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FOREWORD

The BESRL Work Unit, ‘‘Computerized Models for the Simulation of Policies and Qper-
ations of the Personnel Subsystem--SIMPO-|,”’ is conducted by the Statistical Research
and Analysis Division. The task constilutes 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 2Q085101M711,
“*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; ¢) Development
of Measures of System Effectiveness; d) Development of Modeling Techniques; e) Design
and Programming of SIMPO-|; f) Application and Evaluation of Computerized Modeis; and
g) Problem Oriented Language for Management,

The present Technical Research Report deals with the development and user applica-
tion phases of a model of the career and noncareer phases of the Army personnel system.
The Career-Noncareer Model contains many user options, requires little computer time,
and adapts to many subsystems. The publication describes the systems simulated and
the model logic. Instructions for model use, a listing and explanation of the logic of
computer programs for the model, and example applications are provided.

VL

J. E. UHLANER, Director,
Behavior and Systems
Research Laboratory



SIMPO-I CAREER-NONCAREER MODEL

BRIEF

Requirement:

To develop a versatile model of the short tour and sustaining base areas which can
be used to evaluate rotation problems under a variety of policy conditions.

Research Product:

A specialized mass-flow model of the career and noncareer segments of the Army
personnel system that can be used to evaluate policies on training input, reassignment,
manning levels, or utilization of manpower. Many user options are available, computer
running time is relatively short (about 3 minutes for a 48-month projection) , and recon-
sideration of an established data base is easy to accomplish,

Utilization:

The model has been used to study policies concerning the reenlistment of WACs for
the Enlisted Personnel Directorate of the Office of Personnel Operations (OPQ) ; to study
sequential overseas assignments for officers for the Officer Personnel Directorate of
OPO; to study phasedown problems for the Capabilities and Analysis Division (CAD) of
the Office of the Deputy Chief of Staff for Personnel (ODCSPER) ; and to study a variety
of problems connected with the Army Aviator System for the Executive for Army Aviation
of OPO, CAD, the Aviation Branch of the Directorate of Individual Training of ODCSPER,
the Deputy Undersecretary of the Army for Operations Research, and the Office of the
Undersecretary of Defense for Systems Analysis.



SIMPO-I CAREER-NONCAREER MODEL

CONTENTS
Page
INTRODUCTION 1
STATEMENT OF THE PROBLEM 1
SYSTEM ANALYSIS 2
MODEL DEVELOPMENT 3
MODEL APPLICATION 14
Army Aviation Personnel Applications 14
Army Phasedown Application 16
WAC Reenlistment Application 16
CONCLUSION 17
APPENDIXES 19
DISTRIBUTION 157
DD Form 1473 (Document Control Data - R&D) 159

FIGURES

Figure 1. Basic concepts of the mass flow model 5
2. Types of nodes 6
3. Types of occupied nodes used by model T
4, Career-noncareer model nodes 9
5. Input and initial flow patterns 10
6. Model loss flows 11
7. Noncareer to career flow 13
8. Third tour analysis 15



SIMPO-I CAREER-NONCAREER MODEL

A continuing problem of Army management is the determination of man-
power requirements needed to maintain a balanced system. The objective
is not merely to fill vacancies and replace losses. Force commitments
must be satisfied in many parts of the world, and to support these com-
mitments a manpower base must be maintained such that the commitments
can be met without falling back on undesirable rotation policies. An
acceptable ratio of experienced versus inexperienced personnel must be
maintained in combat tours. The reassignment procedure must provide for
changes in short tour requirements.

The difficulty of arriving at adequate estimates of manpower re-
quirements under a wide variety of constraints--sometimes inconsistent--
has led to efforts to apply available technology in developing more
efficient methods of dealing with manpower distribution problems. An
alternative to the 'manual' procedure is to develop a computer model
that reflects the basic assignment procedures while allowing flexibility
in the model for varying parameters such as assignment priorities, loss
and retention rates, training output, and short tour quotas.

The Simulation Model of Personnel Operations Work Unit of the
Behavior and Systems Research Laboratory has had two main approaches to
the evaluation of alternative manpower policies: entity models and mass
flow models. The entity models keep track of each individual or 'entity"
and his specific characteristics., His movement through the system 1is
determined by matching his characteristics against system requirements.
The mass flow models deal with groups of people having one or more
characteristics that distinguish them from persons in other groups.
Movement in the system is by group or parts of a group according to
rules that govern the personnel flow.

The mass flow models are of two kinds, general purpose and special
purpose. The general purpose models allow greater flexibility in number
and type of tours and in the rules governing flow of personnel. The
price for this greateir flexibility is longer computer running time. The
special purpose models, while dealing with a more specific problem, are
much more efficient in the use of computer time, either allowing faster
turn-around time in responding to problems posed by users of the models
or the evaluation of more alternatives.

STATEMENT OF THE PROBLEM

The first stage in developing a model is the analysis of the per-
sonnel system of concern. Army personnel can be classified by such
characteristics as type of enlistment (2-year or 3-year noncareer com-
mitment and career status), number of overseas tours, current location



(continental U. S. or overseas), and number of months in preseat tour or
MOS. There are policies such as the minimum allowable number of monthe
and the desirable number of months in the base tour, the order in which
personnel are picked for short tour assignment, the ratio of experienced
versus inexperienced anong those assigned to short tour, and promotion
rates. There are temporary and permanent loss rates for the short tour.

Once these basic characteristics are determined, a decision must be
made on which ones are to be included in the model. In the interest of
running economy, some of the detail may have to be left out. (For
example, it was decided not to try to distinguish between the many MOS.)
In making such decisions, there are two things to consider: the informa-
tion the program should produce and how long it takes to produce it. A
specific characteristic may not be included because it has little bearing
on the desired output--or so little significance that the increase in
running time incurred would be out of proportion. It may not be econom-
ical to consider separately certain attributes of individuals when these
attributes can be combined with others that have a common effect with
respect to simulation results. An example of this is a miscellaneous
loss factor for the noncareer base tour personnel, which can include
anything from accidental death to court martial. Another attribute that
was incorporated in a manner to effect a compromise between running time
and simulator detail was time-in-system. For the 2- and 3-year commit-
ment personnel, it is necessary to keep track of their time in service,
by month, in order to know when they will reach their ETS. For the
career personnel, a record of the time remaining before the end of their
current term of service is less critical and therefore is not maintained.

The model described in the present Research Report covers the career
and noncareer elements of the personnel system and is designed as a
vehicle for studying rotation between a combat short tour and a sustain-
ing base.

SYSTEM ANALYSIS

Requirements for modeling the system are indicated by the following
system analysis. Basically, there are two groups of persons, those in
the base tour and those in the short tour. Each of these groups is split
between career and noncareer personnel. The noncareer base tour is made
up to two main subgroups, the 2-year and the 3-year commitment personnel.
Each subgroup has personnel who have not been to a short tour and those
who have returned from a short tour. Both the 2-year and 3-year groups
have a corresponding group in the short tour area. The career base tour
group is split into 5 subgroups: those with zero, one, two, three or
more short tours, and a permanently nondeployable subgroup. Correspond-
ingly, the career short tour group has 4 subgroups: those on their
first, second, third, or subsequent short tour assignment.



Reneval of the systes 18 provided by iaput of asw perscas. The new
input may be inductees or ealistees or school cutput depending oa the
systes being modeled. This imput to the systes feede the momcareer sub-
system and {s split proportiocmally betweea the 2-yesr and the ‘-year
commitusat groups. Losses to the system fall imto seversl categories.
The primary loss to the somcareer system is made uwp of those who have
completed their enlistment or commitment. A portiom of these elect to
remain in service and comstitute imput to the career part of the model.
Other loss groups in the model represent permanent casualities from all
short tour groups, miscellanecus losses from the career system, and
miscellaneous losses from the noncareer base tour group. Miecellaneocus
losses to the career system are usually considered as including those
being promoted to a rank above the ranks simulated ir the model.

The movement or lack of movement between groups is specified by
certain rules or policies. Some policies specify absolute limitations
and others specify desirable limitations which can be relaxed if necessary
to meet requirements. Absolute limitations i{nclude number of months an
individual wizy be in a stabilized base tour. In the case of personnel
available for short tour, those with no previous short tour will be sent
before those with a previous short tour, and those with one previous
short tour will be sent before those with two short tours. Noncareer
personne) may not be sent to a short tour unless they have at least 6
months service remaining. An example of a desirable--but not mandatory--
policy is allowing twenty-five months in the base tour between short
touvs. The monthly short tour manning level is another example of a
desirable requirement that may or may not be met. The policy that
specifies the mix or proportion of experienced versus inexperienced per-
sonnel sent to short tour may fall into either category. At one time,
the requirement may be specified as an exact percentage that cannot be
varied; at other times, the percentage may be allowed to vary. Input to
the system may also be either stipulated or allowed to fluctuate in re-
sponse to system requirements. The upper limit on the system total may
also be either fixed or free to fluctuate.

In addition to policy constraints, there are various rates and per-
centages that must be provided as input to the model: the various loss
rates mentioned earlier, the percentage of personnel retained from the
noncareer system for the career system, the percentage of new versus
experienced personnel sent to short tour, and the percentage of tempo-
rarily and permanently nondeployables. The number of months in the base
tour before assignment to short tour is a fixed constraint that must be
provided as input.

MODEL DEVELOPMENT

Although many other factors are involved in a personnel system, the
aspects described above, if properly integrated, will provide a useful
abstraction of the Army rotation system. Additional aspects of the system
can then be added to the model as their importance becomes apparent.

-3 -



Figure 1 shows the basic concepts of the mass flow model. First,
there are nodes and arcs. The large circles indicate collections of
personnel having one or more common attributes. These personnel are
moved from one node to another along the arcs connecting the nodes.

This flow also occurs in the form of several nodes feeding a single node
through a point node. If the model does not represent a closed system,
input to the system can be provided by one or more source nodes, and
losses from the system flow to one or more sink nodes. The arcs con-
necting source nodes to the system flow only into the system; the arcs
to the sink nodes flow only out of the system.

Both arcs and nodes may be capacitated or noncapacitated. A capac-
itated arc can be visualized as a pipe of specific diameter that allows
a limited flow while a capacitated node is a bucket that has a limit on
what it can hold and/or a limit on how far it can Le emptied. The non-
capacitated nodes and arcs have no limit other than those imposed by
connecting parts of the flow model. An example of a capacitated node
with an upper limit is an authorized short tour manning level. The
model is allowed to fill up to the quota but no more. A node with a
lower duration limit is a base node representing personnel with a
minimum length of time in tour, such as 18 months. A capacitated arc
could be a requirement that 25 percent of the total flow to short tour
be along the arc connecting the career base node to the career short
tour node.

Nodes may be represented in several ways (FPigure 2). The point
node is a decision point at wvhich flow is separated, aggregated--or
both-=with the possibility of assigning limits or ratios to comntrol the
flow to or from each connecting arc. The simplest node vhere entities
are stored is a pool node. All members of a group located at such a
node have the same characteristics, such as not being deployable. The
next type, the vector node, keeps track of another attribute, usually
time in node. If the vector node represents a tour of duty and each
cell represents a month, then the first cell contains persommel in the
first month of the tour of duty, the second cell those {n the second
month, etc., up to n-months. PFor each time increment iring s simula-
tion (i.e., for each succeeding month that the model represents during
a simulation), cell members are shifted one cell to the right, up to
n-months representing the end of the tour. Those shifted right from
the nth cell are moved via the connecting arcs to & sink node, a pool
node, or the appropriate cell of a vector or matrix node.

The matrix node allows representation of an additional attribute
such as total time of commitment since entering the service. It cem bo
considered as & set of vectors vhere each vector keeps track of time (m
tour and each succeeding vector represents an additional momth (a service.
Por each successive month, the personnel are shifted to an adjacent cell,
one cell to the right to represent added time in tour, and down ome cell
for added time in system.
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In the case of career personnel in the base tour, a pool node
represents permanently nondeployadble personne!. Desirabl- base tour
length (s represented by & pool cell st the end for those who have com-
pleted & base tour. Time since the last reenlistment {s not required
for career personnel, and this attribute is therefore not depicted.
However, the number of short tours served is an {mportant consideration
because it har an effect on the network flow. The tour history of
aggregated {rdividuals in this kind of model can be shown only by having
those with Cifferent tour histories at different nodes. Therefore,
several different vector nodes are used to represent the short tours,
one for each group that has been in short tour a given number of times
‘Figure 4). In this case, histories of having had 0, 1, 2, and 3+ tours
are indicated in the base tour by 4 separate vector nodes, and histories
of 1 through 4 tours, including the current tour, are shown in the short
tour area by the 4 vector nodes. The other vector and matrix nodes.
including the matrices for both the 24-month and 36-month noncareer
commitments and the corresponding vectors (24 and 36 months, respectively)
for nc areer personnel without short tour, are also shown.

For simplification, Pigure % shows these various categories as
single nodes. The career personnel are represented by four vector and
four pocl nodes in the base tour and four vector nodes {n the short
tour, and the two kinds of noncareer personnel are represented by a
combination of a vector and a matrix in the base tour and by a matrix
in the short tour. Twn source nodes and four sink nodes are also shown.
The arce shown indicats the input flov and the rotational flow between
base and short tour nodes.

Two sources of {mput to the model are indicated. The primary input
fs that specified by the user as the suthorised or expected procurement
rate; the second is an optinal source that provides additional personnel
needed to meet & requirement not filled by the primary source. The
inputs provide one excmple (n which the flow (e eplit proportionally at
e point node between the two arce vhich feed the A and B nodes.

Two arce are showa returning froe each of the short tour nodes.
One (s for perscamel completing the short tour, the other for early
returnees of temporary casuwalties. MNote that the flow in the first arc
ell comes from the last cell in the vector, and the flow in the second
arc represents & proportion of the contentes of all cells (n the vector,
A point acde (a the arc cupplying the career short tour perwmits setting
sside o porcontage of perusasatly sondeployedle pereommel .

Several arce load to the four einbe, reprecenting types of |ceses
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roticonsate, otc. In the avietor epplicotioa of the maldcl, Which
siomietes the cochbplit aviatess, pramstion (ram msjor te |lovionsat
coloas! wmcves (he porecans| te Do oind reprecont iag prfomst ion lossee.
The wlocollonsons 10ee made (or ReE(Oreer Hoe Bndes (overe (he anell
sttrition $uwe 1o eccidont, romove! from the eotvwice, ote. Sillet ja
octica G1A) ond cspireiion ef torn of sotvico "ET8) ote 20l(-coplanetoey



SOPOU |SPOW SND-B0ET) ‘9 sl

o

Y01 NI WL

NWMON4IN00
YNOLl LYOHS Y4 b D YNOL LY¥OHS PIE€ NALIVY DH FRTE oot Y

o 1uons ese [_] wou suows svz varw [ ) 0

¥NOL L¥OHS PuU2 D UNOL LNOHS 431 ¥3ILldV D“
YNOL LYOHS 48 | D YNOL LUOHS 3403439 DU 20093

¥N0L LYOHS ISVE ONINIVASNS

NILSAS NI ANLL

N3ILSAS NI AN




swened Moy) (B13 pue W) G oy

3sve
JSIN

cE

ONONO

S3SS01 4NO0l1 1Y¥OHS 3svea 1NdN)






Figure 7 shows sources of input to the system., Since a percentage
of the noncareer personnel reaching their ETS date elect to continue
service, point nodes are inserted in all arcs feeding the ETS node.
These point nodes select out a percentage for retentions in the career
system. Additional point nodes in the arcs feeding the career base
nodes select out a portion for the permanently nondeployable node.
Retainees in short tour who have not completed the short tour go to the
appropriate month of the career short tour to complete the tour.
Retainees who complete their short tour by their ETS date are returned
to the career base node.

In the case of a policy that prescribes a stabilized base tour of
18 months, personnel could be taken from the cells representing 19
months or more from the beginning of the tour. The policy of sending
to short tour those who have been in base tour the longest means, in the
case of the career group, that those who have completed their base tour
are taken first. Then, starting in the last cell of the tour vector,
personnel are drawn from successive cells, moving in the direction of
fewer months in tour until either the number of men needed is found or
the cell representing the minimum required number of months in the base
tour is reached (i.e., the stabilized tour length). Since personnel
with fewer short tours are sent first, the search pattern in the career
base tours (Figure 4) is as follows: the first two pool nodes for com-
pleted base tour are searched and then the first two vectors. This
search finds people who have had 0 or 1 short tour and sends them to
the first and second vector, respectively, on the short tour side. If
need for career personnel is not satisfied, then the third pool node,
followed by the third vector, is searched for those who have had two
previous short tours. (The vector is searched down to the minimum
allowable base tour, if necessary.) Those persons are sent to the third
tour vector in the short tour. The search continues until either the
needs are met or there is no one left who is deployable.

The pattern for the noncareer group is somewhat different. The
noncareer vectors representing personnel who have not had a short tour
are searched first. However, the present policy is that noncareer per-
sonnel may not be sent to short tour if they have ¢ months or less to
serve. Therefore, the search begins in the Tth cell from the end and
moves toward the beginning of the vectors. Next, the matrices are
searched; but again the G6-months rule applies, and the search hegins in
the 7th row and column from the bottom and right-hand edge of the matrix.

The effect of some of these constraints is noteworthy. If a man
spends 2 months {n a base tour before a 12-month short tour and returns
to the base tour for an “-month stabilized base tour, his time in
system adds up to *2 months. Since he sust have at least € months re-
maining to be reassigned to a short tour, he vill serve only omne short
tour during his ‘. -month commitment. An exception (s the early returnee,
{.0., temporary casualty. It {s possible for him to serve am l“-momnth
base tour and still have more than ¢ monthe remaining .a service.






The application of loss or retention rates to the various nodes can
present a problem. For example, say there is an attrition rate of .5%
per month for the 36-month noncareer short tour personnel. Of all those
in that short tour matrix, .5% will be removed from the matrix. This
can be done by subtracting .5% from each cell in the matrix. However,
if a given cell in the matrix had 160 men in it, then .5% of them equals
.8 men. Reassignment of 8/10's of a man is not only hard to visualize
but is also outside the capabilities of the model. In a practical sense,
either zero or one man has to be reassigned in the model as well as in
the real system. The model handles this problem by proceeding to the
next cell in the matrix, taking .5% of it and adding it to the fraction
from the previous cell. If the next cell had 83 men, then .5% equals
.415. This added to the previous results gives 1.215 men. Therefore,
one man is subtracted from this cell and .215 is carried over as a
remainder,

MODEL APPLICATION

Army Avistion Personnel Applications

The Career-Noncareer Model has been used on several personnel
management problems dealing with Army aviators. One problem has been
to determine how short tour requirements could be met while minimizing
involuntary third time short tours, assuming a given short tour manning
level requirement. An extension of this problem was to determine when
third tours would have to begin in order to meet the need for specific
numbers of experienced personnel to be sent to short tour during FY 1970
and 1971.

Figure 8 depicts the appropriate constraint pattern for a given
number of experienced personnel, A, B, C, to be sent to short tour in
FY 70, and corresponding numbers xj (J =1, 2, 3, representing different

requirements) to be sent in FY 7l. To determine at what point third
tours appear, the problem was run for three sets, A, B, C for FY 70, and
their corresponding numbers, xj, Yj, z:| (J=1,2, 3) for FY 71, Since

the proportion of experienced personnel to inexperienced personnel sent
to short tour i{s a number calculated by the model, an iterative pro-
cedure was used and the mix (percentage of experienced vs inexperienced)
was varied until appropriate numbers were produced.

Another problem involved computing the minimum FY 1971 training

output requirements, given expected manning levels for short tours and
the policy of no third short tours.

.1‘.



FY 70 FY 71

Figure 8. Third tour analysis

Special model modifications not reported here have been introduced
to answer specific management questions. In the normal running of the
program, the short tour quotas are specified and the model bases calcu-
lations on the quotas, for example, calculation of the number of short
tour replacements required (Column 5 of the Summary). However, if the
starting point for the simulation is at some point in the past, replace-
ments up to the time of the run are a matter of record. With the modi-
fication in the model, the user can specify the exact number of replace-
ments up to a given month and then switch back to letting the quota
determine the number of replacements.

-15 -



Another problem required evaluation of a proposed policy of emcour-
aging noncareer personnel to extend their short tour duty wvith sn accom-
panying reduction {n service commitment. One of the goals (n mind ves
to increase the short tour manning level to 10% without increasing
training input. The policy posed several questions: 1) How msny noa-
career personnel would have to extend to make a significent impact om
the manning level? 2) Would the number of career perscanel going on
second tour be reduced and {n wvhat numbers? 3) NHow would the average
base tour length be changed? 4) Since extendees would be leaving the
system and not be available for retention in the career system, vhat
would be the impact on the career pool? ) What nev retention rate
would be required to maintain the career pool?

To handle the problems, the model was changed so that extendees are
moved out of the short tour for one month before being returned for the
extension tour. When they are returned they are counted as experienced
personnel, thus easing the pull on second tour personnel from the base
tour., If a person cannot serve the full extension tour because he would
be eligible for release before completion of the tour, then he is not
considered for extension. The analysis to date has been fruitful, and
more work is scheduled.

Army Phasedown Application

The Career-Noncareer Model has been used also in the study of
policies relating to eventual phasedown in Vietnea. In comnection with
this study, the model was modified to allow the option of esrly release
from expected term of commitment in the case of wen who have completed a
specified time in the combat area. One option provided i{mn the model
makes possible "in-simulation" change of policy with regard to total
amount of required service or acceptable length of service in Vietnas.
The effects of jifferent combinations of service time constraints and
varied schedules for application of the constraints can be studied.

Two data bases have been used. C(ne combination allows for the entire
enlisted force and the other for s single combat division. Both model
applications have been part of a feasibility study regarding techniques,
approaches, and models available for phasedom planning. Development of
these applications has been a cooperative effort of BESRL research
scientists and members of the Long Range Requirements Branch of Director-
ate of Procurement and Distributiou, DCSPER.

WAC Reanlistment Application

The Career-Noncareer Model was used to evaluate the effects of
allowing members of the Women's Army Corps to choose their Continentsl
United States station for a one-year period when they reemlisted for
four years.
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Assigmment durations vere diflerent f(or each of the three msia tour oteas
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they had been in service & yoar, not vhen they had leee than & yoar re-
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least 12 more monthe fn COMUS (iacluding the consequence that reemlioet-
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wonitored after the individusl pesees to career otatus. I the simmle-
tion, edditions]l etress on the system was intreduced by iacressing over-
s0as requirements until the resuitiag COMUS tour fell belew sccoptable
limiteo--8 fore of semeitivity amalysis. Simce the criticsl requirensate
vere wvell beyond any enpectation for the MAC, the predicted requiremsatse
under the proposed policy cowld be cooumed to bo withia the copability
of the present MAC system.

This mode] applicet ion was acconpliohed ia cooporation vwith the
Plane end Programe Office and the Bnlieted Porseamel! Dirvrectovateo of the
Office of Persomme! Opereticas.

CUNCLUSION

An (mportant concept In manpover andeliag (o thet aeither require-
monte nor resources should be regerded a0 (ined, but that the effecte
for interactions betveen the two swet be eveluated and of juetmsates aade
1{ necessary, to manimise the odbjective. A manager cochiag 6a opllas!
system would veually fix elther requirensate or 6000te and dooignate the
other as the objective function to o optimived. Thio edjective fumtion
wdy be (n the forwm either of miainisiang the force ageded (e aset ¢ glven
contingency or of maxinising the sagnitude of the theeet 'cealisgonry’
that can be handled by ¢ givea force. The covinge (8 hoviag ¢ emsiler
force would ueuslly be pald for in reduceod copocity (oq dooling with o
given contingency. Vhile variows techaiqgree of gotting awie »ilesge ot
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APPENDIX B

DESCRIPTION OF COMPUTER PROGRAM

Return point for additional samples. Read parameters and start-

ing data. See appendix for list and description.

Print starting parameters and control vector

PRINT: Title, heading FPMT (9) FORMAT (1H1, 9A8)

PRINT: LS, LC, LAUS, LRA, NTIME, MINTUR, LEVING, MINBAS, MINBSN,
IEOUT, IFY, JUMP1, JUMP2, JUMP3, JUMP4, JUMP5, JUMPE,
JUMPT. FORMAT (1H, 12110)

PRINT: Rl, R2, RLOSS1, RLOSS2., RLOSS3, REINT1, RETNT2, RNOUSE,
RPNDPL, RTNDPL, RNEW, RRA. FORMAT (1H, 12110)

PRINT: KONTRL Vector, NTIME number of months. FORMAT (1H, 12110)

Clear out variables to zero and calculate starting inventory
tot.l ) NTOT.

1f JUMP3>0, go to 5, print starting inventory; otherwide go to
section 6.

Print starting inventory.

Set initial values to .5 so that they wil round upward when
truncated.
Begin monthly iterations. Return point for iterations.

The KONTRL vector is the last vector read in at the beginning of
the simulation and has one cell for month. This cell may be left
blank or filled with a number, one through seven. These numbers
indicate a change in one of the JUMP controls or reading in a new
set of parameters to be used beginning in the current month
according to the following list:

KONTRL = 7, JUMP3 = 0, print summary only
= 6, JUMP3 = 2, print monthly matrices, vectors and summary.
= 5, read new parameters:
LLS, LLC, LLAUS, LLRA, MINTUR, LEVING, MINBAS, MINBSN,
IEOUT, JUMPl, JUMP2, JUMP3, JUMP4, JUMPS.

The first four variables are temporary values for new LS, LC,

LAUS and LRA variables respectively. If the new value i{s equal
to or greater than the old value, it {s substituted for the old.

4 d
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1f the new value (o lose tham the old, them the appropriste mstria
ie collepeed to the level of the nev value before substituting it
for the old. The other velues are subetituted divectly.

KONTRL = ¢, read nev retes:
Rl, &2, RLOSS), RLOSSY, RLOSS", RETNT1, RETWNT?, RNOUSE,
RPANDPL, RTNDPL, RNEM, RRA
These are substituted directly.
o 3, JUMIR = % trasin to authorizsation or school capecity.
e 2, JUNIRR = 2, train to maintain systes total.
® 1, JUMP2 = 0, calculate additional (nput.

Career personnel completing LC number of months {n the base tour

vector (JC) are added to their respective completed-base-tour cell
(JCLC). All other career base personnel are moved up one moath.

Permanent casualties for career and nomcareer short tours are
computed and the total put into KAS(NT).

Compute attrition to all base tours and career short tour:
RLOSS]1 = career system loss rate for base tours.
RLOSS2 = noncareer system loss rate for base tours.
RLOSSZ = career system loss rate for short tours.

The attrition loss total for career and noncareer groups
goes into LOSS(NT).

Apply retention rates to noncareer matrices and vectors, RETNT]

for noncareer (A) and RETNT2 for noncareer (B). Of those retained,
a portion is sent to the permanently nondeployable node (NDPLP)
using the RPNDPL rate. Retainees that are deployadble are sent to
the appropriate career vector or node depending on vhether they
have enough months for completed career base tour, and whether
they have had a short tour. The total number retained from
noncareer tours is entered in IRETNT(NT).

The personnel remaining in the last month of the noncareer tours
after deducting the retentions are terminating their service in
month NT and are sent to IETS(NT).

Update the noncareer base tour mstrices and vectors.

At the end of noncareer short tours all those with 1ZOUT or fewer
months commitment remsining have the retention rates for the career
group applied. As in section 11, a permanently nondeployability
factor is applied and the remaining personnel are sent to the
career base tour with one previous short tour. Personnel not
retained are added to those released in month NT, (IETS(NT)).
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24-

Update the noncareer short tours and put the total number return-
ing from noncareer short tour in MRET(NT).

Return to the base tour those career personnel who have completed
their short tour. Add their total to MRET(NT).

Update career short tours.

Compute early return losses to all short tours using R2. Put
total {n KAS2/NT). Return personnel to first month of appropriate
base tour.

Compute sum of all career and noncareer personnel in short tour.
Compare this total with short tour quota for the month. If number
in short tour is less than quota, the difference equals the NEEDS
for that month and {s put in INEEDS(NT).

Using the RNEW percentage, compute the number of personnel that
can be inexperienced (NOO), {.e. noncareer personnel.

JUMP? = 2 go to section 22, limit career personnel going to short
tour.
JUMP2 ¢4 2 go to section 2%,

In this option the sum of the short tours is compared to the
number allowed by the (1-RNEW) percentage of the short tour quota
for the month. If there are already too many experienced people
in short tour (NEDEX2 = 0), then experienced personnel are not
sent. If the number allowed by the quots is less than the number
needed, then the requisitions are reduced to the level that is
allowed. However, if the number required i{s less than the allowed
number, then the requirements stand.

JUMP1 = 1, go to section 24, smoothed flow to short tour.
JUMP1 ¥ 1, go to section 25.

This option smooths out large increases or surges in short tour
quotas. A base number {s first calculated. This number is the
sum of the average number of personnel expected to complete their
short tour in that month plus the projected number of losses
using the Rl and R2 loss rates. If the NEEDS for that month fall
below 110% of this base number, the NEEDS do not change. If the
NEEDS are larger, then a new base number is calculated. It is the
sum of 1) the difference between the previous month and the current
month's short tour total, i.e. the losses, and 2) 90% of the RNEW
percentage of the difference in the last month's short tour total
and the current month's quota. If this number is equal to or
greater than the NEEDS, the NEEDS stand. If they are less, then
the NEEDS are reduced to the level of the new base number and
/1-RNEW) percent of the losses {s the number of experienced per-
sonnel required. The balance are inexperienced needs.
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JUMP2>2 go to rection 26, train to authorization or school capacity.
JUMP2<2 go to section 27.

If the system total for the month plus the input for the month is
less than or equal to the maximum system allowed plus the losses
for the month, then the NEW input is not changed. Therefore, the
full input for the month is used. Go to section 29.

If the sum of the system total and the input is greater, then the
NEW input is reduced. The new computed NEW input may not be less
than zero. Go to section 29,

JUMP2>2 go to section 28, train to maintain system.
JUMP2<2 go to section 29,

Set NEW input equal to the sum of all the losses for the month.

Using the RRA percentage, the NEW personnel are split between the
noncareer (A) and (B) groups, (RRA) % to B and (1-RRA) % to A.

Send available noncareer (A) and (B) personnel without short tour
experience to short tour. RNOUSE % of each group (A and B) is de-
layed in being assigned to short tour and remains in the base tour.

JUMP4>2 go to section 32, allow MINBSN months in the base tour
before assignment.
JUMP4<2 go to section 33,

Add MINBSN months to normal delay before assignment (LEVING) + 1
to find the first available month.

Send available noncareer personnel to short tour.

JUMPT>0 go to section 35, minimize use of personnel for third

short tour,
JUMPT<0 go to section 36, maximize average base tour length.

Set LA and LB to search career base tours with no short tour
experience or one previous short tour. Go to section 37.

Set LA and LB to search all career base tours.

Return point 1if all career base tours were not checked on the
firet pass, {i.e. JUMP7 = 1.

Determine the number of career personnel who have completed the
desirable base tour, after taking out that percentage of persons
who are temporarily nondeployable.

I1f this number is equal or less than the number of experienced
men required, go to section 40.
If it i{s more, go to section 43.
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Send available carcer personnel with completed base tour to short
tour.

If JUMP™>), go to section 52,

If JUMP2 = N, calculate additional input. The remaining inexperi-
enced needs NOO) are put into the new-input vector (NEEW).

The number of personnel (s split between the two noncareer tours
and added to their respective short tours. Go to section %2,

If JUMP2 » °, calculate additional input. Go to section 44.

If JUMP>O, go to section 40,

I[f the number available {s greater than the NEEDS, go to section 45.
If the NEEDS {s equal or greater than the number available, go to
section 46.

Send available career personnel with completed base tour to short
tour up to the limit of NEEDu. Go to section 70,

Send available career personnel with completed base tour to short
tour.

Remaining NEEDS equals additional noncareer input.

Add additional input to the noncareer short tours. Go to
section 70.

Send available career persoanel /ith completed base tour to short
tour. Experienced needs (NEDExs) equal zero.

If NEEDS are < 0, go to sect’on 70.

If NEEDS are > 0, go to section 51.

If inexperienced needs are < 0, go to section 70.

If inexperienced needs are > 0, send available career personnel
with completed base tour to short tour, charge against inexperi-
enced needs.

If experienced needs equals NEEDS, go to section 53.

If experienced needs do not equal NOO, add them together and go
to section 53%.

If JUMP4 = 1, go to section 64.

If JUMP4 # 1, go to section 54, second short tour for noncareer
personnel. These are counted as experienced personnel.
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Determine sllowable limits of search in the noncareer 'A) base
tour (M1 = number of elements to be searched).

If M1 < 0, go to section ¥), it is not possible to send noncareer
(A) personnel on to second short tour.

If M@ > 0, calculate the number of noncareer 'A) personnel avail-
able for second short tour.

If the available personnel {s equal to greater than the experi-
enced needs, go to section 57,

If the available personnel is less than the needs, go to section -,

Send available noncareer (A) personnel to short tour up to level
of needs. Go to section 70.

Send available noncareer (A) personnel to short tour.

Determine allowable limits of search in the noncareer (B) base
tour. (Ml same concept a3 used in 54.)

If Ml < 0, go to section €4, it is not possible to send noncareer
(B) personnel to second short tour.

If M1 > 0, calculate the number of noncareer (B) personnel avail-
able for second short tour.

If the available personnel is equal to or greater than the experi-
enced needs, go to section 62.

I1f the available personnel is less than the needs, go to section 63.

Send available noncareer (B) personnel to short tour up to level
of needs. Go to section 70.

Send available noncareer (B) personnel to short tour.

Begin steal down in the career base tours, i.e. send personnel who
have not completed a full base tour, to short tour. Determine the
lower limit to which the tours may be searched.

Beginning of loop that searches career tours for available person-
nel who have not completed a full base tour. The personnel with
the largest number of months in the base tour are sent first. On
successive passes personnel with one less month in the base tour
are picked up. This is continued until the needs are met or the
minimum base tour {s reached.

The number of career personnel available in the month being

search {s computed, allowing for a percentage that is temporarily
nondeployable (R = 1.-RTNDPL).
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1f the mmber availadble 1s more tham the experienced meeds, go to
section ¢,

Send available peresonnel up to level of experienced needs to short
tour., Go to sectfion 0.

Send availadle personnel to short tour. If the loop has not
reached its search limit, go back to section €9 and pick up per-
sonnel with one less month {n the base tour, othervise continue
to section 70.

1f experienced needs = O, go to section T4.
1f experienced needs ¢ O, go to section 71,

LB is the parameter that indicates the last carecr base tour
search for sending persomnel to short tour.

\f LB = 2, then available personnel with 0 or 1 previous short
tour have been sent. GCo to section 72.

If LB = %, then personnel with O through 2 previous short tours
have been sent. GCo to section T3.

If LB = 4, then all tours have been searched. GCo to section T4.

Set LA and L3 to ¥ and go to section 37. Available personnel
with 2 prev.ous zhort tours are used to meet short tour needs.

Set LA and Lb to 4 and go to section 3/. Available persomnel with
3 or more previous short tours are used to meet short tour needs.

At this point the NEEDS are either zero or they cannot be met.
The monthly totals are computed for the following:
JNEED the total number of persomnel actually semt to short tour.

JseT the number of career personnel sent to their second short
tour.

JS3T the number of career personnsl sent to their third or
more short tour.

INOO the total new or inexperienced personnel sent to short
tour (noncareer).

XTR average base tour leagth.

IRET number of replacements sent vith less than the desirable
number of months {n base.

NSTACT equal number of personnel on hand (n short tour.

ICAR number of career personnsl (n base with less than the
desirable mmber of months (a base.

NTOTCR total number of career personmel in the systems.
IGRAND system total for the moath,
- ” -
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The fclloving sonthly vectors ere computed. In the first four
vectors, the cells represent the msont's in the indicated tour,
f.0. firet coll--firet month in tour, ”nd cell--second month,
The aumber in the cell is the mmber of personne! in that month
of the tour. These are the ties-in-tour vectors:

MAUS the mumber of nomcareer 'A) personnel in each month of
the short tour.

MRA noncareer (8) persomnel in short tour.

MBAUS noncareer (A) persomnel (n the base tour.

MBRA noncareer (8) persomnel in the base tour.

In the following four vectors, the length of the vector (s equal
to the length of the noncareer commitment. In the first cell {s
the number of personnel (n their first munth of service, second

cell, second month of service . . . last cell, last month before
ETS. These are the ETS schedule vectors:

IAUSHT noncareer (A) ETS schedule in short tour.

IRAMT noncareer (B) ETS schedule in short tour.

INSMT noncareer (A) returnee ETS schedule in the base tour.
IBRAMT noncareer (B) returnee ETS schedule in the base tour.
If JUMPY = 2, go to section 7€, print both monthly metrices and
vectors.

If JUMP® = 1, go to section 77, print monthly vectors only.

1€ JUMPS = 0, go to section T,

Print the noncareer (A) and (B) base tour and short tour satrices.

Print the vectors for the noncareer (A) and (B), base and short
tours, for returnee's time inm tour, ETS schedules and time in
base tour for persomnel without short tour experiemnce. For the
career personnel, primt the base vectors and nodes, the short
tour vectors, the mmber vho are permanently noadeployable, and
the total mmber of career personmsel vwith completed base tours.
In addition, priat the total mumber of actual persommel in short
tour and the systems graad total.

End of loop for moathly iteretion. If there fs smother month (n
the simulation, go to B /section 7).

1 the delay after ontering the system before sssigmment (s sero,
go to eection R,

1f the deley (o mote them reto, go to sectios T,
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When it (s necessary and the option {s used to ccmpute additionasl
input to meet short tour needs, this input (s asrigned directly to
short tours. If, however, there has been a delay-before-assigmeent
LEVING) specified of x months, then the additional input that {s
used must enter the system x months earlier in order to be avail-
able. Therefore, the additional fnput (NEEW) is added to the
systes grand total vector x months before the month in which it
vas computed. In this manner, in the summary the system-total
vector reflects the presence of this input during the x months
delay time prior to assignment. The last x number of months {n
the vector are filled with 's as a reminder that the delay option
was used.

Following the reasons given in section 0, the calculated addi-
tional {nput (s shifted back in its own vector the number of cells
equal to the number of months delay before assignment. Therefore
the summary will show the additional {nput entering the system at
the point vhere it will be available vhen it {s needed. As in
section 'V, the last x number of months are filled with 7's.

Print out summary title and column headings.

Print the monthly figures for the first year of the simulation.
IFY (s the number of months remaining the first Fiscal Year,
vhich may be less then 12 months.

Compute colusn totals for the first year for specific columns
' see sample susmary).

Print the column totals computed in section 54 for the first year.
Compute the number of remaining full years in simulation.

Begin the loop that computes yearly totals and prints the monthly
and yearly totals for the remain.ng full years.

Compute the totals for specific colums for the next 12-month
period.

Print the wonthly figures for the 12-month period and the yearly
totals. If not the last full month, go back to section 87 for
the next !2-month period. 1If last full month, go to section 0.

Print the remsining month's figures, (f there are any resmining.
Column totals are not computed (f not a full year.

I{f MK = °, go to section -2, calculate minimum system.
1{f NN 4 | go to section ¥4,
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Compute minimum system (See Appendix for Algorithm for Minimum

Rotation 3ystem Sigze).

Print out minimum system data.

Read parameter card.

If it is a blank card, there is another sample.
to read another set of parameters and data cards.

Go to section l

If there is a number in columns 1 through 5, this was the last
sample. Go to section 36 and terminate computer run.

End of computer run.
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LIST OF SUMMARY HEADINGS

Column headings have the following meanings:

Number Heading
Month

1 ST Quota
2 End Tour

3 Perm Cas

4 ST Cas

5 Repl Req

6 Repl Sent
T New Repl

8 Ret - LC

9 2nd Tour
10 3rd + Tour
11 Avg BS Tr
12 ST on Hand
13 N Base - LC
14 Retnt Addns
15 Car Tot

16 Inpt Schd
17 Addl Inpt
18 Attrt Loss
19 ETS
20 Syst Tot

Explanation
Time period simulated

Requirements for Short Tour
Number completing assignment i{n Short Tour
Short Tour casualties to the Army

Number returning to base from Short Tour before
12 months there

Number needed to bring ST up to requirements
Number found by model to sent to ST
Inexperienced men sent to ST

Men sent to a Short Tour with less then LC
months in base

Number of men being returned for second Short
Tour

Number of men being returned for third or
subsequent Short Tour

Average time in base for men in col 8
Number actually assigned to ST

Number in Base with less than LC months since
returning from ST

Number passing from noncareer system to career
Total number in career system
Training output programmed

Computer generated training needed to minimize
returnees

Losses from system by resignation or promotion
Losses from failure to extend commitment

Total number in system

Parameters and rates are printed on the page preceeding each run summary.
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APPENDIX D
COMPUTER PROGRAM LISTING

A note of explanation is in order concerning the following program
listing. The model's program has been listed with a Variable-Reference
Table program developed at BESRL. The first 2 lines at the top of the
first page indicate the card column numbers. Notice that there are
spaces between columns 5 and 6, € and 7, 72 and 73. The numbers running
down the leftshand edge indicate the number of cards from the beginning

of the program.

The first table at the end of the prugram lists the FORTRAN state-
ment numbers in sequence and the card number where it was used. The
second table lists the FORTRAN variables in alphabetical order used in
the program. After each variable is a list of the card numbers where
that variable was used. Comment cards (C in column 1) are ignored by
the listing program.
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APPENORL ¢
DATA ASQUISDWEITR AND CARD UECB SETVP

The Career-Nomcareer Nidel vsnwitvd o %00 ioventery of I1afividesle
who 410 (0 the oystem ot (W 40rt «f simmiotics. Thie (aveatery awet
seperate corver peroamndtl 1o Thote )a (helr ficet tore of sorvice.

The duretion of the fitat (orn by Yariohl s, with the precent wpper |ieit,
¢ aonthe, defined by i1he dr\agssien stalemsnt of the computor pregren.
The laveatory of acacefeet petoons Yy bo ovbdivided 1ate (we soparete
clesses, or only cme cloes of asacareve porecans! ased bo reprecented io
the acdel. Por esch close represeonted. 1t o aCO00ery Lo propere tewe
attrices shoving the mmber of ladividueio by awathy 0 teur ond asatde
ia sorvico. Since the andel consideore enly twe teur cotogerios, twe
aatrices are required for oach cleee of amacoreer porceane! repreccnted,
oshoving time (n tour end ting (0 corvico. Omo matris chewe theso 0
short tour and the other those haviag elready cetved 10 shett tewr. fo
addition, for each clase of noacereer perecanel, o ceperete brechent ond
clessification by time In service (o awnde of ladividusle vhe Move st
yet boom acoigned to short tesr. Thie loeet cleseificaticn toonite 10 o
vector arrengement, since time (& tour ond Line 10 sefvice 800 oquel.
Thues, tvo matrices and one vector ove laput f(or esch clooe of asacoreer
persons being represented.

The inveatory of cereet petecns (0 arvenged (8 vecters, with posi-
tion in vector shoving tine (8 tour. Seperete vecters are roguited fo¢
petoons precently sseigned to Uty ouwtoilde the shett (owr o700 whe bove
had no shott tour, ome shott towr, two shott toure, of three oheet tewle.
Other vectores are required for those Ia the oshest teur 6t the ostort of
simulation, one vector for (ivet short tewr, othere for twe, theoe, and
four or more ehort towre. Mereons mll{ acndopleopedle te the oheort
tour ate kept (n @ pool node ‘o single ausber). Thie amber ol ee amet
be dotorwnined ond (nput to the conputer ot the start of the olamiotics.
The vectors of career poreons ore of |imited loagth--procsestiy dofiand
by the camputer progre 66 ‘¢ monthe. Iadividusieo vhe hove bad e eucode
of the tiae designeted by aa (aput perametor are greuwped (o peol andee
ond {aput as separete mmmbere.

Besides ¢ starting laventory, certain parenstere dofiaing the oyeten
auet bo fnput. These oppoar (o cord 2 of the dote doct and Laciude owch
values as tour duretioan, periade te be slamioted, and aiainwe (iop rO-
asining in system for short towr asesigmment. A full liet of theoe
parangtere (0 oshowm below (a the cecd-by-coard listiang of dote roguire-
asnts. The same cord contelins simuiation options. Theee cptlicas (oo-
corn assignment prectices, roasws! procedures, ond canpulor swipet .

Cortain rates muet aloo bo input to the cimniatien. Theoeo retee
are uveed deterministicelly by the model, couvsing a0 veriition o slamie-
tion runs that uwee the sane date bace. Ratee mmet do laput (or cambet
losses 'both perwsnent 10eces and serly returne), feoe ottirition to the
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