 months,  but  less than 50 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 subtours were needed in each main tour. Tour numbers were 
assigned by the following design: 

Previous Assignment 

Present 

Assignment 

ST LT CONUS 

ST 1,1 1,2 3,3 

LT 2,1 2,2 2,5 

CONUS 5,1 5,2 5,5 

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 56 i? 18 

CONUS 56 12 18 

Assignment priorities used were: 

Into From Part of quota 
Subtour Subtour After to be filled 

1,5 5,5 ^6 100% 
1,3 5,2 56 
1,2 2,5 56 
1.5 5,5 18 
1,5 5,2 18 
1,5 5,1 18 
1,5 5,5 12 
1,5 5,2 12 
1,5 5,1 12 
1,2 2,5 12 
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Into From Part of quota 
Subtour Subtour After to be  filled 

2,5 3,5 18 100^ 
2,? 5,1 18 
2,1 1,5 12 
2,3 5,5 12 
2,3 3,1 1? 
2,5 5,2 12 
2,1 1,5 12 
2,1 1,2 12 
5,1 1,1 12 
5,1 1,5 12 
3,1 1,2 12 
5,2 2,1 56 
5,2 2,5 ^6 

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

Short Long 
lonth Tour Tour C0NÜ 

1 510 119 679 
2 510 119 67') 
5 510 119 67" 
■1 510 119 679 
5 510 119 709 
6 310 119 709 
7 510 119 709 
8 510 119 739 
9 510 119 759 

10 310 119 759 
11 310 119 759 
12-56 510 119 769 

Changes  in  the designated manning  level   for CONUS were made to test 
observed  shortages output  by the model  and  to m£.ke sure  persons ending 
overseas  tours would  b^ moved  by the model   to a different  assignment. 



Data Deck Description 

Card 1 
(Parameter card 
describing the 
limits of the 
system being 
modeled) 

Columns 

1-5 

4-7 

8-11 

Variable' 
(Identification 

of Sample) 

NTOUR 

ITT 

Value in 
Sample Problem 

MAJ 

5 

9 

12-1^ FTRST l 

16-19 LAST 20 

20-25 IFILL 0 

24-27 NP 25 

28-51 MAXSUB 5 

52-55 CIOS 0 

56-59 JC 6 

40-45 IC 0 

44-47 MAXLEN 48 

52-57 LRT 0 

58 ID1STON 0 

59 IPUNCH 1 

' See Table 2 for definitions 

Cards 2-10    Subtour Parameter Cards* 

Card Number 

Variable Cols 2 5 4 5 6 7 8 9 10 

Main tour 1-10 1 1 1 2 2 2 5 5 5 
area 

Subtour 11-20 1 2 5 1 2 5 1 2 5 

Quota 21-50 0 0 0 0 0 0 0 0 0 

Actual 51-40 0 100 210 107 0 12 0 0 649 

Number of 
Subtours 

41-50 5 5 5 5 5 5 5 5 5 

Maximum 
Length of 
Subtour 

51-60 12 12 12 56 56 56 47 ^7 47 

Loss rate 61-70 0 0 0 0 0 0 0 0 0 

* In this problem the data matrices were already on a computer disk and 
were called  in when needed. 
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Cards 11-33 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 25-32   33-40 41-46 

Card 11 3 3 56 10C0 
Nr. 12 3 2 36 1000 

13 2 3 36 1000 

14 3 3 18 1000 

15 5 2 18 1000 

16 3 1 18 1000 

17 ? 3 12 1000 

18 ? 2 12 1000 

19 3 1 12 1000 

20 2 3 12 1000 

21 2 3 3 18 1000 

22 2 3 l 18 1000 

23 2 l 5 12 1000 

24 2 3 5 12 1000 

25 2 3 l 12 1000 

26 2 3 2 12 1000 

27 2 l 5 12 1000 

28 2 l 2 12 1000 

29 5 1 1 12 1000 

50 3 l 3 12 1000 

31 5 1 2 12 1000 

52 5 2 2 1 36 1000 

55 5 2 2 3 36 1000 

Read with three decimal places. 
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Cards 34-69 Tour Area Quotas 

Tour Area 
Card No. l(Cols 1- 8) 2  (Cols 9-16) 5 (Cols 17-24) 

?4 510 119 679 

?5 510 119 679 

56 510 119 679 

57 510 119 679 

58 510 119 709 

59 510 119 709 

40 510 119 709 

41 510 319 709 

U 510 119 709 

4? 510 119 709 

44 510 119 70Q 

45-6^ 510 119 769 

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 matr^ : from input consisting 
of matrix maximum dimensions and individual cell values, together with 
the row and column for each cell. 
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Reassignments  actually  simulated   by the model   are  shown below: 

Month 

] 
;■ 

4 

G 

7 
8 

lo 
ii 
i? 

13 
14 

15 
16 
17 
18 

19 
20 
21 
22 
25 
24 

25 
26 
2? 
28 
29 
50 

51 

v. 
54 
55 
56 

To Short Tour 
from 

To Long Tour 
from 

To CONUS 
from from from 
CONUS LT CONUS    ST ST LT 

50 50 
'o 50 
25 25 
25 2*5 
2^ 25 
2 «5 25 

?r 25 
2r) 25 
2"; ?'. 
25 ?•-. 
25 25 
25 25 

30 50 
'0 50 
25 25 
25 25 
2-, 25 
25 25 

25 r. 25 5 
25 e 25 6 
25 6 25 6 
25 6 25 6 
25 6 25 6 
25 6 25 6 

29 i 7 50 6 
29 1 7 50 6 
24 1 7 2-, 6 
24 1 7 2^ 6 
24 1 7 25 6 
24 1 7 25 6 

24 1 7 25 6 
24 1 7 25 6 
24 1 7 25 6 
24 1 7 25 6 
24 1 7 25 6 
24 1 7 25 6 
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The average CONUS tour duration for overseas replacements was up from 
16 months at the start of the simulation to over 21 months at the end 
of the first simulated year and to over 25 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 Nome gram using the same options. 

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

COMPUTER LISTINGS Of GUM ROUTINES 
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31/l?/130o   FORTRAN   (3   1)/MSOS 

r 
c 
r 
r 

r 
r 
c 
r 
r 
c 
c 
r 
c 
r 
r 
f 
c 
r 
c 
c 
r 
c 
r 
r 
r 
r 
c 
c 
c 
r 
c 
r 

PRORPAM MAINRMM 
APPIL iQft? 

FII.H^ 
DMTSIOF 
LOCK 

rOMMON 
CHMMOM 
rnMMON 
fOMMOM 
COMMOM 
COMMON 
rr»MM0N 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMOM 
COMMON 
COMMON 
COMMON 
COMMON 
TNTFRFR 
I^TFCrp 
InTFRFP 
I»'TFGFR 
IwTFGFP 

NARVA 
NABVA 
NARVA 
NARVA 

NOFIRST   «NOl.AST 
IP «lN»r(*8) 
ODTST (?nn) ,0iiTTo(2ftn) 
PCT(?00)  ,PERn(?00).Jf 
PA(IOO)   ,NAV(100) 
lMToi)»(??n) 

APRIL 
APRIL 
APRIL 

»NOTT 

»IfMO 

.LENGTH(IOO) 
• lNStlR(22n> 

1R67 

H(S7 
.ITRTIME     .INTFr, 
.OUTTT(200) 

,OUTsO(200> 
.SYSTUR.AS) 

«OUTdnO) 
tOUTTOuR(220) 

Tori(??n)     ,oiiTSUR(2?0) 
PFW(?^0)      ,RATE(100) 
lOSdO) .NEOdO)      tNpE(lOO) 
NTOilW ,NP «ClQS 
Pnw .LSTRSTO(IO) 
LSTRSTSMO) »ITT 
NSTT(ln)       .TNOSdOtlO) 

PFP(??o)   ,UrPF(220) 
rOTSTON ,I«;i)M 
HFG^OWdnO) 
FNOC()L( inn) 
TYPE don) ««UM (inn) 
NPWLKV        ,NT 
NCHNODEdOO) 
MA*DtPLdOn) 

TH| dnoo) 
TYPE    »^»JH    »ACTUAL 
nos    .SYST   »OUTSUH 
ACT .OIJTTO »OUTSO 
PERD «fiRPSUM        »REGROW 
FIRST .PERDTO 

TFPMS   USEO 

,AFTcR(22n) 
.NEEoSdÖ)«NEdn,lO) 
.IFILL    »MAXLFN 
,RERoTO(20n) 
.LSTnSTTtlO) 
.MAXsUB        »ACT(lo) 
,lGRA0E(22ft' 
.PERo'lTfjaO) 

,GRoSUM(ion) ♦PRlO(iOO) 
♦ ENDOOWdOn) «8EGCOL(100) 
,MATSIIM(iOo) »MATGRPS(100» 
«NUM(IOO)    .ACToALdOn) 

.LEN «LEVEL .M 

.GRPtNPRdöO) 
»IHOI n 
.MTNdOO) 

«ENOcOL 
.OUTTOUR 

.OUTTT 
• ENDpO'W 

•AFTER 
tOUTST 
»BEOCOL 

DEFINITIONS OF IN STMULATTON PROGRAM 

IDs RUN TOFNTIFICATION 

NTOu«= NUMBER OF OVERALL TOUR TvPES 

ITTa NUMBER OF TOURS (TOTAL NUMfl[-p) TO BE SIMULATED 

FIRSTrBFGlNNlNG TIME PERIOD 

MAXSUB=MAXTMiiM NUMBER OF SUBTOURS 

NPs TOTAI. NUMHFR OF PRIORITIES INPUT 

NOUT(NTOilR X MAXSIIB) ■ TOTAL OUTPUT FPOM EACH TQliR AND SUBTOUR 
AVAILABLE FOR ANOTHER TOUR 

LOSSES (NTOUR X MAXSIIB) = TOTAL MUMBER OUTPUT FROM £ACH TOUR, 
SUBTOUR LOST FROM SYSTEM 

MIDOi)T( NTOUR X M4XSUB) ■ TOTAL OUTPUT FROM EACM TOUR« SUBTOUR 
OURTNO MONTH AVAIlABLE FOR ANOTHER TOUR 

MIDLOSSC INTOUM X MAXTOR) z TOTAL OUTPUT FRQM FACH TOUR, SUBTOup 
DURING MONTH LOST FROM SYSTEM 
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r IPIl.L«  PARAMFTPH MSPn TO nFTFRMfNf IF QUOTAS »RF FOR TOUR OR 
r TF= 0 H«VP NTOIIM UUOTAS 
r TF I.FSS THFN OB ORFATFR THAN o HAVF tTT QUOTAS 
r 
r 
r ri«wiiMBFH  OF   CRITirAl    TOURS 
r 
r r?s   NMMHFW OF CRITTCAl TOUR TYPES • ? 
r 
C riOS«   NtiMHFR   OF  CATFRORIF.S   INPUT   FROM   OgTSlQE 
r HOW= 

r 
r MAXLFNsMAxIMUM LENGTH OF TiMF IM SYSTFM 
r 
r i=  ),ITT 
r 
r TYPF(!)sTni|R    TYPF 
r 
r «;im(i) sSiihTO'iH  TYPP 

r 
r OiiOTAdJsOuOT A   OF   TOUp   OR   SUHTOuR(OFPFNDS   ON   IFILL   PARAMFTFR) 
r 
r ATTilAI   (I)=arTl)AL   MIMRFR   OF   MFN   \H   TOUH   QR   SUBTOUR* 

r OFPFNf'FMT   UPON    IFILL    PAHftMETFR 
r 
r NMM( nrNHMcji.'j   OF   SUBT0'IH<;   IN   TOuo 
f 
r LFNr,TH(r)=   LENGTH   OF   SUHTOIIR 
r 
r OUT(I)sPEWrFMTAGF   OUTPUT   FORM   SvSTEM   AFTER   \   YEA«     FROM   SUBTOll« 
r 
C PEROUTr   PtWCFNTAiiF   OF   niiTDIjR   AVAIL   FOR  FILL   TO   iNTOuR   NEEDS 
C 
O——I TYPF   =   TVPF   OF   MOVFMFNT   INTO   NEW   TQUR 
C —O.lt?   s   (1.1)      INPUT 
c—— 3 « n.n INPUT 
(-. — —   4   c    (1,1)    INPUT 
r 
r 

MlcNPsNlsO 
READ   1,   TO,NTOilR,ITT,FTHSNLAST.IFllL.NP,MAXSUR,JC.IC,CIOS.MAXLEN 

i .LPi«pnw.ini<;TOM. IPIJNCM 

c IF IFTLL=I «QUOTAS AMF FO« NOOES.IF IFILL=O,QUOTAS ADF FOR NQOE CLUSTERS. 

iFdFILI -1 )5l.54 
^3   NT«NTO()R 

00  10  55 
*><*   NT = ITT 
55  CONTINUE 

C REAPS   IN  DISTRIBUTION  PARAMETERS 
lF(lOISTnw»2H0.2140,?149 

?!*«*   M«TOUT«MaTlNsl 
CALL   TNPUT(MATOUT»MATTN) 

?14n   DO   2104   lal.MAXLEN 
?in4    IMF(I)«0 

00  2105  1=1,ITT 
2105   CALL   RANWRITF(U.INE,MAXLEN,I) 

MONTH«  FIRST 
(KsMAXI.FM'MAXLFN 

DO   1210   I'l.lTT 
r 
C——MATRIX DATA RFAO IN, 

BEAD 4, TYPEd) .SUH(I) ,IOUOTE  , ACTUAL (I) «NUM ( T ) ,LeMGTH (I) .OUT (I) 
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■ 

IJK»   TVPf(1) 
MMT ( I IKI«NI|H( I) 

r -Tr   OM   (EQUAL   TO   1)   RUN   WTl.L   RFSTART—USE   COMPUTgR  PuNCHtn  MATP!X   0*TA, 

IF (SSwTTHFU) .EO.l >   RO   TO   1210 
GO   TO   (Hnnt«01 ) «SSWTCHFO) 

BOO   HO   ?  K=i,M«XLFN 
2   READ   3f    (SYST( I.K).Jsl.MAXLFN) 

CQ   TO   «02 
801   CALI    RANREAD(17,SYST.JK,I) 
8^2   TAIL   RANWRFTE(10,SYST.JK«I) 

12)0   rOMTINIlF 
r 
C TPANSrEU PCIO^ITIF^ »FAfl TN. 

PEAÜ l.MfUT.MOFI^ «NOLAST 
PPT^T 7n«MOTT«Nr»r I WST «NOLAST 

r      MOTTsNMMbFR OF POSSIBI E TRANSFEWS Bfc'TWFEN ^OS 
C      ^'nFTPSTaM•IM^EP OF TPAMSFEfS PPJOR TD OTHFR ASSIGNMENTS. 
r      MOLAST=MUMMEW OF TRANSFFHS FOLLOWING OTHER ASSIGNMENTS, 
C      TF OMTTI OP T0Mf> TO WHICH PF«S0NNEL ARF SENT = o'. RFMOVALS=LO5SFS TO SVSTEM 

on ?in ( = 1 .NOTT 
PEAO 4« OUTTT(I) .OUTST(I) «OdTTO (I) «QUTSO (I) .PEHD(I)>ERUTO<I)«PCT 
MI) 

?in PRINT 71« PCTd» .nilTTO(I) ,OlJTSO(I)»PERD(n.oUTTT(n ,0UTST(I>» 
IPEPDTOd) 
PRINT 7, II> 

r 
r PRTn(»ITTES «EAQ IN. 

00 5 1=1.NP 
HEAD 6, INTOUPd) ,lMSUR(I).0ilTTOUR(T),0UTSu«(r( . AFTER (I) ,PFR ( T ) , 

1 PFPOIIT(T), RFP(T). TOO(T>» IGRAOEtT). ITYPE<I) 
WPFRSPFPI imoo 
PRINT   R.   MPFR   .OUTTOlIRd) .r)IJTSUB(I).AFTFR(I) .INTOUPd) .iNSUBd'. 

ITTYPFd) 
5  COWTINUE 

r 
C LAST RES^PT TOURS READ IN. 

00 500 I = l»l RT 
READ 515. (LSTRSTOd).LSTpSTT(I) .LSTRSTSd) ) 

goo PPIWT 20,(LSTWSTnd).LSTR«:TTd),I.STRSTSd)) 
r PERCENT= VECTOR OF PERCENTAGES TO 8E APpLlEp TO CALCULATED INPUT 
C 
r PPTMT SY«;TFM AS IS. 

PRINT 1006 
no «07 1=1.ITT 
CALL RANKEADdn .SYST.JK.T) 
CALI FLIP 
PPTMT 135b. T 
IAT = 0 
JTT = 0 
no POB JI = 1 ..(K.MAXLEN 
JTT = ,)d*1 
IT = JT*MAX| EN-1 
flO «OR JrJI.IT 
TF(SyST(.l)) 809.008.80«? 

80<» lAl = IAI»3 
lBTdAt-2)« J-JI*1 
TBTd«n=^YST(J) 
ieT dAT-i)= JTI 

808 CONTINUE 
TFdAT)    810.810,811 

811   POINT   (S04.    (181 (.1) .J=l .TAI ) 
810   CONTINUE 
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8Ü7   rOMTTMME 
r 
r*—»«B^GlN   MONTH   BY   MONTH   STMIILATION, 

DO   401    lMTFr,=MONTH.LAST 
TP = n 
DO   372   Isl.MlOMO 
ACTmsn 

MEEÜS(T»=" 
37?   rowTTNUF 

r 
r UPf'ftTF   FMTIwE   SYSTEM 

PPTNT    IP.TMTFti 
00 10   1=1,TTT 
Mr (1)=n 
CALl    RANRFAO(io,SYST,JK,l) 
0=1 FNRTM(T) 
PPSOIIT (i)»o/i?,n 
LASI FNOTMI 1 ) ♦! 
IF (I A.GT.MAHLfcN)    I A = M^X|_Kh) 

1 FNMnnr=i FNOTKM T ) 
TF (IFMNOliF.(iT.MAXLKN)    LFNNO0E=MAXLEN 

r 
r      uPnATFS PFRSONN^L MATRICES BY COLLECTlNfi ALL WHO HAVF COMPUETPQ THE NOOE 
r IM THE LA MODF TIMF PFRIOQ AMO TUE ll-*l SYSIgM TTMli PERTOO. 
r RFMOVE roMPiETEn NOPF PERSONNEL  TO SYST(LA«IL*I) 

00   U   lL=1«MAKLtN 
Ti süM=n 
00   5B   K=l FN^ln^E.-lAXLEN 
IF(SYST (K.IL))Sft,SH,S7 

c,f.   SYST<K,IH=0 
00   TO   58 

^7   X1=SYST (K,Tl)»PP 
Y=SYST(K»TL)-X1 
T,I=X1 
iF(xi-Tjnioiti? 

1?   IK=Y 
Y=TK»1 
X1 = I.I 

11   iFd.FO.M   PRINT  ♦?5«T»K«IL»SYST(K«T|;) 
SYST(K,TL)=n 
Tl SllM=Tl.SMM*Y 

^«      rONTlN'lF 
TFCTL.GT.l)    SYST(LA,II )=IPFTAIN 
TPFTATNsILSUM 

C 
r ALL   OTHERS   A^F   MOVFll   IIP   ONE   MONTH   TN   THF   NODE   AND   ONt   MONTH   IN   THE   SYS.EM 

C KOLO   ANO   TLnidsROW   ANf)   COLUMN   PRIOR   TO  UPOATlNp   SYSTEM, 
C KNEW   AMO   TLMtW=ROW   AND   COLUMN   AFTER   UPDATING   SYSTEN), 

lLOl 0=MAXLF.N-IL 

TLNFW = MAX| FN-1L*1 

DO   U   K«l«I.ENNOOE 
KNFWsl ENNODE-K»! 
KOLD=LENNnüE-K 
TF(KNFW.I F.nSQ,<Sn 

^R   SYST (KNEW.lLNFiV)=0 
RO   TO   14 

*>0   TFdLNEM.LE.DM »ft*? 
M   SYST(KN£W,ILNtW)=0 

OO   TO   14 
A?   SYST(KNEW,ILNKW)=SYST(KOLn.lLOLD)»SyST(KNEW.ILNEW) 

SYST (KOLII.ILOI n)=n 
14     cOf'TTNUE 
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c 
c 
r 
r 
r 

r 
c 

THfSE   TRANSFERS  ARC  EFFFCTTVE  PRIOR 

ARE   MADE. 

r 
r 

TAIL   HAN-»ITF<in,SYST.JK»T) 
10   C0NTIN1IF 

TiMrnp «rroMPLTSHES TPAN«;FEHS. 
TO APPI TCATION OF FILL »ULFS 

TTPTTMFsTPANSFFO TlMF.  IFs,, ALL MOFIRST TRANSFERS 
IFs?, MOFTRST»! TO MOTT TRANSFERS ARF MAOE. 

iTPTTMFal 
CALL TTMEIIP 

SdBPODTlNE SUMMARY CALCULATES ACTUAL FOP EACH t^ATPTX 
00 64 1 = 1.ITT 
lACTLMLsArTUAL(11=0 
CALL <;IIMMAPY(?.I,IACTUAI.) 
ACTHAI   (DrlACTUAL 
KKK=TYPP<I) 
ArT(KKK)=ACT<KKK)*ACTllA|(I) 

UPDATE«;   IME   VFCTOR 
CALL   RANiPFAnd 1 ,INE.M*XLEN.I) 

DO   ^1   Ksl.MAXLEN 
lME(K)sO 
nn   f,-\   J=l .MAYI FN 
rF(SyST<K«J),RT,f») INE<»<)BJ 

63 COWTTNUF 
CAI L   PANW"1TE(» 1 ,INF.^AXLEN.I) 

64 roMTTNIIF 

PPTMT   ?4 
MAXM0ÜE=MTNMOI)E = 0 
nn ?7  Iri.NToLm 
no   ?ft    IT = 1.M4XSI)Ü 

2h   MAXMOOFrMAXNOÜt.l 
MINNOnFsVAXSllBoc T-l ) ♦! 

2?   POJNT   ?O.I.ArT(I) , (II.ACTliALdI) .n=MlNN0nF.MAXNOl")E> 

 CAlCUl ATE   MlNlMltM   PFWSONNEL 
TF(Ir)TSTnM)?^A?.?14?,?143 

21''3   MATOUTsMATTNsl 
CAll    ISilM/iW(M/»TOilT.MATIM) 

WITHIN   rnilR  AREA. 

r 
___—IMPUT PFPSONNFI   PEOUIREMFNTS, 
2n2  lF(lFiii-n   ^i.i^.i? 

31 REAP   11«    fNFFIKd ) ,L=) .NTOtlR} 
PoT^T   4fl»(WFFUS(( ) «L«I »NT) 

OO   TO   14 
32 PFAO   13,    (MF(I ) .1 =1,TTT) 

TSsn 
MOS] 

no   -^   (.= 1 »NTOUR 
^'X = ^JSIT(I ) 
TS=IS.MX 
nn   1*,  K=MO,TC, 

36  MFFnS(L)="KFnS(| ) »NE (*<) 
MnsT«;* i 

3b  CnwTTMUF 
34   roNTTMiiF 

 IMPUT OIIT^IDE OATA 
TFinos-n  Mn.^i) »*.ii 

IM i  PtA" 13«   nosdy «1 = 1 »rioS) 

r 



MO   foigTlMuP 
no  i f(S   lr 1 »Minim 
'"F:ri(T)sMtEOS(T) 
MF"Fr>S(I)=NFFns»I)-ACT (T) 
TF(NFFnS(T))    V^.16S. US 

1AS   rOMTIMIIF 
pnlMT   4fl» (Mf-n(T) , t = l .NTOMQ) 
PuTMT   in. (NFFf)S(T) tl = l .NTnilR) 

00   T^ft   r-LTTT 
^EE(i)sNF(I) 

MF (t)«NF(T)-«CTI»AL (I) 
TF(Mrn))    37^»1^6«l#.ft 

177  MF(I)=0 
1«,^,   rnNTTMiiF 

PPTMT   40.(NEE<f).I=1,TTT) 
pr)TMT   41. (NEd) ,1 = 1 «TTT) 

r 
r roMTpoi s MFhns m HE FTII.FO AccowoiMr, TO PPIORITY OF FILI   LEVFI.S 

PPT^T s?.Tni<;T0N 
IF(InTSTnM»?i44.?144.?T4S 

?14S   nn   ?T44   I.FVFl =1 ,MPP|.EV 
MATOilT = MATTN=l 
TALL MOOIFY(MAtmiTtMATTM) 

?144   TAI I     FTI 'IP 
r 
C       TPANSFFP ALI UMftSSIGNEO «FHSONNFL 

iTRTlMFs? 
TAIL TTMEUP 

r 
TECrTOS)   Al?,^lP,f)n 

M J   Ho   SlO   T=l,LRT 
1 = 1 STRSTnc I) 

Krl.SToSTTd) 
( l =L^TPSTS(T) 
TF<!OS(J>)    SlO.SlOtSPO 

=.20   Tr=(K-l>»MAXSL'q*l L 
TALL RANHEAD  (IO,SY<;T,,JK,IC) 

<;YST(l,n=SVST(l . 1) »TOSCJ) 
TP=IP*1 
PRTMT 100=.. K,l,L «J.IO«; ( J) , IP 
CAI L PArK(K,LI ,o,.J. TnS(J) .0.1.1 .N1.N?,N1) 
CAtL RANWRITF( n.N'. .I, IP) 
CALL RAMW«lTF(in,SYST,JK,IC) 
ACTlJAl (TOsACTMAL (ID ♦msu) 
ArT(K)=ACT(K)*IOS(J) 
TOS{J)=n 

c,io roMTTNttr 
M?   r.ONTTMÜF 

r 
C- ral.nit.ATF   OEPLOYAHLE   PFRSnNNFL   FOR   fACH   TfUlR   AReA, 

TF(IDTSTOM.LE.O)   GO   T"    17 
MaTOiiT = MATTN=l 
CALL    TSnMAR(MATO'lT.MaTlM) 

17  cnNTtMUE 
C 

ppiMT 1=;*. 
PRINT   lOOf. 
nn   350   T = l .ITT 

PRTMT   im«i.   I 
rALL   RANPFAn(lo.SYST.JK.T) 

CALL    FLTP 
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fr^l 

hl 1 
ft"? 

80b 
8 0 4 
fa?6 

pnn 

3211 

'»01 
402 

i rtl -ii 
jTT=n 
on  *,no    11 = 1 » IK,MAXLEN 

111= II I») 
! T= n*MAXI EN-I 

nn ftnn isJUIl 
TF(SYST(.I))   ftni,ft00«ft01 

191(T«l-?)=    I-J1*1 
IBT (T/VDrSYSTU) 

lyl    (TAT-1)=   Jll 
roNTTNUE 

IFUM»    602,^02.^01 
Pf>TNT   ^04.    « TMK I) ,Jrl ,TAT) 
fOMTTMIIE 
COMT i MI iE 
no  «nft   Tri,ITI 
TAU     WAMI^ Ar)( in.SYST. JK . I ) 
fjO    H04    K = | ,MAX| E1"' 
TMF(K)-0 

nn   flr»4   J»i«MAXLEM 
IF (SYST(K,.J) )   o04.Hn6.805 

U'F (K)= I 
roMT I'liir 
r/\| I     RAMWtMTF ( n . 1NE.M*XLFN, I ) 

PRlMT    QD? 
DO  POO  jo.IP 
CAI L   ^ftM'H An( 11.M1 f ^.,1) 
CAl L   IIMPArK(Ml,'12,Ml,M4,MS»Mf,«M7,MQ,Nl.N?.Nl) 

PPTNT   001.    (Ml ^^.^I.^^.MR.Mft.Mfl.M?» 
\^h 
(1?11.401)    SSWTfHFCS) 
(S«. V12) 

POINT 
GO   TO 
wol TF 
PAUSF 
fF     (SSWTTHF(^) 
^n^lT TMIIF 
PnTf'T      4^4.1 Ml FG 
IF ( TPilf/rM.LI- ,0)    'in 
00   ^1     f -1 . ITT 
PIJMCH SM .   rypf ( n . 

l   OUT ( r) 

.f o.l)   nn  TO  402 

TO   ftc, 

Slib(T).    IQDOTF ACTUAL(I).   NDMrl),   LENGTH(T), 

r 
r 
C 

? 1 A 7 

c 
r 

\ 
u 
6 

8 

•o 

?'< 

24 

fflll';   Si«swoi)TfNF   AII.OCATF   WHICH   ACTUALLY   DTSTHTRUTES   PERSOMNEI,   WTTHT 

TOHW   AOFAS   10   COMM^Mfl   ELEMENTS 
K (TnTSYOH)^l4A.^14f..7147 
MA TOllTsMA T IMs 1 
r/^l I     IAnO(HATOllT,MATTM) 

Xf-QA   FOOMA1S 
Fnw^A] i \ i,l?I4,Fs»*»?Tll 
FORMAT (PO 1 4) 
FOPMA I (ftl 1O.Th.l) 

FOPMAT      (SIH.   lFft,3«1Tll 
FORMAT ( TPMIMM    PPIORTTIK«;   FOR   STMDi AT ION, Al//) 
FORMAT(TX.M, IX.TMPERrFNT.SK.ftH   FROM   ,T?, 1 H. , I?.SX,7H   AFTER   Tl,7HP 

lFRTnns.SX.ftH   INTO   *I?«!H««T2«SX«15H   MOVFMFNT   TYpE   T?< 
FnPMAT(//IX47H   NHMMEW   AVAILABLE   FOR   ANOTHFR   IOHR   AFTF"   MONTM«    14) 
FORMAr(1x.^MHPF^fllNOFD   OF   SYSTEM   INpUT   FROM  OUTsIDF   CATEGORY    Il»5H 

1    INTO.I?.IM,, I?l 
FORMAT .//;>RHOHFPSONNFI    TNnlCATOR   VECTORS   /S»«34uVALuES   =   MOMTH   IN 

l^YSTFM   OP   mi IJMN/'SX.VHPOSITIONS   «   MONTH   IN   IOIJR   OR'POW) 
FORMAT (//29H0flOUt'   Cl.MSTFR   ANl)   NOOF   TOTALS) 

55 



2w FoPMÄK/sx.nHNnnF CLUSTER ti2t3H = ,I6/(13X«5HNODE «IZOM ■ .16)) 
30   FORMAT(//?SH0NonF   CLUSTFR   SHORTAGES   x.lOllO) 
33   FoRMftKlOIB) 
40 FORMAT <//I 4HnN0r)F   QUOTAS   = » 3X » (1 0 11 o ) ) 
41 FORMAT(//ITHONOOF   SHOPTAGFS   ««(IOIIQ)) 

4g   FORMAT (//??H0NonF   CLUSTFR   0>JOTAS   =»3X.l0n0) 
50   FORMAT       (6110*   F6.1> 
52   FORMATdlHOlOlSTON   =   ,11) 
70 FORMAT(1QHOTOTAL   Tf \NSFFRS   =    »I3,2X.?1H   INITIAL   TRANSFERS   =   .T1«?X 

I.IRHFINAL   TRANSFERS   =   ,11) 
71 FORMAT(lX,F6.3,ftH  FROM   11 , 1H, , I ] ,2X ,6HAFTFR   ,I3',UH   TIME   PERTOOS   « 

IIHTO   ,11 ,IH,,II ,2X,6HAFTER   Il,13H   TTMF   PERIODS) 
356   FORMAT(///) 
404   FORMAT       (23H   LAST   PERTOO   SIMIJLATED= 14) 
425  FORMAT<flHnMATMIX   ,I2,3X,4HROW   ,T2»3*,7MCOLUMN   ,T2,3X,2M   s.U) 
515   F »RMATdlS) 
604   FORMAT(7(4X,?l4,I7)) 
901   FORMAT(RTin) 
R02   FORMAT (//4X6HT0IIPIN,5XEiHSURIN,3X7HToilR0UT,4K6HSuB0UT,2XnHN   MEN   IN, 

14XhHN   L0ST,1X9HM   IN   SYST,lX16H   M   IN   TOUR    (ROW) ) 
1005 FORMAT       (IPH   MAIN 2IR,8X,4T8) 
1006 FnRMAT(//lX,i5HPEPS0NNEL NODES/H022H SYS  TOuRCCOLtROW)) 
1355   F0RMAT(1X.T4) 
3212   FORMAT      (103H  FOP   ANOTHER   PASS~TUR|>|   OFF   SWTTCH   5   AMD   PRESS   MT   / 

1   MT.   TO   TERMINATE   PRF^S   MI   /   MI. 
2146   STOP 

EMO 

FOPTRAN  DIAGNOSTIC   RESULTS     FOR MAlNGflM 

NULL   STATEMENT   NUMBERS 
?3 
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ll/l?/130n   FORTRAM   (3.1)/MSOS 

Sl'RRnuTTNF   LOCK   M . J.MfUu TLOs5, IGAIM. TOUT, IrF.Mix. TrC. IE,K 1 ,K3     i 

r0MM^1 Ip ,lNl-(4«)       .iFNn .OUTTT(?00) 

COMMON RCKPOO)      .PFRO (?oo) ,.V IsYsfuJui, 
TOMMON PA(IOO)   ,NftV(100) ,LFMGTH(ion)        .OUT(lftft) 
COMMON lNTOU«(?pn) ,IMS.)R(??0. OUTliuS ??0) 
COMMON IOO(2?0)  .OUTSURI2?0)        .AFTrR(?,o 
COMMON PFR(??0)  .RATE(IOO) NEEnS 1^ N£ M o' 10) 
COMMON msdO)       ,NEO(iO)     ,Nrr,ioO)     IFlfi MAJJ?; 
COMMON NTOIJR ,NP ,CTOS .PEROTO/^O!) 

COMMOM LSTPSTS(IO) fl7T MAXcUH        .ACT(1n. 
COMMON NSTTdfl)      ,lNOS(lO,l5) iS.^f ' 
COMMON RFP(2?0)    ,TTYPF(?^0) PERQUT   ??0 
roMMON lD,STON        ,ISUM .GQPSUM(IOO)     0 .iRTOlino, 
COMMON BEORQ^lOO, .EMOROW      JH BE^Lnio) 
COMMON ENncoL(ino) ,MAT«;UM(IOO) MATGR^S ?^) 
COMMON TYPE,100),SMRdOO) .NUM (1 00^, ACTuAL (, 0 J» 
COMMON NPRLCV .NT .IHOLO .LEN .1FuFi 
COMMOM NCRNOOEdOfl) .M^UOO»      GRSTNPP,I5O» ^ ^ 
COMMON MAXOEPKino) 
IMTPGFR TYPE ,SUH .ACT.JAL .ENDcOL 

MIFCFR «r?S 'n'xl *0UTSUR        .OUTTOUR     .AFTER 
UlcZn oCT ,0UTT0 'O"™0 »OUTTT .OUTST 
\:TTZI PIJSTO 'GRPSUM        'BEr'R0W        •END^        '*^ 
IMTFGFR OKK 
IF    (TCRftOEdENO)   .LE.O   )   RO   TO   14 
Pom   lOim.    IGPAOEdEND).    IENO 
CALL TRNSPOSF 

14 CONTINIIF 
Wl=N2sM3=0 

' MMOM;H=TIoM.lERin0   AFTER   "HICH   REM0VftL    TAKES  PLA^   (MAXLEN   TO   MONM, 
TTT = n 

L=(T-1 )«MA)(* I 
C 

r... TOO.   TF  OM,   PEMOVAL   TS  FROM  PERIOD  FOLLOWING  MO«     ONLY 
IF(I00(TE,   -i)   40.41,41 

r Ms   knw   OF   REMOVAL   FROM   THE   MATRIX 
4! MrMONTH 

CO TO 4? 
40 MsLENGTHII I 
47 COMTTMUE  --        

LENsMAKLEN 
IF(M-M0NTHI     I.|S?.IS? 

!•??   TSU=0 
"AH    "ANREäO'I    .INE.HAXLEN.L) 

r-7-   .   rc.-.c,   ... ZFC^   s   WITH   -   VAU.E   TN   AII   _ows GREAtFR   ^^  0R  FouiL 

N154«I54 

cl '«.'rn"'^^^^/^^ 0F MATRIX ,T0UR»-'*LUC 0F iNE(»). HIGHEST COL oF ROW 
T KU- Ftv. (,f ENTITY TN OR 8EYÖND REMOVAL ROW."  

IF <INF(CI)) 158.150 
IS« IF ((LD-MONTH) 150,151.151 
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IM   KUMMUI 
l^f)   roNTTNUP 

Cl»—FUNCTION   Mx   nUFPMlNF«;   HlPHEST  COL   TM   MATfiJv   WHTCH   WAS  A  PO^TTTVE   V/AHJE 

Cl IF   100   TS   OFF. 
MMNsMX(iNEfMAXLE^) 

GO   TO   IS*. 
Cl CHFfK   IHK    NliM^FR   OF   CflL   S   WITH   ♦   VALUE    IN   ALL   «0*5   EOUAL   TO   MONTH    IF    I^oON 

1^4   On   ISft   I 1 = 1«MAXLFN 
IF    (INF(LT))    m<».lS6 

1^9   TF    (d. I)-MONTH)    156»1S7,1S<S 
1^7   !SU«T5>(M 
]**>  CONTINUE 

c——NMN«   STAPTING   POW   OF   RFMOVÄL   FROM   TwF   MATRIX    (N|^N   TO  COLl   Or   ROW   M-RFMVLPT 

NMN   S   INF(M) 
165   IF(ISII-I)    1«102»10? 

C 
10?   LFNsNMN 

NMNsn 
MMlFNsfl 

TPR = 1 
O—-SFARCW  FOR   HTGHF.ST   POSITION  OF   A   POSITIVE   INE   VftLME 
r4 NMLEN   IS   THF   HIGHFST   POSITION 
C 

00   101    TLK=MONTH,MAXLEN 
1F(INF(TI.K)    .LF.   0»   GO   TO   101 
IF(LFN-TNF(ILK))101«10?«104 

10?   NMMayi.K 
GO  TO  301 

104 NMLFMrlLK 
301 CONTTNUF 

IPR=IPR»1 
TF(NHN,FO.n ,ANO, NMLEN,FO.O) GO TO } 
TF(NMN) 103*301.30ft 

301 lF(l0n-1 MOf.,1,1 
lOft IF(NMM-NMLEN)307,30S.10S 
107 NMN«NMLFN 
105 MsNKM 

RO TO 322 
C 

121 CALL RANWFAO(10,SYST,JK,L) 
TALL  RAMRFAn(ll,INE,MAxLFN,L) 

IF(1NF(M)-1»R»1?4.124 
124     LFN=TNE(M) 

TSUsLEN 
fiO   TO   l?l 

C 
122 CONTINUE 

- 2 CALL   RANRFAOnO.SYST.JK.L) 
CALL   RAMRFAIXll *INF.MAXLEN,L) 

323 CONTINUE 
IPR=TPR»1 

IFIACTUAI  (L)l    I •1»34 
14   IF   (INF(M)-   LFN)      32.51,51 
Sl   CONTINUF 

IF<SYST(M,LEN) )    12,3?.33 
11   IHOLD=0 

lF(lOISTON)ft1»51.60 
C     DTSTRO MAINTAINS MINIMUM LFVEL IN TQUR AREAS» 

ftO lF(NrRNOnF(Kl),FQ.l .ANO. LEVEL.EO.D 60 TO 61 
IF(M1N(T) .EO.U GO TO 6? 
CALL MINIMI)M(I,K1 ) 

61 lF<5VST(MaFN))ft?.6?,ftl 
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*?   SYST(Mt| FM)=SYST(M»LrM)*lHOLn 
Rn   TO   1? 

^3 sonrM/i?.o«niiT(i.» 
TF(SOO-l)    7,7,» 

8   SOO=1,0 
7   lFr = «;YST(M,LFN)»SOO 

<;YST(M,LF^)=SYST(M,LF^l)-IFF 
TTT.IFFMTT 

C WHFM   PEPCFNTAGF   WAS   APPLIED   TO   1   FNTTTY—THE:   ENTITV   WAS  LOST   TO   SYST 
KOMaSYST(M,LFN) 

IF    (SYST(M,LFN)    .FO.l)   GO   TO  ?f 
TFfPEPOMTdF) .OT.O)   00   TO   1? 
PrROllT(TF)=1.0n 

12   SYST<Mf|FN)    m   SYSKM.I FN)«PfcrtOlJT(IE> 
C PFTATN   PFRSONNFL   NEFnFO   FOR   MINIMUM   FILL 

26   KnwrKOM-SYST(MfLFN)»IHOLÜ 
Tr(SYST<M,LEM)-TOUT)^,A,4 

T   I^ATM=Ir,ÄTN♦^YST(MfLFN) 
TOIIT=IOIIT-SYST(M,LFN) 
TS=SYST(M.lFN) 

r IF   KOM.GT.   O.PFRSONNFI    RFMAlN   IN   SYsT(M,LFN>    AND   INE(LEN)   RFMAINS   TMF   S«ME 
lr(KOM,GT.    0)    fiO   TO   ft« 
TNF(LEN)=TNF(LFM)-1 

M   TAI I    RANWPTTFd 1 .INE.W^XLFN.L) 
SYST(M,lFM)=0 
SYST<M,LrN)aSYST(M,l.EN)*,<OH 
rALL RANwRlTE(in.5YST,JK,L) 
OKKsM*1 
TALL   RANPFAO      (10»SYST.JKt ICC) 
TALL   RAMPFAn(ll,INF.MAXLFN,ICC) 

C 
C TvPF   T      INTO   (1,1) 

LEN2=1 
00   TO      (1100,1100,1300.1400)   ITYPE    (TEND) 

1300 SvST(LEN,l)   s   SYST(LEN,1)   ♦   IS 
1.1.1=   LFN 
t FN?=1 
IF   (INE(LFN)-LEN2)    1 354,1 3S5.1355 

n54   IME(LEN)=1 
CALI    RANWRITE(n.INE,MAXLEN,ICC) 

1355 Gn  TO  ?s 
r 
C TYPF   4      INTO   (1,1) 
1400 SYST(1,1) = SYST(lfl) ♦ IS 

LEM?=IJJ=1 
IF (INEiDrLFN?) 1454.1455«14S5 

1454 lNE(l)a 1 
CHL  RANWRTTF  (U.INE.MAXLEN, ICC) 

1455 r,o TQ 25 
C 
C TYPF 1 AND ? (1 ,T) 
1100 IF (M-MAXLFN» 24,24.23 

23 SYST (UM  )»<;YST(1.M  )*IS 
r.)j«i 
LEN2sM 
IF(INEU)-M) S2,S2,S< 

5? TMF(n=M 
Cftl L RANhlHTFCl ] , TNF . MAX( EN. ICC) 

53 CONTINUE 
GO TO 25 

24 SYSTn»lEW)= SYST(1.LE^)*IS 
IJJ=1 
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LrNPsLFM 
lF(lNF<n-LFM2>   S4,5S,S5 

54 iNflllaLFN 
CALL   RANWRTTF(n,INE,MAXLEN,ICC) 

55 COMTNUF 
2S  CHNTTNUF 

TPsIP*i 
M  PRINT   ■   M-i MAJ  0NLY 
ITFM.S 
PRINT   loni,   K1,K3»I«J«IS«IFF.IJJ,LEN2»IP»ITEM 
CftLL   PACK   (Kl ,K1.I»J,I<;,1FF,   IJJ,LFN2.M1 »NE,N3        ) 

r«LL  RANWRlTF(n,Nlo«IP) 
TALL   RANWRITE    (10tSY«;T»JK»lCC) 

C 
3?   lF(LFN-n   <).q»6 

9   IF(M-MONTK)    1,1,10 
10   M=M-1 

  RO   TO   1?1 
h   LFNeL^N-l 

60  TO  2 
r 

4   iGATNslGAINMOllT 
TALL   RANWHITE(   10»SYST,JK,L) 
TALL  PANPEAO      (10«SYST,JK,ICC) 

CALL   RANRFAO(11,|NF«MAXLEN«ICC) 
r 

fiO  TO   (lllOf 1110,1310.1410)    TTYPEdFMO) 
C TYPE   3   INTO    (1,1) 

1310  SYST(LFN,1)   =   SYST(LENfl)   ♦   IOUT 
      IJJ»  LEN 

IEM2=1 
IF   <INE(LEN)-LEN2)    1357,22»22. 

13^7   1NF(LEN)«1 
GO  TO  22 

C 
€ TYPE   4     IWTO   (1*1) 

1410   SYST(1,1)   x   SYST(Un*   TOUT 
LEN2=IJJaI 
IF   (INE(1»-LEN2)   1457.22,22 

1457   INE(1)»   1 
00  TO  22 

d  ......   -  - 
C TYPE   1   AND   ?      (1,1) 

1110   IF   (S-MAXLEM    2l,2U2Q 
-21   SYST(1»LEN>=SYST(1»LEN)»I0UT 

TJJ=1 
LEN?»LEN 
 !F<lNE<V>-tEW)   57*22«22      

57   lMr(l)tLEN 
GO  TC   22 

 20  SYST(1,M      >«SYST(l,M      >*I0UT 

LEM2sM 
 4f+lNEfH-M)   5<S«5ftt22 -   

5ft   lME(l)aM»l 
22  CONTINUE 
   Ifx»lPM 

MPRINT«M-1 
iTEMxf 

 PRINT   Iftftt,   Kl«Klf If J«IS.!FFMJJ.LEN2.IP,ITE« 
CALL   PACK    (Kl,K3,IfJ,    lOlir»IFF,TJJo EN2»N1 ,N2»N3 

CALL   RANWRITF(13»N1,3,TP) 
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CALL RAMWRITFUI, lNE,MAXLENtICC) 
TALL RANWRlTE (1OtSYST«JK«ICC) 

 TALL RANREAD  (TO»SYSTfJK,L) 
SYST(M,LEN)sKOM-IOUT*SYST(M,LEN) 

CALL RANRFAD(11«INE,MAXLEN«L) 
   Tr(lME(LEN)-M) 58»S9,59 

Sft IME(LEN)*M 
CALL RANWPITE(ININE,MAXLEN,ICC) 

—^9   CALL RANWRLTE (10.SYST,JK»L) 
OKK=M*l 
TOUT^O 

  1 IFF*ITT 
IF (IRRADE(IENO) .LE.O ) GO TO IS 
PPINT 1007» TGRADt(IEND)• IEND 

_ ~ CALL TRMSPOSE 
15 CONTIMUE 

C 
C     LOCK FORMATS 
1001 FORMAT  (6H I0CK1  10T10) 
100? FORMAT  (6H ^.OCK? 10110) 
1003 FORMATdlHOiniSTON = ,12) 
1005 FORMAT  (SH TGpAOEs  T4, 6H IFNDS U) 
1007 FORMAT  (BH IGRAOEs  14, 6H IENQS U) 

PETlIRN ' 
EMO 

FOPTPAM OTAGNOSTIC RESULTS  pQR   LOCK 

NljLL STATEMENT NUMBERS 
1003        1002 
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31/3r/330o fORTRAN (3.1)/MSOS 

5 
IS 
10 

r 

NOFtRST 
IP 
OUTST(200 
PCKi'OO) 
PA(IOO) 
1NT0UR(?? 
»00(220) 
PFR(220) 
lOS(IO) 
NTOIIR 
Pnw 

NMTUO) 
RFP(220) 
101ST0N 
HEGROM(10 
ENOCOLdO 
TYPF(?00) 
NPRLEV 
NCRNOOE(1 
MAXOFPLCl 
TYPE 
CTOS 
ACT 
PFRÜ 
PFROTO 

OKK 

) s.io.io 
TT 

«NOLAST   .NQTT     .ITRT|ME  .INTE6 
«INEC^S)  »lEMO     .OUTTT(?Ä0) 

),OuTTO(2ftO)        i^UTjOt^nn) 
«PFRO(?00)«JK .SYST(*R.48> 
,NAV(100)    «LrNRTHdOo) «OUT(lnfl) 

0) «lMSOe(220l «OUTTOi(RC220) 
,Ol)TS(IR(2?0) .AFTcR(2?0) 
tRATE(lQO) .NEEpSdnitNEdn.lO) 
,NFO(101      .NFEdOOl    .Ifl^L »«AXLEN 

.PERoTOC?On» 

.LSTftSTTilO) 
«HAXSUR fACT(10) 
,16RAOE<220) 
,PERoUT(220) 

♦OqPSUwtmo) ♦PRTOdno) 
«EN0R0M<100) .REGCOLdnn) 
.MATSUMdOO» tHATGRoSdOO) 
tNuMdOO)    «ACTuALdOÖ) 

♦LEN «LEVEL «M 
«GRPTNPRdÖO) 

,NP .cio*; 
.LSTRSTOdO) 

0) «ITT 
«iNOSdodO 
,ITYPE(220) 
• I SUM 

0) 
0) 
.snpdno) 

fNT 
001 
00) 

»SYST 
,OUTTO 
«GRPSUM 

«IMOLO 

«MtNdOO) 

»ACTUAL 
fOuTSUR 
»OUTSO 
«BEGROW 

»ENOgOL 
,OUTTOUR 
,OUTTT 
,END«OW 

»AFTER 
«OUTST 
«BEGCnu 

40 

3* 
*•» 

in 

»*1 
U? 

7«S 

SURROUTIHF 
COMMON 
COMMON 
COMMON 
COMMON 
COMMOM 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
TMTERFR 
TMTFGFR 
IMTFGFR 
INTFGFR 
TNTFBFR 
INTEGER OK» 
Ml«N?«Nl«0 
TFdFll.L-l 

no is I«I»I 
NF(I)BO 

!COUNT«0 

•CHFCK  EACH   TOUR   TO  FTIL   »FOUlRFMENTs  ACCOROTNG   T0  FILL  HuLFS, 
DO  ?0   TFMOs)»NP 

KUINTOURdEND) 
K?»0UTTOURdFNn) 
K3=lNSUBdEMD) 

K4«0UTSUBdENn) 
oK=n 

TF(lFlLI-l)    35,40,40 
lFTN0«NF((d»K3) 
GO   TO   4S 
TFIN0«NEE0S(K1) 
lrC»(Kl-l)»MAXSUR^K3 
iF(PFRdFMn))    ?(S.P6»30 
IrlNOxPFHdFNO)    •   IFIM) 
CONTINUE 

TFdFlNO)    140»141»14? 
IFINO«0 
GO   TO   20 
CONTINUE 
iF(OUTTOURdFNn) )    «0»Pn.7^ 
Tr«(K?-l)   •   MAX5UH»K4 

TNlTTALLY»   SYSTEM   INPUTS   THOSE 
LA«lENGTHdC)d 

CALL   RANREAn(in»SYST,,)K, If) 
DO   ?SS    TMr)»MAVLFN 
TF(5YST(t A»IM) .LT.O)    r,0   TO   2SS 

WHO   HAVE   CO*PLFTF0   THF   TOUPs. 
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irjprpoMTdFMO) .r.i.O) Rn TO 5S 
PFROiiT<TF^n)«),nn 

V) Kr»M«SVST(LA,TM)*PF«Oi)T(lFMO» 
ir (Sy^Td A»IM) .ro.i» KOM»! 
TF(t<nM) ?ft?,?f.?,25h 

256 IfflfINn-KOMj f,0,60»A«s 
60  rONTTNMF 

r 
C- -NCMRFP   «V&ILAHLF   IS   NOT   SuFFIClFNT   TO   FILL   RF.OUTRFMCNTS. 

SYSTn A.^jaSYSTtHtT^J-lFlNO 
TALL   RANPFAn(]O.SYST,JK»ICC) 

POIMT   U1,SY<!T<LI«lM)f TM.LENfiTHdO.KOM 
S^-Tdtl««     )«SYST(ItlM     )»IFTNn 

TP=IP»1 
PRINT   lonS.Kl.Kl.K^tKA.lFTNO.lM.TP 
CALL   PACK«Kl,K1,K?»M,lFlNn,0.TM.lfisi1,N?,^3> 
TALL RANwRlTE( 13»Nlfl,lP) 
CALL PAMWRTTF(10»SYST,JK»ICC» 

OKslFlNn 
TFHnxn 

ArT(Kn«ACT(Kl )»OK 
«CTilAL < ICC» «ACTUAL (ICC) »OK 
GO   TO   70 

65  COMTTNUF 
r 
r- NtiMBFp «VAILAHLF EXCFFOs REQUIPFMFNTS. 

TFlMri«IFTN0-KOM 
OKrKOM 
SYST(LA,TM)»«;Y5T(LA,IM)-KOM 

CALL PAMRFADdO«SYST«jK,ICC) 
SV«;T«1,TM  »sSYSTd.TM  )»0K 
TP«|P«1 

PPTNT lC,n*,,KlfKl.K?tKA.OK,lMdP 
CALL PACK(Kl,Kl,K?.K4,OKf0»IMd.Nl.N2«N3) 
TALL RANwRlTFd3»Nl,3,IP) 
CAIL RANwRlTEdO«SY«;T.jK,TCC) 

ArT(Kl )aACT(Kn »OK 
ACTUAL < TOO xACTUAL(ICC)»OK 
OKKsM«) 
00 TO 258 

255 CONTTNUF 
258 CDNTINMF 

TF(  IFINO) ?60t70.?f2 
260 iFl^OsO 

CO TO 70 
C      THFRF SHODLO NOT BE ANYONE BEYOND THE TOUR LlMiTS OR LENGTwdC). 

262 IF (AFTER dENO)-LENGTH (IC)) SO,50,70 
50 IOUT.TFTND 

TI.OSSsTOAlNslFFsO 
MHHHsMAVSUR 

MYSMAKSMB 

IF-IENO 
:FARCH FOR PFRSONNEL IF THEY ARE AVAILABLE ABOVG MINIMUM LEVELS. FO« 

'       CRVTICAL   TOUR  LEVELS   IGNORE  MINIMUM  LEVEJ 5» 
IrdOISTON.EO.O)   GO   TO   ?S 
IF(MIN(K?).FO.O)    GO   TO   ?5 
TFYLEVEL   .EO.l   .AND.   NCRNODEOU»   .EQ.1»   GO   TO  ?5 
GO  TO  ?0 

^5_CALL   L0CK(K2tK»,AFTERdENn)flL0SS»l6»lMtI0UT.lFrtMy.|CCfIE,Kl*B3) 
PPT^T 100?,   K?,K4,AETFRdENÖ>,fLÖ5S.TGÄIN,lOUT,TFF,MY»iCC»lE»Kl»«3 

MAX^IIRsMMMM 
«CT(K?)=ACT(K?)-IGAIN-IFF 
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OK=TGATN 
TFlNDrlOlIT 
ACTUAL < ID »ACTUAL (IC)-IG» IN-IFF 
ArT(Kn=ACT(Kl)«OK 
ACTUAL(ICC)=ACTUAL(ICC) ♦OK 

       ^f-^Fitt^)    1«JO.151«151 
l^l   NF(K?,K4)=MF(K?,K4)*IGAIN*IFF 
ISO  NEEDS(K?)=NEEOS(K?)*TGAIN*IFF 

— 70     TF(IFILL-I)   «5»<»0»90 
90   NE(Kl,Kl)sIFlNO 
B5  NEEnS(Kn5lFTNn 

    -       GO   TO   t?0 
r 
C- iMPltT SOUGHT FROM OUTSlnE SYSTEM, 

«0 CALt OUTSTOFdFNO) 
GO TO l?o 

1,0 TrOUNTsTCOUNT^OK 
?0 CONTTNIJF 

r 
C FTLUP FORMATS 

14-» F0RMAT(f.H FILUP,4I10) 
1001 FORMAT  (l?H BEFOWE LOCK  1218) 
100? FORMAT  (1?H AFTER LOCK  1?I8) 
loos FORMAT    («H FIUJPI    slR,flx»?T8) 
100*1   FORMAT      (8H   FlLUP?     SIR,8X,218) 

C 
PFTURN 

FMO 

FORTRAN   OTAGNOSTTC   RESULTS     TOR FlLUP 

NULL   STATEMCNT   NUMBERS 
1001 

- 62  - 



3l/3?/330n KORTRAM (3.1)/MSOS 

-^WfiROUTlNF 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
CYHfflON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
TMTFRFR 

IMTFGER 

TNTFGFR 

TMTFRFR 

IMTFGFR 
DTMFNSTON 

TIMFHP 
NOFTRST 
IP 
OlJTST(200) 
PCKPOO) 
PftdOO) 
INTOIJR(??0 
100(220) 
PFR(220) 
lOSUO) 
NTODR 
PDW 
LSTRSTSCIO 
NSIT(lO) 

RFP(220) 
TOISTON 
RFGPOW(100 
ENOCOLdOO 
TYPFdOO), 
NPRLEV 
NCRNOOEdO 
MAXOEPLClO 
TYPE 
CIOS 
ACT 
PFRO 
PFROTO 

SYS(4«»Afl) 

.NOLAST        ,NnTT 

.INE(48)      «IFNO 

.OljTTO(200) 

.PFRn(?00).JK 
tN4V(T00)    tLENGTHd 
) .INSIIB(2? 
.OUTSUR(220) 
tRATEUOO) 
.NFOCfO)      »NpEilOÖ) 
.NP «ClOS 
•LSTRSTO(IO) 
) »IfT 
.lNOS(ln,10) 
.ITYPE(220) 
♦ I SUM 
) 
) 
«HJPdOO) 
.NT 
0) 
0) 
,SUB 
,SYST 
,0I)TT0 
»GRPSUM 

.ITRTIMF     »INTEG 

.OUTTT(2nO) 

.OUTsO(2nO) 

.SYST(48.48) 
0") ♦OUTdnO) 
0) ♦0UTT0riR(2?n) 

.AFTfR(220) 

.NEEpSdo)fNt(in,10) 

.IFILL        »MAXLEN 

.PERpTO(20n) 

.LSTijSTTdO) 

.MAXsÜB        «ACT(10) 

.I6RADE(22Ö) 

.PERoUT(220) 
.GRpSUMdon) »PRiOdoO) 
»ENOROWdOn) .REGCOLdOO) 
,M«TSUMdOn) »MATGRPSdOO) 
.NiiM(lOft)    .ACTuALdO«) 
»IwOLD ,LEN »LEVEL »M 
♦ MTN(IOO)    .GRPrNPRdnO) 

♦ACTUAL      .ENOCOL 
.OuTSUB .OUTtOUP «AFTER 
«OuTSO ,OUTfT «OUTST 
«BeOROW   ,EN0ROW   »BEGCOL 

C 
c- 

IMTFGFR SYS 
PRINT n.ITRTlME 
JKeMAXLFN«MAXLEN 
IF<ITRTIME.E0.2) GO TO M 
ISTART=1 
TSTOPrNOFTPST 
GO TO 11 
I«;TART=N0FIRST*1 
TSTOPrNOTT 
00   1    TsTSTART«TSTOP 
Nl=N?=N3rn 
Ki =0IJTTT (I) tK2=0i.TT0 ( T ) $Kl=OUTST (I) <K4=0UTS0 (I) 

TF(OUTTTd)-l)    ^.«7.7 

-TQAMSFFRS   RFHAVF   LlKF   LOSSES   TO   SYST£M, 

K=(OIITTOd)-l)    »   MAXSIJR*OUTSO(I) 
CALL   PANRFAOClO.SYST.JK.K) 

MSPsPFROd) 
00   R   l.rl.MAXLFN 
TF(SYST(MSP,L))   8.8.R 

NNN=SYST(MSP.L)«PCT(I) 
SYST(MSP.L)rSYST(MSP,L)-NNN 

PRINT 3« OUTTTd) «OUTS T (I) «GUTTO (I) .ODTSO (I) «PCT (I) ,PERÜ(I), 
1SYST(MSP,I) 
IP=IP*1 
CALL PACMKl,K3,K2»K4.n.NNN»MSP,L «lill.N2vN3) 
CALL RANWRTTE(n«N1,3,TP) 

< CONTINUE 
00 TO 1 

C 
C- •TPAMsFERS   Ä«E   FROM   ONE   TOuR   TO   ANOTHER   WlTHTN   TWF   SVSTFM. 

ja(OIITTTd)-n«MAXSUB*OUTST<I) 
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K=(nilTTn(I)-l)«MAXSUB*OUTSO(I) 
CALL  RftMPFAnnO.SYSTfJKtK) 
TALL   P4NOFAn(10,SYS,JK,J) 
MSPsPERIHl) 
DO   ?   L=l»MAXLFN 

         Tf(SYST(MSP,L))   ?»?t5 
S   CONTlNUF 

NMN=<>YST (MSP.L) «PCT ( I) 
«;YST(MSP.L)=SYST(MSP«L)-NNN 

MSPTOsMSP 
TFtPFOOTOd) .GT.O)   MSPTn=PFKDTO( I) 

    SYS<MSPTO,L)=SYS(MSPTO,|)*NNM 

PRINT  1,   OUTTT<T)«OUTST(I)fOuTTO(I).OI)TSO(Ii«PCT(I).PERDU) 
ISYST(MSP.L)«SYS(MSPTO.L) 

IP«IP*1 

CALL   PACK(Kl,Kl,K2fK4,MNN.0.MSPTO.L.Ml*N?*NT) 
CALL  PANWPTTF(ll.Nltl,lP) 

?  CnNTlMME 
TALL   RAMWRITF(10,SYS«JK.J) 

1      CALL   RANWRITE(IPtSY^T.jK.K) 
C 
C TTMFiJP   FORMATS 

1   FrtRMAT{4lin,FH.4,4lin) 
11   FnRMAT(7H0TlMEUP,?X,inHTTRTlMF   =   .1/,) 

RFTURN 

FOWTRAN OIARNOSTTC RESULTS  FOR    TTMEUp 

NO ERRORS 
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I 

r 
r 

in 

s 
07 

B? . 
84 

RS 
«8 

81 
81 

92 

20 
2=. 

31/l?/330o FORTRAN (3.1)/MSOS 

♦ NOTT 
«lEMO 

nUT^TDECI) 
NOFIHST .NOLAST 
IP ,INEU8) 
OllTST<?on),Ol)TTO(?nOJ 
PCT(200)      ,PrRO(?00).jK 
PA(IOO) »NAVdOO)    fLENGTHCl 
IiyTOUR(2?0) *INSUB(2? 
100(220) 
PrP<220) 
lofido) 
NTOUR 
POW 

,OUTSUB(220» 
.RATE(IOO) 
»NFO(fft)    .Needoni 
♦NP .ClOS 
.LSTRSTOdO) 

LSTRSTS(IO) flTT 
N«;iT(lO)      ,INOS(10,10> 

REP(220)    «ITYPF(220) 
iniSTON   »ISUM 
RFGROWdOfl) 
ENOCOL(inO) 
TYPF(100).<;itP(100) 
NPRLEV    ,NT 
NCRNOOEdOO) 
MAxnEPL(ion) 

f6RP«;UM(l 
♦ ENOROwd 
»MATSUM(1 
tNuMdOO) 
«IHOLO 
fMTNdOO) 

TYPE 
TTOS 
ACT 
PFRO 
PFROTO 

.SUH 
,SYST 
.OUTTO 
.GRPSUM 

»ACTUAL 
»OuTSUH 
fOuTSO 
»HEGROW 

?OUTTNF 
COMMOM 
COMMON 

"TTnUMON 
COMMON 
COMMON 

"COMMOM 
COMMON 
COMMOM 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMOM 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMOM 
COMMON 
IMTFGFR 
IMTFOFR 
TNTERFR 
IMTFGFR 
U'TFGFR 
TMTFOER OK 
Ml=N?=NT=0 
K4 = 0IITSl)Bd) 
xlsOl)TTOllR(T) 
K?*INSIIR(I) 
Kl=TNTOUP(T) 
IFKArO THIS MEANS THAT PROGRAM TS USING 
T0S(K4I • VECTOR OF NFW INPUT OURlNG THI 
TFdFlLL-1) S,S.10 

TFTNn=NE(Kl,K?) 
GO TO R7 
TFTNOsNEEDMKl) 
TFdFTNO.LE.O) GO TO <?! 
TF(K4-l) «2,83.^3 

!F(REt>d,.lt0, 84,05,95 
SSÄVFrTFlMf) 

TFlNO=Pnw»S<;AvE 
RO   TO   *f, 

IFTND=S«;AWE 

KKsiosd) 
T05(d«IFIND 
KJ = K4 
K4S1 

TF<PFRd))  ?n.?n.«i 
OK=IOS(K4)»PER(n 
lFdOS(K4)-   TFTN05    «JP^dll 
TFTNOsIFINO-OK 

rOS(K4»=TOS(K4)-OK 
GO   TO   m 
IF(I0S(K4)-!FIN0) 25,10.30 
lFTN0slFlNn-T0S(K4) 
OK = TO«;(K4) 

TOS(K^)=o 

,ITRTIME  .INTFG 
.OUTTT(2nO) 
;ölJT§Ol2ftO) 
.SYST(48.48) 

00)        »OUTMnO) 
0) «OUTTOMRCP^ö) 
,AFTER(?20» 

.NEEäSd(>)tNEdO,10) 

.I^r^L    »MAXLEN 
,PER0TO(20n) 
.LSTRSTTdO) 
♦ MAX5UR   »ACTdrt) 
,I6RA0F<226) 
,PERoUT<220) 

OO)        «PRTOdOO) 
00)        «BEGCOLdOO) 
00) »MATGRPSdOO) 
.ACTOALdOn) 
.LEN      »LEVEL    »M 
,GRPTNPR(1OO) 

.ENO^OL 

.OUTTOUR »AFTER 

.OUTfT »OUTST 

.ENOROW »BEGCOL 

VARIARLE INPUT 
S TIMc PERIOD 
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r,0 TO ^ 
30 OK-IFTNH 

 ^4 „I^S<«4) ■ I0S<K4)-IFIND 
OKsIFlNn 
TFINO=0 

 -^S (F(IFTLL-I) 40,S0»50 
^0 NE(K1.K2)=NF. (Kl ,K?)-OK 
40 NEEDS(Kl)=NEEDS(Kl)-nK 
   TNOS(K1«K2)=OK 

ICC=(K1-1)*MAXSU8*K2 
CALL RANREAn(10,SYST,JK«ICC) 

  SYST<l,l )=SYST(1 «D^OK 
CALL RANWRITE(10»SYST.JK,ICC) 
TPSTP*1 

 PRINT lOOS«  M»K2,K1,K4«0K»IP 
CALL PACK(Kl»K?,K3.K4«OK,0»i,l,Nl,M;>fN3) 
C»LL   RANWRITF.(13»N1,3»TP) 

    ftCT(KnsACT<Kl )*OK 
ACTUAL(ICC)=ACTUAL(ICC)*OK 
TF(KJ-l) Br,BR,88 

— -  8R SSAVF«IFlMr 
TOS(l)sKK 
K4 = KJ 

8B   CONTINUE 
TALL   RAf^PEAOm .INE,MAXLEN«ICC) 
TF(INF(1)-1)    Qn«9l«Ql 

90 IMEU) = 1 
rALL RANwMlTEd 1 .TNE«MAXLEN«ICC) 

91 CONTINUE 
C 
C     OUTSIDE FORMAT«; 
1005 FORMAT  (12H Ol)TSII)E = --  I?I8) 

r 
RETURN 

EMO 

rOPTRAM DIAGNOSTIC RESULTS  FOR    OUTSIDE 

NO ERRORS 
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31/l?/330o FORTRAM (3.1)/MSOS 

10 

"SUBRrVITTNE 
rOMMON 
COMMDN 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
IwTFRFH 
iMTFOrR 
IMTF6FR 
IMTFGFH 

TMTFRFR 
ir <IGHADE( 
ENTRY FLIP 
00 10 T=1.M 
00 10 JaT.M 
ISAVE= SVST 
SvST(I,j)= 
SY«;T»J,I) = 
RETURN 
END 

TRNSPOSE 
N0FIR5T 
IP 
0iJTST(2 
PCT(200 
PA(IOO) 
1NT01IR( 
100(220 
PEP(220 
I0«;(10) 
NTOIIR 
POW 
LSTRSTS 
NsiTd n 
RFP(22 

lOI^TON 
HERROW« 
FNOCOLC 
TYPEdO 
NPRLEV 
NCRNOOE 
MAXOEPL 
TYPE 
cms 
ACT 
PEHO 
PEHOTO 

TEND) .LF 

AXLEN 
AXLEN 
HO) 
SYST(J» I) 
ISAVF 

,NOLAST .NQTT 
fINE(48)      tlciMO 

on),ouTTo(2öo) 
)      «PFRD(?00»tJ* 

.NAV(IOO) ♦LENCTHJl 
220) •lNSUR(22 
)  .OUTSUR(220) 
)  «RATE(IOO) 

.NFDdO)  .NEE(IOO) 
♦NP       .ClOS 
.LSTHSTOdO) 

<10) ,IfT 
)  .INOSdO.lO) 
0) ,ITYPE(?20) 

100) 
100) 
0»»SUB(100) 

.NT 
(100) 
(100) 

.SUB 
,SYST 
,OUTT0 
«GRPSUM 

»GRPSUMd 
♦ ENORO^d 
«MATSUMd 
♦ NuMdOOl 
»IMOLD 
»MTNdOO) 

♦ACTUAL 
»OuTSUR 
.OuTSO 
«BEGROW 

• HRTIMF      .INTER 
,OUTTT(290) 
.OUT50(2po» 
,SYST(*B.48) 

00) .OUTdoO) 
0) .OUtTOuR<220) 

.AFTER(220) 

.NEEQSJlM.NEdOdO) 
•IFILL .MAXLEN 
.PERpTO(200) 
.L$TRSTTdO) 
.MAXjDR        .ACTdo) 
.IGRAOE(22Ö> 
,PERoUT«220> 

OÖ) .^RiO('vOÖ) 
00) »BEGCOudOO) 
00) .MATGRPS(tOO) 

.ACTOALUOö) 

.LEN »LEVEL      .M 
,ÜRPTNPRfl80> 

.ENOcOL 

.OUTTOUR .AFTER 

.OUTTT .OUTST 

.ENDROW .BEGCOL 

0 ) GO TO R99 

FOPTMAN   OTAGNOSTTC   RESULTS     FOR TRNSPoSE 

NO   ERRORS 
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ll/1?/130o FORTRAN (3.1)/MSOS 

C 
r 
r 
r 
r 
r 
r 
r 

r 
c 
c 
r 
r 
r 
r 
r 

SiiBRniiTTNr  SUMMARY (MIIMFLFM, TNDIV.INTOT) 

APRIL 10«.O-PR0aRAMMER WITT 
SI MMAOY SUHRnUTTNF-OHTATNS SUMS OF OAPTIAL 

S ANO fiROHPS OF MATRTCFS 
SUBROUTINF PARAMFTFPS 
TF TNOTV .fiT. n.TOTACS FOR WHOLF MATRICFS 
OFTFRMTNFS MATRIX TO BF SIJMMFO 

TNTOT COMTATNS MATRIX TOTAL 

AND/oR COMPLETE MATR'CE 

A«E ORTATNEO.  VALUF OF TNnlw 

COMMON 
COMMON 
CDMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
IMTFOFP 

IMTFRFR 

TNTFRFP 

IMTFOFR 

U'TFRFR 

NOFTRST 
IP 
OllTST(?0n 
PCT(?<>0) 
BA(IOO) 
INT0UR(?? 
ion(2?n) 
PFR(??0) 
los(in) 
NTOIIP 
PQW 
LSTRSTSd 
NSIT<10) 
RFP(2?n» 
IniSTON 
HFttMOWdfl 
ENnCOL<10 
TYPE<100» 
NPRLEV 
NCRNOOE«! 
MAXDFPLd 
TYPF 
CTOS 
ACT 
PFRO 
PFPOTO 

.NOLAST f 

• iNEUft)  , 
).OUTTO(?00) 
,PF«O(?0n)« 
.NAV(IOO) . 

0) . 
«Ol)TSUB(??0 
tPATE(lOn) 
.NFDdO»      . 
«NP ♦ 
,LSTRSTO(10 

0) t 
.iNOSdOtlO 
.ITYPE<??0) 
«ISUM 

f») 

«SUBdOO) 
.NT 

no) 
no) 

»SUB 
.SYSi 
»OllTTO 
.GRPSIJM 

NOTT «ITRTIMF     »INTER 
lENO ,OUTTTif2oO) 

.OUTcO(200) 
JK .SYST(A8.48) 
LENRTH(IOn) fOUT(lOO) 
lMSt»R(22n» «0UTT0uR(2?n) 
) ,AFTER(220) 

.NEEpS(Io)*NE(10,1fl) 
NEE(IOO)    .IFILL .MAXLFN 
ClOS .PERDTO(20Ö) 
) .LSTRSTT»10) 
ITT .MAXsUR       .ACTUn) 
) .i6R^nE(?2n) 

.PERQUT«??©) 
GDPSUM(IOO) •PHIO(ioO) 
EMOPöWIIOO) ♦BEGCOLdOO) 
MATSUV'IOO) fMATGRPSdOO) 
NU^MlOd)    .ACTuALdOn) 
IHOLO .LEN »LEVEL ,M 
MTNdOO)    .GRPrNPRdOO) 

ACTUAL .ENOCOL 
OIJTSUR .OUTTOUR «AFTER 
OUTSO ,OUTTT »OUTST 
HEr'»OW .ENDROW »BEOCOL 

SFCdON    1 
SUMS   INOTVlOilAL   MATRICF«; 
NUMELEMSMMMHFR  OF   FLFMFNT^   IN  MATGRD«;   VECTOR 
MATGPPSSVFCTOR   WHICH   DFTFRMINFS   WHlcH   MATRICES   QR   VrCTORS   ARF   TO 

HE   SUMMED   ANO   THE   ARRRFGATE   ^UMS   TO   HE   OBTAINEO 

iFdNOlV.OF.dRO   TO   4 
PoTWT   inn 
PRINT    Iftl 
ISTART = 1MSUM = n 

00   10   T«)«NUME|.FM 
MaT^UMdJsn 
iFdNOIV.RF.dRO   TO  ? 
TF(MATRRPS(H ,FO.0)G0   TO   * 
J=J*1 
M/\T = MATOWPS(T) 
IßF'RsBFftivOWC J) 
lENDPsFNOPOWCJ, 
lBFRC=eEr'rOL(J» 
TENOC«ENOCOI-(J» 
fio  TO   1 
TBFRP=lBEfiC=l 
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lENnRrLFMGTHdNOIV) 
lENDCsMAKLEN 
M»T=TNnTV 

3 CftLL PANPFÄn(lO.SYST.JK»MAT) 
DO 1 KsTHFhW.lENOR 
Oft 1 I =lHFGC.IENnC 

I MftTSlJM(T)=MATSllM(n*SY<;T«K«L» 
iFdNniv.GE.Dfio TO n 
PRINT 101.INTER,MAT6RP«»«!) .MATSUMd» ,IHE6P»TENDR.IBEGC»IENDC 
60 TO 10 

C 
r 
r SECTION ? 
r SUMS   GROUPS   OF   MATRICES   AfvO/OR   VECTORS 
r GPPSUM«SUMS  OF   GROUPS   OF   MATRICES  OR   VECTORS  DESIGNATED   IN  MATGRPS 
C VECTOR 
C 

S   TTENDsI-1 
ISKMSISIIM»! 

RPPS||M(TSIJM)=0 
DO   R   K«TSTART»IIFNO 

8   RPPSi)M(TSUM)sGRPSUM(ISUM)*MATSUM(K) 
PRINT   102« GRPSUMdSUM» 
TSTAPTsT 

10 CONTINUE 
CoLL   »ANWPTTE(14,GRPSUM,lStJM,TNTEG) 
Gn   TO   13 

C 
11 !'iTOT«MATSUM(I) 
1?   CONTTNUF 

C 
C SliRROUTTNF   SUMMARY  FORMATS 

100 FORMAT(/11H0OUTPUT  FROM   SUBROUTINE   SUMMARY/) 
101 FORMATdS,TM,n2,4X,I2,lH-«I2,3X,I3,lH-,I2) 
10?  FORMATU7X«I10) 
103  FORMAT(7H0PFRlon,3X»4HNODE.3X,10HNODE   TOTAL.3X»iHROWSt3X,7HcOLUMNS 

13X.13HCLUSTEP  TOTAL) 
r 

RETURN 
END 

FORTRAN OlAGNOSTIC RESULTS  FOR   SyMMARY 

NO ERRORS 
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31/32/3300 FORTRAN (3.n/MSOS 

   PROGP*H FILL   
CnMMON «(4R«4R)« NR(4P,4fl) 
COMMON TUT(2000) 

 RF^L PFPtN —  - 
IMTFGFR A 

C M= MATRIX SI7F(SQUARE) 
—  RFAD 10!»M   

ISTZrsM»M 
C KTART s STARTING MATRIX ISTOP « FN0IN6 MATRfX(IMCLUSIVE) 
 h RFAD 101« ISTART, ISTOP        - ^  

IF (ISTART-1) 9QR,2*2 
2 DO hd?   TA» ISTART« ISTOP 

PRINT 107   - - 
CALL RANRFAO (10,A,ISIZE.IA) 
RFAO 101«K«IZERO 

•C- K» NUMRFR OF DATA CAROS   
C IF IZERO EO 0  MATRIX WILL BE ZEPOEo THEN DATA ENTERED 
C IF IZERO IS l OATA WILL BE ENTFRFD INTO EXISTINQ MATRIX 
   IF (IZERO-l> 3,4«4      

3 DO 10 I=1.M 
DO 10 J=1«M 

»0 A(I«J) aft -  -   
4 IT=N«T=JsPFRaO.O 

DO   ?0   KA=1,K 
RE*0 100« N«TfJ«PER 
IF (I.LF.O) fiO TO 20 
IF (J.LE.O) 60 TO 20 

C——-Ns NUMRFR  14 FORMAT - -     --   
C 1« STARTING ROW 
C j- STARTING COLUMN 
C RFR « % OF N IN EACH ELEMENT 
C— IF PER a ft« 100 PERCENT IS ASSUMED 

IF (PFR.EO.O) 15«16 
— 15 PFR «1    

1(S TT'lOO./ (PER»100,) 
DO 20 Lai,II 
NA« N» PER 
IF (I.GT.M) ?3«24 

24 IF (J.GT.M) 23«2S 
25 IF (I7ERO-1> 26»?1,21   
26 IF  (A(I«J)) ??«?1 
21 A« I«J) a NA 

1»I*1 
j»Jri 
GO TO 20 

22 PRINT 103«!«J   
L = I1 
GO TO ?n 

23 PRINT 104, l,J 
Lall 

20 CONTINUE 
30 CALL RANWRITF  (10«A,ISIZE«IA) 

PRINT 10ft,TA 
CALL RANRFAD (IO«A«ISIZE«IA) 
DO   31    la   1«M 
DO   31   JaI,M 
iSAVEa   A(T,J) 
A(|,J)»   A(J«T) 

31 A(J«T)a   ISAVE 
UT = 0 
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c 

A03 

60? 

IPO 
101 
103 

JTI»0 
no ftoo   iiaitTsl7r,M 
JTI* JIT*1 
ITA= JI*M-1 
DO 600 J« JNUA 
Tr <*(J)) f.01 »f,on«60l 

601 lAT« IAl*l 
la! (TAI-1)= JTI 
1PT(TAI)= At.I) 
lnl(!Al-?)» J-J!*l 

600 CONTTNUIT 
IF <TAT» 60?,60?.ft03 
PPTNT 604« (IHHJ)» J=l,lAl) 
FORMAT  (7(4X»?I4»I7)) 
CONTINliF 
fin Tn 1 
PATA FOPMAT 
FORMAT  (Fft.0.?T?»F2.?) 
FORMAT  (?I4) 
FORMAT (14H OATA FOR ROW T?» «jH COL I?»/ JHH HOr   FNTFRED   PRIOR D 

XATA STORFO THERF) 
104 FORMAT  (14H DATA FOR ROW l2»5H COL Ig»/ 34H ENTERFO RUT  DATA FXC 

XFFOS MATPTX ) 
106 FORMAT  (IX.T3) 
107 FORMAT (///*,*,   3HC0L «^H HOW  ) 
9RR FMO 

FOPTHAN OIAfiNOSTIC RESULTS  FOR   FILL 

NULL STATFMFNT NUMRFRS 
30 

ERROR TYPE 1046 DETECTED AT     1 STATEMENT  BEYOND STATEMENT NO,    22 
TfE «UNNING TMOFX IN A 00 MAY »E CHANGED WITHIN THE LOOD, 

ERROR TYPE 1046 DETECTED AT     1 STATEMENT  BEYOND STATEMENT NO.    23 
TVT RUNNING TNDFX IN A 00 MAY BE CHANGED WITHIN THE LOOP. 

COMPASS.P*L«X. 
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3300  COMPASS/MSOS-COMPäSS   V XS^R • — .u» ■ > >   * 
ENTPY PACK .(INPACK 

oonoo 01077777 01 0 77777 0  PACK :   üJP • • 
oonoi 47100107 47 0 PQOIO? 1 STI XRT.1 

oono? 14^00001 U 1 00000 ? ENA OR 
00003 14700000 U l 0000" 1 ENO OH 
oono* S4100000 S« o PQOOOO 1 LDl PAcK.1 
0000^ ?lsooonf, 21 l 0000fr 1 LOOtl 6,i 
OOnpf. 1300003f> n o 00030 n SHftQ ?4 
00007 ?1S00007 ?i i 00007 i 100*1 7.i 
oooio 1?4000?? i? i 000?? 0 SHO 18 
00011 13000006 13 0 00006 0 SHAQ 6 
00O1? PlSOOOlo ?1 1 OOOIO 1 LOO»I 8.1 
000 13 1?4000?? l? 1 000?? 0 SHO 18 
00014 13000006 11 0 0000fr 0 SHAO 6 
0001S ?1S00011 ?1 1 ooon 1 LOQ»I 9,i 
OOolft 1?4000?? 1? 1 000?? 0 SHQ 1R 
00017 1300000ft 13 0 00006 0 SMäQ 6 
oon?o 40COOOI? 40 1 oool? 1 STA»I 10.1 
ooo?i ?isoooo« P]    1 00004 1 LDOtl 4.1 
00"?? 13000030 13 0 00030 0 SMAO 24 
000?3 ?1SOOOO" ?1 1 00000 1 LOO.I O.i 
000?4 1?4000?4 1? 1 000?4 0 SHO 20 
ooo?^ 13000004 13 0 00004 0 SHAQ 4 
OOnx^ ?isooooi ?1 1 ooooi 1 LOO.I 1,1 
00o?7 i?4oon?4 1? 1 000?4 0 SMO 20 
oooio 13000004 13 0 00004 0 SHAQ 4 
00031 40sooon 40 1 ooon 1 STA.I H'.l 
OOOl? ?isoooos ?1 1 0000* 1 LOO,I 5,' 
00033 13000030 13 0 00030 0 SMAO 24 
00034 ?150000? ?1 1 0000? 1 LOO.I 2,i 
00n3b 1?4000?4 l? 1 000?4 0 SHO 20 
0003ft 13000004 13 0 00004 0 SHAQ 4 
00037 ?1SOOO"3 ?1 1 00003 1 LOO.I 3,i 
00040 1?4000?4 1? 1 000?4 0 SHO 20 
00041 13000004 13 0 00004 0 SHAQ 4 
0004? 4PS00014 40 1 00014 1 5TA.I 12'.1 
00043 OlOOOlOS 01 0 POOlOC 0 UJP HArK 
00044 01077777 01 0 77777 0  UNPACK   UJ^ • « 
00045 47100107 47 0 P00107 ST! XRr.1 
00046 14700000 14 1 00000 ENO OH 
00047 S4100044 ^4 0 P00044 LOT UNpACK.l 
OOOSO POSOOO)? ?0 1 oooi? 10«.I 10.1 
O0OS1 1300000ft 13 0 0000fr SHAQ 6 
ooos? 4150000ft 41 1 OOOOfr sro.I 6,i 
00OS3 14/00000 14 1 ooooo fMO OH 
00054 1300000^ 13 0 OOOOfr SHAO 6 
0005S 41^00007 41 1 00007 STO.I 7,T 
OO^^ft 14700000 14 1 ooooo ENO OR 
00057 nooooofr 13 0 OOOOfr SHAO 6 
OOOhO 4150001" 41 1 OOOIO STO.I 8,i 
OOOftl 1P07775S 1? 0 7775«^ S"A -lo 
0006? 40500011 40 1 00011 STA.I 9,' 
00063 ?050001 1 ?0 1 ooon LDA.I H. 1 
00064 14700000 14 1 ooooo ENO OH 

Reproduced from   ä 
\ best available copy. | w 
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1300 rOMPASS/M 

non*>7 
OO070 
00071 
0007? 
00071 
0007* 
00n7t> 
0007ft 
00077 
00100 
OOHil 
0010? 
OOlnl 
00104 
0010S 
00106 
00107 
00110 

«;ns-rnMPas 
1TOOO"?^ 
41S000O« 
14700000 
11000004 
41^00000 
IPOOOOOA 
40S00001 
?0S00014 
i 4 700000 
noooo?n 
41SO000S 
lATOOOOO 
1100)004 
41S0000? 
1PO00O04 
40^00001 
1510001S 
47100110 
14177777 
01077777 

n 
41 
u 
11 
41 
! ? 
40 
?0 
14 
11 
41 
u 
11 
41 
I? 
4n 
IS 
47 
14 
ni 

000?0 0 
0000* 1 
00000 1 
00C04 0 
00000 1 
00004 0 
00001 1 
00014 I 
00000 1 
000?0 0 
OOOO" 1 
00000 i 
00004 0 
0000? 1 
00004 0 
00001 1 
0001«: 1 

POOHO 1 
77777 I 
77777   0 

HACK 

XHI 

<;MAQ 

STOtl 
EMO 
S"AO 
STO.I 
SMA 
STA»I 
Lf'«» I 
EMO 
SHAO 
STO«I 
ENO 
S^AO 
5TQ.I 

STA«I 
TNI 
STT 
EMT 
UJP 
END 

1ft 
4»i 
0 
4 
0*i 
4 
lo 
I?. I 
OR 
16 
5.1 
0 
4 
2*1 
4 
3»'i 
n.i 
**a.i 
•«.i 
*• 

NMMMFR OF LINES WTTH oiAGMnsnrs 

1300 COMPASS/M^OS-rOMPfiS«: V XS^R 

ENTRY-POTMT SYMROl S 
PACK OOOOO 
UNPACK 00044 

LENGTH OF Sl'RPROGPAM       O0H1 
LENGTH OF COMMON OO'JOO 
LENGTH OF OATÄ OOOOO 
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33no C0MPASS/M<;ns-r0MK>ft«;s v M» 

ENTRY-POINT SYMBOLS 
MX noool 

LFNRTH OF SUBPROGRAM 
LENGTH OF COMMON 
LENGTH OF PATA 

000?3 
oooon 
00000 

3300 coMpA<;vM«;os-roMPAS«; v MX 

00000 
00P01 
00002 
00001 
00004 
oooos 
00006 
00007 
oooio 
00011 
0001? 
00013 
00014 
ooois 
00016 
00ni7 
opf?o 
noo?i 
ooo?? 

14177 
01077 
47100 
«>4100 
14^,00 
14000 
P01O0 
44000 
44000 
?0SOO 
S3S00 
1^177 
?0177 
1^177 
?n77 
01*,00 
13000 
0?S00 
01000 

777 14 
777 01 
000 47 
001 S4 
00? 14 
001 34 
000 ?0 
014 44 
OIF, 44 
001 ?0 
000 SI 
77F. IS 
777 ^^) 
77*. IS 
777 ?1 
0?1 01 
030 11 
OIF, 0? 
000 01 

77777 1 
77777 0 

POOOOO 1 
P00001 t 
oooo? ? 

P00001 o 
00000 1 

P00014 0 
P0001F, 0 
ooooi i 
00000 1 
7777F 1 
77777 1 
7777F 1 
77777 1 

1 P000?1 ? 
0 00010 0 
1 P0001F 1 
0 POOOOO 0 

HACK 
MX 

II 

I? 

ENTRY 
ENI 
UJP 
STI 
LOT 
ENA 
RAD 
LO» 
SW* 
SW* 
LDA.I 
TAT 
IN! 
LOA 
INI 
i.OO 
AQJ*<>E 
SHAO 
IJO 
UJP 
END 

MX 
••'.I 
• • 
HAcKO 
MX'.l 
2 
MX 
0«T 
II 
I? 
l.i 
1 
-1.1 
••'.I 

••.1 
•♦2 
24 
12.1 
BAcK 

NoMBER OF LINjS WITH OlAGwOSTlC« 
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