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Preface

This report provides a multilevel description of the RAND SLAM program (SLAM stands for
Force Structure, Force Levels, and Force Assignment Model). The RAND SLAM program
was developed to help analysts think through issues about the optimal size and structure of
U.S. military forces. This report is primarily intended to serve as a user’s guide for analysts who
wish to use the RAND SLAM program. However, the report also demonstrates some of the
unique features of the RAND SLAM program for less technical readers.

The main document provides an overview of the program, primarily through a sequence
of examples. Users requiring detailed knowledge of the RAND SLAM program should see
Chapters One and Two of this report. Chapters Three and Four validate the RAND SLAM
program by showing how the program can reproduce results from a generally accepted analysis.
Chapters Five through Seven provide an overview of the unique kinds of analysis that can be
performed with the RAND SLAM program. The appendixes of this report provide reference
material for users of the RAND SLAM program.

This research was sponsored by the Office of the Secretary of Defense (OSD) and con-
ducted within the Forces and Resources Policy Center of the RAND National Defense
Research Institute (NDRI) with NDRI concept development funds, and then as part of the
OSD/Assistant Secretary of Defense for Reserve Affairs—sponsored project “Sustaining the
RC.” NDRI, a division of the RAND Corporation, is a federally funded research and develop-
ment center sponsored by the Office of the Secretary of Defense, the Joint Staff, the Unified
Combatant Commands, the Department of the Navy, the Marine Corps, the defense agencies,
and the defense Intelligence Community.

For more information on RAND’s Forces and Resources Policy Center, contact the
Director, James Hosek. He can be reached by email at James_Hosek@rand.org; by phone at
310-393-0411, extension 7183; or by mail at the RAND Corporation, P.O. Box 2138, 1776
Main Street, Santa Monica, CA 90407-2138. More information about RAND is available at
http://www.rand.org/
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Summary

This report describes the RAND SLAM program. The RAND SLAM program allows an ana-
lyst to explore the trade-offs inherent in military force structure decisions. More specifically,
the program allows an analyst to examine trade-offs between cost, stress, and risk when the
requirement for deployed forces varies over time. The RAND SLAM program’s unique features
allow an analyst to study the effects of varying military requirements on force structure deci-
sions. Optimal force structures can vary dramatically depending on the nature of the threat.
For this reason, the RAND SLAM program models contingencies stochastically, acknowledg-
ing that military requirements vary unpredictably over time and allowing an analyst to study
the implications.

This report contains a number of illustrative analyses focusing on the force structure of the
U.S. Army. Many of the analyses that have been performed in support of force structure deci-
sions have been very narrowly focused (Center for Army Analysis, 1999, 2001, 2002, 2003).
The power of the RAND SLAM program is that it allows an analyst to perform many different
types of analysis under almost any set of assumptions. The program’s primary focus is allowing
an analyst to determine the lowest-cost force structure for a given requirement and stress level
(e.g., the “optimal” active-reserve mix). However, the program can also perform many other
types of analyses, such as determining the effect of different requirements on stress levels for a
given force structure. The RAND SLAM program was designed to provide as much flexibil-
ity as possible. The user determines both the unit of analysis and the time resolution for each
set of simulation runs. The program is capable of utilizing any unit of analysis—individual,
company, battalion, brigade, etc.—and modeling any time resolution—days, months, quar-
ters, years, etc. The RAND SLAM program also allows the user to move beyond the typical
analysis of finding the optimal active-reserve mix: The user can create new types of forces and
examine their attractiveness under varying assumptions.

This report begins with a description of how to use the RAND SLAM program and then
presents results that demonstrate the uniqueness of the program. The report is organized by
chapter as follows:

 Chapters One and Two provide a description of the RAND SLAM program and how to
use it.

 Chapters Three and Four examine a problem—supplying stabilization forces for Iraq as
of late 2004—that has already been thoroughly examined using intensive spreadsheet
techniques in Strezched Thin: Army Forces for Sustained Operations (Davis et al., 2005). To
validate the model, the results from the RAND SLAM program are compared with those
found in Stretched Thin.

XV
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Chapter Five shows how to use the RAND SLAM program to perform a cost-effectiveness
analysis of active versus reserve forces. In this chapter, we find that when the demand for
deployed forces is constant, the relative cost-effectiveness of active versus reserve forces is
very sensitive to restrictions on the use of each force.

Chapter Six demonstrates the unique features of the SLAM program by simulating sto-
chastic force requirements. This chapter examines the implications of a stochastic envi-
ronment for force structure decisions. In this chapter, we find that, when the demand for
deployed forces is no longer constant at a level at which both active and reserve forces
are needed in every period, reserve forces are relatively more attractive. This chapter also
demonstrates that, when planning for two simultaneous wars, active forces are relatively
more attractive. The results derived in this chapter are very sensitive to the assumptions
made about force costs and usage restrictions. These results are based on a primitive cost
model and are only meant to illustrate the power of the RAND SLAM program.
Chapter Seven illustrates the problem that motivated the development of the RAND
SLAM program—choosing the appropriate mix of active and reserve forces. This chap-
ter shows that the optimal active-reserve mix is very sensitive to assumptions about force
costs and usage restrictions. It also shows that the optimal force mix can vary dramati-
cally depending on the nature of the threat.

The appendixes of this document provide a more detailed description of the RAND SLAM

program and how to use it. Appendix A provides a reference for users of the RAND SLAM pro-
gram. Appendixes B and C provide technical details about the design of the program. Appen-
dix D describes the process used to determine force assignment rules. Appendix E provides a

detailed list of the components of the RAND SLAM program.
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CHAPTER ONE
Introduction

The threats faced by the U.S. military and the resources available to address these threats con-
tinue to shift. The Cold War enemy has receded. Nevertheless, two recent wars in Iraq and a
prolonged stabilization mission there have emphasized the importance of maintaining large
and robust ground forces. How large those forces need to be and the appropriate mix of active
versus reserve forces remain open issues.

Choosing the amount and mix of land forces is a crucial defense question. With too few
forces, the nation is unable to pursue its foreign policy goals—or at least, doing so puts consid-
erable strain on the military, its soldiers, and their families. With too many forces, the nation
wastes its money or underfunds other components of the defense budget.

These decisions are difficult, in part because of their importance. However, force struc-
ture decisions are also difficult because they are made in an inherently uncertain environment.
Planning for a known, fixed level of required forces would be relatively easy. However, most
of the requirements for troops are uncertain. Perhaps there will be no more major conflicts for
the next generation; perhaps there will be one in ten years; perhaps in two years; perhaps there
will be two nearly simultaneous major conflicts.

Force structure choices need to account for this uncertainty. The appropriate response to
the possibility of one war is not simply a proportionately larger force than for peacetime. These
issues are even more dramatic once we consider the possibility of two or more conflicts.

Optimal force decisions require trade-offs between readiness, “force stress,” and cost.
This is a multidimensional problem. Heuristics are useful; careful analysis requires simulation.
By modeling contingencies stochastically, the RAND SLAM program allows an analyst to
explore the impact of varying force requirements on force structure decisions.

1.1. The RAND SLAM Program

The RAND SLAM program is a RAND-developed software tool that allows an analyst to
explore the attractiveness of varying force structures from a dynamic perspective. The RAND
SLAM program is unique in its ability to simulate varying force requirements. Previous work
on this topic has assumed a constant demand for forces, which allowed the analysis to be per-
formed in a spreadsheet (see Davis et al., 2005). The ability to simulate varying force require-
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ments allows an analyst to explore the implications of the uncertainty in requirements for force
structure decisions.!

This report contains a number of illustrative analyses focusing on the force structure of the
U.S. Army. Many of the analyses that have been performed in support of force structure deci-
sions have been very narrowly focused (Center for Army Analysis, 1999, 2001, 2002, 2003).
The power of the RAND SLAM program is that it allows an analyst to perform many different
types of analysis under almost any set of assumptions. The program’s primary focus is allowing
an analyst to determine the lowest-cost force structure for a given force requirement and stress
level. However, the program can also perform other types of analyses. For example, it can mea-
sure the amount of stress placed on a single force structure for varying requirement levels. This
is similar to the analysis performed in Strezched Thin (Davis et al., 2005). The RAND SLAM
program is structured so that the user can perform many different types of analyses. Therefore,
a complete analysis requires the user to define different simulation “runs” with varying inputs.
A typical analysis will create multiple simulation runs that hold force requirements and assign-
ment rules constant but vary force structures in order to determine which force has the lowest
cost under a given set of assumptions. The range of force structure decisions is limited only by
the input data provided by the user; the SLAM program does nothing to limit the options that
can be explored. The RAND SLAM program also allows the user to move beyond the typical
analysis of finding the optimal active-reserve mix: The user can create new types of forces and
examine their attractiveness under any set of assumptions. Figure 1.1 summarizes the basic
high-level structure of the model.

The analyst specifies the possible contingencies (and their likelihood), the available forces
(and their readiness), constraints on the availability of each force, and a set of force allocation
rules. Given this input, the program generates sequences of conflicts and applies the force
allocation rules. In each period, the program records various outcomes (e.g., ability to meet
the military requirements, stress on the force from too-frequent or too-long deployments,
and cost). These outcomes can be summarized for one period (small V) or over many periods
(large V).

In a complete analysis, an analyst would begin by specifying a set of contingencies. A
simulation would be run for varying force levels and force allocation rules. The analyst would
then compare outcomes (e.g., cost, stress, risk) across the runs. Finally, to assess the robustness
of the results, the analysis would be repeated for varying specifications of the contingencies.

The RAND SLAM program was designed to provide an analyst with as much flexibility
as possible. The user determines the unit of analysis and time resolution for each set of simula-
tion runs. The RAND SLAM program is capable of utilizing any unit of analysis—individual,
company, battalion, brigade, etc.—and modeling any time resolution—days, months, quarters,
years, etc. This flexibility requires that the user be consistent with all unit and time definitions
within a set of simulation runs. In all of the analyses contained in this report, we assume that
the unit of analysis is a Brigade Combat Team (BCT) and that time is measured in quarters.

I Itis important to note that the spreadsheet methodology used in Stretched Thin can be extended to varying requirements

for deployed forces when periods of war and peace last a long time. However, this analysis is potentially misleading given
the number of short-duration conflicts in U.S history (Grenada, Panama, etc.). These types of contingencies are important
to model because they reduce the availability of forces for other conflicts and, if they occur frequently enough, require a
substantial commitment of forces. The RAND SLAM program allows an analyst to move beyond steady-state calculations
to find a more general solution to the force-planning problem.



Figure 1.1

High-Level Structure of the RAND SLAM Program
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As noted earlier, the RAND SLAM program provides three main outputs: cost, stress,
and risk. Cost is measured on a per-unit basis. Costs differ by force and status (home, deployed,
or training). The SLAM program can be easily manipulated so that costs also differ during dif-
ferent periods of training and deployment. Stress is measured in two ways: long deployments
and short-dwell times. Long deployments are measured as the percentage of units that are
deployed for longer than a specified period of time. Short-dwell times are measured as the per-
centage of units that are deployed with less than a specified amount of time at home. Finally,
risk measures the ability of a given force to meet the simulated requirements. The RAND
SLAM program can measure risk in two ways: (1) as the percentage of periods in which mili-
tary requirements are not met, and (2) as the average number of units a force cannot provide
over all periods. With some basic knowledge of Microsoft Access queries, the user can define
other variations of cost, stress, and risk measures.

1.2. Role and Structure of This Document

This document provides a multilevel description of the RAND SLAM program. The main doc-
ument provides an overview, primarily through a sequence of examples. Chapter Two shows
how to open an existing SLAM database, examine the input data, execute a run, and examine
the output data. Chapter Three shows how to replicate the analysis performed in Strezched
Thin (Davis et al., 2005) using only active forces. Chapter Four shows how to create and use
reserve forces while replicating further analyses contained in Strezched Thin. Chapter Five illus-
trates some unique features of the RAND SLAM program by performing a cost-effectiveness
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analysis. Chapter Six continues to illustrate the uniqueness of the RAND SLAM program by
introducing varying force requirements. The final substantive chapter, Chapter Seven, shows
how the RAND SLAM program can inform force structure decisions by examining the trade-
offs of altering the active-reserve mix.

Beyond the main chapters, the document includes several appendixes. Appendix A pro-
vides a reference guide for the user. As such, it reviews the major model concepts, screens,
and sequence of tasks to define and execute a simulation run. Appendixes B and C provide
technical details about computer implementation and optimization algorithms. Appendix D
describes the process used to determine force assignment rules. Appendix E contains a listing
of the tables and modules included in the program.



CHAPTER TWO

Using the RAND SLAM Program

This chapter shows how to open and execute an existing simulation run in the RAND SLAM
program. A simulation run combines contingencies, forces, and an assignment rule to create
a scenario that is simulated by the RAND SLAM program. This chapter illustrates the core
components of the RAND SLAM program, which provide the user the flexibility to create
runs with differing threats, force sizes and structures, and assignment rules.

The first section in this chapter shows how to install and open the RAND SLAM pro-
gram. The second section shows the inputs required to execute a run. The third section shows
how to execute a run. The last section introduces many of the reports and graphs produced by
the RAND SLAM program. This chapter is designed so that the user can follow along inter-
actively with each step. The example used in this chapter is designed to be illustrative of the
program environment; later chapters demonstrate the unique analytic features of the RAND

SLAM program.

2.1. Installing and Opening the RAND SLAM Program
The RAND SLAM program distribution CD' contains version 1 of the RAND SLAM pro-

gram. This version includes three Microsoft Access Databases, an Excel spreadsheet, two
General Algebraic Modeling System (GAMS) scripts, and a Visual Basic matrix components
installer. To use the RAND SLAM program, the user must first copy these files to his or her
hard drive. We suggest that the user create the folder C:\Program Files\SLAM and copy all
seven files to this folder before proceeding.

The three Microsoft Access databases on the distribution CD include one “front-end” and
two “back-end” databases. The front-end database includes the user interface and some global
program variables, but no data tables. The back-end database includes all of the data tables con-
taining the information needed for SLAM simulation runs. The front-end database included
in the distribution package of the RAND SLAM program is the file “Slam1l.mdb.” The first
back-end database is called “SLAMI1be.mdb.” This file contains the very basic set of data and
runs for use in this chapter. The other back-end database (SLAM1Analysis.mdb) includes all of
the contingences, forces, and assignment rules used in later chapters of this report.

1" To obtain the RAND SLAM distribution CD, contact RAND’s Forces and Resources Policy Center using the informa-
tion provided in the preface of this report.
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To begin using the RAND SLAM program, the user should open the front-end database
SLAM1.mdb, either by double clicking on the icon or by right-clicking on the icon and select-
ing Open. This will bring up the SLAM start-up screen shown in Figure 2.1.

Figure 2.1
SLAM Start-Up Screen
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In this chapter we use the back-end database SLAM1be.mdb. To open this back-end,
click on the Default Data File button on the start-up screen. In the distribution version of the
SLAM program, the default data file will always be SLAM1be.mdb.

After clicking on the Default Data File button, the user should see the SLAM toolbar,
which includes four pull-down menus—TFile, Window, SLAM, and Help—as shown in Figure
2.2.

Figure 2.2
SLAM Toolbar
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Clicking on the SLAM pull-down menu brings up nine options, as shown in Figure 2.3.
Each of these menu options will be discussed in further detail in the following sections.
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Figure 2.3
SLAM Pull-Down Menu
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2.2. Model Input Data

In this section, we look at the input data required before a run can be executed. Each of the
subforms examined in this section must contain data in order to execute a run. We examine
the existing data in the default back-end to illustrate the required data.

2.2.1. Contingencies

The first menu choice in the SLAM pull-down menu opens the Contingencies form. After
clicking on the SLAM pull-down menu and selecting the Contingencies option, the user will
see the form shown in Figure 2.4. The default back-end that we have opened contains only one
contingency, named Steadyl4.

Figure 2.4
Defining a Contingency
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Two types of information are required to define a contingency: states and transitions.
Each of these corresponds to a separate subform on the Contingencies form. Clicking on the
States tab opens a table with columns for state name, abbreviation, and requirements, as shown
in Figure 2.5.

Figure 2.5
Defining States and Force Requirements
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For the contingency Sreadyl4, there is only one state defined: Stabilization. There is also
only one type of requirement defined for this state: requirement 0 (Req0) at a level of 14 units.
The other types of requirements default to 0 if they are not explicitly defined by the user, as
is the case in this example. In the RAND SLAM program, units are defined by the user and
must be used consistently throughout. A unit can be defined as a brigade, division, individual,
etc. Following Stretched Thin, in the analyses contained in later chapters of this report we
(implicitly) define a unit as a brigade.

The last subform on the Contingencies form is the Transitions subform. This subform
allows the user to define the transition probabilities to and from each state in the contingency.
Since the contingency Steadyl4 has only one state (Stabilization), the transition probability is
simply equal to 100 percent (from Stabilization to Stabilization), as shown in Figure 2.6.
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Figure 2.6
Defining Transition Probabilities
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To close the Contingencies form, the user should click the X in the upper right-hand
corner of the form. This closes the form and saves all changes that were made while the form
was open (this is true for all of the forms in the SLAM program).

2.2.2. Forces
The second menu choice in the SLAM pull-down menu opens the Forces form. This form
allows the user to create and define various types of forces.

Clicking on the Forces option brings up the General subform, as shown in Figure 2.7. This
subform allows the user to name, describe, and specify the maximum number of periods home
and deployed for a force. In the back-end database SLAM1be.mdb, there is only one type of
force defined: Active. For this force, the maximum number of periods home and deployed is
set to 24. The maximum number of periods home/away defines an absorbing state. For exam-
ple, if in period 7 of a model run a unit has been at home for 24 periods and is assigned to be
home in period 7+1, then this unit will be assigned to the state of being home 24 periods in
period n+1. It is important to distinguish the time periods that define the state of a unit and
the time period that defines the iteration of a model run. The model simulates /V time peri-
ods, and during each of these time periods, any given unit will be either home or deployed for
some number of periods. Time periods are defined by the user and must be used consistently
throughout the program. In the analyses contained later in this report, we define a period to
be a calendar quarter.
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Figure 2.7
Defining a Force
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The user can select the next subform on the Forces form by clicking on the Coszs tab. This
subform allows the user to specify the per-period cost of the force while home, deployed, or
training. We see from Figure 2.8 that the Active force is defined to have the same cost when
home or deployed: 90 (training costs are ignored here). All cost parameters used in this docu-
ment are calculated in terms of days per quarter and are based on a primitive cost model. Since
actives are paid for every day of the month, their cost is estimated as the average number of
days per month (30) times three months per quarter. Cost units are (implicitly) defined by the
user and must be used consistently (days/period, dollars/period, etc.).

Figure 2.8
Defining Force Cost
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Clicking on the Effectiveness tab opens the subform shown in Figure 2.9. The six different
kinds of effectiveness, distinguished by the number following Eff (0-5), correspond by number
to the six requirement types on the States subform of the Contingency form (Req 0-5). In
this example, each unit in the Active force is defined to contribute one unit of effectiveness to
ReqO in all periods in which they are deployed (1-24), indicated by the 1 under “Eff0.” In the
RAND SLAM model, forces can contribute to the military requirement only when they are
deployed. Eff1-5, the effectiveness for requirements 1-5, is set to 0 by default. In this example,
we do not use these other requirements.

Figure 2.9
Defining Force Effectiveness
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Clicking on the 77aining tab opens the last subform on the Forces form. This subform,
shown in Figure 2.10, allows the user to define the periods of deployment in which a force
requires any of five different types of training (Trl-5). For the Active force defined in the
default back-end, training requirements are not considered and are therefore set to 0.

Figure 2.10
Defining Training Requirements
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2.2.3. Assignment Rules

Clicking on the Assignment Rules option in the SLAM pull-down menu opens the third form
that must be filled in before executing a run. This form allows the user to specify the forces he
would like to use and the order in which he would like to deploy these forces. The Assignment
Rule form contains four subforms: General, Forces, Assignment Rule, and Advanced Assign-
ment Rule.

The first two subforms allow the user to define the characteristics of an assignment rule.
Clicking on the first tab opens the General subform, which allows the user to name and describe
the assignment rule. The only assignment rule in the default back-end is called AczivesOnly.
Clicking on the second tab opens the Forces subform, which allows the user to select which
forces to include in the assignment rule. For the ActivesOnly assignment rule, only active forces
are selected for inclusion, as shown in Figure 2.11.

Figure 2.11
Selecting Forces for an Assignment Rule
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Clicking on the Assignment Rule tab opens a subform that allows the user to enter the
deployment ordering for groups of forces. This form creates ordinal deployment rankings (1, 2,
3, etc.) for each combination of force (active), status (home/deployed), and number of periods
in status (1-24) specified. These rankings define the order in which units from each force-
status-period are deployed. The ability to enter deployment rankings for groups of forces allows
the user to define an assignment rule without having to enter a direct ranking for every force,
status, and number of periods in status. This subform allows the user to group force-status-
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periods together and have the rankings automatically generated by the SLAM program. Figure
2.12 shows this subform for the ActivesOnly assignment rule specified in the default back-end.
This assignment rule creates a deployment ranking of 1 for active units deployed three periods,
2 for active units deployed two periods, and 3 for active units deployed one period. Following
this, the rankings increase incrementally for actives home 24 periods through one period (in
descending order) and then continue to increment for active units deployed four through 24
periods (in ascending order). The goal of this assignment rule is to first deploy, for four periods,
those active units who are at home the longest and then to decrease active time at home to one
period before increasing deployment lengths. These rankings define the deployment ordering
of units during a simulation run.

Figure 2.12
Defining an Assignment Rule
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The rankings created by the SLAM program from the entries made in this subform can
be seen by clicking on the Advanced Assignment Rule tab, as shown in Figure 2.13.
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Figure 2.13
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2.2.4. Run Parameters

The final form that requires data before a simulation run can be executed is the Run Param-
eters form. This form brings together contingencies and assignment rules to fully define a
simulation run. There are five subforms for the Run Parameters form: General, Contingencies,
Assignment Rule, Initial Conditions, and Training.

Selecting the Run Parameters option from the SLAM pull-down menu opens the General
subform on the Run Parameters form. This subform allows the user to specify characteristics
for a run. Figure 2.14 shows the basic parameters for the run called Simple Run included in
the default back-end database. This subform defines the number of periods, the start and end
periods, parameters for the look-ahead periods (described in Appendix C), whether to solve
the program as an integer or linear program, and the type of look-ahead methodology to use

(described in Appendix C).
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Figure 2.14
Defining a Run
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Clicking the Contingencies tab on the Run Parameters form brings up a subform that
shows the contingencies to be used in the selected simulation run. In the default back-end
database there is only the contingency Steadyl4, which is selected for this run, as shown in
Figure 2.15.
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Figure 2.15
Choosing Contingencies for a Run
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Clicking on the Assignment Rule tab brings up a subform showing the assignment rule to
be used for the selected run, along with the number of units available of each force type. In
this example, the ActivesOnly assignment rule is selected and there are 42 active units available,
as shown in Figure 2.16.
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Figure 2.16
Selecting an Assignment Rule and Specifying Force Levels
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Clicking on the Initial Conditions tab opens a subform that shows the initial condition
for each contingency selected for this run. Since the contingency that is selected for this run
(Steadyl4) has only one state (Stabilization), the initial condition is set to that, as shown in
Figure 2.17.
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Figure 2.17
Setting Initial Conditions
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The last subform on the Run Parameters form is the Training subform. Clicking on the
Training tab shows the training resources available for each of the five different types of train-
ing a force might require (training requirements are set on the Forces form). In this example,
training constraints are not considered and are left at the default value of 0.

Before executing a run, the parameters for the run must be saved by closing the Run
Parameters form after entering data. We suggest that the user close the Run Parameters form
to get in the habit of doing so.

2.3. Executing a Run

We have now examined all of the SLAM input screens. The next step is to execute a run. We
execute the run named Simple Run in the default back-end database. The user can execute a
single run from the Run Parameters form. To execute Simple Run, the user should reopen the
Run Parameters form and make sure that Simple Run is selected (it should be the only run in
the list). After verifying this, the user should click on the execute button in the top right-hand
corner of the Run Parameters form. If the run has been executed before (as is the case for the
default back-end), the RAND SLAM program will open a message box asking the user if he is
sure he wants to execute this run again, as shown in Figure 2.18. Click Yes to continue.
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Figure 2.18
Execute Run Message Box
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This run will take 2-3 minutes to complete. When the simulation run is completed, a
message box will appear, as shown in Figure 2.19. Click OK.

Figure 2.19
Done with Run Message Box
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2.4. Model Output

After executing a run, there are a variety of reports and graphs that the user may wish to exam-
ine. To access them, open the SLAM pull-down menu and select the Reports and Analysis
submenu, as shown in Figure 2.20.

Figure 2.20
SLAM Reports Pull-Down Menu
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The SLAM program output is separated into four categories: Contingencies, Costs, Force
Assignment, and Force Stress. In each of the following sections, we look only at the most rel-
evant reports. Other reports are described in Appendix A.

2.4.1. Contingency Reports

The user can access the contingency reports that are available by going to the SLAM pull-
down menu and clicking on the Reports and Analysis submenu and selecting the Contingen-
cies submenu, which offers six reports, as shown in Figure 2.21.

Figure 2.21
SLAM Contingency Reports Pull-Down Menu
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Contingency Summary Report. Clicking on Reporzt: Contingency Summary opens a Micro-
soft Access report, which displays the number and percentage of periods in which each con-
tingency was in each state for each simulated run in the back-end database. Figure 2.22 shows
this report for the run we just executed, Simple Run. The contingency summary for this run
is trivial, since there is only one state in the contingency (Stabilization). Therefore, all periods
were in the Stabilization state.

Figure 2.22
Contingency Summary Report
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This report can be closed by clicking the X in the top right corner of the window. The
other five contingency reports are not relevant for this simple run but are described in Appen-

dix A.
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2.4.2. Cost Reports
Cost reports are accessible by going to the SLAM pull-down menu, clicking on the Reports

and Analysis submenu, and selecting the Costs menu. This submenu lists five reports, as shown
in Figure 2.23.

Figure 2.23
SLAM Cost Reports Pull-Down Menu
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Cost Statistics Report. Clicking on Report: Cost Statistics opens a Microsoft Access report,
which presents the average, minimum, and maximum costs for each run. Figure 2.24 shows
this report for the run we just executed.

Figure 2.24
Cost Statistics Report

2 SLLAM: Cost Statistics

RAND
RunH ame |Simpie Run |
Avyg. Cost Per Period Min. Per Period Cost Max. Per Period Cost
3780 3750 3780

RAND TR433-2.24

The Cost Statistics report allows the user to easily compare the average, minimum, and
maximum costs per period across runs. If the user requires more detail, we encourage him or
her to explore the other cost reports (described in Appendix A). The cost statistics are trivial for
Simple Run because the cost of active units was defined to be equal when home or deployed;
therefore, the cost in each period is always the number of active units (42) multiplied by the
cost/unit/period (90), which equals 3,780.

2.4.3. Force Assignment Reports

There is only one Force Assignment report, which can be used to inspect the resulting force
assignment. This report is accessed by going to the SLAM pull-down menu, selecting the
Reports and Analysis . . . Force Assignment submenu, and clicking on the Daza: Force Distri-
bution by Period option, as shown in Figure 2.25.
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Figure 2.25
SLAM Force Assignment Reports Pull-Down Menu
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Selecting this option opens a Microsoft Data Access page with a PivotTable that shows
the distribution of forces in each period. This PivotTable allows the user to verify whether
forces are being deployed in the order in which the user expects them to be. Figure 2.26 shows
the force assignment results for Simple Run. The columns in this table represent each of the
periods over which the simulation was run, and the rows represent each of the possible states in
which a force can be in each period. For each force, there are rows for home and deployed, with
the number of rows for each defined by the maximum number of periods that were entered by
the user on the Forces form. The cell values in this table represent the number of units in each
force-status-period in each period of the simulation. Eatlier, we defined the requirement for
Simple Run to be 14 units in each period. In Figure 2.26, we see that 14 units are deployed in
every period. We can also see from this table that the model meets this requirement by deploy-
ing active forces for four periods (quarters) and in the long run allowing units eight periods at
home before being redeployed.

Figure 2.26
Force Distribution Report
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2.4.4. Force Stress Reports

Force stress reports are available by going to the SLAM pull-down menu and selecting the

Reports and Analysis . . . Force Stress submenu, which lists six reports, as shown in Figure
2.27.
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Figure 2.27
SLAM Force Stress Report Pull-Down Menu
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In this section, we examine two of the six reports; the other reports are described in
Appendix A.

Average Time in State Before Transition Report. Clicking on the first option in the Force
Stress submenu opens a Microsoft Access report summarizing the average time at home before
deployment and the average time deployed before returning home for each force type in each
run. Figure 2.28 shows the results for Simple Run.

Figure 2.28
Average Time in State Before Transition Report
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Figure 2.28 shows that, over the course of the run we simulated, actives are at home on
average eight periods between deployments and are deployed on average four periods before
returning home. These metrics are very useful when there is a steady force requirement but
become less meaningful when force requirements vary (described in later chapters).

Percentage Time Home/Deployed Report. The last report in the Force Stress submenu
calculates the percentage of time over the course of a run that each force is home and deployed.
Clicking on the % Time Home/Deployed menu option will open a report similar to the one
shown in Figure 2.29.
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Figure 2.29
Percentage Time Home/Deployed Report
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We can see from this report that the actives in Simple Run spend one-third of their time
deployed and two-thirds of their time at home over the course of the run. This report provides
another measure of stress on the force. This metric, combined with the average time home/
deployed, provides the analyst with information useful to compare various alternatives.

2.5. Closing the SLAM Program

To close the SLAM program, the user can either click on the X in the top right corner of the
SLAM program or click on the Exit option in the SLAM pull-down menu. The program will
close and save all data in the active back-end database.

2.6. Summary

This chapter has provided a walk-through of the main features in the SLAM program. After
following along with this chapter, the user should be familiar with the basics of using the
RAND SLAM program. This chapter has walked through opening the RAND SLAM pro-
gram, examining input data for an already-existing run, executing a run, and examining
selected output data. The next chapters show how to create new input data and new runs, with
the aim of providing useful analysis.



CHAPTER THREE

Reproducing Stretched Thin Using Only the Active Component

The previous chapter showed how to open, execute, and examine an existing RAND SLAM
run. The next three chapters walk the user through creating new runs. These chapters demon-
strate the extensibility of the RAND SLAM program using the policy challenge of supplying
stabilization forces for Iraq as of late 2004 as an example. This problem has been carefully ana-
lyzed in many studies, including Congressional Budget Office (2003, 2005), O’Hanlon (2005),
Davis et al. (2005), and Krepinevich (20006). Specifically, these analyses assume that the then-
current Iraq environment will continue forever, and they use simple spreadsheet calculations to
explore how the Army’s current force structure (and incremental changes from it) could be used
to satisfy the requirement. The next two chapters of this report show how to use the RAND
SLAM program to specify the various policy alternatives considered in Strezched Thin: Army
Forces for Sustained Operations (Davis et al., 2005). These chapters validate the SLAM model
results against those from the Stretched Thin analysis. In the Stretched Thin analysis, force
requirements are assumed to be constant over time. While the power of the SLAM model lies
in its ability to simulate varying requirements, reproducing the Strezched Thin analysis allows
us to validate the model results against another analysis that is recognized as valid.

The analysis in this chapter uses only active-duty forces to meet various operational
requirements. Two metrics are used to compare these scenarios: active component time at
home between deployments and the number of ready active component brigades. This chapter
shows how the RAND SLAM program can reproduce these outcome measures for a variety
of scenarios.

3.1. Creating a New Back-End Database

The default back-end database used in Chapter Two, SLAM1be.mdb, should be maintained in
its current state so that the user can utilize it as a template in future analyses. If the user makes
changes to SLAMIbe.mdb and wishes to use to the original version, the original can always be
copied from the SLAM distribution CD. Before proceeding with creating new input data, we
create a new back-end just for this chapter. The user should reopen the SLAM program and
select SLAM1be.mdb. Next, the user should click on the SLAM pull-down menu and select
the Data Management submenu, then select Create New Database, as shown in Figure 3.1.

25
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Figure 3.1
Data Management Pull-Down Menu
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This opens the Create New Database form. This form allows the user to select which
forces, contingencies, and assignment rules will be copied into a new back-end database. In
this case, we choose to copy the Active force because we will use it again, as well as the contin-
gency Steadyl4, as shown in Figure 3.2. Even though we will no longer use this contingency,
it is generally good practice to copy at least one item from each section into the new database
to avoid program errors due to missing data items. Lastly, we choose to copy the ActivesOnly
assignment rule.

Once we have selected all of the appropriate items, we click the Creaze button. This brings
up awindows prompt thatasks the user to name and select alocation for the new database. For the
analyses used in this chapter, we created a back-end called “3-Streched Thin_ ActivesOnly.mdb.”
Once the new database is named and saved, the new back-end database is created and ready for
use. To open the new back-end, the user must first close the SLAM program, either by clicking
on the Xin the upper right corner or by selecting Exit from the SLAM pull-down menu.

To open the new back-end for use with this chapter, open the SLAM program
(SLAM1.mdb) and click Select Other Data File on the SLAM start-up screen. This opens a file
dialog window. Locate the file named “3_StrechedThin_ActivesOnly.mdb” and click Open.
The new back-end database is ready for use with this chapter.
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Figure 3.2
Create New Data Source Form
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3.2. Contingencies

The analysis in Stretched Thinlooks at four operational requirement scenarios and three different
categories of forces. The four operational requirements can be identified by the total number of
brigades required: 8, 12, 16, and 20. The three categories of forces are total number of brigades,
number of heavy-medium brigades, and number of infantry brigades. The number of brigades
required for each type of force under each of the four scenarios is shown in Table 3.1.

Table 3.1

Force Requirement Scenarios

Scenario Total Heavy-Medium Infantry
1 8 6 2

2 12 9 3

3 16 1 5

4 20 13 7

We can use the information in Table 3.1 to create the necessary contingencies in the
RAND SLAM program. We need to create a contingency for each type of force under each of
the four scenarios (3 force types x 4 scenarios = 12 contingencies). The contingency names are
always determined by the user. In this case, we choose to name each contingency by concat-
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enating an abbreviation of force type (Total, HeavyMed, Infantry) and the number of brigades
required in the corresponding scenario. For instance, the contingency with a heavy-medium
requirement of 9 will be called HeavyMed9.

The first step in creating the contingency HeavyMed9 is to open the Contingencies form
by selecting it from the SLAM pull-down menu. Once this form is open, the user can click on
either the New or Copy buttons to create a new contingency. On this and all other forms, the
Copy button creates a new item (in this case, a contingency) with all of the same parameters as
the last selected item. The New button creates a new item without any prespecified parameters.
To create HeavyMed9, we use the New button. After clicking this button, the user is directed
to the General subform, where he or she can name and describe the contingency. The General
subform for the contingency we created is shown in Figure 3.3.

Figure 3.3
Defining a Contingency
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The next step is to define the number of states for the contingency. This can be done by
clicking on the Szates tab, which opens a subform displaying the table, as shown in Figure 3.4.
Each row in the table represents a state for the selected contingency. Adding a new row creates a
new state within the selected contingency. In this version of the SLAM program, the states can
be selected from a list that includes Peace, War, and Stabilization (see Appendix A for a descrip-
tion of how to add states to this list). Because the analyses in Stretched Thin assume stable force
requirements over time, this analysis requires only one state for each contingency. To enter the
state, we click on the first row in the table and choose to name the state Stabilization. Once the
state is defined, the user must specify the number of units required for each of the six require-
ments labeled Req0 through Req5. In all of the analyses performed in this report, there is only
one total force requirement, which we choose to represent with Req0. In other situations, one
may wish to include extra requirements for various types of units. This can be done by utiliz-
ing Reql through Req5 and defining the corresponding force effectiveness on the Forces form
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(Eff1 through Eff5). For HeavyMed9, we can look back to Table 3.1 and see that, under this
scenario, 9 heavy-medium brigades are required. Again, in this report we define a unit to be a
brigade. We therefore set Req0 for Swbilization to 9 and all of the other requirements are set
to 0 by default. The completed table for this contingency is shown in Figure 3.4.

Figure 3.4
Defining the Number of States and Force Requirements
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The final step in creating this contingency is to specify the transition matrix. Each con-
tingency defined for the analysis in this chapter has only one state, making the transitions
trivial. The transition probability for each contingency is 1. This is specified on the Transitions
subform as a 100 percent transition probability between Stabilization and Stabilization, as
shown in Figure 3.5.

The contingency definition process described above for the contingency HeavyMed9 was
repeated for all 12 of the contingencies defined by the cells in Table 3.1. These contingencies
cover all the scenarios examined in Strezched Thin.
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Figure 3.5
Defining Transition Probabilities

=] Contingencies

Contingency ]HeawMedQ W Copy Mew

All rows must add to 100
From To State
State Sabil

Sabil 100.0

RAND TR433-3.5

3.3. Forces

The next step is to create forces. The analysis in Chapter Two of Stretched Thin uses only the
active component. Therefore, we need to define only one type of force: Active. To do this, we
must open the Forces form from the SLAM pull-down menu. This form also includes Copy
and New buttons, which have the same features as those on all other forms as described in
Section 3.2. If we click the New button, we are directed to the General subform. This subform
allows us to name, describe, and define the maximum number of periods home and away for
each force. For all analyses contained in this report, we define a time period as a calendar
quarter.

The maximum number of periods home and away defined by the user can limit the results
in the Average Time Home/Deployed report. For instance, if we set the maximum number of
periods at home less than the length of time a unit is actually home, we will underestimate the
time at home between deployments. The longest time at home between deployments in any of
the analyses in Stretched Thin was eight years. To replicate this analysis, we choose the maxi-
mum number of quarters home and away for the Active force to be 24 (six years). We do not
include the full eight years, so that we can later demonstrate the effect of setting the maximum
below the correct value. The general characteristics of the active component force are shown
in Figure 3.6.
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Figure 3.6
Defining a Force
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The next step in defining a force is specifying the cost of the force while at home and
deployed. This is done on the Cost subform. Using a primitive cost model, we assume that
costs for active-duty forces when at home and deployed are equal. We choose to define cost in
terms of the average number of days worked per quarter (90). The cost specifications are shown
in Figure 3.7. We do not consider training costs in this analysis.

Figure 3.7
Defining Force Cost
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The last force characteristic that needs to be defined is effectiveness. This is done on the
Effectiveness subform. Force effectiveness is defined for each period of deployment and each
requirement. Force effectiveness is measured on a scale from 0 to 1, with 0 being completely
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ineffective and 1 being fully effective. In this analysis, we assume that active-duty forces are
fully effective with regards to requirement 0 for all periods in which they are deployed. This
specification is shown in Figure 3.8. The force effectiveness is associated with each unique
requirement by the numeral following Eff and Req. For instance, Eff0 corresponds to Req0,
and Eff1 corresponds to Reql. In this case, we are only using Req0, so we set Eff0 equal to 1
for all periods of deployment; each other force effectiveness (Eff1-5) is set to 0 by default. The
requirements (Req0—5) were defined on the Contingencies States subform.

Figure 3.8
Defining Force Effectiveness
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The last tab on the Forces form allows the user to specify force training. However, train-
ing constraints are not considered in the Strezched Thin analysis and therefore are ignored here.
A description of how to implement training constraints is contained in Appendix A of this
document.

3.4. Assignment Rule

Before executing a run, the user must first define an assignment rule specifying the order in
which to send forces. This is done by opening the Assignment Rule form from the SLAM
pull-down menu. Assignment rules can be created using either the Copy or New buttons. The
General subform allows the user to name and describe the assignment rule. For this analysis,
we choose to create an assignment rule named AczivesOnly.

The next step in creating an assignment rule is selecting the forces to include. This is done
by clicking on the Forces tab to bring up the Forces subform. Here, the user can select all of the
forces to include in the assignment rule by clicking on the desired forces. In this case, we are
using only Active forces, as shown in Figure 3.9.
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Figure 3.9
Selecting Forces for an Assignment Rule
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The last step in defining an assignment rule is to specify the force ordering. This can
be done in multiple ways. First, one could use the Assignment Rule subform to define how
groupings of forces are ordered. This applies an ordinal ranking to the deployment of forces
and is appropriate only for forces that are fully effective in all periods of deployment (i.e., not
reserves). Since we are using only active-component forces and they are fully effective in all
periods of deployment, this method is appropriate. (Scenarios including reserve forces require a
more complicated approach to specifying assignment rules; see Chapter Four.) The table shown
in Figure 3.10 allows the user to define the order in which each group of forces is deployed
and have the SLAM program specify the deployment rankings (the coeflicients for each of the
decision variables in the linear program’s objective function). For the assignment rule shown in
Figure 3.10, we choose to first deploy all active-duty units already deployed three quarters (if
there are any), and then to deploy those units already deployed two and one quarters by group-
ing all of these force-status-periods together in row 1. By setting the 1st Per. in row 1 to 3 and
the Last Per. to 1, we specify that we want to start deploying forces deployed three periods first
and then deploy those already deployed for two and one periods. Row 2 shows that we next
choose to deploy all active-duty units at home 24 through one quarters in descending order.
After deploying all forces at home, we choose to deploy all units already deployed four periods
and longer in ascending order. This rule deploys all active units for one year and then reduces
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active time at home before deploying active units for longer than one year. The SLAM program
uses the ordering in this table to create the force deployment rankings.

Figure 3.10
Defining an Assignment Rule for ActivesOnly
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It is necessary when using this table to define all possible force-period-status combina-
tions. The user can check this by looking directly at the rankings in the Advanced Assignment
Rule subform. If there is a 0 ranking for a force-status-period, this means it was not defined in
the previous table.

The second method for defining force ordering is to use the Advanced Assignment Rule
subform. This subform provides three different options for the user to create an assignment
rule. The first option allows the user to change the ordinal ranking of the forces using arrows
to move each force-status up and down, as shown in Figure 3.11. This is similar to the first
method in that it gives ordinal rankings to each of the force conditions and is not appropriate
for forces that are not fully effective in all periods. The user can use the first method to create
a basic layout of ordering and then use the Advanced Assignment Rule subform to make incre-
mental changes. The second option allows the user to enter assignment rule rankings directly
by clicking on the Directly Edit button on the Advanced Assignment Rule subform. The third
option creates an Excel spreadsheet to aid the user in designing an assignment rule. The spread-
sheet is created by clicking on the Create Rule in Excel button on the Advanced Assignment
Rule subform. The user must use either the second or third option when including forces that



Reproducing Stretched Thin Using Only the Active Component 35

are not effective in all periods of deployment. Since the analyses in this chapter use only active
forces, we ignore options two and three. More detail on using these options is provided in
Chapter Four and Appendix D of this document.

Figure 3.11
Examining the ActivesOnly Assignment Rule
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3.5. Run Parameters

The final simulation characteristics defining the run are the parameters. To reproduce the
analysis in Chapter Two of Strezched Thin, we need 24 runs: 12 pre-transformation (baseline)
and 12 post-transformation. Each run is defined by a pre- or post-transformation force struc-
ture, a type of force (infantry, heavy-medium, or total), and a force requirement scenario. The
runs are named by concatenating pre/post with the type of force (Total, HeavyMed, Infantry)
and number of units required. For instance, a pre-transformation, heavy-medium force under
the scenario with a requirement of 9 units is named “PreHeavyMed9.” We use this run as our
example.
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Figure 3.12
Defining a Run
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The first step in setting up a run is to open the Run Parameters form from the SLAM
pull-down menu. This opens the General subform, which allows the user to define many of
the characteristics of the run. These includes name, description, period specification, param-
eters for look-ahead periods, and type of optimization. In this case, we choose to execute each
run for 1,000 quarters (250 years), starting to collect data in period 1 and ending in period
1,000. For this analysis, we choose alpha to be 0, beta to be 1, and four look-ahead periods (the
rationale for these choices is discussed in Appendix C). We also choose to simulate the run as
an integer program and to use the most-likely look-ahead methodology (see Appendix C for
more detail on making these choices). The parameters for the run PreHeavyMed9 are shown
in Figure 3.12.

The next step in defining a run is to specify which contingencies to include by clicking on
the Contingencies subform and selecting the appropriate contingencies. In this case, the cor-
responding contingency is HeavyMed9, as shown in Figure 3.13.
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Figure 3.13
Selecting Contingencies for a Run
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After specifying the contingencies to include, the next step is to specify the assignment
rule to use and the number of units from each force available. This is done by clicking on the
Assignment Rule subform and selecting an assignment rule from the pull-down menu. Select-
ing the ActivesOnly assignment rule brings up a listing of forces included in that assignment
rule with text boxes to specify the number of units available. The user must fill in these boxes
for every force with the total number of units available for each force. For this example, we
have two different force structures: pre-transformation and post-transformation. The numbers
of available active-component units specified in Chapter Two of Strezched Thin are summarized
in Table 3.2.

Table 3.2
Available Units by Type

Unit Type Pre-Transformation Post-Transformation
Heavy-Medium 21 23
Infantry 1 18
Total 32 Y
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Table 3.2 shows that the number of available forces for the PreHeavyMed9 run is 21. The
assignment rule specification for this run is shown in Figure 3.14.

Figure 3.14
Selecting an Assignment Rule
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The last piece of information needed before the user can execute a run is to set the initial
conditions for each contingency on the Initial Conditions subform. This is trivial in the case
of this single-contingency, single-state simulation run. The initial state must be set to Stbili-
zation by clicking on the Initial Conditions subform and selecting Stabilization, as shown in
Figure 3.15.

The process for defining the PreHeavyMed9 run was repeated for each of the 24 runs
needed for the analysis in the following sections (3 force types [HeavyMed, Infantry, Total]
x 4 scenarios x 2 force structures [pre/post]).
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Figure 3.15
Setting the Initial Conditions
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3.6. Executing Runs

Now that all of the run parameters have been specified, we can execute the simulation runs.
There are two ways to execute the runs: one-by-one or in batch mode. To execute a single
run, open the Run Parameters form, select the desired run, and click the Execute button, as
described in Chapter Two.

The Run Batched form can be used to execute multiple runs. Opening the Run Batched
form brings up a listing of all the runs in the back-end database. The user can select all of the
runs to be executed by changing the “Selected Run” column to “Yes” for all of the desired runs.
In Figure 3.16, we choose to execute all of the pre-transformation runs. To execute the batched
runs, click the Submir Runs button. These 12 runs executed together will take about six hours
to finish. When all of the runs are finished, a pop-up window will appear.
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Figure 3.16
Run Batched Form
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3.7. Defining Outcome Measures

As noted earlier, there are two main outcome measures utilized in Chapter Two of Strezched
Thin. The first is average time at home between deployments. This is automatically calculated
by the SLAM program and can be examined both numerically and graphically in the reports
section, which is discussed in further detail in Section 3.8.

The second outcome measure is the number of ready units. After executing a set of runs,
the user may wish to define this outcome measure before looking at the simulation output. The
authors of Stretched Thin define a ready unit as any unit that has been at home for 11 months
or longer. To make our specification of the simulation (in quarters) comparable to this, we
assume that a ready unit is any unit that is at home for longer than 12 months (four quarters).
However, we could easily define a period as a month and perform this analysis with greater
resolution (with longer run times).

Unit readiness is not an important outcome measure in most SLAM analyses because
of the ability to model the effects of multiple contingencies arising at the same time. For this
reason, this feature is not well developed in the current version of the SLAM model. However,
because unit readiness is an outcome measure used in Strezched Thin, we choose to show how
one can calculate this. This also illustrates the flexibility of the SLAM program by showing
how, with only a little knowledge of Microsoft Access, a user can define new outcome mea-
sures. Unit readiness can be defined in tbl[RunStress. This table can be accessed by opening any
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form, clicking on the “Database Window” toolbar icon (shown in Figure 3.17), and opening
up the table named tbIRunStress (shown in Figure 3.18).

Figure 3.17
Opening the Database Window
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Figure 3.18
Opening tblRunStress
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To define a ready unit, the user must know the run sequence number (which can be
obtained from tblRun) and the force sequence number (which can be obtained from tblForces).
To define a ready unit, put a—1 in the Stressl, Stress2, Stress3, or Stress4 columns correspond-
ing to the run-force-periods that the user defines as ready units. The “~1” is Microsoft Access’s
representation of “true.” The SLAM program uses this value to calculate the total number of
units in those force-status-periods marked as “True” (those defined as ready). For instance,
for the run Prelnfantry8 (run sequence number=1), we can define a ready active unit (force
sequence number=2) as any unit at home 5 to 24 periods (more than one year) by entering —1
in the Stressl column for each of these periods, as shown in Figure 3.19. This same method was
applied to each of the 24 runs. The results of this will be displayed in the Summary Number
of Ready Units report, which is discussed later.
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Figure 3.19
Defining Ready Units
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3.8. Results

This section compares the outcomes from the SLAM program with those from Chapter Two
of Stretched Thin. We begin by comparing the time at home between deployments for the pre-
transformation and post-transformation forces. We then compare the number of ready units
under each of these force structures.

3.8.1. Average Time at Home Between Deployments

There are two ways to examine the average time at home in the SLAM program: numerically
or graphically. As shown in Chapter Two, the numerical data is contained within the Average
Time Home/Deployed report. This report lists both average time at home between deploy-
ments and average time deployed for each run and force in the database.

The graphical display of this data can also be accessed from the SLAM pull-down menu
by selecting the Reports and Analysis . . . Force Stress submenu and then Graph: Average
Time Home/Deployed. This opens up a Microsoft Data Access page similar to the one shown
in Figure 3.20. This page contains two bar graphs—one for average time at home and one for
average time deployed. Each run is plotted by name on the x-axis, and the user can choose
which runs he or she wants to see displayed by clicking on the Name pull-down menu in the
bottom left-hand corner and selecting the desired names. Figure 3.20 shows the Average Time
at Home graph for only the pre-transformation heavy-medium and infantry force types. The
user can also select which forces he or she wants to see displayed by clicking on the Force pull-
down menu on the right of the graph (in this analysis, we used only active forces).
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Figure 3.20
Average Time at Home Graph
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We have seen the different ways in which a user of the SLAM program can view the
average time at home and deployed. We can now compare these results to those in Chapter
Two of Stretched Thin. To do this, we extracted the numbers from the Average Time Home/
Deployed report and converted them into years. We also calculated the average time at home

(in years) from Stretched Thin using the equation provided in the appendix of that report. This
equation is:

Number of Available Brigades B

Force Requirement

Average Time at Home = 1|x (Average Deployment Length)

The assignment rule described earlier was designed so that the average deployment length
would be four quarters, which we verified by looking at the results in the Average Time Home/
Deployed report. We use this information along with the number of available brigades and the
force requirements for each run to calculate the time at home. We then compare these num-

bers to the results of the SLAM program. The data for the pre-transformation force is shown
in Table 3.3.
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Table 3.3
Results Comparison: Pre-Transformation Time at Home

Stretched Thin: SLAM:

Active Component Time at Active Component Time at
Home Between Deployments Home Between Deployments

Run Name (years) (years)
Prelnfantry02 4.5 4.5
Prelnfantry03 2.7 2.7
Prelnfantry05 1.2 1.2
Prelnfantry07 0.6 0.6
PreHeavyMed06 2.5 2.5
PreHeavyMed09 1.3 1.4
PreHeavyMed11 0.9 0.9
PreHeavyMed13 0.6 0.7
PreTotal08 3.0 3.0
PreTotal12 1.7 1.7
PreTotal16 1.0 1.0
PreTotal20 0.6 0.6

Examining the results above, we see that the SLAM program accurately reproduces the
time at home for these various pre-transformation scenarios. There are two scenarios that differ
by only a tenth of a year, a difference that would likely disappear if the simulation time were
increased beyond 1,000 periods and/or we ignored the initial periods.

We can also examine the same data for the post-transformation force structure. The
results were derived using the same method as for the pre-transformation force and are shown

in Table 3.4.

Table 3.4
Results Comparison: Post-Transformation Time at Home

Stretched Thin: SLAM:

Active Component Time at Active Component Time at
Home Between Deployments Home Between Deployments

Run Name (years) (years)
PostInfantry02 8.0 6.0
PostInfantry03 5.0 5.3
PostInfantry05 2.6 2.8
Postinfantry07 1.6 1.8
PostHeavyMed06 2.8 2.7
PostHeavyMed09 1.6 1.5
PostHeavyMed11 1.1 1.0
PostHeavyMed13 0.8 0.7
PostTotal08 41 4.2
PostTotal12 2.4 2.5
PostTotal16 1.6 1.6

PostTotal20 1.1 1.1
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The SLAM results shown in Table 3.4 are generally consistent with the results from
Stretched Thin. However, there is one aberration that is worthy of discussion. For the
PostInfantry02 run, there is a requirement of 2 infantry brigades and a supply of 18 infantry
brigades. Using the equation from Strezched Thin, we calculate the time at home between
deployments to be 8 years. However, the SLAM program calculates the time at home to be
only 6 years. This is because we earlier specified the maximum number of periods at home to
be 24 quarters (6 years). Therefore, 6 years is an “absorbing state” for all units at home longer
than this; i.e., all dwell times longer than 6 years are treated as exactly 6 years. This makes the
program incapable of calculating an average time at home longer than 6 years. This can be
remedied by increasing the maximum number of periods at home. In this case, a good choice
would be 36 quarters, which would easily capture the expected average of 32 quarters for this
run. With this exception, the SLAM results are very similar to the Stretched Thin results and
would be even more accurate if the simulations were run for longer than 1,000 periods (with
even longer run times).

3.8.2. Number of Ready Units

In the RAND SLAM program, the number of ready units is calculated based upon the defi-
nitions described earlier. The results are contained within the Microsoft Access report named
“Summary Number of Ready Units.” For each run, this report contains the total number of
ready units across all periods, the minimum and maximum number of ready units across all
periods, and the average number of ready units in any given period.

In this analysis, we are interested in the average number of ready units in any given period
because this is the metric used in Stretched Thin. For each run, we extracted this data from the
number of ready units report and compared this with the calculated equivalent from Strezched
Thin. The equation used to calculate the number of ready units in Strezched Thin is:

(Average Time at Home) — (Preparation Time)

No. of Ready Units = (No. of Available Brigades) x

(Average Time at Home) + (Deployment Length)

The number of available brigades and average time at home vary by scenario. The number
of available brigades is defined by the scenario, and the average time at home is calculated using
the equation in Section 3.8.1. Both deployment length and preparation time is one year for all
scenarios. If average time at home is less than one year, the equation above results in a nega-
tive number of ready units. Since this is not possible, all of these occurrences are replaced with
zeroes and shown in italics in Table 3.5, which compares the number of ready units calculated
in Stretched Thin with those calculated by the SLAM program for all the pre-transformation
scenarios.

Table 3.5 shows that the results from the SLAM program are almost identical to the
steady-state results in Strezched Thin for the pre-transformation force structure. We observed
similar results for the post-transformation force structure.

Overall, the number of ready units determined by the SLAM program is almost exactly
the same as those calculated in Strezched Thin. Any differences that do occur come about as a
result of the predefined maximum number of periods at home as well as the limited duration
of the simulation runs. We expect that the SLAM results would converge to exactly match the
Stretched Thin results if each scenario were run for longer than 1,000 quarters and the maxi-
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Table 3.5
Results Comparison: Pre-Transformation Number of Ready Units
Stretched Thin: SLAM:
Active Component Number Active Component Number
Run Name of Ready Brigades of Ready Brigades
Prelnfantry02 7.0 7.0
Preinfantry03 5.0 5.0
Prelnfantry05 1.0 1.0
Prelnfantry07 0 0.0
PreHeavyMed06 9.0 9.0
PreHeavyMed09 3.0 3.0
PreHeavyMed11 0 0.0
PreHeavyMed13 0 0.0
PreTotal08 16.0 16.0
PreTotal12 8.0 8.0
PreTotal16 0.0 0.1
PreTotal20 0 0.0

mum number of quarters home/deployed were increased. In general, following the law of large
numbers, the SLAM results will converge to the steady-state results as the number of periods
is increased (Hillier and Lieberman, 2005).

3.9. Summary

This chapter has shown how to use the RAND SLAM program to reproduce the analyses
performed in Stretched Thin using only active forces. We have seen that the SLAM results can
be limited by some of the parameter choices, such as maximum time home/deployed and the
number of periods. These choices must be made carefully for each run and are discussed fur-
ther in the appendixes.

This chapter demonstrates only a few of the capabilities of the RAND SLAM program.
The analyses contained in this chapter can be easily done in a spreadsheet. The following chap-
ters build on these capabilities and begin to show the unique features of the RAND SLAM

program.



CHAPTER FOUR

Reproducing Stretched Thin Using Both Active and Reserve
Components

This chapter shows how to create and use forces that are not effective in all periods of deploy-
ment (such as reserves) by reproducing results from Chapter Three in Stretched Thin using the
RAND SLAM program. The analyses in this chapter use both active-duty and reserve forces
to meet a single operational requirement. The requirement utilized in this chapter is identical
to Scenario Three in Chapter Three of Stretched Thin, in which a total of 16 brigades is required
(11 heavy-medium and 5 infantry).

The first analysis in this chapter shows the effect of adding different numbers of reserve
units into the rotation on active component time at home. The second analysis shows the effect
of changing the reserve mobilization policies (1 year in 6, 1 year in 5, etc.) on active component
time at home. The final analysis shows the effect of adding active units to the force structure
on active component time at home.

4.1. Creating a New Back-End Database
The back-end database used in Chapter Three became very large (339 Megabytes [MB]) once

all of the runs were executed. Because queries are run on all data contained in a back-end, it is
wise to create a new back-end just for this section that copies only the simulation characteristics
we will use again. This will save time by avoiding duplication of the calculations from Chapter
Three when examining the reports in this chapter. This can be accomplished by clicking on the
SLAM pull-down menu, selecting the Data Management submenu, and then selecting Create
New Database and following the same process described in Section 3.1. In this case, we choose
to copy the Active force because we will use it again, as well as all of the contingencies related
to scenario 16, as shown in Figure 4.1.

47
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Figure 4.1
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Lastly, we choose to copy the ActivesOnly assignment rule. After making these selections,
we click on the Create button and type in “4-StretchedThin_ActivesReserves.mdb” as the
name of the new back-end. After closing and reopening the SLAM program, we open the new
back-end by clicking on the Select Other Data File button on the SLAM start-up menu and
selecting the new back-end file from the Windows file menu.

4.2. Contingencies

All of the contingencies needed for the analyses in this section were created in Chapter Three
and copied into the back-end database that is used in this chapter.

4.3. Forces: Creating Reserve Forces

In this section, we create a base set of reserve forces that require 2 quarters of preparation
time before they contribute to the operational requirement. We create this brand-new force by
opening the Forces form from the SLAM pull-down menu and clicking on the New button.
We choose to name the force Reservelneff2 to represent the fact that these reserves require 2
quarters (6 months) of preparation time. We choose to set the maximum number of periods
home and away for the reserves to be 24. We choose this because the reserve forces in the base
case scenario work on 6-year (24-quarter) rotations. Also, since reserve time at home is not an
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outcome measure used in the Stretched Thin analysis, we do not need to make the maximum
lengths longer than 24.

To make meaningful comparisons, we define the cost of the reserve forces in the same
way we define the cost for the active forces—number of days worked per quarter. For reservists,
we assume their cost at home is 15 days per quarter (roughly 60 days per year, on a schedule of
one weekend per month with double pay and two weeks per year with normal pay). We also
assume the cost of deployed reservists is equivalent to that of an active-duty unit (90 days per
quarter). This is a primitive cost model that considers only direct personnel costs. It does not
consider cost differences related to health or retirement benefits or allowances. Substantive
results are only as good as this cost model, which is poor.

Besides cost, the major difference between actives and reserves is effectiveness. In the
base case used here, reservists require six months of train-up time. We implement this by
making reservists ineffective for the first two quarters in which they are deployed, as shown
in Figure 4.2.

Figure 4.2
Defining Effectiveness for Reserves
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For this analysis, we also made a change to the characteristics of the active forces. We
changed the maximum number of periods home and away for active forces from 24 to 12
quarters. This reduces the run time and is appropriate given that the results in Chapter Three
of Stretched Thin show that, for all of the scenarios being examined, active component time at
home never exceeds three years (12 quarters).

4.4. Assignment Rule

The assignment rule used in the previous two chapters was simple. We ranked each force-
status-period from 1 to 48 in the order in which we wanted them to be deployed. However,
this approach works only for forces that are fully effective in all periods. For forces that are not
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fully effective in all periods (such as reserves), the user must calculate the rankings based on a
heuristic and then enter them directly into the Assignment Rule form.

For the analyses in this and later chapters, we created an assignment rule that first deploys
active units for up to 1 year and reduces time at home between deployments to no less than
2 years. After using all these forces, the rule deploys reserve units for deployments of up to
1 year (6-month train-up plus 6-month overseas deployment), with dwell times of no less than
5 years. Following this, the rule reduces active component time at home until the requirement
is reached. We called this assignment rule BaseActiveReserve, and it includes both Active and
Reservelneff2 forces.

When designing assignment rules involving forces not effective in all periods of deploy-
ment, the ordinal rankings used in the previous chapter must be replaced with “disutilities”
of deployment. Like the ordinal rankings, the disutilities are the coefficients for each of the
decision variables in the objective function of the linear/integer program that is solved to assign
forces in each period. However, we changed the term from rankings to disutilities because the
disutilities will not be ordinal, as the rankings we used earlier were. The disutilities will always
increase for force-status-periods that are to be deployed later, but the distance between the
disutilities will generally no longer be equal to one or even be of equal magnitude.

The methodology used to determine the objective function coeflicients for all of the
assighment rules used in this section is described in detail in Appendix D of this document.
The basic premise of the assignment rule heuristic is that we should set the parameters so that
the average disutility of deployment per effective period increases for each successive round of
force-status-periods. The average disutility per effective period is defined as the sum of the
disutilities of deploying a unit up to a given deployment length divided by the number of those
periods of deployment in which the force is effective. To define successive groups of units, we
first need to define the deployment and cycle lengths.

As an example, we will begin by describing an assignment rule for the active force with
l-year deployment lengths and 3-year cycle lengths. Under this utilization policy, an active
unit deployed for 1 year should expect to be home for 2 years before deploying again. Earlier,
we set the maximum number of periods home/away for the actives to 12 periods (3 years).
Therefore, we first deploy units home for 12 periods for 1 period, to which we assign a disutil-
ity of 1 (the lowest disutility, so that units in this condition are deployed first). We then assign
a disutility of 2 to units home 11 periods to be deployed for 1 period.

We will now discuss how the other force-status-periods are ordered for deployment (and
not how the disutilities are determined; this is described in Appendix D). We set the disutility
so that units home for 12 periods are deployed for 2 periods before units home for 10 periods
are deployed for 1 period. Similarly, we set the disutility so that units home for 12 periods are
deployed for 3 periods before units home for 9 periods are deployed for 1 period. Lastly, we
set the next disutility so that units home for 12 periods are deployed for 4 periods before units
home for 8 periods are deployed for 1 period.

Following this methodology will ensure that forces deployed for X periods spend on aver-
age 12 — X periods at home before being redeployed (for a constant force requirement). The
disutilities for these force-status-periods do not increase proportionally; instead they are set to
achieve targets in average disutility per effective period. The ordering of force-status-periods
and their corresponding disutilities is shown in Table 4.1.
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Table 4.1

Disutilities for Actives’ First Use in
BaseActiveReserve
Force-Status-Period Disutility
Active/Home/12 1
Active/Home/11 2
Active/Home/10 5
Active/Home/9 13
Active/Home/8 38
Active/Deployed/1 4
Active/Deployed/2 12
Active/Deployed/3 37

The average disutility per effective period for the active assignment rule described above
is shown in Table 4.2. The methodology described in Appendix D shows how to set the dis-
utilities shown in Table 4.1 so that the numbers in the Active/Home/12 column are larger than
the corresponding values in the first row. For instance, the disutility for Active/Deployed/1
was set to 4 so that the value in the cell containing 2.5 was greater than the value in the cell
containing 2.0. Setting Active/Deployed/1 to 4 made that cell value greater than the 2.0.
Similarly, the other disutilities were set so that the cell containing 5.7 became greater than 5
(by setting Active/Deployed/2 to 12) and the cell with 13.5 was greater than 13 (by setting
Active/Deployed/3 to 37).

Table 4.2
Disutility per Effective Period for Actives’ First Use in BaseActiveReserve

Periods at Home When Deployed

Periods Active/ Active/ Active/ Active/ Active/
Deployed Home/12 Home/11 Home/10 Home/9 Home/8
1 1.0 2.0 5.0 13.0 38.0
2 2.5 3.0 4.5 8.5 21.0
3 5.7 6.0 7.0 9.7 18.0
4 13.5 13.8 14.5 16.5 22.8

The user can utilize the methodology described in Appendix D by opening the Assign-
ment Rule form and clicking on the Advanced Assignment Rule tab. From this subform, click
on the Create Rule in Excel button to open an Excel spreadsheet that allows the user to directly
import the disutilities that are specified (see Appendix D for more detail). After clicking on
the Create Rule in Excel button, the user will see a spreadsheet similar to the one shown in
Figure 4.3.
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Figure 4.3
Excel Assignment Rule Template
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This spreadsheet includes both a disutilities table into which the user can input the dis-
utilities and a table that calculates the average disutility per effective period based on the
user-input disutilities. When the user is finished specifying the disutilities, the disutilities
will be automatically imported into the active SLAM back-end when returning to the SLAM
program.

We suggest using the Create Rule in Excel button and the methodology described in
Appendix D to specify assignment rules. However, if the user wishes to enter a set of disutilities
directly, he or she may do so by clicking on the Directly Edit button on the Advanced Assign-
ment Rule subform. This opens a table into which one can directly enter the disutilities in the
left-hand column, as shown in Figure 4.4.

The complete specification of the assignment rule BaseActiveReserve is described in Appen-
dix D. This assignment rule was created in the current back-end for use with the simulation
runs in the following sections.
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Figure 4.4
Directly Entering Assignment Rule Disutilities
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4.5. Run Parameters and Results

In Chapter Three, the run parameters for each of the executed runs were very similar. For the
analyses in this chapter, which utilize both active and reserve forces, the run parameters vary
depending on the specific analysis. This section describes each of these changes and shows the
results of each of these changes.

4.5.1. Varying the Number of Reserve Brigades

The first analysis performed in Chapter Three of Strezched Thin varies the number of reserve
units rotating to see how this affects active component time at home. To perform this analysis
using the SLAM program, all one needs to do is define different numbers of available reserve
forces for different runs. We choose to name the runs AR_<# of rotating reserve units>, that
is, to concatenate AR with an underscore and the number of rotating units. For instance, the
baseline case has 25 heavy-medium reserve brigades, so we call this run AR_25. All of the
general characteristics of the runs remain the same as in Chapter Three, except for the number
of look-ahead periods, which we define to be 24 (one full reserve cycle). For all of the runs in
this section, we use the HeavyMed11 contingency defined in Chapter Three. We also use the
BaseActiveReserve assignment rule described in Section 4.4. For this analysis, we define seven
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different levels of reserve forces: 0, 5, 10, 11, 15, 20, and 25. The assignment rule and force
levels for AR_25 are shown in Figure 4.5.

Figure 4.5
Setting Force Levels
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After executing each of these seven runs for 1,000 quarters, we examined active com-
ponent time at home in the Average Time Home/Deployed report. For each of the runs, we
extracted the average time at home for the actives (average time deployed was 1 year in each
run) and converted them into years. We also calculated the corresponding active time at home
used in Chapter Three of Strezched Thin. To do this, we used the number of reserve component
(RC) brigades (which differs by run), the fraction of time reserves are mobilized (one-sixth for
all these runs), the duration of reserve mobilization (1 year), and the duration of reserve deploy-
ment overseas (0.5 year) to calculate the number of slots the reserve component could fill, using
an equation from the appendix of Stretched Thin. For each of the runs, we subtracted this
number from the requirement to determine the number of slots the active component (AC)
needed to fill, and we used this number as the requirement in the time at home equation shown
in Section 3.8.1. Table 4.3 compares the results calculated using the Strezched Thin equations
with the results from the SLAM program.
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Table 4.3
Effect of Adding RC Units to the Rotation on AC Time at Home
Stretched Thin: SLAM:

Active Component Time at Active Component Time at

Run Name Home (years) Home (years)

AR_O 1.1 1.1

AR_5 1.2 1.2

AR_10 1.3 1.3

AR_11 1.3 1.3

AR_15 1.4 1.3

AR_20 1.5 1.5

AR_25 1.6 1.5

Table 4.3 shows that the time at home calculated using the Strezched Thin equations and
those from the SLAM program are almost identical. Any small deviations are the results of the
maximum number of periods at home for the actives (12) and the number of periods (1,000
quarters). If both of these were increased, we would expect the SLAM results to converge to
the Stretched Thin results. The main result of this analysis is that, given the assignment rule and
scenario, increasing the number of rotating reserve brigades up to 25 does not increase active
time at home to above the goal of two years.

4.5.2. Using the Reserve Component More Frequently

This analysis aims to determine whether using the reserve component more frequently could
increase active component time at home to more than the two years desired. This analysis uses
the post-transformation heavy-medium force structure (23 active units, 11 reserve units) and
the heavy-medium contingency requirement of 11 units. The runs for this analysis were named
by concatenating AR with the reserve utilization policy. For instance, the baseline utilization
policy that mobilizes the reserves once every 6 years is called ARIin6. This run is identical to
the baseline AR _I1 run from the previous analysis. Runs were created for each of the utiliza-
tion policies examined in Strezched Thin: 1 year in 6, 1 year in 5, 1 year in 4, and 1 year in
3. 'The utilization frequency is defined by different assignment rules, which are described in
Appendix D. Table 4.4 compares the results of utilizing the reserves more frequently from

Stretched Thin with the results from the SLAM program.

Table 4.4
Effect of Varying RC Utilization Frequency on AC Time at Home
Stretched Thin: SLAM:
Active Component Time at Active Component Time at
Run Name Home (years) Home (years)
AR1in6 1.3 1.3
AR1in5 1.3 1.3
AR1in4 1.4 1.4
AR1in3 1.5 1.5

This analysis shows that increasing the mobilization frequency of the reserves still does
not achieve the goal of 2 years at home for the active component. Even if the deployment fre-
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quency of reserves is increased to the level of current guidance for the actives (1 in 3), active
time at home is still only 1.5 years, far from the 2-year goal.

4.5.3. Increasing the Supply of AC and RC Units

The final analysis performed in Chapter Three of Strezched Thin modifies the first analysis,
which examined the effect of adding reserve units to the rotation on active component time
at home. In this analysis, not only is the number of reserve units available variable, but so is
the number of active units available. Davis et al. (2005) compare three scenarios: the base case
we looked at earlier, with 23 available active component heavy-medium brigades; a scenario in
which the active component adds 4 heavy-medium brigades (for a total of 27 heavy-medium
brigades); and a scenario in which the active component adds 7 heavy-medium brigades (for
a total of 30 heavy-medium brigades). The requirement for each of these scenarios is still 11
heavy-medium brigades. We have already examined the results from the first scenario. For the
second two scenarios, we vary the number of rotating reserve units from 10 to 25, in increments
of 5. Both variations in the number of active and reserve units are implemented in the SLAM
program by changing the number of available units on the Run Parameters: Assignment Rule
subform. The results for the second two scenarios from Strezched Thin and the SLAM program
are shown in Table 4.5. The runs are named by concatenating AR with the number of reserve
units, the word Plus, and the number of added active brigades.

Table 4.5
Effect of Increasing Supply of AC and RC Units on AC Time at Home
Stretched Thin: SLAM:

Active Component Time at Active Component Time at
Run Name Home (years) Home (years)
AR10Plus4A 1.7 1.6
AR15Plus4A 1.8 1.8
AR20Plus4A 1.9 1.8
AR25Plus4A 2.0 2.0
AR10Plus7A 1.9 1.9
AR15Plus7A 2.0 2.0
AR20PIus7A 2.2 2.1
AR25Plus7A 2.4 2.2

Table 4.5 shows that adding 4 active brigades increases active time at home above 2 years
only if there are 25 rotating reserve brigades (the number in the pre-transformation force).
However, if we add 7 active brigades, active time at home increases above 2 years if there are
less than 15 rotating reserve brigades but more than 10. Again, the SLAM results are gener-
ally consistent with the results from Stretched Thin. We do observe that, for the runs for which
active time at home increases above 2 years, the SLAM program underestimates the time at
home. This is most likely the result of the maximum number of quarters at home being set to
12 (3 years), since time at home is beginning to increase toward that level. We could obtain
more accurate results by increasing the maximum number of periods at home.



Reproducing Stretched Thin Using Both Active and Reserve Components 57

4.6. Summary

This chapter has shown how to create reserve forces and, analogously, any force that does not
contribute to the operational requirement in all periods of deployment. We have also seen
that the assignment rule specification used in Chapters Two and Three is no longer possible
when we use reserve forces. Instead, we must follow the heuristic described in Appendix D to
define assignment rules. The analyses from Strezched Thin replicated in this chapter also show
that if the goal of the Army is to increase active time at home above two years, adding only
active forces achieves that goal under the given scenarios. The following chapters build on
this analysis by illustrating the unique features of the SLAM program. The next chapter will
introduce cost as a metric and expand on the analyses from Szrezched Thin by performing a
cost-effectiveness analysis.






CHAPTER FIVE
Exploring the Cost-Effectiveness of the Reserves

In Chapters Three and Four, we examined the effect of different force structures on active
component time at home and the number of ready units. These sections show that the results
from the RAND SLAM program are consistent with those calculated using the spreadsheet
techniques in Stretched Thin. A unique feature of the RAND SLAM program is that it allows
the analyst to use cost as a metric when comparing these force structures. The first two sections
of this chapter analyze the cost trade-off between increasing the size of the active component to
reach the goal of two years at home and increasing the size of the reserve component to meet
this goal. The cost estimates for active and reserve brigades used in all sections of this chapter
are primitive and do not represent real costs. However, the SLAM program can be used to vary
cost parameters to perform a sensitivity analysis. In the third section of this chapter, we vary
the costs of the reserves to find the threshold at which they become more cost-effective than
actives. In the fourth section, we change the assignment rule to allow reserves to serve for 18
months (six months’ training and 12 months in theater). This analysis shows that, under the
original, primitive cost parameters and an assignment rule more representative of that being
followed in the global war on terror (GWOT), adding reserve forces is more cost-effective than
adding active forces. In the final section, we perform the same cost-effectiveness analysis but
with a goal of one year at home between deployments for the actives. Under this increased uti-
lization of the active component and the same GWOT assignment rule, we find that adding
active units is more cost-effective than adding reserve units.

This chapter is intended to illustrate how to use the RAND SLAM program to per-
form a cost-effectiveness analysis. The analyses in this chapter all assume that the demand for
deployed forces is constant over time. Under this assumption, the results in this section can
also be derived algebraically. Again, the real power of the SLAM program is the ability to
perform this same type of analysis when force requirements vary over time, and this will be
explored in later chapters.

We emphasize that any substantive results about cost are only as good as the cost model.
The one used here is deliberately named “primitive.”

5.1. Increasing the Size of Actives/Reserves

In the previous chapter, we saw that active component time at home can be increased above
2 years if 4 heavy-medium brigades are added to the active component (for a total of 27) and
there are 25 rotating reserve heavy-medium units. In this section, we compare this arrange-
ment with an alternative structure that maintains the number of active heavy-medium bri-
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gades at 23 and increases the number of reserve heavy-medium brigades to the point at which
active component time at home is greater than 2 years. We used the equations from Strezched
Thin to determine that this occurs when there are 40 heavy-medium reserve brigades, an addi-
tion of 15 reserve brigades.

To perform this analysis, we created two runs within a new back-end database. The first
run (A27R25) uses 27 active brigades and 25 reserve brigades. The second run (423R40) uses
23 active brigades and 40 reserve brigades. Both of these runs use the contingency HeavyMed11,
in which the required number of units in all periods is 11. The assignment rule is the same
basic assignment rule used in previous analyses: 1 year active deployments, 1 year reserve
deployments (0.5 year effective), and reserve utilization at 1 year in 6. The first run (A27R25)
is equivalent to the previous run named AR25P/us4A. The resulting active component time at
home for both of these runs is shown in Table 5.1.

Table 5.1
Adding AC and RC Units to Meet AC
Time at Home Goal of Two Years

SLAM:
Active Component Time
Run Name at Home (years)
A23R40 2.0
A27R25 2.0

We can see that both of these configurations lead to active component time at home being
equal to 2 years—the stated goal of the U.S. Department of Defense (DoD).

5.2. Cost Comparison

Now that we have seen that adding 4 active units achieves the same level of stress on the
actives as adding 15 reserve units, we can compare the costs of these force configurations. In
the analyses in this chapter, we again use the primitive cost parameters based on the number
of days worked per quarter, as shown in Table 5.2.

Table 5.2
Cost per Quarter for Actives and
Reserves

Home Deployed
Actives 90 90
Reserves 15 90

We can compare the costs of these two force structures by looking at the Cost Statistics
report. The Cost Statistics reports for the two runs executed here are shown in Figure 5.1.
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Figure 5.1
Costs of Adding 4 AC Units Versus Adding 15 RC Units
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Figure 5.1 shows that at these levels of force utilization (actives deployed 1 year in 3,
reserves mobilized 1 year in 6), adding 4 new active component brigades is less expensive than
adding 15 new reserve component brigades in terms of average per-period cost (note that this
does not take into account the transition costs of actually adding these brigades). With these
assumptions, these results imply that, for a steady force requirement, it is cheaper to buy more
active units than the corresponding number of reserve units (in terms of achieving an active
time at home goal).

5.3. Reserve Cost-Effectiveness Threshold

We have seen that, under the cost parameters and assignment rule specified in the last section,
buying active units is more cost-effective than buying reserve units. However, the SLAM pro-
gram allows the user to change the cost of the reserves to determine the point at which the cost
of buying the 15 reserve brigades is the same as buying 4 active brigades. This is a very impor-
tant feature, since reliable cost estimates do not exist. This feature allows the user to perform a
sensitivity analysis to determine critical cost values. To do this, we open the Forces: Cost sub-
form and change the cost of the reserves while at home, as shown in Figure 5.2. We choose to
change cost at home because deployment cost should remain the same, but with lower training
or compensation costs it might be possible to reduce the cost of reserves at home.
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Figure 5.2
Threshold Cost of Reserve Component
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After changing the cost on the Forces: Cost subform, it is necessary to close this form to
save the parameters. Once the form is closed, the new cost data is saved and cost statistics can
be examined from the SLAM pull-down menu by selecting the Reports and Analysis . . . Cost
submenu and then Cost Statistics. After iteratively reducing the cost of the reserves at home,
we found that a cost of 9 days per quarter led the average per-period cost of adding 15 reserve
forces to be lower than that of adding 4 active brigades, as shown in Figure 5.3. This iterative
process required decrementing the reserve home cost 6 times, which took less than 5 min-
utes to perform. Other analyses may require a greater number of iterations and therefore may
take longer. This process may also be automated by a user with some knowledge of Microsoft
Access Visual Basic for Applications (VBA).

Figure 5.3
Costs at Threshold of AC/RC Cost-Effectiveness

ﬂSLAM: Cost Statistics
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This section shows the ease with which the RAND SLAM program can be used to per-
form sensitivity analyses. We have also seen the beginnings of how the RAND SLAM pro-
gram can be used to analyze force size and structure changes.
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5.4. Reserve Cost-Effectiveness: Global War on Terror Assignment Rule

In all previous analyses in this report, we have used an assignment rule that deploys reserves for
12 months (6 months training, 6 months in theater) every 6 years. However, in the global war
on terror through 2006, reserve units were commonly deployed for 18 months (6 months in
training, 12 months in theater). This section shows that, under these deployment policies and
given our primitive cost model, adding reserve forces is more cost-effective than adding active
forces to reach the goal of two years at home for the actives.

We begin this analysis by changing the assignment rule to reflect the alternative
deployment policy of 6 quarters for reserves (4 effective). The new assignment rule is named
Active4Reserve6. Next, we determine the reserve force level that would achieve 2 years at home
for actives under this new assignment rule when 4 active units are added to the current active
heavy-medium force structure (for a total of 27 active units). In the steady state, 27 active
units on a 1-in-3-year rotation provide 9 effective units in any given period. In this analysis,
we continue to use the HeavyMed1I contingency with a steady requirement of 11 units in each
period. Therefore, to sustain a requirement of 11 units, we need 2 effective reserve units per
period to supplement the 9 effective active units. On a l-effective-year-in-6 cycle, we need
12 reserve units (2 x 6). We defined a run with this new force structure and assignment rule
called A27R12_Long AddActives (a force structure that looks similar to the planned post-
transformation reserve force plus 4 new active units).

Similarly to the previous section, we also found a force structure that would achieve
2 years at home for the active component by increasing the number of reserve units rather
than active units. Twenty-three active units on a 1-effective-year-in-3 cycle provide 7.67 (23/3)
effective units in any given period. Therefore, to meet the requirement of 11 units in each
period, the reserves must provide 3.33 effective units in each period. On a 1-effective-year-in-6
cycle, this means there must be 20 reserve units in the force (3.33 x 6). We define a run with
this force structure and name it A23R20_Long AddReserves. We then execute each of these
runs. Table 5.3 shows that both of these force structures achieve 2 years at home for the active
component.

Table 5.3
Active Time at Home Under GWOT Assignment Rule
SLAM:
Active Component Time
Run Name at Home (years)
A27R12_Long_AddActives 2.0
A23R20_Long_AddReserves 2.0

Next, we looked at the costs of these two force configurations under the original cost
parameters (15 days/quarter for reserves at home). Table 5.4 shows that, under this deployment
policy and with the primitive cost parameters in Table 5.2, adding reserve forces is more cost-
effective than adding active forces to achieve the DoD goal of 2 years at home for the actives.
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Table 5.4
Cost-Effectiveness of Reserves Under GWOT
Assignment Rule

SLAM:
Average Cost
Run Name per Period
A27R12_Long_AddActives 2,834
A23R20_Long_AddReserves 2,743

This section has shown that simply changing the assignment rule for the reserves from 1
year in 6 to 1.5 years in 6 leads reserve units to be more cost-effective than active units. This
is the same general result that can be obtained using algebraic calculations. However, alge-
braic calculations are limited by an assumption that wars last a long time. The SLAM model
can perform these calculations for any set of assumptions about the frequency, duration, and
number of wars.

5.5. Reserve Cost-Effectiveness: Using Actives More Intensively

In each of the previous analyses in this chapter, the goal was to add enough forces so that active
component time at home between deployments was 2 years. However, experience in the global
war on terror through 2006 has shown that active units are experiencing dwell times of 1 year
or less. In this section, we perform the same cost-effectiveness analysis as in the previous sec-
tions, but at a higher requirement level (which implies shorter dwell times for active units). We
will see that even under the GWOT assignment rule used in Section 5.4, when active units are
deployed for 1 year in every 2, it is less expensive to add active units than reserve units to meet
a specified goal of time at home for the active component.

The only change we make from the parameters used in the previous section is that we
increase the force requirement from 11 to 18 brigades per period. Using the GWOT assign-
ment rule and the base force used in the first section (23 active and 25 reserve heavy-medium
brigades), we find that active time at home between deployments falls to 0.5 year when the
requirement is increased to 18 brigades per period.

In this analysis, we will aim to increase active component time at home between deploy-
ments to 1 year. Table 5.5 shows that adding 5 active brigades (28 actives, 25 reserves) or
adding 15 reserve brigades (23 actives, 40 reserves) to the base force achieves this goal.

Table 5.5
Adding AC and RC Units to Meet AC
Time at Home Goal of One Year

SLAM:
Active Component Time
Run Name at Home (years)
A23R25 0.5
A23R40 1.0

A28R25 1.0
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Next, we compare the cost of achieving the goal of 1 year at home for the active compo-
nent by adding active brigades to that of adding reserve brigades. Table 5.6 shows that adding
5 active brigades is less costly than adding 15 reserve brigades to achieve the goal of 1 year at
home for the actives.

Table 5.6

Cost-Effectiveness of Reserves
Under GWOT Assignment Rule and
Actives One Year at Home

SLAM:
Average Cost
Run Name per Period
A23R25 2,780
A23R40 3,401
A28R25 3,345

This section shows that changing the utilization rate for the active component from 1 in
3 years to 1 in 2 years leads to active units being more cost-effective than reserve units (even
under the GWOT assignment rule used in Section 5.4, which showed that reserves were more
cost-effective). Again, this same general result can be obtained using algebraic calculations
when one assumes that wars last a long time.

5.6. Summary

This chapter has shown how the RAND SLAM program can expand upon the analysis in
Stretched Thin by including cost as a metric. Combining cost with other metrics, such as force
stress and number of ready units, enables an analyst to perform a cost-effectiveness analysis.
The ability to define different stress and readiness metrics provides the user the flexibility to
perform any number of cost-effectiveness analyses using the RAND SLAM program.

This chapter illustrated how to perform a cost-effectiveness analysis when the demand
for forces is constant over time. However, when the demand for forces is constant or wars are
very long, these results can also be derived algebraically. The power of the RAND SLAM pro-
gram is its ability to perform these calculations for any set of assumptions about the frequency,
duration, and number of wars. The next chapter will perform this same type of analysis when
requirements vary over time.






CHAPTER SIX

A Stochastic Perspective on Stretched Thin

The previous chapters showed how to use RAND SLAM in a dynamic but certain environ-
ment—the requirement for stabilization forces existed at the beginning of time and is expected
to continue forever. The analysis of the previous chapters showed the circumstances under
which it is optimal to use more actives or reserves.

Clearly, something is missing. That “something” is uncertainty. As their name implies,
the nation maintains “reserves” for use when force requirements surge. Modeling that use of
the reserves requires an environment in which force requirements vary. Perhaps one could
model that environment with a deterministic (i.e., predictable, perhaps periodic) change in
conflict. However, in a deterministic world, we would know when wars will start and could
train up the reserves in enough time to respond to the outbreak of war. The essence of reserves
as they are modeled in this report is that they are not available to surge immediately. Therefore,
it seems much more realistic to view the prospect of conflict as uncertain (or stochastic); we
have some sense of how often a conflict might arise, but we do not know exactly when it will
arise. Furthermore, perhaps there will be more than one simultaneous conflict.

In this chapter, we show that this more-realistic stochastic environment leads to a role for
reserves. This problem of uncertainty motivates the RAND SLAM program. We also show
that the need to plan for the unlikely scenario of multiple simultaneous conflicts can poten-
tially radically change the optimal force structure.

6.1. Single Stochastic Contingency

In this section, we create a single stochastic contingency and use this contingency to examine
the cost-effectiveness of adding active and reserve units to the baseline force.

6.1.1. Creating a Single Stochastic Contingency

The first step in creating a new contingency is to go to the Contingencies: General subform and
click on the New button. For the purpose of the analyses in this section, we created one con-
tingency corresponding to one of the heavy-medium force requirement scenarios from Chap-
ter Three. The new stochastic contingency has three states: Peace, War, and Stabilization. The
contingency is defined by the number of brigades required in the War and Stabilization states,
which are assumed to be the same. The requirements in the War and Stabilization states were
set using the scenario described in Chapter Three, in which 11 heavy-medium brigades are
required. We assume that there are no forces required in the Peace state.
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After naming the new stochastic contingency StochHM]11, we defined the force require-
ments on the States subform, as shown in Figure 6.1.

Figure 6.1
Defining States and Force Requirements for a Stochastic Contingency

E=! Contingencies [Xl

Conkingency iStUchHMll v Copy I Mew |
|Eieneral- States I'Transitiongl

Mame | Abreviation | Reqd | Reql | Req2 | Req3 | Regd | Regs
| |Peace Peace | o 0 0 o 0 0
| |WWar War | 11 0 0 o 0 0
| b | Stabilization Sabil [ 11 a I o a ]
#* ] ] ] ] ]

RAND TR433-6.1

After defining the states, the next step is defining the contingency transition matrix. We
have to define transitions from and to each state listed in Figure 6.1. The transition probabili-
ties were chosen so that, on average, a war would break out once every ten years (40 quarters).
For this to be the case, the transition probability from Peace to War must be 1/40, or 0.025. We
assume that one cannot transition from Peace to Stabilization because Stabilization can only
occur after a War. Because each row of the contingency transition matrix must sum to 1, we
can calculate the transition probability from Peace to Peace to be 39/40 (1 — (1/40)), or 0.975.
The last constraint we place on the transition probabilities is that it is not possible to transition
from Stabilization back to War. Although this is a dubious assumption, it allows for a simpler
model (and can easily be changed and the analysis redone).

We set the remaining transition probabilities so that about 70 percent of the time will be
peaceful, about 10 percent of the time there will be a war, and about 20 percent of the time
there will be stabilization requirements. Appendix B describes how to calculate these steady-
state probabilities. The resulting transition probabilities for this contingency are shown in
Figure 6.2.
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Figure 6.2
Defining a Transition Matrix for a Stochastic Contingency
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After creating the contingency described above, we create a run named StochHM11, with
run parameters generally the same as those in Chapter Four. We choose to return to using the
BaseActiveReserve assignment rule, which deploys reserves 1 year in 6 (0.5 year effective). We
defined the available forces using the pre-transformation heavy-medium force with 23 active
units and 25 reserve units available. For each stochastic run, the user must choose an ini-
tial condition for each contingency. We choose Peace as the initial condition for StochHM1I1,
as shown in Figure 6.3. If the simulation is run for long enough, initial conditions will not
matter, since the percentage of time in each state will converge to the steady-state probabilities.
However, if the user is interested in performing short-term analyses, the initial conditions are
easily changed on the Run Parameters form.
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Figure 6.3
Defining Initial Conditions for a Stochastic Run
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6.1.2. Single Stochastic Contingency Results
After executing the run defined above, we can examine the results. We examine outcomes for
the contingencies, force stress, and cost.

Contingency Reports. After executing a run with a stochastic contingency, one of the first
things the user will want to look at is a summary of contingencies. In the SLAM program, this
is done by going to the SLAM pull-down menu and going to the Reports and Analysis . . .
Contingencies submenu. From this submenu, we examine the two most important reports.

The first report we examine is the Contingency Summary report. For this run, a report
similar to the one in Figure 6.4 appears.
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Figure 6.4
Contingency Summary Report for a Stochastic Run

m SLLAM: Contingency Summary

Run Name StochHM 11
Contingency Name |StochHM11 |
State Name # Periods in State % Periods in State
Peace 790 79.00%%
War 110 11.00%
Stabilization 100 10.00%

Summary for Contingency Mame = StockHM 11 (3 detail reconds)
Sum 1000 100.00%

RAND TR433-6.4

Figure 6.4 shows that 79 percent of the time was peaceful, 11 percent of the time there
was a war, and 10 percent of the time there were stabilization requirements. These numbers
differ slightly from those calculated for the steady state discussed earlier. For all ergodic, irre-
ducible transition matrices (there are no noncommunicating states), this will always be the
case due to limited run time. However, as we increase the number of periods for which a run
is simulated, the percentage of time in each state will converge to the steady-state probabili-
ties calculated earlier. It is also worth noting here that for each run containing a contingency
with the same transition probabilities and initial conditions, the contingency summary will be
exactly the same. This occurs because the SLAM program uses the same random number seed
(and therefore generates the same series of random numbers) for each run. The state of each
contingency in each period is calculated by comparing the generated random number to the
transition probabilities. Therefore, unless the transition probabilities or initial conditions are
different, the same sequence of states will be generated for each contingency. This allows us to
make direct comparisons of force structures, because each is fighting exactly the same series
of conflicts. The program is deliberately coded in this way to allow these direct comparisons
without having to simulate each run many times and then average the results (which would
add significantly to run time).

The second contingency report we examined is the Average Length of States report, which
calculates the average time spent in each state conditional on transitioning to the state. This
report can be accessed from the Reports and Analysis . . . Contingencies submenu. For the run
described in this section, the report will look similar to Figure 6.5.
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Figure 6.5
Average Length of States Report for a Stochastic Run

&SLAM: Average Length of States

Run Name StochHM 11
Contingency Name |StochHM11 |
State Name Average Time In State
Peace 38.95
Stabilization 1111
War 55
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The Average Length of States report shows, on average, how many periods each contin-
gency remained in each state after initially transitioning to that state. This is important because
it allows us to determine how long, on average, periods of war or stabilization lasted. Figure
6.5 shows that the duration of wars was about 1.5 years and stabilization periods lasted about
3 years on average. The results derived in this section are likely to be sensitive to the average
conflict length and should be considered to be conditional on these values. As mentioned in the
introduction, the results derived in this section can also be derived algebraically if one assumes
that wars are long. The unique feature of the RAND SLAM program is its ability to compare
the cost-effectiveness of different force structures for any set of assumptions about the number,
duration, and frequency of conflicts.

Force Stress Reports. Next, we examine stress on the force. The assignment rule used for
all of these runs guarantees that deployments will be no longer than 12 months for active units
and no more than 6 months for reserve units (with 6 months of train-up time). Therefore, we
do not consider long deployments as a stress measure in this analysis. In this section, we are
interested in active time at home. In all previous chapters, we measured active time at home
by calculating the average time at home before deployments (with a goal of 2 years). With a
stochastic scenario, average time at home is less meaningful, because in peacetime units will
generally experience very long reset times, whereas in wartime they may be deployed very fre-
quently. Calculating average time at home would capture both of these experiences, something
we would prefer to avoid. For stochastic scenarios, a better measure of stress on the force is the
percentage of all deployments for which forces are home less than a given period of time when
they are deployed. For the active forces, we defined three types of stressful reset times: less
than 2.0 years, less than 1.5 years, and less than 1.0 year. For reserve forces, we also defined
three periods of time: home less than 5.0, 4.5, and 4.0 years when deployed. The SLAM pro-
gram automatically calculates these metrics for active and reserve forces. These results can be
accessed from the Reports and Analysis . . . Force Stress submenu by selecting A/R Time at
Home Stress. This brings up a report similar to the one shown in Figure 6.6.



A Stochastic Perspective on Stretched Thin 73

Figure 6.6
Stress Summary Report for a Stochastic Run

' SLAM: % Stressful Deployments: Reset Time

Run Name |StochHM11 | *Time Periods in Years

Act. Home<1 Act.Home<1.5 Act.Home<? Res.Home<4 Res. Home<45 Res.Home<3

0.00%% 4.07%% 28.01% 0.00%% 0.00% 0.00%
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The report above calculates the percentage of all deployments that occur when units are
home less than the specified amount of time. The definitions of time are currently fixed in the
SLAM program, but they can be easily changed with some knowledge of Microsoft Access
queries. We can see that reserves never experience stressful deployments under these condi-
tions. This is due to the fact that the assignment rule used here deploys actives and reserves
on one-year cycles and then brings actives from home earlier and earlier to meet any further
requirements—reserve units are never brought from home earlier.

Cost Reports. The relevant cost reports remain the same for stochastic contingencies such
as those discussed in previous chapters. The main outcome of interest remains average per-
period cost, which can be obtained from the Cost Statistics report in the Reports and Analysis
... Costs submenu.

6.1.3. Force Structure and Cost-Effectiveness

In the previous section, we discussed how to set up and execute runs with stochastic contingen-
cies. We can now modify those runs (by creating new runs with slightly different force struc-
tures) and use the outcome measures discussed in the previous section to compare the cost-
effectiveness of different force structures. For this analysis, we again use the heavy-medium
force requirement of 11. We choose to modify the heavy-medium force structure in a similar
way to the analysis performed in Chapter Five of this report: by adding 4 heavy-medium active
brigades, and by adding the necessary number of reserve brigades to achieve the same level of
stress on the active force. After adding 4 active heavy-medium brigades, the force is made up
of 27 active and 25 reserve heavy-medium brigades. We used this force structure and the same
run parameters from the previous section with the contingency StochHM]I1I (a requirement
of 11 heavy-medium brigades in war and stabilization and 0 units in peacetime). We name
this run StochHM11Plus4A. After executing this run, we calculate the stress and cost statistics
from the reports discussed earlier. These results, along with those from the run StochHM11,
are shown in Table 6.1.

Table 6.1
Stress Levels for Stochastic Runs
Active Home Less Active Home Less Active Home Less
Than 1 Year Than 1.5 Years Than 2 Years Average Cost
Run Name Before Deployed Before Deployed Before Deployed per Period
StochHM11 0% 4.07% 28.01% 2,502

StochHM11Plus4A 0% 0.96% 1.77% 2,858
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Comparing the results from these two runs shows that adding 4 heavy-medium active
brigades to the force reduces the number of active units experiencing stress (reserve stress is
ignored here because reserves do not experience stressful deployments under the given assign-
ment rule). The percentage of units being deployed with less than 1.5 years at home decreases
from 4.07 percent to almost zero. The percentage being deployed with less than 2 years at
home decreases from 28.01 percent to 1.77 percent. We can also see that this reduction in
stress on the actives comes at a cost. The average per-period cost increases by about 360 days (4
x 90) when 4 active heavy-medium brigades are added to this force structure.

We took the level of stress defined by the StochHM11Plus4A run as our goal and deter-
mined the number of reserve brigades that would need to be added to the base force to achieve
this same level of stress. We wanted no active units (or a very small percentage) to be deployed
when home less than 1.5 years and about 2 percent of units to be deployed when home less
than 2 years. After performing rough spreadsheet calculations, we determined that adding 15
reserve heavy-medium units would achieve this goal. We set up a new run for this force struc-
ture, which contains 23 active units and 40 reserve units. The results of this run, along with
the results from the previous runs, are shown in Table 6.2.

Table 6.2
Stress Levels and AC/RC Cost-Effectiveness for Stochastic Runs

Active Home Less Active Home Less Active Home Less

Than 1 Year Than 1.5 Years Before Than 2 Years Average Cost
Run Name Before Deployed Deployed Before Deployed per Period
StochHM11 0% 4.07% 28.01% 2,502
StochHM11Plus4A 0% 0.96% 1.77% 2,858
StochHM11Plus15R 0% 0.00% 1.88% 2,757

Table 6.2 shows that adding 15 heavy-medium reserve units to the base force leads to a
level of stress on the actives about equal to that of adding 4 heavy-medium active units. Look-
ing at the costs, we see that the cost of adding 4 active units is greater than that of adding 15
reserve units to achieve the same level of force stress. This result is the exact opposite of the
result found in Chapter Five under a steady force requirement and the same assignment rule.
Both of these analyses used cost parameters for reserves of 15 days per quarter when at home
and 90 when deployed, and 90 days per quarter for actives when both home and deployed.
This analysis suggests that, when faced with varying requirements, it can be less expensive to
purchase reserve brigades than it is to purchase active brigades. This occurs because reserves
provide a surge capability for states of a contingency (such as war or stabilization) that have
large requirements (and are sufficiently long) but are cheaper than actives during peacetime.
This cost advantage of the reserves is magnified if we perform these same runs using the assign-
ment rule for reserves examined in Chapter Five with reserves deployed 1.5 years in 6 rather
than 1 year in 6. These results depend to a large extent on the underlying assumptions (length
of wars, assignment rule, cost parameters, etc.), each of which can be varied by a user of the

SLAM program.



A Stochastic Perspective on Stretched Thin 75

6.2. Multiple Stochastic Contingencies

In Section 6.1, we created a single contingency with three states. However, in reality there is
more than one threat scenario (Iraq, North Korea, etc.). Therefore, it is also important to have
scenarios in which there is more than one contingency that could arise. Since much of tradi-
tional defense strategy focuses on planning for two simultaneous major regional contingen-
cies (Larson, Orletsky, and Leuschner, 2001), this section shows how to create two stochastic
contingencies and include them in the same run. We then perform a force structure cost-effec-
tiveness analysis similar to that in Section 6.1.3 to show the extraordinary costs that must be
incurred to achieve stress levels comparable to those in Section 6.1 when planning for two or
more major regional contingencies (MRCs).

6.2.1. Creating and Using Multiple Contingencies

To perform the analyses in this section, we created a contingency called StochHM9, which has
a requirement of 9 heavy-medium brigades in the War and Stabilization states and no forces
required in the Peace state. To simplify the analysis here, we assume that both the contingen-
cies we wish to plan for (the two-MRC requirement) are identical to the contingency called
StochHM9. We name these new contingencies StochHM9-1 and StochHM9-2.

We choose to use a requirement of 9 instead of 11 (used in the previous section) based
on the ability of the assignment rule and force structure to meet the largest possible require-
ment. In this case, the largest possible requirement is twice the requirement in the War or
Stabilization state. We found that the assignment rule could not meet a requirement of 22
units (2 x 11) without specifying a more complete rule than the one used in this document.
Therefore, instead of changing the assignment rule, we simply reduced the requirement in
a single War or Stabilization state to 9 (another scenario considered in Strezched Thin). We
found that the force structure and assignment rule used earlier could meet a requirement of
18 (2 x 9). In cases in which the requirement is larger than what can be achieved with the
specified assignment rule, the linear program (LP) will not solve optimally, because we placed
equal “disutilities” on all force-periods beyond the rotation described in Appendix D (after
completely reducing active time at home). Because we set these disutilities to be equal, the LP
cannot find a solution and will return with a null result (~1s for all LP variables) for periods
with this requirement after it reaches the run-time limit. The default run-time limit is 30 sec-
onds; the user can change this value from the Options menu.

Another option available to the user to address the inability to meet military requirements
is to create “phantom” forces. These are forces that do not represent real forces but will fill in
when all other forces are exhausted. The usage of these forces then allows the analyst to gauge
military risk—the ability to meet requirements in each period. If the user wishes to create
phantom forces, he or she can utilize built-in queries to analyze military risk. To use these
queries, it is suggested that the user include the word “phantom” when naming these forces.
After doing this, the user can examine queries that display the percentage of periods in which
the phantom forces were deployed (in the 18-%INFEASIBLE_PER query) and the average
number of phantom units used in these periods (in the 18-AVGMISSING query). These que-
ries can be accessed by opening any form, clicking on the Database Window icon (shown in
Figure 3.17), and selecting these queries from the list of queries.

After creating the contingencies StochHM9-1 and StochHM9-2 in a new back-end data-
base, we create a run called StochHM9Multi. The first run is exactly identical to the StochHM11
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run from the previous section, except that it has two identical contingencies with a requirement
of 9 units instead of one contingency with a requirement of 11 units in the War/Stabilization
state. This run is defined by all the same parameters used in eatlier sections, except for contin-
gencies and number of periods. This run again uses the base pre-transformation force with 23
active and 25 reserve units.

To select multiple contingencies for a run, we go to the Contingencies subform on the
Run Parameters form and click on the two contingencies we want to include, as shown in

Figure 6.7.

Figure 6.7
Selecting Contingencies for a Multiple-Contingency Run

EE Run Parameters

Fun iStnchHMQMulti w opy l Mew | Execute|

| General | Contingencies |.ﬁ.ssignment Rule || Initial Conditions | Training |

Contingency
Selection
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After selecting these contingencies, we must set the initial conditions for each of them.
This is done by going to the Initial Conditions subform on the Run Parameters form and,
selecting each contingency separately from the Contingencies pull-down menu, setting the
initial state to Peace for each one, as shown in Figure 6.8.
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Figure 6.8
Setting Initial States for a Multiple-Contingency Run

EE Run Parameters

Run iStDchHMQMulti W Copy | T l Execute|

Conkingency Initial Condition
Contingency m W

[StochHMS-1 StochHM3-2 =
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The final change that needs to be made before we execute this run is to define the number
of periods for which to execute the run. In all previous analyses in this report, we have chosen
to execute runs for 1,000 periods. However, because force planning deliberately sizes the force
to handle the least-likely outcomes, we increase the number of observations for stochastic
runs so that we see enough of the rarest outcomes—such as two simultaneous MRCs. For the
analyses we wish to perform here, we set the number of periods so that there are about 100
periods in which both contingencies are in the War state at the same time. More precisely, we
set the number of periods so that the expected amount of time that both contingencies are in
the War state is 100 periods.

To have the SLAM program calculate this automatically, the user must click the Compute
button next to the Number of Periods input box on the Run Parameters form. Doing so opens
up a form that asks the user how many periods he or she wants to see in the least-likely states,
as shown in Figure 6.9.
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Figure 6.9
Using SLAM to Compute the Number of Periods

Fun iStDchHMQMulti w Cnpyl =] 1 Executei

| zeneral |Cnntingencies [ Assigrrnent Rule | Inikal Conditions | Training |

Mame  |StochHMIMult

Descripkion -

Mumber of Periods I 12100 Complte

Periods

Hoiw many periods would wou like to see in the 0K
least-likelk: states?

Cancel

100 |

Coork ahead | ype |M|:|5E CIRETy i
Tolerance Limik 1 1]

[ Editsble
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The SLAM program calculates the number of periods necessary to see the least-likely
state the number of times that the user specifies on this form. The methodology used by the
SLAM program to calculate this number is described in Appendix B. The user must select con-
tingencies on the Contingencies subform of the Run Parameters form for this to work; other-
wise, an error message will appear.

For the run described in this section, the SLAM program found the minimum number
of periods necessary to see the least-likely states in 100 periods to be 12,100. For the analyses
presented here, we decided to execute this run for 10,000 periods to save run time. Note that
the discussion in Appendix B sets the number of periods so that az least 100 periods will have
all the least-likely states occurring at once. Here, we decided that 10,000 periods was sufficient
to “see” the most unlikely state just slightly less than 100 times. After setting the number of
periods to 10,000, we execute the run.

6.2.2. Multiple Stochastic Contingency Results

The first report that we examine to make sure that the run was executed correctly is the Con-
tingency report. Figure 6.10 shows the percentage of time that each contingency was in each
state over the course of the run.
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Figure 6.10
Contingency Summary Report for a Multiple-Contingency Run

m SLLAM: Contingency Summary

Run Name StochHM9Multi

Contingency Name |StochHM9-1 |
State Name # Periods in State % Periods in State
Peace 7382 T3E2%
War 352 9.52%
Stabilization 1666 16.66%

Summary for Contingency Mame = StockHMS-1 (3 detail records)

Sum 1 ooao 100.00%

Contingency Name |StockHM3-2

State Name # Periods in State % Periods in State
Peace Al ES T1.35%
War 930 9.30%
Stahilization 1235 19.35%
Summary for Cortingency Name = StockHMI-2 (3 detail records)
Sum 10000 100.00%
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Next, we look at the Average Length of States report to determine the average length of
each state within each contingency; these results are shown in Figure 6.11.

Figure 6.11
Average Time in State Report for a Multiple-Contingency Run

m SLLAM: Average Length of States

Run Name StochHMSMulti
Contingency Name |StochHM9-1 |
State Name Average Time In State
Peace 3842
Stabilization 17.35
War 4.958

Contingency Name |StochHIM9-2

State Name Average Time In State
Peace 39.38
Stahilization 19.74
War 5.196
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After examining the Contingency reports, we look at the Cost and Stress reports for the
multiple stochastic run. The results of these reports are summarized in Table 6.3, which shows
that the multiple stochastic contingencies place a significant amount of stress on active forces.
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Table 6.3
Stress and Cost Results for a Multiple-Contingency Run

Active Home Less Active Home Less Active Home Less

Than 1 Year Than 1.5 Years Before Than 2 Years Average Cost
Run Name Before Deployed Deployed Before Deployed per Period
StochHM9Mul'ti 21.26% 28.35% 35.87% 2,553

6.2.3. Force Structure and Cost-Effectiveness

In this section, we perform an identical analysis to that performed in Section 6.1.3, except that
in this case we use the two stochastic contingencies defined in Section 6.2.2. Here, we show
that adding reserve units to the force decreases stress on the active component only up to a
point, after which adding more reserve units provides very little marginal benefit (although
adding active units can still significantly decrease stress).

We first create a run identical to StochHM9Multi but add 25 heavy-medium active bri-
gades to the base force (for a total of 48 active units and 25 reserve units). We choose to add
25 active units because this is the number of units needed to achieve 2 years at home for the
actives in a two-war scenario (the combination of states that is the most stressful). We calcu-
late this number by determining the number of effective units per period needed from each
force. In this first analysis, we have assumed there are 25 reserve units. On a 1-year-in-6 cycle
(0.5 year effective), these reserves provide 2 effective units per period. Therefore, since the most
stressful combination of states (War-War) has a requirement of 18, the actives must provide
16 effective units per period in this combination of states. To provide these forces and achieve
the goal of 2 years at home, there must be 48 (16 x 3) active units in the force, an increase of
25 units.

Although it is unrealistic that 25 active units would be added to the force structure, the
purpose of this analysis is to show that trying to achieve a very low stress level at all times while
planning for two MRC:s is very expensive. Thus, when performing this type of analysis, the
trade-off between force stress and cost should be carefully considered. The SLAM program can
help an analyst explore these kinds of trade-offs.

We first compare the stress and cost of the run with just the base force, with the run
adding 25 active brigades. Table 6.4 summarizes these comparisons, showing that adding 25
active units reduces stress on the active component to almost zero, but that this comes at a very
high cost (an increase of 2,160 days per quarter).

Table 6.4
Stochastic Stress and Cost Comparisons Adding AC Brigades

Active Home Less Active Home Less Active Home Less
Than 1 Year Than 1.5 Years Than 2 Years Average Cost

Run Name Before Deployed Before Deployed Before Deployed per Period
StochHM9Multi 21.26% 28.35% 35.87% 2,553
StochHM9MultiPlus25A 0.00% 0.03% 0.33% 4,713

In a similar fashion to the analysis in Section 6.1.3, we take the stress levels achieved from
adding 25 active units as our goal and attempt to increase the size of the reserve component
to meet these same stress levels. We begin by creating a run, adding 99 heavy-medium reserve
brigades to the base force (for a total of 23 active units and 124 reserve units). We choose to add
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99 reserve brigades because this number makes the time at home for the actives in the two-war
scenario equivalent to that of adding 25 active heavy-medium brigades (providing actives 2
years at home between deployments). The stress and cost results of this run and the two previ-
ous runs are shown in Table 6.5.

Table 6.5
Stochastic Stress and Cost Comparisons Adding RC Brigades

Active Home  Active Home Less  Active Home
Less Than 1 Year Than 1.5 Years Less Than 2 Years Average Cost

Run Name Before Deployed Before Deployed Before Deployed per Period
StochHM9Multi 21.26% 28.35% 35.87% 2,553
StochHM9MultiPlus25A 0.00% 0.03% 0.33% 4,713
StochHM9MultiPlus99R 2.60% 6.47% 12.21% 4,269

This table shows that adding 99 reserve brigades leads to a stress level higher than that of
adding 25 active brigades. Although the per-period cost is lower for adding 99 reserve brigades
to the base force than it is for adding 25 active brigades, it does not achieve the same low level
of stress on the actives. This occurs because, when a war breaks out, active component units
are the only units immediately able to respond for the first six months of a conflict. Because
reserves cannot replace actives in these situations, the only way to reduce stress on the actives
completely is to add active units.

To test the hypothesis that adding more reserves will lead to only very small decreases in
stress on the actives, we create two more runs, adding 123 and 147 reserve units to the base
force. Table 6.6 shows the results of this analysis: Adding many more reserve units does very
little to reduce stress on the actives. Adding more than 123 reserve units is just as expensive as
adding 25 active units. Therefore, if one wishes to reduce stress on the actives below the level
achieved by adding 99 reserve units, choosing to add active units instead of reserve units is a
more cost-effective approach.

Table 6.6
Adding Reserves Does Little to Reduce Stress from Two MRCs

Active Home  Active Home Less  Active Home
Less Than 1 Year Than 1.5 Years Less Than 2 Years Average Cost

Run Name Before Deployed Before Deployed Before Deployed per Period
StochHM9Multi 21.26% 28.35% 35.87% 2,553
StochHM9MultiPlus25A 0.00% 0.03% 0.33% 4,713
StochHM9MultiPlus99R 2.60% 6.47% 12.21% 4,269
StochHM9MultiPlus123R 2.02% 5.06% 9.35% 4,704
StochHM9MultiPlus147R 1.96% 4.80% 8.49% 5,135

This analysis illustrates two things. First, no matter how one attempts to reduce stress on
the actives, achieving a low stress level when planning for a two-MRC scenario can be very
expensive. Second, beyond a certain threshold, adding reserve units does little to reduce stress
on the actives, because reserve units cannot immediately respond to the outbreak of a new con-
tingency. It is important to note that the stress measures discussed here are driven by the most
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stressful states (two wars) and cannot be reduced without addressing the force requirements in
these states as we did above. Force changes of this magnitude are very unlikely. However, the
SLAM program can be used to explore the trade-offs between force structure and cost and to
help find an optimal force configuration that makes trade-offs between force stress and cost.

6.3. Summary

This chapter shows how to use the SLAM program to define stochastic threat scenarios and
use them to analyze force structure decisions. The analyses in this chapter examined the role
of active and reserve heavy-medium brigades in handling different types of stochastic sce-
narios. In Chapter Five, we found that, under a steady (non-stochastic) force requirement, it
was always less expensive to add active brigades to the force instead of reserve brigades when
reserves were deployed 1 year in 6 (6 months in theater). In this chapter, we found that, when
faced with a single stochastic threat scenario (and using the same assignment rule), the opposite
is true—it is less expensive to add reserve brigades than it is to add actives to achieve the same
level of stress on the active force. For a two-MRC scenario, we showed that adding reserve
units has very little impact on reducing stress on the active component below a certain level,
because reserves cannot immediately respond to the outbreak of a war.

The analyses in this chapter use primitive estimates of cost and effectiveness parameters
to derive simple results. A more extensive analysis would use better cost estimates to determine
the sensitivity of these results.



CHAPTER SEVEN
Examining the Active-Reserve Mix

The previous chapters have used the RAND SLAM program to replicate existing analyses and
to show some of the unique features of the RAND SLAM program by extending beyond these
analyses. This chapter explores the problem that motivates the RAND SLAM program—
determining an optimal mix of active and reserve forces. This chapter uses both deterministic
and stochastic contingencies to show the effects of various changes to the active-reserve mix on
cost and stress measures.

All previous chapters have focused on different types of forces (infantry, heavy-medium,
etc.). This chapter looks at the structure of the total force (infantry plus heavy-medium units).
This final analysis chapter brings together many of the features of the RAND SLAM program
illustrated in previous chapters. However, the features of the RAND SLAM program are not
limited to those shown here. With little effort, an experienced Microsoft Access user can create
many more features not listed here.

7.1. Deterministic Force Requirements

We begin this chapter by examining the active-reserve mix in a non-stochastic environment in
which the force requirements are the same in every period. For this analysis, we assume a force
requirement of 20 units in each period. Therefore, we created a contingency in a new back-
end named 7ota/20, which has only a Stabilization state with a requirement of 20. We use this
contingency in all runs described in this section.

For the runs described in this section, we use the forces defined earlier: Active and
Reservelneff2. In this section, we also choose to use the Active4Reserve6 assignment rule defined
in Chapter Five, which deploys reserve units 1.5 years in 6 (1 effective year) instead of 1 year
in 6 (0.5 effective year). We copied this assignment rule from the back-end database used in
Chapter Five.

The last step in setting up this analysis is to define a set of runs. To do this, we first selected
a variety of different force structures to simulate. We designed each force structure so that it
would be able to meet a requirement of 20 units on a 1-year-in-3 rotation for actives (2 years
at home) and a 1.5-years-in-6 rotation (1 effective year) for reserves. Table 7.1 defines all of the
force structures examined in this section. We began with the pre-transformation force of 43
active brigades and 34 reserve brigades. We then incrementally decreased the number of active
brigades and added the number of reserve brigades necessary to continue to meet the require-
ment of 20 units (a trade-off of 2 reserve brigades for 1 active brigade). Table 7.1 shows the
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size of the active and reserve forces along with the percentage of the force that is active and the
percentage growth in the reserves.

Table 7.1
Active-Reserve Force Structure Scenarios

Active Brigades/  Percentage of Force Percentage of Growth

Reserve Brigades That Is Active in the Reserves
43/34 72 0
41/38 68 12
39/42 65 24
35/50 58 47
31/58 52 71
25/70 42 106

We defined a run for each of the six force structure scenarios defined in Table 7.1. After
executing these runs, we compared the runs in terms of force stress (average time at home for
actives) and cost (average cost per period). These results are shown in Table 7.2.

Table 7.2

Active-Reserve Mix Stress and Cost Results

Active Brigades/ Average Time at Home  Average Cost
Reserve Brigades for Actives (years) per Period
43/34 2.01 5,015
41/38 2.01 4,969
39/42 2.01 4,925
35/50 2.01 4,835
31/58 2.01 4,745
25/70 2.01 4,610

Table 7.2 shows that, for a steady force requirement, replacing active forces with reserve
forces saves money in comparison to the current force (43 active, 34 reserve units). This is con-
sistent with the results of Chapter Five, which show that, for the assignment rule that deploys
reserve forces 1.5 years in 6, reserve forces are more cost-effective than actives in meeting a
steady force requirement. However, as noted earlier, a steady force requirement is not very real-
istic and placing these forces in a stochastic environment can change the results significantly.
This is explored in the next section.

7.2. Stochastic Force Requirements

In this section, we examine the same force structures defined in Section 7.1 but in a stochastic
environment. This section shows that, in a stochastic environment, even though each force
structure was defined to meet a constant stabilization requirement of 20, replacing active units
with reserve units can increase stress on the active component.
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We begin this analysis by creating a new stochastic contingency. We define the contin-
gency to have three states: Peace, War, and Stabilization. We also define the force requirements
in the War and Stabilization states to be 20 units, and the requirement in the Peace state to be
zero. We use the same transition probabilities as used in Section 6.1 (shown in Figure 6.2). We
then create six runs corresponding to the six force structure scenarios and set the initial condi-
tion for each run to Peace.

We execute each of the runs and examine the stress results (percentage of deployments
with stressful reset times) and the cost results (average per-period cost), as shown in Table 7.3.

Table 7.3
Stochastic Stress and Cost Comparisons

Percentage of Actives  Percentage of Actives  Percentage of Actives

Home Less Than Home Less Than Home Less Than

Active Brigades/ 1 Year 1.5 Years 2 Years Average Cost
Reserve Brigades Before Deployed Before Deployed Before Deployed per Period
43/34 0.00 1.67 5.00 4,487
41/38 0.00 1.81 5.64 4,380
39/42 0.21 2.18 8.29 4,276
35/50 1.09 2.19 18.03 4,072
31/58 2.99 7.06 19.74 3,867
25/70 8.1 11.49 25.68 3,557

Table 7.3 shows that, although replacing active units with reserve units decreases cost, it
leads to an increase in stress on the active force. This occurs because, for stochastic contingen-
cies, active units are needed to provide an immediate reaction force in response to an outbreak
of war. If there are not enough fully rested active forces to provide this reaction force, this will
lead to stress on the actives. Therefore, it is important to keep in mind that, although shifting
forces from the actives to the reserves may save money, it can also lead to increasing stress on
active units when faced with contingencies that arise without warning. It is likely that these
results are sensitive to the duration and frequency of wars and stabilization operations. The
SLAM program can be very useful in examining the effects of these parameters.

7.3. Summary

This chapter has shown that, under the given assignment rule and cost parameters, when force
requirements are fixed, replacing active units with reserve units can save money while main-
taining the same level of stress on the force. However, in a stochastic environment, although
replacing active units with reserve units can save money, it can also increase the level of stress
on the active force.

This chapter has shown how the RAND SLAM program can be used to help optimize
the active-reserve mix. The analyses performed in this section are meant to be illustrative and
show how a problem can be structured for analysis in the SLAM program. The results are
also consistent with other results we have seen in this document. First, reserves are more cost-
effective than actives for a steady force requirement (when they are deployed 1.5 years in 6).
Second, active units are needed for a quick reaction. Therefore, shifting too many forces to
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the reserves places extra stress on active units to meet these requirements. In a more thorough
analysis, one would examine these results under a variety of different threat scenarios, cost
parameters, and assignment rules.



CHAPTER EIGHT
Conclusion

This report has demonstrated the power of the RAND SLAM program through a sequence
of increasingly complicated simulation runs. Specifying, running, and interpreting a simula-
tion run is nontrivial. The RAND SLAM program provides the required substantial software
programming foundation.

The novel feature of the RAND SLAM program is its ability to simulate stochastic force
requirements. This allows an analyst to explore how the varying nature of military requirements
affects force structure decisions. Exploring this decision space can suggest force structures that
are more or less attractive depending on the assumptions made by the analyst. As with any
good simulation model, the RAND SLAM program forces analysts and policymakers to be
explicit about their implicit understanding of the threat environment and their force allocation
rules. The analyst must specify the following:

How likely is each conflict?

What forces are available?

What is the relative cost of different types of forces?
In what order should forces be utilized?

The model then allows the analyst to easily consider a wide range of alternative types of
forces and force structures. Given the likelihood of conflict, the relative cost of different types
of forces, and the level and type of forces, the model calculates

* cost
* risk (i.e., inability to provide required forces)
* stress on the forces.

A policymaker can then use this information to choose a combination of force Structures,
force Levels, and force Allocation rules (the “S,” “L,” and “A” of “SLAM?”) that best balances
cost, risk, and stress.

Of course, the preceding discussion is an idealized view of the policy process. Several
caveats are worthy of note. First, the user of the SLAM program quickly becomes aware of
his/her ignorance and the ignorance of the field. We simply do not know appropriate values
for many of the parameters (e.g., the cost to recruit much larger or smaller forces). There is
little consensus as to the likelihood of future conflicts (Knightian uncertainty). The relative
effectiveness of reserve units is also a matter of debate. The RAND SLAM program allows the
user to explore the parameter space to examine the effects of many of these uncertainties and
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also provides motivation for a new round of research to build a better foundation of program
inputs.

Second, every model is incomplete. There are real-world constraints and costs that SLAM
does not consider. Further versions of the model can incorporate such additional features.
Some extensions should be relatively easy to incorporate, whereas others would require consid-
erable reworking, and some are nearly computationally infeasible. We leave such extensions to
a later version of the model.



APPENDIX A

A User’s Guide to the SLAM Program

The body of this report has walked the user through several policy analyses using the SLAM
program. Those analyses were intended to demonstrate the basic steps of performing an analysis
and some of the features and options in the SLAM program. This appendix provides a more
systematic and thorough introduction to the SLAM program.

A.1. Basic Sequence of Tasks

The basic sequence of tasks in running SLAM is as follows:

* [Install: Install the program (once).
* Begin: Open the program and choose a data file.
* Create: As needed, create new conflicts, forces, and assignment rules (i.e., beyond those
in an existing file or created by earlier user runs).
o For each simulation run
o Specify: Specify a SLAM run (i.e., which conflicts, which assignment rule, which
level of forces, which training resources).
0 Run: Execute the simulation run (i.e., instruct the program to compute the corre-
sponding allocation of forces in each period).
* Post-Process: Create summary measures within and across simulation runs.
e Write: Write the results to a file (as needed).
* Save: Save a new simulation environment, including any new conflicts, forces, and assign-
ment rules, but not including any specific run output (as needed).

The following sections of this appendix consider each of these steps as well as how to set
global program options.

A.2. Install

The SLAM program is distributed as a CD! containing three Microsoft Access databases,
an Excel spreadsheet, two GAMS scripts, and the MatrixVB installer. The three Microsoft
Access databases include one front-end and two back-end databases. The front-end database

1" To obtain the RAND SLAM distribution CD, contact RAND’s Forces and Resources Policy Center using the informa-
tion provided in the preface of this report.
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for version 1 of the SLAM program is the file “Slam1.mdb.” The SLAM distribution package
comes with two general back-end databases: (1) a very basic set of data for use in this appen-
dix (SLAM1be.mdb), and (2) a file that includes all of the contingences, forces, assignment
rules, and run parameters used in the main part of this document (SLAM1Analysis.mdb). The
SLAM distribution CD also includes an Excel spreadsheet called CreateAssignmentRule.xls
for use in determining force allocation rules (see Appendix D for more details). The distribu-
tion CD also contains the files ¢3i.gms and c3l.gms, which include the GAMS program code.
The file c3i.gms solves simulation runs as integer programs, whereas c3l.gms solves simulation
runs as linear programs. The choice between these two must be made by the user when he or
she defines a simulation run in Access. We suggest that the analyst not make any changes to
the GAMS program files, as this could cause the SLAM program to fail. Lastly, the distri-
bution CD includes the MatrixVB installer (matrixvb4520rt.exe), which installs the compo-
nents necessary to perform the matrix calculations needed by the Compute button on the Run
Parameters form (see Appendix B for more details).

We suggest that the analyst create a new folder called SLAM in the directory
C:\Program Files and copy all files from the SLAM distribution CD to this folder. After this
is done, the analyst is ready to begin using the SLAM program.

A.3. Begin

To begin using the SLAM program, the analyst should open the front-end database file
Slam1.mdb. This brings up the SLAM opening screen. This screen provides the user with three
options for opening a back-end database: Default Data File, Last Data File, and Select Other
Data File, as shown in Figure A.1.

Figure A.1
SLAM Start-Up Screen

- Force Structure,

-—- | Force Levels, and

Force Assignment
e Model

Version 1.0

RAND TR433-A.1

'The Default Data File is always set to the basic back-end in the distribution package:
SLAMI1be.mdb. The Last Data File is simply the last back-end database that was opened using
the program. Finally, the Selecr Other Data File option allows the analyst to select any available
file. The user must select a valid back-end database to continue.
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The user may also choose where he wishes to run the SLAM program from two loca-
tions: (1) use a version of GAMS installed on his machine (run locally), or (2) use a GAMS
version installed on a remote RAND machine that is hard-coded into the SLAM program and
requires access to the RAND network (run on a remote machine). GAMS can be downloaded
from http://www.gams.com/download/. A free version of GAMS is available, but is limited to
300 variables and 300 constraints. This version is not large enough to solve any of the problems
in this report that involve reserve forces. A GAMS license with the features necessary to solve
all of the problems contained in this report can be purchased at a cost of $11,200 commercially
or $1,920 for an academic license (all prices as of November 27, 2000).

A.3.1. Create
Once a database has been opened from the SLAM opening screen, the user is presented with
four options in the menu bar—File, Window, SLAM, and Help—as shown in Figure A.2.

Figure A.2
SLAM Toolbar

RAND SLAM

! Fle Window SLAM Help

RAND TR433-A.2

The SLAM pull-down menu allows the user access to the data input forms. This section
presents and discusses the key input screens that can be accessed from the SLAM menu.

A.3.2. Overview

The SLAM pull-down menu allows the analyst to set program parameters, edit input data, exe-
cute the program, and view/export results. As shown in Figure A.3, the menu items are: Con-
tingencies, Forces, Assignment Rules, Run Parameters, Run Batched, Reports and Analysis, Data
Management, Options, and Exit. Each of the first four options brings up a form that allows the
analyst to edit the simulation parameters.

Figure A.3
SLAM Pull-Down Menu
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Each of the forms to edit the simulation parameters includes a New and a Copy button.
The New button creates a new item on the form with no retained information. The Copy button
takes the currently selected item and creates a new entry with identical information. These two
buttons provide the user flexibility when creating new simulation parameters.

It is important to note that time periods and force size are not explicitly defined in the
SLAM program. For time periods, the user must choose units (e.g., months, quarters, years)
and be consistent when entering all data. In the analyses contained in this report, we desig-
nated each period as a calendar quarter.

Similarly, for force size, the analyst must decide what level of detail he or she wishes to
examine (e.g., brigade, unit, individual, etc.) and be consistent throughout. In the analyses of
this report, we designated each unit as a brigade.

A.3.3. Contingencies

The Contingencies form allows the user to create and edit the types of contingencies that may
arise (e.g., Iraq, Korea). For each contingency, the user must specify general characteristics,
states and requirements, and a contingency transition matrix.

General Subform. The first tab on the Contingencies form shows the general character-
istics of a given contingency. It allows the analyst to name and describe the contingency. This
subform also contains a check box labeled “editable.” On this and all other subforms, this
box cannot be edited by the user and remains checked until a simulation is executed using
the information on the specified subform. After a simulation is executed using this informa-
tion, the editable check box is unchecked, and the user will be unable to make changes to the
information for the selected parameters. This occurs because, after a run is executed, all of
the parameters for that run are stored in the associated forms. These parameters are locked
so that one can determine the parameters that were used for a specific run after the run was
executed.

States Subform. The States subform allows the analyst to specify the number of units
required for a given state of a specified contingency. This subform also allows the analyst to
create new states. In the distribution package, there are three states: Peace, War, and Stabiliza-
tion. Additional states can be added by clicking on the database window icon in the toolbar
when any form is open and opening tblStateList. This table allows the user to enter new states
and abbreviations (abbreviations are limited to five characters), which will then appear in the
Contingencies . . . States pull-down menu. In the current version of the SLAM program, the
user can enter up to a maximum of 24 states for each contingency.

For each of the states in each contingency, the number of units required for each type of
requirement (Req0—Req5) must be specified by the user. The user must explicitly define what
a unit is: A unit can be a brigade, company, person, etc., but the definition must be used con-
sistently throughout the SLAM program.

There are six types of requirements hard-coded in the SLAM program, labeled Req0
through Req5. Each of these requirements adds a constraint that the total number of each type
of effective force deployed must be greater than or equal to each requirement. The contribution
of each force type to each requirement is specified on the Force Effectiveness subform. If there
is only one type of force requirement, then all the analyst need do is fill in the requirements for
Req0 and leave the zeroes in all the other requirements, as shown in Figure A.4.



A User’s Guide to the SLAM Program 93

Figure A.4
Contingencies: States Subform
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Contingencies: Transitions Subform. This subform allows the analyst to specify the tran-
sition probabilities from each of the states between any two time periods. This matrix of tran-
sition probabilities is the basis for the Markov process that determines the state of each of the
contingencies in each time period. As displayed in Figure A.5, for a contingency with three
states, the transition matrix is a 3x3 matrix, with each entry representing the probability of
transitioning from the states on the left to the states on the top. For example, the entry in row
1, column 1 (Peace, Peace) is the probability that peace will continue in the current period
given that the contingency was peaceful the last period.

Figure A.5
Contingencies: Transitions Subform
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A.3.4. Forces

The Forces form allows the user to create and edit the types of forces available. Examples of
force types are the active component and the reserve component. For each force type, the user
must specify a name, description, cost, effectiveness by period of deployment, and training
requirements by period of deployment.

General Subform. The first tab on the Forces form shows the general characteristics of a
force. This tab is displayed in Figure A.6. The first two fields on this subform allow the analyst
to name and describe the force. The next two fields on the subform require that the analyst
specify the maximum number of periods that the force will be home or deployed. If the maxi-
mum number of periods home or deployed is less than the number of periods the simulation
will run (specified in Run Parameters), the maximum period will be an absorbing state. This
means that all units assigned to be at home or deployed longer than the maximum number of
periods will be assigned to the maximum condition. As described in the body of this docu-
ment, the appropriate choice of the maximum number of periods home and away will depend
on the outcome of interest.

Figure A.6
Forces: General Subform

Farce Type |.ﬂ.cti\-'e w Copy I [ew ‘

| zeneral ICu:ust Effectivensss ..-Training

Marne ].ﬁ.ctive

Description  Active Camponent

Forces

Max, Mumber of Periods Home 1z
Max, Mumber of Periods Deploved 1z

¥ Editatle

RAND TR433-A.6

Cost Subform. The Cost subform, shown in Figure A.7, allows the analyst to specify the
cost of each force per period in each of three statuses: home, deployed, and training. Units of
cost are not explicitly defined in the program, but the analyst should be consistent for all forces
and types of cost.
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Figure A.7
Forces: Cost Subform

E Forces [z

Farce Tvpe ]F\ctive W Copy ‘ L= ‘

L
General | Cost | Effectiveness | Training |

Zost While Home a0
Cost While Deployed a0
Cost Mirhile Training a0

RAND TR433-A.7

Effectiveness Subform. In this subform, the analyst can specify the force effectiveness
for each requirement type by period. Each requirement in the Contingencies: States subform
is related to force effectiveness by a number. For instance, Req0 is associated with Eff0 and
Reql is associated with Eff1. The default value for force effectiveness is 0. This default value
should be used for all requirements not used in the simulation. The analyst enters the start
period (periods of deployment) in the first column, the end period in the second column, and
the force effectiveness for each requirement type over the specified period in the third through
eighth columns. Force effectiveness is measured on a 0 to 1 scale, with 1 being the most effec-
tive and 0 being completely ineffective. It is possible to scale any measure of force effectiveness
from 0 to 1.

The six types of requirements and corresponding effectiveness allow the user to create one
type of force and specify different types of capabilities within that force. For instance, the user
can specify one type of force—for example, actives—and then specify different capabilities of
that force to meet different types of requirements.

The effectiveness table is especially critical for forces such as reserves that are not effective
in all periods of deployment. This is modeled by specifying that reserves contribute nothing
to the requirement in train-up periods (the first two periods of deployment in the examples
contained in this document) and then 1 in every period deployed thereafter, as shown in

Figure A.8.
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Figure A.8
Forces: Effectiveness Subform
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Force Training by Period. In this subform, the analyst can specify force training needs by
period. The tables in these subforms have the same format as the Forces: Effectiveness subform,
except that here the related constraints are for training. This subform allows the user to specify
the periods of deployment in which a unit needs training of any of five types. For instance,
Figure A.9 shows a reserve force that requires a full allotment (1 full unit) of type 1 training
in periods 1 and 2 of deployment and no training in all other deployed periods. As with force
effectiveness, training needs in each period are on a scale of 0 to 1.

Figure A.9
Forces: Training Subform
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A.3.5. Assignment Rules

The Assignment Rules form provides the ability to specify different sets of assignment rules
representing current or future DoD policies. For each set of assignment rules, the user must
specity general characteristics, forces to use, and a force assignment rule.

General Subform. The General subform on the Assignment Rules form only requires the
analyst to name and describe the rules he or she will define on the other subforms. No other
specifications are needed.

Forces Subform. This subform, shown in Figure A.10, allows the analyst to choose which
forces (active, reserve, etc.) will be used with this assignment rule. The analyst simply clicks on
the desired forces to select them for use with this assignment rule.

Figure A.10
Assignment Rules: Forces Subform
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Assignment Rule Subform (Basic). This subform allows the analyst to specify the force
assignment ordering that will be implemented during the simulation run. There are five col-
umns in the table. The first column is rank, which defines the deployment ordering for the
forces in ascending order (those with ranking 1 are deployed first). The second column is the
force type, which is a drop-down menu of the forces selected on the Forces subform. The third
column is the status of the force type (either home or deployed in this run). The fourth and
fifth columns allow the analyst to group force types together by their current state (home one
period, deployed one period, etc.). The status and periods refer to the condition of the force
at the beginning of the period in which it is being considered for deployment. For instance,
a simulation run using the assignment rule shown in Figure A.11 will first deploy those units
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previously deployed 3, 2, and 1 periods (in that order). The model will then deploy all units at
home, starting with those at home the longest (in this case, 24 periods). Lastly, this model will
deploy active units deployed 4 or more periods. This subform allows for easy grouping, but can
only be used for forces that are fully effective in all periods. For a more detailed and flexible
way to order the forces, the analyst must use the Advanced Assignment Rule subform.

Figure A.11
Assignment Rule (Basic) Subform
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Rank |Force Type|  Status | 15t Per | Last Per.

| id 1 Active Deployed 3| 1
. 2 Active Home _ 24 1
| 3 Active Deployed _ 4 24

RAND TR433-A.11

Advanced Assignment Rule Subform. This subform allows the analyst to specify the
exact force assignment ordering that will be implemented during the simulation run. There are
four columns in the table on this subform. The first column gives the ordinal ranking of the
different force conditions. The second column identifies the type of force. The third column
identifies the status of the force type (home or deployed). The last column identifies how long
the force has been in the current situation. This ordering means that the force type with the
lowest ranking will be deployed first (if there are any units available), the second-lowest will
be deployed second, and so on. The analyst can change the ordering in the list by using the up
and down arrow buttons on the right. For example, the analyst might want active units that
have been deployed three periods to be deployed again before any other units are deployed. To
do this, the analyst would select “Active:Deployed:3” and then would click the up arrow until
this row moves to the top of the list. This example is shown in Figure A.12. This assignment
table is automatically updated by the Assignment Rule subform. Again, this ordinal ranking
system only deploys units correctly for forces that are fully effective in all periods, such as the
active component.
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Figure A.12
Advanced Assignment Rule Subform
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When ranking forces that are not fully effective in all periods, more care must be taken to
make sure that deployments occur as expected. The methodology for determining the rankings
for these types of forces is described in Appendix D of this document.

The user has two options when specifying the assignment rule according to the method-
ology described in Appendix D. The first option, and the one that we recommend, is to use
the built-in feature that opens an Excel spreadsheet with all of the tables needed to follow this
algorithm. The user can use this feature by clicking on the Create Rule in Excel button on the
Advanced Assignment Rule subform. This will open a spreadsheet with tables created based on
the assignment rule parameters specified by the user. This spreadsheet is shown in Figure A.13;
see Appendix D for more on how to use it. When the user is finished with the spreadsheet, he
or she simply needs to close the spreadsheet and the results will be automatically imported into
the back-end database that is currently open.
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Figure A.13
Excel Assignment Rule Spreadsheet
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The second option available to the user is to copy the assignment rule disutilities directly
into the SLAM program by clicking on the Directly Edit button on the Advanced Assignment
Rule subform. The force disutilities can be entered directly into the first column of the table
titled “Order.” Figure A.14 shows an example of a directly edited Deployment Disutilities
form. Once each of the force-status combinations has been ranked, the user can click on the
Done button, and he or she will see the newly entered force disutilities appear on the Advanced
Assignment Rule subform.

Figure A.14
A Directly Edited Deployment Disutilities Form
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A.4. Specify

In the SLAM pull-down menu, the fourth option is titled Run Parameters. Clicking on this
option opens a form that allows the analyst to choose the desired parameters for a simulation
run and then execute that run. For each simulation run, the user must specify the general
characteristics of the run, the contingencies to include, an assignment rule to use, force levels,
initial conditions, and training constraints.

General Subform. This subform allows the analyst to specify the general characteristics
of each simulation run. Figure A.15 shows an example Run Parameters: General subform. The
first two fields on this subform allow the user to name and describe the run. The third field asks
the user to specify the number of periods to execute the simulation. The fourth and fifth fields
ask the user to specify the start and end periods for the run. The sixth and seventh fields allow
the user to specify the parameters for the look-ahead periods, as described in Appendix C. The
eighth field allows the user to specify the number of look-ahead periods (this is only necessary
when using forces that are not fully effective in all periods). The ninth field allows the user to
specify whether the simulation will solve as an integer or linear program. The final two fields
allow the user to choose the type of look-ahead methodology to use: Most-Likely or Tolerance.
If the user specifies tolerance, he or she must input a tolerance greater than 0 in the last field.
Appendix C contains more information on the different look-ahead methodologies.

Figure A.15
Run Parameters: General Subform

EE Run Parameters

Run '|Stu:u:hHM11 W Cu:upy‘ Mew ‘ Execute]

|GE|'IEF~3| |Cu:untingenu:ies Assignment Rule | Initial Conditions | Training [

Mame  [StochHM11

Description ]

Murnber of Periods [W Carmpute
First Period 1
Last Period 1000
alpha ]—E
Beta 1
Mum Lookaheads 24

Solve as  [Integer

Look Ahead Type  |Mast Likely v

Tolerance Limik ]

RAND TR433-A.15
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Contingencies Subform. This subform allows the analyst to select the contingencies
to include in the simulation run. The analyst can select multiple contingencies to include.
Contingencies are considered as independent events: If the analyst would like to include
dependencies, he or she must define a new compound contingency that incorporates any
dependency between contingencies. An example Run Parameters: Contingencies subform is
shown in Figure A.16.

Figure A.16
Run Parameters: Contingencies Subform

EEl Run Parameters

Fun 1F‘reHeawMed9 W Cnp«,.-" Mewy | Execute{

| General | Contingencies | Assignment Rule | Initial Conditions | Training

Contingency | Infantrez
Selection Infantr3
Infantrws
InFantrws
HeawyMeds

HeawyMedd
HeawyMedl]
HeawywMedl3
Tokald
Totallz
Totalla
Tokalz20
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Assignment Rule Subform. In this subform, shown in Figure A.17, the analyst can select
the assignment rule to use for the specified simulation run. Once an assignment rule is selected,
the analyst can change the number of units available for each force type included in that
rule.
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Figure A.17
Run Parameters: Assignment Rule Subform

EE Run Parameters

Run [aR_25 w Ccnp':.-" Mew J E:-:En:utel

| General | Contingencies | Assignment Rule |Initial Conditions | Training

Assignment Rule ]EEEEActiVEF{ESEWE W
Force Mame Unitz Available b
J.-'l'-.ctive ] 23
JHESE:T'-.-‘E:“‘IE:HE ] 25
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Initial Conditions Subform. This subform allows the analyst to choose the initial state for
each of the contingencies selected on the Contingencies subform. The user can select each of
the contingencies from the Contingency pull-down menu and then select the initial state using
the Initial State pull-down menu. In Figure A.18, the contingency StochHM1II would start
period 1 in the Peace state.



104 The RAND SLAM Program

Figure A.18
Run Parameters: Initial Conditions Subform

ES Run Parameters

Fum 15tu:un:hHM11 o Cnp';.-'l Mew I ExecuteJ

[ éenere;l "-'?:I.II-I'.I.tiI'II;IEI'IEi.I.ES I .F;.ss.i;gnmen.t ﬁule | Initial Conditions |Tra|n|ng

Contingency Initial Conditions

Contingency [StochHM11 v

|SkochHM1 1 Initial Condition: |Peace v
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Training Subform. The Training subform allows the analyst to specify the training con-
straints. The training constraints are the maximum number of units that can be training in
each type of training at any given time. For instance, in Figure A.19 there is a training capac-
ity of 4, corresponding to 7RI: This means that no more than 4 units (if each requires a full
unit of training) can be trained at any given time at 7R/. Training constraints are not used in
any of the analyses contained in this document, but can provide a more realistic simulation if

needed.
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Figure A.19
Run Parameters: Training Subform

EE Run Parameters

Fun ]5tu:u:hHM11 W Cnp';.-'* M J Execute{

Generél-f' Contingencies | Assignment Rule || Tnitial Conditions ! Training |

Trl Capacity:
Tr2 Capacity:
Tr3 Capacity:

Tr4 Capacity:

JLLILY.

Tro Capacity:
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A.5. Run

The SLAM program has two options for executing runs. Each run can be executed individu-
ally from the Run Parameters form, or multiple runs can be executed from the Run Batched
form.

Single Run. Once the analyst has specified the run parameters, the simulation is ready to
run. A single simulation run can be executed from the Run Parameters form by selecting the
run to be executed and then clicking on the Execute button. If the chosen run has not been
executed before, the program will ask the analyst to confirm whether to execute this run, since
all of the included parameters will no longer be editable. If the chosen run has been executed
before, the program will return a message saying it has been executed before and asking for
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confirmation to run it again. Following affirmative responses to this prompt, the simulation
will begin running and will display the message box shown in Figure A.20 when finished.

Figure A.20
Run Completed Message Box

Microsoft Office Access |E|

Crone with run!

RAND TR433-A.20

Batched Runs. To allow the analyst to execute multiple runs concurrently, the SLAM pro-
gram has the ability to execute runs in batches. This can be accomplished by opening the Run
Batched form from the SLAM pull-down menu. This opens a table showing all of the existing
runs in the database. Runs can be selected by setting the values in the first column to “yes” for
the desired runs. The selected runs can then be executed by clicking on the Submit Runs button.
Figure A.21 shows an example used in Chapter Three, in which only pre-transformation runs
are executed.

Figure A.21
Run Batched Form

EE Run Batched

Select Runs ko Execute
Select Run? | Mame | Periods | Look Aheads [ Alpha | Beta [§ ~
b Yes  Prelnfantry02 | 1000 4 ] 1
[ Ves  Prelnfantry03 | 1000 4 0 1
= Yes  Prelnfantry03 1000 4 ] 1
[ fes  Prelnfanty07 | 1000 4 1] 1
] VYes  PreHeawyMedDs | 1000 4 0 1
L] Yes  PreHeawyMeddd | 1000 4 0 1
= Yes  PreHeavyMed! 1000 4 a 1
[ Yes  PreHeawyhed!3 | 1000 4 ] 1
] Yes  PreTotalds | 1000 4 ] 1
[ Yes  PreTotall2 . 1000 4 0 1
= fes  PreTotallB 1000 4 0 1
[ Yes  PreTotal20 | 1000 4 0 1
] Mo Postinfantry02 | 1000 4 ] 1
L Mo | Postinfantryd3 | 1000 4 0 1
= Mo Postinfantry05 1000 4 ] 1
[ Mo |Postinfantry07 1000 4 0 1
] Mo PostHeaswyMedDs 1000 4 I 1
[ Mo PostHeawyMedD3 1000 4 1] il
Submit Runs

RAND TR433-A.21
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The SLAM program has different run times depending on where it is run. If the simu-
lation is run on the local machine, it runs significantly faster than if it is run on a remote
machine. As a rough approximation, in our experience the user should expect the simulation
to work at a pace of about 30 minutes per 1,000 time periods. However, run times are depen-
dent on the number of periods simulated and the number of variables in the linear program
(determined by the number of look-ahead periods, number of forces, and maximum number
of periods home/deployed for each force).

A.6. Post-Process

Once a simulation run has completed, the output data are available for viewing. There are four
categories of run summary information: Contingencies, Costs, Force Assignment, and Force
Stress. These can all be accessed from the SLAM menu in the Reports and Analysis submenu,
as shown in Figure A.22. The model includes both Microsoft Access reports and Microsoft
Data Access pages, which summarize the data and provide a format that can be easily exported
into Microsoft Excel.

Figure A.22
Reports and Analysis Submenu

2 RAND SLAM
P Fle  Window [ sLam | Help

Contingencies. .,

Farces,..
Assignment Fules. ..

Run Parameters...

Run Batched. ..

Reports and Analysis Contingencies

Daka Management ] Cosks 3
Cpkions. .. Fotce Assignment »

Exik Force Skress 3
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Contingency Reports. The first three reports in the Contingencies submenu describe the
contingency results. The first is a Microsoft Access report that shows how many times each
contingency was in each state for each run. It also calculates the percentage of the total run
time that each contingency is in each state. This can be seen in Figure A.23.
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Figure A.23
Contingency Summary Report

720 SLAM: Contingency Summary

RAND
Run Name StochHM 11
Contingency Name |Stn|:hH1‘\-'II 1 ]
State Name # Periods in State % Periods in State
Peace 790 79.00%
War 110 11.00%
Stabibization 100 10.00%

Summary for Cortingency Mame = StochHM11 (3 detail records)
Sum 1000 100.00%

RAND TR433-A.23

The second contingency report is a Microsoft Access report that displays the average
length of time spent in each state conditional on transitioning to that state. This report can be
seen in Figure A.24.

Figure A.24
Average Length of States Report

4 SLLAM: Average Length of States

RAND
|Run Name StochHM 11
Contingency Name |StuchHMl 1 |
State Name Average Time In State
Peace 38.55
Stabilization 1
War 5.5

RAND TR433-A.24

The third contingency report is a Microsoft Data Access page that contains the same data
as the contingency summary report, but in a PivotTable that can be easily exported to Micro-
soft Excel, as shown in Figure A.25. This Data Access page also contains graphs that summa-
rize the contingency data, as shown in Figure A.26.
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Figure A.25
Contingency PivotTable

B e e s =EmE ! % EaE
‘Run Name ~
Al ]

|Contingency Name ~ |
| StochH11 Grand Total

StateMame ~ | |# Periods in State = | % Time in State » |No Totals

Peace » 790 79.00%

Stabilization | 100 10.00%
War 110 11.00%
Grand Total | ]
RAND TR433-A.25

Figure A.26
Contingency Graphs

Bw o X BB B Hw X B E 2 A
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All
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O Wer
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The fourth contingency report includes a graph of the state of each contingency in each
time period. This can be examined for a broad overview of how the state of each contingency

changed over the course of the simulation run.

The final contingency reports show how force requirements change by period. The first
report contains a PivotTable that displays the force requirements in each period, both in total
and broken out by contingency. The second report contains two graphs that show how force
requirements changed over time during the simulation run. The first graph shows the total
number of units required by period. The second graph shows the number of forces required by
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each contingency in each period. These reports are not used in the analyses contained in this
report but may be useful in future analyses.

Cost Reports. The second menu of reports provides the analyst with cost data for each
simulation run. There are four different cost reports. The first cost report is the Cost Statistics
report, which summarizes the key cost information for each run. This report provides only the
average, minimum, and maximum costs for each run, as shown in Figure A.27.

Figure A.27
Cost Statistics Report

The second cost report is the Cost Summary report. It contains detailed cost informa-
tion, showing the costs broken out by type of force and status for each run, as shown in

Figure A.28.

72 SILAM: Cost Statistics

RAND
RunName |StnchF'iexlﬁ |
Avyg. Cost Per Period Min. Per Period Cost Max. Per Perind Cost
4265.175 4200 5325
RunName StochFlex20 |
Avg. Cost Per Period Min. Per Period Cost Max. Per Period Cost
428715 4200 6600
RunName StochHMI1
Avg. Cost Per Period Min. Per Period Cost Max. Per Period Cost
226575 2235 2985

RAND TR433-A.27

Figure A.28
Cost Summary Report

20 SLAM: Cost Summary

RAND
Run Name StochFlex16
Force Name IActive |
Cost at Home Deployed Cost Total Cost
Summary for Force=_Active (1000 detail records
Sum $3,298,950 .00 $391,050.00 $3,690,000.00
Ava $3,298.95 $391.05 $3,6%0.00
Min $2,250.00 $1580.00 $3,6%0.00
Max $3,510,00 $1,440.00 $3,690.00
Force Name |R£savelneff2 |
Cost at Home Deployed Cost Total Cost
Summary for Force= ResarvelnaT2 (1000 detail recards)
Sum $496,965.00 $78,210.00 $575,175.00
Avg $496 97 $78.21 $575.18
Min $285.00 t0.00 §510.00
Max $510.00 $1,35000 $1,635.00

RAND TR433-A.28
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The third cost report shows even more detailed cost information, with costs broken down
by period. The last cost report contains a graph of the average and maximum per-period cost
by run.

Force Distribution. The Force Distribution report summarizes how each force is distrib-
uted in each period. The data is summarized in a PivotTable, which can be easily exported
to Microsoft Excel. This can be used to verify that forces are being deployed as expected, as
shown in Figure A.29. The columns in this table represent each of the periods for which the
simulation was run. The rows in this table represent each of the possible states that a force can
be in. For each force, there are rows for home and deployed, with the number of rows for each
defined by the maximum number of periods entered by the user on the Forces form. The cell
values in this table represent the number of units in each force-status-period in each period of
the simulation.

Figure A.29
Force Distribution PivotTable

B | & B T EL I S N
Run Name -
Al
Period =
0 11 12 (3 4 5 (68 7 8- [9 10|11 12 13 14 115116 17 1B |19 (20 21 (32 |23 124 |25 126 77
-~ State -
BA DO |* 14 14 14 14 14 14 14
Do 14 14 14 14 14 14 1
Do3- - 14 14 14 14 14 14 14
Do4 * 14 14 14 14 14 14
HOL B 14 14 14 14 14 14
HOZ2 = 14 14 14 14 14 14
hO3: e 14 14 14 14 1 14
HO4 * 14 14 14 14 14 14
HEs B 14 14 14 14 14
HD& 14 14 14 it 1
HO7 B 14 14 14 14 14
Hoa |* 14 14 14 14
H24 |2 42 8 28 28 28 14 14 14
Total 5 42 42 42 42 42 42 42 42 42 42 42 A2 42 42 47 47 42 42 42 42 42 42 42 42 42 42 42 2
Grand Total 2 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 A2
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Force Stress and Readiness Reports. The final category of reports displays measures of
force stress and readiness. The first two force stress reports show the average amount of time
units are home and deployed. Selecting Report: Average Time Home/Deployed from the Reports

and Analysis . . . Force Stress submenu will open a Microsoft Access report similar to the one
shown in Figure A.30.
Figure A.30

Average Time in State Before Transition Report

20 SLAM: Average Time in State Before

RAND

Transition
‘Run Name Simple Run [
Force |AJ;uve I
Average Time at Home Average Time Deployed
Before Deployment Before Returning Home

B0 4

RAND TR433-A.30
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The second report is a Microsoft Data Access page containing two bar graphs. The first
graph plots the average time at home between deployments for all of the simulated runs in the
back-end database. The second graph plots the average time deployed for all simulated runs.

The third report in the Force Stress submenu provides information on the number of
ready units as defined by the user. This process is described in Section 3.7 of this document.
Figure A.31 shows the report created after a ready unit has been defined by the user and a run
has been executed.

Figure A.31
Summary Number of Ready Units Report

I8 S1.AM: Summary Number of Ready

Unaits
‘Run Name PostHeavyMed06
Force Name |.Ac,twc |
Number of Units in Each Readiness Level

Period Readiness 1 Readi 2 Readi 3 Readi 4
Summary for Force = Active (1000 detdl records)
Sum 10010 0 0 0
Avg 1001 0 0 0
Mir 4 0 o o
M 18 0 0 0

Summ ay for Run = PostHeawyMed06 (1000 detsl records)

Sum 10010 o o o
Ay 10.01 o o o
Min 4 o o o

0 0

(L 16 o
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The fourth and fifth reports in the Force Stress submenu display the percentage of units
that experience stress. The fourth report shows the proportions of units that experience short
reset times, as shown in Figure A.32. The fifth report shows the proportions of units that expe-
rience long deployments, as shown in Figure A.33. The levels of stress in both of these reports
are hard-coded in the SLAM program, but they can be easily changed by anyone with a basic
knowledge of Microsoft Access queries. The reset time reports are also defined only for actives
and reserves. This means that, if the user wishes to use this report, the name of the active
force must contain the word “active” and the name of the reserve force must contain the word
“reserve.” However, a user with some knowledge of Microsoft Access queries can create new
stress definitions with little difficulty. The deployment length stress reports will show reports
for all forces used in a run (not just active and reserves).
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Figure A.32
Force Stress Report—Short Reset Time

SLAM: % Stressful Deployments: Reset Time
RAND

Run Name Ftul:hFlExlﬁ | *Time Periods in Years
Act. Home=1 Act. Home<15 Act. Home<2 Res. Home<4 Res. Home<45 Res.Home<5
0.00% 0.00% 0.04% 0.00% 0.00% 0.00%
Run Name IStnchFlexEﬂ *Time Periods in Years
Act. Home<1 Act. Home<15 Act. Home<2 Res. Home<4 Res, Home<4.5 Res.Home<5
0.00% 8.32% 18.26% 0.00% 0,00% 0.00%
Run Name IStuchHMl] *Time Periods in Years
Act. Home=1 Act. Home<15 Act. Home<2 Res. Home<4 Res. Home<4.5 Res.Home<5
0.00% 13.62% 18.46% 0.00% 0.00% 0.00%
RAND TR433-A.32
Figure A.33

Force Stress Report—Long Deployments

SLAM: % Stressful Deployments: Long Deployments

Run Name StochFlex16
Force Name Eﬁr.tiuc |
% Deployed > 4 per. % Deployed =6 per. % Deployed =8 per.
0.00% 0.00% 0.00%
Force Name [Reservelneff? |
% Deployed > 4 per. % Deployed =6 per. % Deployed =8 per.
0.00% 0.00% 0.00%
Run Name StochFlex20
Force Name E_Ar_tive |
% Deployed =4 per. % Deployed >6 per. % Deployed =8 per.
0.00% 0.00% 0.00%
Force Name Reservelneffl |
% Deployed > 4 per. % Deployed =6 per. % Deployed > 8 per.
0.00% 0.00% 0.00%

RAND TR433-A.33

The final report in the Force Stress submenu shows the percentage of time that each force
was home or deployed during each simulation run. This report is shown in Figure A.34.
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Figure A.34
Force Stress Report—Percentage Time Home/Deployed

Run Name StochFlex16

Force Name {Au:tiwe J
% Time Deployed % Time Home
10.60% §9.40%

Force Name |R£sewe1neﬁ‘2 |
% Time Deployed % Time Home
1.56% 9744%

Run Name StochFlex20

Force Name lAn:twe J
% Time Deployed % Time Home
12.02% 87.98%

Force Name |R'e'sewe'lﬁeﬂ‘2 |
% Time Deployed % Time Home
342% 96.58%
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A.7. Write

To allow further analysis of simulation data, the analyst may wish to write the results to a file.
This can be done from the Data Management submenu. Figure A.35 shows the three options
available on this submenu.

Figure A.35
Data Management Submenu

] RAND SLAM

Conkingencies...

Eorces, .,
Assignment Rules...
5 Run Parameters...
Run Batched. ..

Reports and Analysis — »

Data Management r | [’i Create Mew Database,

-
Options... m Clear Run Data

Exit [ Export Raw Run Data bo Excel
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The analyst can create Microsoft Excel files of the raw simulation output by selecting
Export Raw Run Data to Excel. This will prompt the user for a file name and location for each
of the three main raw output files. This data will appear in the specified Excel files in exactly
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the same format as it does in the Microsoft Access tables. However, we suggest that run data
be kept within the SLAM program tables for further analysis.

The analyst can easily export any of the data in the PivotTables already described to
Microsoft Excel using the Export to Excel button. However, since there is no cost PivotTable,
there is an option in the Reports and Analysis . . . Cost submenu to export cost data directly
to Excel. This will again prompt the user for a file name and location and will export an Excel
file that includes all of the data used in the cost reports.

Lastly, the analyst can clear the back-end database of all previous simulation run data by
clicking on Clear Run Data in the Data Management submenu. We recommend that the user
either export all run data or save a copy of the current back-end database under a different
name before clearing the run data from the back-end database.

A.8. Save

The analyst can save any part of the simulation environment by selecting the Create New Data-
base option in the Data Management submenu, which brings up the screen shown in Figure
A.36. This option creates a new back-end database. The user may select from any of the forces,
contingencies, and assignment rules in the current back-end to be included in the new back-
end database. After pushing the Create button, the user is prompted to enter a new file name
and location, after which a new database is created.

Figure A.36
Create New Database Form

EE Create Mew Database

Select the Forces, Contingencies and Assignment Fules vou would
fike toinclude in a new backend database, To select mulkiple items,
hiold down CTRL and click on the items you wish to select,

| Forces iCDntingencies Assignment Rules |

Reservelneffz

Create

RAND TR433-A.36
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A.9. SLAM Options

The second-to-last option available on the SLAM pull-down menu opens the SLAM Options
form, as shown in Figure A.37. This form allows the user to specify global program options
that are saved in the front-end database, rather than in the back-end database as with all other
forms.

Figure A.37
SLAM Options Form

E=|| S|.AM Options

Default backend File 1C:'|,SLAM'I,SL.0.M1be.MDB
Select File

Location to Run GAMS * Run on Remote Machine

 Run locally

Working directory For GAMS ],I'Force,l'b,l'SLAM,l'RLlN,l'

Funtime Limit per period {in seconds): 30
Dane
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This form includes four settings. Only advanced users should change these options. The
first option defines the location of the default back-end database that is displayed on the SLAM
start-up screen. In the distribution package, this will default to the back-end, SLAMIbe.mdb.
The second option allows the user to choose the location of the version of GAMS to be used
(this option is also available on the SLAM start-up menu). The third option allows the user
to select the working directory for GAMS. This is only relevant if the user chooses to run the
simulation on a remote machine. The working directory defaults to a RAND UNIX directory.
The user should be certain of the working directory before editing this option, because Micro-
soft Access does not have the capability of determining whether UNIX directories exist; enter-
ing an incorrect directory could result in an error during execution. The final option available
to the user is the ability to specify a per-period run-time limit. The GAMS program will stop
if it does not find a solution to a single period’s problem in the specified amount of time. This
can be useful in situations where multiple solutions exist and in situations where GAMS has
trouble finding solutions. This option defaults to 30 seconds, which is more than adequate for
all of the runs described in this document.



APPENDIX B
Technical Notes on the Implementation of the SLAM Program

This appendix provides a limited discussion of the technical issues in implementing the SLAM
program. The discussion proceeds in three parts. First, we discuss the basic programming
environment. Second, we discuss the process by which the SLAM program generates conflicts
and describe how the program calculates the suggested number of periods based on the speci-
fied conflicts. Lastly, we briefly discuss the underlying linear program (LP) that computes the
assignments. Appendix C contains further details as to the specification of the LP.

B.1. Programming Environment

The SLAM program is built using Visual Basic for Applications (VBA) for Access. The model
consists of two parts: the VBA code and a primary Access database. In version 1 of the distri-
bution package, the VBA code and core tables are in the file SLAM1.mdb, and the primary
back-end Access database is in the file SLAMIbe.mdb.

The Access database includes a large number of tables. At the conceptual level, there are
tables for

e conflicts

* forces

* allocation rules

* run parameters

* per-period simulation output

* summary measures for each simulation run.

In practice, many of these tables have varying numbers of entries (e.g., the number of
states for a conflict). They are therefore implemented as additional tables (see Appendix E for
corresponding table names). The user should not need to know any of the specific table names.
In fact, directly accessing the tables is discouraged, since doing so is likely to lead to corrupt
data and program errors.

B.2. Conflicts

The RAND SLAM program assumes that contingencies arise according to a Markov process.
This means that the probability of transitioning from peace to war in the current period does
not depend on what state a contingency was in during the previous period (or in the period

117
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before that, etc.). This is a reasonable assumption for simulating most military threats. How-
ever, it is also possible that the probability of a second contingency transitioning from peace
to war will be different depending on the state of the first contingency (being drawn into one
war may increase the likelihood of a second war). It is possible to define contingencies in a way
that can take into account these correlations, by specifying a compound conflict with multiple
states (e.g., peace, war A, war B, war A and war B simultaneously).

The model can consider either short-term or long-term analysis. For short-term analyses,
initial conditions matter. The smaller the transition probabilities and the larger the number of
conflicts, the larger the required number of periods. As a rule of thumb, we choose the number
of periods such that there will be approximately 100 periods in which all of the least-likely
states from each conflict occur simultaneously (though sometimes this must be reduced due to
run-time issues). As we noted in the body of this report, force-planning needs are often driven
by those unlikely, but very high-requirement, states. For good analysis, it is crucial that the
simulation “see” several such events.

‘The Calculate button on the Run Parameters: General subform allows the user to input
the number of periods that he or she would like to “see” in the least-likely state (the default
is 100). The SLAM program will use this information to calculate the number of periods for
which the run should be simulated. To do this, the SLAM program first calculates the steady-
state probabilities for each contingency. The steady-state probabilities can be determined by
solving the linear equations below. In these equations, there are K contingencies indexed by 4,
$O that the transition probability for a given contingency # from state 7 to state j can be written
as Py and the steady-state probabilities for any state j of contingency 4 can be written as .
The number of states in each contingency is defined as §, so that i=1,...,5 and j=1,...§ for each
contingency.

S
k_ k k
:ZWiPz'j yom =1
i=1 -

The first equation above defines § — 1 independent linear equations. Utilizing the second
equation, we can solve these S independent linear equations to find the § steady-state prob-
abilities of any given contingency as described below.

The SLAM program uses matrix algebra to solve these linear equations. This requires a
licensed and installed version of the MathWorks product MatrixVB (discussed in Appendix A).
Define 7 as the transition matrix specified on the Contingencies form and P as a row vector
of steady-state transition probabilities. We use the following 2 x 2 transition matrix as our
example:

(0.8 02
105 05

If we name the states Peace and War, the steady-state row vector can be written (note the
superscript is suppressed here because we are looking at only one contingency)

P:<7rp 7rw)
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In each of the following steps, we include the general matrix form of each equation on the
left and the matrlces corresponding to our example on the right. From the first linear equation
above (7T — Z Wkpk ), we get that

0.8 0.2
PT =P (7, [

)| o.5 QJZOUWM

With 7 defined as the identity matrix, this simplifies to

-0.2 0.2

QS—ﬂJ:mm

P(T—1)=0 mpm%

By definition, all rows of a transition matrix must add to 1. Therefore, there are only

§ —1 linearly independent equations in the matrix 7" — J shown above. We can reduce one of
the columns to a column of zeroes as shown below:

(7, W{ (00)

050]

The equation above has an infinite number of solutions. However, We also know that the
steady-state probabilities must add to 1 (by the second linear equation: Z x¥ =1). In matrix
form this means i=1

1
PIM|= (7Tp ﬂw)[l]zl

We can augment the 7' — J matrix by plugging in this new equation as shown below.
The general form of this equation simply substitutes a column of 1s into the last column of the
7T — ] matrix and a 1 into the last column of the row vector on the right-hand side:

P(T'—1),=0OLO01) (7r 7T )[ =01

051]

The last step requires taking the inverse of the augmented 7" — / matrix to solve for the
steady-state probabilities. The SLAM program uses the MatrixVB add-in included in the dis-
tribution package to perform this calculation:

02 1)
=(OLO DT —1),]"" (mp M) = (0 ”[ 0.5 1]
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After performing the multiplication on the right-hand side of the equation above, the
result is a 1 x 2 row vector containing the steady-state probabilities. For our example, it turns
out as follows:

—1.4 1.4

~(01
Ty ) = )[0.7143 0.2857

] =(0.7143 0.2857)

The methodology described above will work for all irreducible transition matrices, that is,
the matrix cannot have any noncommunicating states. Given the types of analyses the SLAM
program is designed for, this should never be a problem. This methodology is repeated for each
contingency included in each simulation run.

Once the steady-state probabilities have been determined, the SLAM program determines
the expected recurrence time for the situation in which all of the least-likely states from each
contingency occur at once. This is necessary because this least-likely state will be the driving
force in determining how many periods a simulation run must be executed for. The expected
recurrence time is calculated in the equation shown below, using the steady-state probabilities
calculated above. This equation takes the smallest steady-state probabilities from each of the
contingencies and multiplies them together. Taking the inverse of this quantity provides the
expected amount of time it will take for this rarest state to occur and recur thereafter (Hillier
and Lieberman, 2005):

1
Expected Recurrence Time = —
. k
[T min{r j}
k=1 j

After clicking the Compute button, the user specifies the number of periods that he or
she would like to “see” in the least-likely state. In the equation below, we define this as L. The
SLAM program takes this value and multiplies it by the expected recurrence time to determine
the number of periods to execute the run:

L
Number of Periods = =
[1 min{Wﬁ}
k=1

B.3. Solving the Linear Program

The core of the model is a linear program. Initially, we solved the problem using Excel’s built-
in “Solver” from Front Line Systems. A free version of Solver is limited to 200 variables. Our
initial one-force LP using Solver had only 12 variables. A second LP using Solver grew to 48
variables with the addition of another force and a look-ahead period.
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More complicated simulations (e.g., many look-ahead periods) require much, much larger
models. It is easy to generate policy-relevant simulations with tens or even hundreds of thou-
sands of variables. This raises a software issue and a hardware issue.

For LP software, we moved from Solver to the General Algebraic Modeling System
(GAMS—http://www.gams.com/). GAMS allows not only a greater number of variables but
also more flexibility in problem specification.

Even with appropriate software, solving LPs of this size requires considerable computa-
tional resources. They will solve on a standard PC, but they require a very large amount of time
(30 minutes for a 1,000-period simulation). They will solve faster on a faster PC (e.g., one with
more memory, faster processor) and even faster on a dedicated workstation.


http://www.gams.com/




APPENDIX C
Specification of the Integer and Linear Programs

The core of the SLAM program is an integer/linear program that implements the force alloca-
tion rule. Anyone considering using or extending the SLAM program needs to understand, at
least at a heuristic level, what SLAM does.

In principle, the force allocation problem has an exact solution. However, that exact solu-
tion appears to be computationally infeasible. An analogy to chess is useful. In principle, there
is an optimal set of chess moves that will never lose. In practice, there are so many possible
moves that it is not possible to compute that optimal rule. Instead, chess programs choose
moves by heuristics. This is also what SLAM does.

C.1. N-Step Look Ahead and Delayed Utility

Specifically, SLAM solves a sequence of /V-step look-ahead problems. In a single period, SLAM
optimizes the allocation of forces over /VIook-ahead periods, which produces an optimal alloca-
tion of forces in the current period given the “likely” requirements over the next /V periods. This
appendix includes a description of how the SLAM program determines “likely” requirements.
This process is repeated in each period of the simulation. This methodology allows the SLAM
model to deploy forces that would not generate any effective forces in this period but that would
generate forces that would be used in some future period. If the user is including forces that are
not fully effective in all periods of deployment, he or she must specify a number of look-ahead
periods. For the analyses performed in this document with reserve forces, the number of look-
ahead periods is set equal to the cycle length of the reserves (24 periods). This was found to
provide reliable solutions, though other specifications may produce the same results.

This approach usually yields the desired result, but sometimes it does not. In those cases,
it is often useful to specify some other constraint. Please report anomalous results for further
consideration by the SLAM team.

C.2. The Resulting IP/LP Problem

The optimization problem is specified as follows. There is a variable for every combination
of initial state (currently home or deployed for X number of periods) and possible transition
(home or deployed in the next period) for every look-ahead period.

For example, the simulations presented in this report have two types of forces—actives
and reserves—with cycle times of 12 and 24 quarters, respectively. Each force can make two

123
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transitions (home or deployed next period) from an initial state (currently home or deployed X
periods). With reserves on a 24-quarter cycle, we have found that a 24-step look-ahead is suf-
ficient. Thus, this simulation run has 3,456 variables (2 forces x 2 transitions x (12 + 24) initial
states x 24 look-ahead periods).

There are constraints for the required number of units from each force, the possible tran-
sitions for each variable, and the number of units that can be training. Finally, there is a non-
negativity and a user-defined option to impose an integer constraint on each variable. The
integer constraint is used in the analyses in this report because the concept of unit cohesion
implies that units be sent over as a full team and not as fractions of a team. This constraint does
not significantly increase run times for the analyses performed in this report, but can be easily
relaxed by changing the Solve as option on the Run Parameters: General subform.

Running times are on the order of 2 seconds per period (with 24 look-ahead periods) and
30 minutes for 1,000 periods.

C.3. Formalizing the LP

In order to articulate the LP problem formally, we consider the most general situation by using
the representations below. Each of these calculations is performed for each time period.

Parameters

There are a number of parameters that are specified for each simulation run. The first set of
constants determines the weighting of the “disutilities” of forces in all look-ahead periods.
When creating an assignment rule, the user creates “disutilities” of deployment for forces in
the first look-ahead period (see Appendix D for more detail). The SLAM program calculates
the disutilities in all future look-ahead periods by linearly weighting the disutilities from the
first look-ahead period. av and 3 are the additive and multiplicative constants used in this linear
weighting calculation:

a: additive constant used in calculating utilities for all look-ahead periods
B: multiplicative constant used in calculating utilities for look-ahead periods.

In all of the analyses in this report, we found that setting v equal to zero and 3 equal to one
provided reliable solutions. Other specifications may also produce reliable results.

The second grouping of constants shown below determines the greatest number of peri-
ods that a force can be in a given state (home/deployed) for actives and reserves. In general,
there would be a constant for every force and every state: 7%. The user inputs these parameters
on the Forces: General subform. The largest value is an absorbing state. For just active and
reserve forces, the constants are

P : the maximum number of periods actives can be at home
P : the maximum number of periods reserves can be at home
P : the maximum number of periods actives can be deployed

P_;: the maximum number of periods reserves can be deployed.



Indices

Specification of the Integer and Linear Programs 125

f: force type (active/reserve)

¢: status in current period (home/deployed)

n: status in next period

p: number of periods in current status (1, 2, etc.)

[: look-ahead period (1, 2, etc.). /=1 is the current period after which /=7 is the (n—1)th

look-ahead period.

i: force contribution/requirement type (hard-coded as i=0...5: req0...req,

Functions

Xlfenpl]:

Ulfenpll:

E[fenp,l]:

Rl

eff0.. .eff5)

These are the number of forces with characteristics £, ¢, 7, and p in look-ahead
period /. These are also the LP variables that are varied to find the optimal
solution (the number of each force type in each state: for example, home one

period and deployed the next in look-ahead period /).

These are the disutilities. For 7 = deployed, these are the disutilities from the
force assignment rule. For 7 = home, these are all equal to zero. The Force
Ranking table determines the disutility of forces in the current period (/=1). For
all subsequent look-ahead periods, the disutilities are calculated as follows:

Vi>1:U(f,c,n,p,l+1)=a+ BU(f,c,n,p,l)

The effectiveness of forces (how much each force type contribution 7 in each
state contributes to each requirement 7). For 7 = home, the effectiveness for
all forces is equal to zero. For n = deployed, the effectiveness for the cur-
rent period (/=1) is determined from the Forces: Effectiveness subform. For
all subsequent look-ahead periods, the effectiveness is equated to the corre-
sponding state from the previous look-ahead period:

Vil >1:E(f,c,n,p,l+1)=E(f,c,n,p,l)

In the current version of the model, it is assumed that force effectiveness does
not change over the course of a simulation run. This assumption could be
relaxed with some significant modifications to the program.

The force requirement of type 7 in look-ahead period /. The requirements in
the look-ahead periods can be calculated in two different ways, either using
the Most Likely method or the Zolerance method. The user can select which
method to use on the Run Parameters form by changing the Look Abead
Type. The process of determining requirements in the look-ahead periods is

described below for both the Most Likely and Tolerance methodologies.
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‘The Most Likely look-ahead methodology determines force requirements in the look-ahead
periods, as follows:

1. A random draw determines the state of each contingency in the first look-ahead
period.

2. 'The corresponding requirements for the state of each contingency are summed to give
the total requirements for the first look-ahead period (for each force contribution).

3. 'The requirements for each contingency in the second and all following look-ahead peri-
ods are determined by performing the following steps:

a. Determine the state of each contingency in the previous look-ahead period (first
period determined from random draw).

b. Raise the transition matrix for each contingency to the /— 1 power, where /is the
current look-ahead period. For instance, for the third look-ahead period, raise the
matrix to the second power.

c. For each multiplied contingency transition matrix, look across the row correspond-
ing to the state of that contingency in the previous look-ahead period, find the state
with the largest probability (if there is a tie, choose the first one), and choose that
state as the state in the current look-ahead period.

d. Identify the requirements for each contribution in the chosen state of each contin-
gency and sum them to determine the requirements for each contribution in that
look-ahead period.

e. Repeat for all look-ahead periods.

The second look-ahead methodology available to the user is the Z7olerance methodology,
which determines force requirements based on a user-input 7olerance Limit on the Run Param-
eters form. The tolerance limit is the percentage of likely requirements in each look-ahead
period that the user would like to be able to meet. The extreme case is 100 percent, which
implies that the requirement in the next look-ahead period should be set to the maximum pos-
sible requirement for all feasible states of the world in the next look-ahead period.

In cases where the program cannot meet force requirements (there are not enough trained-
up forces available), the program will return —1 for all decision variables in that period. The
user may wish to avoid this problem by creating “phantom” forces that can fill requirements
that cannot be met. Analyzing the usage of these “phantom” forces allows the user to calculate
the ability of the forces to meet military requirements.

The Tolerance look-ahead methodology determines force requirements in the look-ahead
periods, as follows:

1. A random draw determines the state of each contingency in the first look-ahead
period.

2. 'The corresponding requirements for the state of each contingency are summed to give
the total requirements for the first look-ahead period (for each force contribution).

3. 'The requirements in the second and all following look-ahead periods are determined by
performing the following steps:
a. Raise the transition matrix to the /— 1 power (where / is the current look-ahead

period).
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b. Find the probabilities of all states of the world in the current look-ahead period
based upon the calculated transition matrices and the state of the world in the first
look-ahead (always use the state of the first look-ahead period for all subsequent
look-ahead calculations).

c. Rank the possible states of the world from most to least likely. Impose a cutoff where
the cumulative likelihood of the most likely events is greater than or equal to the
tolerance (specified by the user).

d. From among the most-likely events, choose the one with the largest requirement
for each force contribution and use these as the requirements for the current look-
ahead period.

e. Repeat for all look-ahead periods.

Slfep.ll:  'The stock of forces in a given state. The stock variable helps us formalize the
LP constraint that every unit in this period must be somewhere in the next
period. For the current period (/=1), the stock variable is determined by the
distribution of forces from the previous period. For the first period, this vari-
able is determined by the initial distribution of forces defined for the simula-
tion run. Currently, the model begins with all forces at home for the longest
number of periods (py,). For all subsequent look-ahead periods (/>1), the stock
variable is defined differently for different values of p (the number of periods
in the current state [c]), as shown by the definitions below:

The number of units currently at home for one period must be equal to the sum of the
units who were deployed last period and came home:

i

VIS 1:S] £ =Y X[ f.d,hp,l—1]

p=1

The total number of units currently deployed for one period must be equal to the sum
of those who were home last period, then deployed:

P,
Vf.VI>1:S[ f.d )] = ix[f,h,d,p,z—lj
p=1

The total number of units currently home for more than one period must be equal to
the number of units home yesterday for one fewer period who did not deploy (who were
assigned to be home again):

VfN1<p<p, VI>1:S[ f.hpl|=X] f.hhp-11-1]

The total number of units currently deployed for more than one period must be equal
to the number of units deployed yesterday for one fewer period who did not come home
(who were assigned to be deployed again):
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Vf.V1<p<p,Vi>1:8| f.d.pl|=X| f.d.dp-11-1]

5. 'The number of units currently at home the longest (p,) is equal to the number of units
home for one fewer period last period who are assigned to be home again, plus the
number of units home for the same number of periods last period who are assigned to
be home again. This state occurs because py, is an absorbing state in which units that are
already at home this long and are allocated to remain home again stay in this state:

VfNIS1S(f ., D)= X(fohhp =11 =)+ X(f,hhp,.0=1)

6. 'The number of units currently deployed the longest (py,) is equal to the number of units
deployed for one fewer period last period who are assigned to deploy again, plus the
number of units deployed the same number of periods last period who are assigned to
deploy again. Again, this occurs because py; is an absorbing state:

VfNIS1S(f hp )= X(f.dod,p =11 = D)+ X(f.d,d,p .l = 1)

Using the notation and definitions above, we can now formalize the LP. For each part of
the LP below, the most general form of each equation is followed by the form relating to the
problem addressed in this report with only actives and reserves.

Objective Function

The objective function is the dot product of the decision variables and their disutilities. More
specifically, the objective function multiplies the disutility value of each state by the number of
forces in that state and then adds up the products. The integer/linear program then attempts
to minimize the objective function by changing the number of forces in each state subject to
the constraints described below:

min, U[f,c,np,l]® X[f,c,np,l]

For two force types (a=actives, r=reserves), the objective function is

P
a

Pah
Y Ulahhpl)|X|ahhpl]+>U[ahdpl]|X|ahdp.l]

p=1 p=1

L L
|+ Ul adhp, 1] X[ a,d,hp,l |+ DU a,d.d,p,l|X[a,d.d,p.]
mian = =

D D
+> Ul r.hhp, 0 | X[ rhhpl ]+ Y U[r.hd,pl]X[rhdp.l]
p=l p=1

=

Py Py
+> Ul r.dhpl]|X[r.dhpl|+>U|r.ddpl]X[r.ddp,1]
p=1 p=1



Specification of the Integer and Linear Programs 129

Constraints

The IP/LP has three types of constraints it must satisfy while minimizing the objective func-
tion. First, the total number of each type of deployed forces must satisfy the military require-
ment. Second, the stock variable is used to make sure that every unit defined as being at home
or deployed during this period must be somewhere the next period. Third, all the decisions
variables (X) are constrained to be non-negative. The user also has the option of imposing an
integer constraint on all decision variables. Each of these constraints is formalized below.

The first constraint specifies that the deployed forces must satisfy the military require-
ment. This constraint is formalized by saying that the dot product of the decision variables
with the effectiveness must be greater than or equal to the force requirement for each type of
requirement and force contribution (7) in each look-ahead period (/):

V05i:R[I< E[f,cnp,lle X[f,cnp,l]

For only active and reserve forces, this expands to the equation below (variables for which
n = home are not included because they provide zero effectiveness):

Elah.d,pl]eX|ahdpl|+E][addpleX[addp,l]

V0i:R|I|<
51 R,[ ]< +Ei[r,h,d,p:|0Xl:r,h,dapal]"'E,-I:r’d’d’p].Xl:r’d’d’p’l]

The force requirements in the first look-ahead period are determined by the Monte Carlo
process and user-defined requirements. The force requirements in all other look-ahead periods
(/>1) are determined based on the look-ahead methodology chosen by the user on the Run
Parameters form (Most Likely or Tolerance; see earlier discussion for details).

The second constraint is that the stock of forces at home for a given amount of time (p
periods) in the current period is equal to the sum of units home for p periods that remain home
next period and those who are deployed next period. For example, this means that the stock
of forces at home for one year in the current period is equal to the sum of forces home for one
year who will be deployed next period and those who will remain home next period:

Vi, p.L:S(f b p, D)= X(f,hh, p,D)+ X(f,h.d, p,D)

Similarly, for units deployed in the current period, the stock of those deployed for some
length of time is equal to the sum of those who will remain deployed next period and those
who will come home next period:

Vf,p,1:S(f.d,p,l)=X(f,d,d,p,)+ X(f,d,h,p,l)

The last constraint is that all the decision variables must be non-negative integers. The
non-negativity constraint is built into the program, but the integer constraint is set by the user
on the Run Parameters form and can be relaxed easily.

Yf,Ve,Vn,Np,Vi: X[f,c,n,p,l]Z Oand integer
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As discussed earlier, the integer constraint did not significantly increase run time for the
analyses performed in the body of this report. However, in general, integer programs can take
longer to solve than the corresponding linear program. If run time becomes an issue, a simula-
tion can be run as a linear program (dropping the integer constraint) simply by selecting the
Linear option on the Run Parameters: General subform.

C.4. Implementing the IP/LP

The constrained minimization problem formalized above has been implemented in GAMS
and can be solved as either an integer or linear program. The GAMS code has two parts: an
input template and a core program, each of which is discussed separately.

GAMS Input Template

The input template contains all of the necessary information to solve the IP/LP. It is created
by the SLAM program for each run, in a file named “c3.gms.” It contains the inputs in the
order shown below. Following each input below is sample code for a simple example with
two types of forces, two states, 24 look-ahead periods, 24 periods within each state, and one
contingency.

1. Per-Period Run-Time Limit (seconds):
option reslim=30;

2. Look-Ahead Methodology and Tolerance:
Scalar tolerance / 0 /
This parameter is set to 0 if the most-likely methodology is to be used; any number
other than 0 signals the use of the 7olerance methodology and specifies the toler-
ance limit.

3. Force Type:
Set f /Active, Reserve/;

4. Current Force Status:
Set ¢ /Home, Deployed/;

5. Number of Periods Home or Deployed:
Set p /p0l*p24/;

6.  Number of Look-Ahead Periods:
Set 1 /L1*L24/;

7. Force Contribution Dimensions:
Set fc / fcO * fc5 /;

8. Training Base Types:
Set t / trl * tr5 /;

9. Disutility:
Parameter Util(f,c,n,p,l)
/Active.Home.Deployed.pl.L1=999999

Active.Home.Deployed.p2.11=8000000

Reserve.Deployed.Deployed.p24.1.1=500/;



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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Additive and Multiplicative Constants for Look-Ahbead Utility: These make sure that
units that have a deployment lag time are considered (i.e., reserve units that are
not effective until the third period of deployment):
Scalar alpha /0/;
Scalar beta /1/;
Number of Units Initially in Each State:
Parameter Stock(f,c,p)
/Active.Home.pl2=42
Reserve.Home.p24=34/;
Force Contribution Levels (Effectiveness when deployed):
Parameter Contrib(f,fc,p)
/Active.fc0.p01l*pl2=1

Reservelneff2.fc5.p03*p24 = 0/;
Number of Bases for Each Training Type:
Parameter Bases(t)

/trl=4

tr5=0/;

Training Needs When Deployed Indicated Number of Periods:
Parameter Train(f, t, p)

/Active.trl.p01l*pl2=0

Reservelneff2.tr5.p01*p24=0/
Number of Iterations to Perform:

Scalar numiter /1000/;

Contingencies to Include:

Set cont /StochHM11/;

Contingency States:

Set state /Peace, War, Sabil/;
Initial State:

set curstate(cont,state);
curstate(‘'SotchHM11’,’Peace’) = yes;
Transition Probabilities:

Parameter Trans(cont,state,nstate)
/StochHM11.Peace.Peace = 0.975
StochHM11l.War.Peace=0.2

StochHM11.Peace.Sabil=0/;
Force Requirements by Contingency State and Contribution Type:
Parameter Reqgmt(cont,state,fc)
/StochHM11.Sabil.fc0=11

StochHM11l.Peace.fc5=0/;
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GAMS Core Program
The GAMS core program takes the information from the GAMS input template and solves
the resulting integer or linear program. The program minimizes the objective function subject
to the constraints that we formalized in this appendix. The results are read into tables in the
back-end database and are immediately ready for analysis using the tools mentioned earlier.
The core program, which solves as an integer program, is reproduced below. The linear
program version can be obtained by changing the three lines that are displayed in bold in the
program below. Comments are shown in italics.

$Title SLAM Version C3
Sofflisting
Soffsymxref
Soffsymlist
* fmax(f,c) is the max number of periods for force type f, current state
* c
* pmax is the max of all these
* Imax is the number of look levels
Parameter fmax(f,c), pmax, lmax;
fmax(f,c) = smax(p$Util(f,c,’Deployed’,p,’L1l’), ord(p));
pmax = smax((f,c), fmax(f,c));
lmax = card(l);
Alias (fc, e);
Parameter Reqg(l, e);

* Input parameter Contrib is the contribution defined in terms of period
* deployed, counting the upcoming period. (Home/Deployed is not a
* dimension, since Contrib only applies to forces that will be deployed.)

* Parameter Contr converts this to count in terms of the current

* period, to be compatible with the solution variable X. Current Home/
* Deployed status is therefore a dimension. This parameter only applies
* to forces ordered to be/stay deployed, so ordered Home/Deployed is

* not a dimension.

Parameter Contr(f,c,e,p);

Contr(f,’Home’,e,p)S$(ord(p)<=fmax(f,’Home’)) = Contrib(f,e,’p01’);
Contr(f,’Deployed’,e,p)$(or ( )<fmax(f,’Deployed’)) = Contrib(f,e,p+l);
Contr(f,’Deployed’,e,p)$(ord =fmax(f,’Deployed’)) = Contrib(f,e,p);

* Parameter Tng converts Train in the same way as Contr does to Contrib.
Parameter Tng(f,t,c,p);

Tng(f,t,’Home’,p)$(ord(p)<=fmax(f,”’Home’)) = Train(f,t,’p01’);
Tng(f,t,’Deployed’,p)$(ord(p)<fmax(f,’Deployed’)) = Train(f,t,p+l);
Tng(f,t,’Deployed’,p)$(ord(p)=fmax(f,’Deployed’)) = Train(f,t,p);

* Other miscellaneous parameter setups.
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loop(l,
if (ord(l) > 1,
Util(f,c,’Deployed’,p,1)$(ord(p) <= fmax(f,c)) =
alpha + (beta * Util(f,c,’Deployed’,p,1-1));
Util(f,c,’Deployed’,p,1)S$(ord(p) <= fmax(f,c)) =
Util(f,c,’Deployed’,p,1-1);
Util(f,c,’Home’,p,1)$(ord(p) <= fmax(f,c)) =
Util(f,c,’Home’,p,1-1);
)i
)i

Variables
X(f, ¢, n, p, 1) Number of units ordered into each state
S(£, ¢, p, 1) Number of units starting in each state
Z Total cost to be minimized ;

Integer Variable x;
* Replace with: Positive Variable X; to solve as linear program
Positive Variable s;
Parameter toteff(e);

* For loop 1, S 1is fixed as the input parameter Stock
S.fx(f,c,p,’L1l")S$(ord(p) <= fmax(f,c)) = Stock(f,c,p);

S.1(f,c,p,1)S$(ord(p) <= fmax(f,c)) = Stock(f,c,p);

* Tell the solver not to play with p values beyond each max for f and c

X.fx(f,c,n,p,1)$(ord(p) > fmax(f,c)) = 0;
Equations
COST define objective function
CHANGE(f,c,1) count units changing status
STAYN(f,c,p,1) count units remaining in status (non-absorbing case)
STAYA(f,c,p,1) count units remaining in status (absorbing case)

TRANSIT(f,c,p,1) specify transition from starting to ordered states

MILREQ(L,e) satisfy required force level
BASEREQ(t,1) satisfy required number of bases of each type ;
COST .. Z =e= sum((f, ¢, n, p, 1)S(ord(p) <= fmax(f,c)),

util(f,c,n,p,1) * X(f,c,n,p,1)) ;

* Note, assuming there are two possible values of current status,
* for any current status c, c--1 is the other possible value.
CHANGE (f,c,1)S$(ord(l) < lmax)
S(f, ¢, ‘p0l', 1+l) =e= sum(pS(ord(p) <= fmax(f,c)), X(f,c--1,c,p,1));

* This handles forces not changing status and not reaching the
* absorbing state
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STAYN(f,c,p,1)S$(ord(l) < lmax and ord(p) < fmax(f,c)-1)
S(£, ¢, ptl, 1+l) =e= X(f,c,c,p,1);

* This handles forces not changing status and reaching or already in the
* absorbing state

STAYA(f,c,p,1)$(ord(l) < lmax and ord(p) = fmax(f,c)-1)

S(f, ¢, ptl, 1+1) =e= X(f,c,c,p,1) + X(f,c,c,ptl,1);

* Forces ordered into new states must sum to the forces available
TRANSIT(f,c,p,1)$(ord(p) <= fmax(f,c))

sum(n, X(f,c,n,p,1l)) =e= S(f,c,p,1);

MILREQ(1,e) .. sum((f,c,p)$(ord(p) <= fmax(f,c)),
Contr(f,c,e,p) * X(f,c,’Deployed’,p,l) ) =g= Reqg(l,e);
BASEREQ(t,1) .. sum((f,c,p)S$(ord(p) <= fmax(f,c)),

Tng(f,t,c,p) * X(f,c,’Deployed’,p,1l)) =1= Bases(t) ;

Option MIP = Cplex;
* Replace with: Option LP=Cplex; to solve as linear program
Option Solprint = off;
Option optcr = 0.0;
Model slamb /all/ ;

* Set up output files
file sol /c2sol.csv/, nxt /c2nxt.csv/, sta /c2sta.csv/, mod
/c3mod.csv/;

sol.pc = 5;
nxt.pc = 5;
sta.pc = 5;
mod.pc = 5;

* Calculate requirements used in lookaheads just once
Cregs(l,cont,state,e) is requirement for each look level, contingency,
* initial (“real”) state (NOT the lookahead state), and contribution

* For each contingency and look-ahead level (beyond LI1)

* Ptrans 1s the transition matrix, raised to 1 more power on each pass

* find maxp = highest probability of next state (nstate) in the current

* power of the transition matrix

* first = first nstate with prob maxp (to disambiguate ties)

* Creqgs = requirement for nstate = first

* requirement for the look-ahead is sum of Cregs over the contingencies
Alias (state,kstate);
Parameter Ptrans(cont, state,nstate) Powers of transition matrix ;
Parameter Cregs(l,cont,state,e);
Set newstate (cont,nstate) Values of curstate for next iteration ;
Scalar i, st, maxp, first, rand, totsec;



Set stl(state),
xsl(state),

cg2(cont),

Parameter xprob(state,
Treqgs(l,

cg3(cont),

xs2(state),

state,

st2(state),

cg4(cont),

state,

xs3(state),

state,
state,

scalar maxprob, totprob, pbl,

* cgl-cg5 are singleton sets,

* Note:

cgl(cont)

cg2(cont) = yes$(or
cg3(cont) = yes$(or
cgd(cont) = yes$(or
cg5(cont) = yes$(or

so it is necessary to

= yes$(ord(cont)=1);

d(cont)=2);
d(cont)=3);
d(cont)=4);
d(cont)=5);

st3(state),
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std(state),
xsd(state),

st5(state),

xsb(state), cgl(cont),

cg5(cont);

state, state, state)
state, e);

pb3, pb4, pb5, vy,

state,

pb2, Yyr

sum over singleton sets instead.

* stl-stb are subsets of states reachable in contingencies 1-5

stl(nstate) = yes$(sum((cont,state)$(ord(cont)=1),
Trans(cont,state,nstate)) > 0);

st2(nstate) = yes$(sum((cont,state)$(ord(cont)=2),
Trans(cont,state,nstate)) > 0);

st3(nstate) = yesS$(sum((cont,state)S$(ord(cont)=3),
Trans(cont,state,nstate)) > 0);

std(nstate) = yes$S(sum((cont,state)$(ord(cont)=4),
Trans(cont,state,nstate)) > 0);

st5(nstate) = yes$(sum((cont,state)$(ord(cont)=5),
Trans(cont,state,nstate)) > 0);

* If any of stl-st5 is empty, add the first state (presumably "“Peace”)

* This

* pass
if ((card(stl) < 1), stl(state)
if ((card(st2) < 1), st2(state)
if ((card(st3) < 1), st3(state)
if ((card(st4) < 1), stéd(state)
if ((card(stb) < 1), stb(state)
Alias(stl, nsl);
Alias(st2, ns2);
Alias(st3, ns3);
Alias(st4, nsié);
Alias(st5, nsb);

* Initialize Creqgs, Tregs,

Ptrans(cont,state,nstate) =

is needed because all loops over stl-stb5 must have at least one

= yes$(ord(state) = 1); );
= yes$(ord(state) = 1); );
= yes$(ord(state) = 1); );
= yes$(ord(state) = 1); );
= yes$(ord(state) = 1); );

and Ptrans for level 1 (“real world”)
Cregs(‘Ll’,cont,state,e) = Regmt(cont,state,e);

Trans(cont,state,nstate);
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each containing the single contingency 1-5
GAMS lacks the concept of a variable that can be set to a set
* element,
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Tregs(‘L1l’,stl,st2,st3,st4,st5,e) = sum((cgl,cg2,cg3,cg4d,cgb),
Regmt(cgl,stl,e) + Reqmt(cg2,st2,e) + Reqmt(cg3,st3,e) + Reqgmt(cg4,st4d,e) +
Regmt(cg5,st5,e) );

* Remaining logic is for lookheads, level >=2
loop(l$(ord(l) > 1),

* THIS IS THE “MOST-LIKELY” LOOKAHEAD REQUIREMENT METHOD
if ((tolerance < .01 or tolerance > .99),

loop(cont,
loop(state,
maxp = smax(nstate, Ptrans(cont,state,nstate) );
first = smin(nstate$(Ptrans(cont,state,nstate) >= maxp),
ord(nstate));
Cregs(l,cont,state,e) =
sum(nstate$(ord(nstate)=first), Regmt(cont,nstate,e));
1,cont,state,nstate), Y, Y, );
)i
)i

* THIS IS THE “TOLERANCE” LOOKAHEAD REQUIREMENT METHOD
else

Determine requirements for every combination of initial states stl-stb
loop(stl, loop(st2, loop(st3, loop(std4, loop(sth,

Initialize probability xprob of transitioning to states nsl-nsb

Set maxprob to max value in xprob
Set xsl-xsb5 to singleton sets containing the states with maxprob
maxprob = 0;
loop(nsl,

if ((card(nsl) < 2), pbl = 1;
else pbl = sum(cgl, Ptrans(cgl,stl,nsl)); );

loop(ns2,
if ((card(ns2) < 2), pb2 = 1;
else pb2 = sum(cg2, Ptrans(cg2,st2,ns2)); );

loop(ns3,
if ((card(ns3) < 2), pb3 = 1;
else pb3 = sum(cg3, Ptrans(cg3,st3,ns3)); );

loop(ns4,
if ((card(ns4) < 2), pbd = 1;
else pb4 = sum(cg4, Ptrans(cg4,st4,nsd)); );



loop(nsb,

* Initially,

Tregs(l,stl,st2,st3,st4,stb,e)

sum((cg2,xs2),

set Tregs for
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if ((card(ns5) < 2), pb5 = 1;
else pbb = sum(cgb, Ptrans(cgb,stb5,nsb)); );
y = pbl * pb2 * pb3 * pb4 * pbb5;
xprob(nsl, ns2, ns3, ns4, nsb) = y;
if ((y > maxprob),
maxprob = y;
xsl(state) = no; xs2(state) = no; xs3(state) =
xs4(state) = no; xs5(state) = no;
xsl(nsl) = yes; xs2(ns2) = yes; xs3(ns3) = yes;
xs4(ns4) = yes; xs5(nsb) = yes;
)i
)i
)i
)i
stl-stb5 to the requirement for the most
* probable combination of next states (xsl-xs2)
= sum((cgl,xsl), Regmt(cgl,xsl,e)) +
Reqmt(cg2,xs2,e)) + sum((cg3,xs3), Regmt(cg3,xs3,e)) +

sum((cg4,xs4),
totprob

while

xprob(xsl,xs2,xs3,xs4,xs5)
maxprob =

Regmt(cg4d,xs4,e))

maxprob;

0;

If tolerance not yet reached,

+ sum((cg5,xs5), Regmt(cgb,xs5,e));

Repeat finding next most likely combinations of next states xsl-5
until tolerance reached or exceeded.

((totprob < tolerance),

eliminate xsl-xs5 from consideration
= Q;

Find a new most-likely state combination xsl-xsb

loop(nsl, loop(ns2, loop(ns3, loop(ns4, loop(ns5,
y = xprob(nsl,ns2,ns3,ns4,nsb);
if ((y > maxprob),
maxprob = y;
xsl(state) = no; xs2(state) = no; xs3(state) = no;
xs4(state) = no; xsS5(state) = no;
xsl(nsl) = yes; xs2(ns2) = yes; xs3(ns3) = yes;
xs4(ns4) = yes; xs5(nsb) = yes;

137

no;
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* Treqgs 1s the max requirement for all xsl-xsb5 combinations checked

loop(e,
y = Treqgs(l,stl,st2,st3,st4,st5,e);

yy = sum((cgl,xsl), Reqmt(cgl,xsl,e)) + sum((cg2,xs2),
Regmt(cg2,xs2,e)) + sum((cg3,xs3), Reqmt(cg3,xs3,e)) +

sum((cg4,xs4), Reqgmt(cg4,xs4,e)) + sum((cgb,xsbH),

Regmt(cgb,xs5,e));
Treqgs(l,stl,st2,st3,st4,stb,e) = max(y,yy);
)i

totprob = totprob + maxprob;
)i

* For both methods, update Ptrans for next value of 1 (if any)
if ((ord(l) < lmax),
loop(cont,
Ptrans(cont,state,nstate) = sum(kstate,
Ptrans(cont,state,kstate) *
Trans(cont,kstate,nstate));
)i
)i
)i
totsec = 0;

* MONTE CARLO LOOP BEGINS HERE

for (1 = 1 to numiter,
if ((tolerance < .01 or tolerance > .99),
Reqg(l,e) = sum((cont,state)Scurstate(cont,state),
Cregs(l,cont,state,e));

else

* Note: Each of cgl-5 is a singleton and has only one stl-5 for which

n

* curstate is true, so this 1is really a “sum” of one Tregs value.
Reqg(l,e) = sum((cgl,cg2,cg3,cg4,cg5,stl,st2,st3,std,st5)$(
curstate(cgl,stl) and curstate(cg2,st2) and curstate(cg3,st3)
and curstate(cg4,st4) and curstate(cgb,stb) ),
Tregs(l,stl,st2,st3,st4,st5,e) )
)i
toteff(e) = sum((f,c,p)S$(ord(p)<=fmax(f,c)), S.1(f,c,p,’L1’") *
Contr(f,c,e,p) );

* Solve the LP only if sufficient forces exist;
if (smin(e, Reqg(‘Ll’,e) - toteff(e)) > 0, st = 4;
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else
Solve slamb using MIP minimizing Z ;
* Replace with: Solve slamb using LP minimizing Z; to solve as
linear program
st = slamb.modelstat ;
)

* If solver terminates on a timeout, this 1s the last iteration
if (slamb.solvestat = 3, 1 = numiter + 1);
put sol;
if (st < 2,
loop((f,c,n,p)S(ord(p) <= fmax(f,c)),
put f.tl c.tl p.tl n.tl X.1(f,c,n,p,’L1") i /);
else
loop((f,c,n,p)S(ord(p) <= fmax(f,c)),
put f.tl c.tl p.tl n.tl “-17 i /);
)i

* Loop 2 and beyond are lookaheads, so force levels at the start
* of loop 2 are the actual levels resulting from the optimization
put nxt;
loop((f,c,p)$(ord(p) <= fmax(f,c)), put f.tl c.tl p.tl
S.1(f,c,p,’'L2") 1 /);
put sta;
loop((cont,state)Scurstate(cont,state), put cont.tl state.tl i /);

* Set newstate for each contingency, given 1ts current state
* rand is a random number between 0 and 1. If rand is <= prob of 1st
* state, newstate will be the 1lst state. Otherwise is rand <= prob of
* 1lst+2nd state, newstate will be the 2nd state and so on. Note that
* code subtracts probs from rand rather than doing a running sum. This
* is equivalent but simpler.
if (i < numiter,
newstate(cont,nstate) = no;
loop((cont,state)S$curstate(cont,state),
rand = uniform(0, 1);
loop(nstateS$(rand > 0),
if (rand <= Trans(cont,state,nstate),
newstate(cont,nstate) = yes; );
rand = rand - Trans(cont,state,nstate);

)7
* Now set curstate for the next iteration

curstate(cont,nstate) = newstate(cont,nstate);
display newstate;
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* Update the initial disposition of forces for next pass
S.fx(f,c,p,’L1")S$(ord(p) <= fmax(f,c)) = S.1(f,c,p,'L2’);
)i
totsec = totsec + slamb.resusd;

* THIS IS THE END OF THE MONTE CARLO LOOP
)i
put mod;

put slamb.numequ totsec slamb.numvar slamb.numnz / ;



APPENDIX D
Creating Assignment Rules

The analyses contained in the body of this document use a variety of different assignment
rules. The simplest of them, ActivesOnly, is used in Chapters Two and Three of this report. In
this assignment rule, only active component forces are utilized. For this and similar assignment
rules that include only forces that are fully effective in all periods, determining the assignment
rankings is trivial. All an analyst needs to do in these cases is to rank all of the force-status-
periods (Act-Home-1 through Act-Home-Max, and Act-Dep-1 through Act-Dep-Max) in the
order in which he or she would like forces to be deployed.

The process of choosing an assignment rule is more complicated for forces that are not
fully effective in all periods. This appendix describes how to create these types of assignment
rules. Using the assignment rules created in Chapters Four and Five of this report as examples,
this appendix describes how different types of assignment rules can be created for different
needs.

D.1. Base Active/Reserve Assignment Rule

We begin by describing the methodology used to create BaseActiveReserve, the assignment rule
discussed in Section 4.4 and used in the majority of the analyses in this report. Each assign-
ment rule is created with a goal in mind. This assignment rule was created with the goals of
(1) limiting active deployments to 1 year, (2) limiting reserve mobilizations to 1 year (0.5 year
deployed overseas, 0.5 year of training), and (3) limiting reserve utilization to 1 year in 6.
To meet any larger requirements, the factor that we wish to vary is active component time at
home. This means that once actives are deployed 1 year in every 3 and reserves are deployed 1
year in every 6, the program should begin deploying actives with shorter dwell times.

To determine the appropriate coefficients for the objective function (the “disutilities”), we
need to use a spreadsheet that can calculate average disutility per effective period (described
in Section D.1.1). The SLAM distribution package comes with a Microsoft Excel spreadsheet
(CreateAssignmentRule.xls) that does exactly this. This spreadsheet can be opened by clicking on
the Create Rule in Excel button on the Advanced Assignment Rule subform, as shown in Figure
D.1. We suggest that the user not make any direct changes to the CreateAssignmentRule.xls
file, since this file serves as the template for Access to create the correct spreadsheet and chang-
ing it could corrupt this process.
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Figure D.1
Create [Assignment] Rule in Excel Button
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RAND TR433-D.1

Clicking on the Create Rule in Excel button will open an Excel spreadsheet that is auto-
matically saved in the working directory and named by concatenating the name of the back-
end database and the name of the assignment rule. The spreadsheet will look similar to that
shown in Figure D.2.
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Figure D.2
Spreadsheet for Defining Assignment Rules
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The spreadsheet that the SLAM program creates is based on the number of forces included
in the assignment rule, the maximum number of periods home and deployed for each force,
and the number of periods of deployment in which each force is effective. This is all the infor-
mation needed to create the spreadsheet.

The important calculation in this spreadsheet is the average disutility per effective period.
The average disutility per effective period is defined as the sum of the disutilities of deploy-
ing a force for each period up to the current deployed period, divided by the number of those
periods in which the force is effective. This calculation is important because of the structure
of the linear program. Since simulations with ineffective forces use look-ahead periods, in
any given period the LP tries to minimize the total disutility across all look-ahead periods.
This means that, when considering whether to deploy a unit today for 4 periods, the LP will
determine which unit to send based on the average disutility of deploying a unit for the next
4 periods, and not on the direct disutility of deploying a unit for just the next period. For this
reason, we must focus our attention on average disutility per effective period rather than just
the disutilities.

There are three separate tables needed to calculate average disutility per effective period:
the Average Disutility per Effective Period table, the Disutility of Deployment table, and the
Disutilities table. Each of these tables is included in the spreadsheet created by clicking on the
Create Rule in Excel button, as shown in Figure D.3. The Disutilities table is at the top of the
spreadsheet, with the Average Disutility per Effective Period table below it and the Disutility
of Deployment at the bottom.
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Figure D.3
Full Spreadsheet for Defining Assignment Rules
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D.1.1. Calculating Average Disutility per Effective Period

The most important calculation for defining an assignment rule is the average disutility per
effective period. The calculation of the average disutility per effective period depends on the
number of periods for which a unit is deployed, the disutilities associated with deploying that
unit, and the number of periods of deployment in which a force is ineffective. We describe this
calculation for the active and reserve forces used in the analyses in this report.

Active Component Average Disutility per Effective Period. For the active component,
this calculation is simply the sum of the disutilities of being deployed up to a given number
of periods, divided by the number of periods deployed (since actives are fully effective in all
periods they are deployed).

If we define & as an index of the number of periods deployed and /4 as an index of the
number of periods at home before a unit was deployed, we can represent the disutility of any
deployment as U),,. The equation below shows how to calculate the average disutility of deploy-
ment, which we define as AU}, for an active unit deployed for D periods after being at home
for H periods:
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D
- LUn
AU]?%IVC — z:lD

Reserve Component Average Disutility per Effective Period. For the reserve component
(and any other force that is not effective in all periods), the calculation of average disutility per
effective period is different from the active component. For the reserves, we still sum the dis-
utilities of being deployed up to a given number of periods, but we divide by the total number
of deployed periods minus the number of periods in which the force is ineffective. The reserves
used in the analyses in this report are assumed to be ineffective for the first two periods of
deployment. Therefore, we will divide by D — 2, as shown in the equation below. We set the
average disutility per effective period for ineffective periods of deployment (periods 1 and 2 in
this case) equal to 0, as these values are ignored in later calculations.

D
S U,
VD> 2: AUSE™ =S

VD <2: AUFS™ =0

In other analyses, other assumptions may be made about force train-up time. A more
generic version of the equation above will depend on the force effectiveness parameter. If we
define /E as the number of periods that a force is ineffective when initially deployed, then a
more general version of the average disutility per effective period is

D
> Uy

VD > [E : AU, = =1
HD = n_IE

The three tables described in the next three sections help to calculate average disutility
per effective period by capturing the disutilities entered by the user (Disutilities table), using
these disutilities to calculate the disutility of deploying a unit from any period for any number
of periods (Disutility of Deployment table), and using the Disutility of Deployment table to
calculate average disutility per effective period.

D.1.2. Disutilities Table

The Disutilities table contains the objective function coefficients that will be assigned as “dis-
‘utilities” in the SLAM program. This table includes every possible state for every force (home
or deployed X number of periods). For instance, in the analyses performed in Chapter Four,
there are 24 possible states for the actives (12 home and 12 deployed) and 48 possible states for
the reserves (24 home and 24 deployed). Figure D.4 shows the Disutilities table that defines the
BaseActiveReserve assignment rule used in many of the analyses in this document. The columns
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are defined by force-state (active-home, active-deployed, reserve-home, reserve-deployed). The
rows are defined by the number of periods currently in the corresponding state. For instance,
Act/H-1 is an active unit currently at home for 1 period and Res/D-6 is a reserve unit currently
deployed for 6 periods. The disutilities in this table are the objective function coefficients
assigned to each decision variable in the linear program in which deployed is the state in the
next period (all decision variables in which home is the state in the next period have disutilities

hard-coded as 0).

Figure D.4
Disutilities Table

Disutilities Table
Act’/H Act/D Res/H Res/D
il 1E+06 4| 1E+09 41
rd 1E+06 12| 1E+09 43
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4000| 1E+09| 1E+09| 1E+09
1000| 1E+09| 1E+09| 1E+09
38| 1E+09| 1E+09| 1E+09
13| 1E+09| 1E+09| 1E+09
5| 1E+09| 1E+09] 1E+09
2| 1E+09| 1E+09| 1E+09
1| 1E+09| 1E+09| 1E+09
1E+09| 1E+09
1E+09| 1E+09
1E+09| 1E+09
1E+09] 1E+09
1E+09| 1E+09
1E+09| 1E+09
1E+09| 1E+09
136| 1E+09
44| 1E+09
42| 1E+09
40| 1E+09
39| 1E+09
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The user will modify the disutilities in this table to obtain a desired deployment order-
ing. The disutilities entered by the user are used to fill the Disutility of Deployment table,
which is then used to calculate the average disutility per effective period. It is important to
note that neither the Disutility of Deployment table nor the Average Disutility per Effective
Period table updates values until the Compute button (located in the top left corner of the Excel
spreadsheet) is selected by the user. Therefore, after making changes to the Disutilities table,
the user should always click the Compute button to update all of the tables in the spreadsheet.
Selecting Compute also ensures that the disutilities are prepared for export back into the Access
database.

If we were using only active-duty forces, this whole process would be unnecessary because
we could just assign the lowest disutility to the force-status-period we would like to deploy first
and increment the disutilities until each force-status-period has a ranking. However, when
there are forces that are not fully effective in all periods, it is not the direct disutility we need
to be concerned with, but instead the average disutility per effective period. For this reason,
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we must use the Disutility of Deployment table and the Average Disutility per Effective Period
table, as described below.

D.1.3. Average Disutility per Effective Period Table
This table is the key component to designing an assignment rule with forces that are not fully
effective in all periods. This table has a column for each period that each force could be at
home and a row for each period of deployment. Each cell in this table uses the disutilities from
the Disutilities table to calculate the average disutility per effective period, as described earlier.
This table includes a column for each force-period at home and a row for each possible
period of deployment. In this example, there are 12 columns for the actives and 24 columns
for the reserves, for a total of 36 columns. Since the maximum number of periods home and
deployed is the same for each force, there are also 12 rows for the actives and 24 rows for the
reserves. Figure D.5 shows the first six columns of the Average Disutility per Effective Period
table for the BaseActiveReserve assignment rule. Other portions of this table will be reproduced
in later sections.

Figure D.5
Average Disutility per Effective Period Table

Average Disutility per Effective Period Table

Act/H12 Act'H11 Act'H10 Act'H9 Act'HB Act/H7
1 20 5.0 13.0 35.0 G000.0
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3 6.0 7.0 a7 18.0 2005.3
13.8 14.5 16.5 228 1513.3
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The cell values in this table are calculated using the equations described in Section D.1.1.
These calculations are simplified by the organization of the Disutility of Deployment table
discussed in the next section.

D.1.4. Disutility of Deployment Table

This table also includes a column for each force-period at home and a row for each possible
period of deployment. Figure D.6 displays part of this table, showing only the first six of the
36 total columns.
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Figure D.6
Disutility of Deployment Table

Disutility of Deployment Table
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The cell values in this table are calculated using the values in the Disutilities table. In the
Disutility of Deployment table, the entries in the first row for every column are equal to the
disutility of deploying a unit at home from the number of periods corresponding to the column
for one period. This can be verified by comparing the values in the first column of Figure D.4
with the values in the first row of Figure D.6. If one starts at the bottom of the first column of
disutilities in Figure D.4 and moves up, these values are exactly the same as the values moving
from left to right in the first row in Figure D.6. The values in each cell of row 2 are identical
to each other because this is the disutility of deploying a unit that has already been deployed
for one period (the same for all units no matter where they start from). This is true for all rows
other than the first (2-12 for the actives, 2—24 for the reserves). To summarize, this table pro-
vides the direct disutility of deploying a unit for any number of periods from every possible
previous state. The user should not need to modify this table. This table is required because it
allows the spreadsheet to easily calculate the average disutility per effective period as discussed
in the previous sections.

D.1.5. Determining Disutilities

The disutilities are determined by the user based on the desired values in the Average Disutil-
ity per Effective Period table. The base assignment rule that we would like to specify in this
section limits active deployments to 4 periods and reserve deployments to 4 periods (2 periods
training and 2 periods deployed). If more units are needed, the assignment rule should reduce
active time at home. To specify this rule, we start by answering a simple question: Which units
should be deployed first? For this assignment rule, we specify that active units at home the
longest should be deployed first. Therefore we start by assigning the lowest ranking to actives
home 12 periods (Act/H-12). In this assignment rule, we choose the lowest ranking to be 1, but
this choice is arbitrary. Only the relative difference between disutilities matters, not the levels.
After we enter a 1 in the cell corresponding to Act/H-12 in the Disutilities table and clicking
the Compute button, the disutility of deployment and average disutility per effective period
appear, as in Figure D.7.
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Figure D.7
Effect of Setting Act/H-12 Equal to 1

Disutility of Deployment Table Average Disutility per Effective Period Table
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After assigning an initial ranking, we next determine what units should go next. In the
example here, we wish to limit active deployments to 4 periods. From a steady-state perspec-
tive, this means that, on average, an active unit would be deployed for 4 periods and home for
8 periods (for a 12-period cycle). Therefore, we concentrate on the part of the Average Disutil-
ity per Effective Period table shown in Figure D.8.

Figure D.8
Active Average Disutility per Effective Period

Average Disutility per Effective Period Table
Act'H12 Act'H11 Act'H10 ActH9 Act'HB
1.0 0.0 00 00 0.0
0.5 0.0 00 o0 00
0.3 0.0 00 oo oo
0.3 0.0 0.0 0o 0.0
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When we assigned forces that were effective in all periods, we simply gave the lowest
disutilities to those force-status-periods that we wanted to deploy first. The methodology is
similar here, except that, instead of giving the lowest disutility to those force-status-periods
we wish to deploy first, we manipulate the disutilities to give the lowest average disutility per
effective period to those force-status-periods we wish to deploy first. The important numbers to
look at in Figure D.8 and in all other average disutility tables are in the left-most column and
the top row (shown in bold above). The analyst will target changes in these cells when entering
disutilities into the Disutilities table.

Earlier, we decided that, if there are active forces at home for 12 periods, we want to
deploy them first. We therefore assigned Act/H-12 a value of 1. Next, we would like to ensure
that an active unit home 11 periods (deployed 1 period in the steady state) will be deployed. We
therefore set Act/H-11 equal to 2. After we enter a 2 in the cell corresponding to Ac#/H-11 in
the Disutilities table and click on the Compute button, the disutility of deployment and average
disutility per effective period appear, as in Figure D.9.
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Figure D.9
Effect of Setting Act/H-11 Equal to 2

Disutility of Deployment Table Average Disutility per Effective Period Table

Act/H12 ActH11 ActH10 ActH9 Act/HS Act/H12 ActH11 ActH10 ActH9 Act/HS
0.0 0.0 0.0
00 00 0o
0.o 0o 0.o
oo ool oo
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Next, we want to deploy active units 2 periods, starting with those at home 12 periods. To
do this, we must set the disutility of being deployed from Ac#/D-1 so that the average disutility
of being deployed 2 periods from Act/H-12 (Act/H-12:D2) is larger than that of being deployed
1 period from Act/H-11 (Act/H-11:D1I). If we were to follow the methodology used for forces
effective in all periods of deployment, we would simply set Ac#/D-1 equal to 3. However, if
we do this, we find that the average disutility of being deployed two periods from Act/H-12 is
equal to that of being deployed one period from Ac#/H-11 (2), as shown in Figure D.10.

Figure D.10
Mistakenly Setting Act/D-1 Equal to 3

Average Disutility per Effective Period Table
Act'H12 Act'H11 Act'H10 Act'H9 Act’H8

2.0 0.0 0.0 0.0
25 1.5 1.5 15
1.7 1.0 1.0 1.0
1.3 0.s ns 0.e
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Because we want to deploy a unit from at home 12 periods for 2 periods only after we
deploy a unit from at home 11 periods for 1 period, we must set Ac#/D-1I higher than 3, so that
Act/H-12:D2 is greater than Act/H-11:D1. To make this the case, we found that setting Ac#/D-1
equal to 4 led Act/H-12:D2 to equal 2.5. We found this disutility relatively quickly due to the
fact that simply incrementing the disutility produced an average disutility equal to the value
that we desired it to be greater than. Therefore, we could simply increment the disutility by
one to obtain the desired result. Other disutilities may take more experimenting to find the
correct value. After we set Ac#/D-1 equal to 4 and clicking the Compute button, the disutility
of deployment and average disutility per effective period appear, as in Figure D.11.

Figure D.11
Correctly Setting Act/D-1 Equal to 4

Disutility of Deployment Table Average Disutility per Effective Period Table

Act/H12 Act'H11 Act/H10 Act/H9 Act'HB ActH12 Act’H11 ActH10 Act'H9 Act/HB
1.0 2.0 00 0.0 00
5 3.0 200 20 20
1.7 20 13 13 13
13 15 10 10 10
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In the steady state, units deployed for 2 periods are home for 10 periods. Therefore, we
next wish to deploy units home for 10 periods. To do this, we increment the disutilities by set-
ting Act/H-5 equal to 5 (1 greater than Ac#/D-I). It is important that the disutilities be incre-
mented, even if one is not utilizing the average disutility table to determine disutilities. We
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have found that if this convention is not followed, erroneous results can occur. Setting Act/H-
12 equal to 5 and clicking the Compute button results in the Disutility of Deployment and
Average Disutility per Effective Period tables shown in Figure D.12.

Figure D.12
Setting Act/H-10 Equal to 5

Average Disutility per Effective Period Table
Act/H12 ActH11 Act/H10 ActH9 Act'H8
5.0 0.0 0.0
45 20 20
a0 HE a5
23 1.0 1.0

Disutility of Deployment Table
Act'H12 Act’H11 Act/H10 Act'H9 Act’'H8
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The next step is to deploy an active unit for 3 periods (9 periods at home in the steady
state). To do this, we need to set Ac#/D-2 in exactly the same fashion as we set Act/D-1. We
would like to set Ac#/D-2 so that the average disutility of deploying an active unit for 3 peri-
ods from at home 12 periods is larger than the average disutility of deploying an active unit 1
period from at home 10 periods (which we already set to 5 by defining Act/H-10 to be 5). After
some experimentation, we found that setting Ac#/D-2 equal to 12 causes the average disutility
of being deployed 3 periods from home 12 periods to be 5.7, larger than that of deploying an
active unit for 1 period from home 10 periods. We can see this result in the highlighted cells
shown in Figure D.13.

Figure D.13
Setting Act/D-2 Equal to 12

Average Disutility per Effective Period Table

Act/H12 Act/H11 ActH10 ActH9 ActHg
50 00 0.0
45 20 20
70 53 a3
53 40 40

Disutility of Deployment Table
Act/H12 ActiH11 ActH10 Act'H9 Act/HB
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Next, we again consider the steady state in which a unit deployed 3 periods will be at
home for 9 periods. Therefore, we increment the disutilities so that Ac#/H-9 equals 13. This
results in the disutilities shown in Figure D.14.

Figure D.14
Setting Act/H-9 Equal to 13

Disutility of Deployment Table Average Disutility per Effective Period Table
Act/H12 Act’H11 ActH10 ActH9 Act'HB Act/H12 ActiH11 Act/H10 Act'H9 ActHB
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The last disutility we set is Ac#/D-3, such that deploying an active unit 4 periods from
home 12 periods has a larger average disutility than deploying a unit home 9 periods for 1
period (which we just set equal to 13 by setting Ac#/H-9 to 13). After some experimentation, we
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found that setting Ac#/D-3 equal to 37 leads the average disutility of deploying a unit 4 periods
from at home 12 periods to equal 13.5, just larger than 13, as shown in Figure D.15.

Figure D.15
Setting Act/D-3 Equal to 37

Disutility of Deployment Table Average Disutility per Effective Period Table

Act‘'H12 ActH11 Act/H10 Act/H9 Act'HB Act/H12 Act’'H11 Act'H10 Act’'H9 Act’‘HE
2.0 50 130 0.0
: 30 45 85 20
5.7 6.0 7.0 a7 5.3
135 1348 145 165 133
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Lastly, we set Act/H-8 equal to 38 by following the incrementing rule. After clicking
the Compute button, we see the Disutility of Deployment and Average Disutility per Effective
Period tables shown in Figure D.16.

Figure D.16
Setting Act/H-8 Equal to 38

Average Disutility per Effective Period Table
ActH12 ActH11 ActH10 Act'H9 ActHB

; 2.0 50 13.0 38.0
25 30 45 @8 210
5.7 B.0 7.0 9.7 180
135 138 145 165 228

Disutility of Deployment Table
ActH12 ActH11 ActH10 ActH9 Act'HB
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We have now completed the assignment of active forces home for 8 periods or longer for
4-period deployments. The next step in creating this assignment rule is to deploy the reserves.
We therefore move to the part of the average disutility per effective period for the reserves,
shown in Figure D.17.

Figure D.17
Reserve Average Disutility per Effective Period

Res/H?24 Res/H23 Res/H?? Res/H21 Res/H20

0.a 0.0 0o 0o 0o
0o 0.0 0o 0o 0o
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The first thing to note about Figure D.17 is that the first two rows will always have zeroes.
We ignore these two rows because these are periods of deployment in which the reserves pro-
vide no effective forces. After deploying active units for 4 quarters, we want to deploy reserve
units for 4 quarters (2 quarters effective). We begin by incrementing the disutilities for the cells
that do not provide effective forces, so that we can focus on those periods in which effective
forces are provided. We first set Res/H-24 equal to 39, then Res/H-23 equal to 40. Following the
same steady-state ordering used for the actives, we next deploy a reserve unit for 2 periods by
setting Res/D-1 equal to 41 (again simply incrementing the disutilities). We then set Res/H-22
equal to 42, Res/D-2 equal to 43, and Res/H-21 equal to 44. After clicking on the Compute
button, we see the tables shown in Figure D.18.
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Figure D.18
Reserve Disutilities After Initial Reserve Increment

Disutility of Deployment Tahle Average Disutility per Effective Period Table
Res/H24 Res/H23 Res'H2? Res/H21 Res/H20 Res/H24 Res/H?3 Res/H2? Res/H21 Res/H20
38 40 42 44

41 41 4 41 41
43 43 43 43 43

1230 1240 126,00 1230 g4.0
B1.5 62.0 B3.0 B4.0 42.0
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After these initial incremented disutilities, we focus on deploying a reserve unit for 4
periods (2 effective periods). In the steady state, a reserve unit deployed for 4 periods will be
at home for 20 periods (given the maximum of 24 periods). Therefore, we want to set Res/D-3
so that the average disutility of deploying a reserve unit for 4 periods from home 24 periods is
larger than that of deploying a reserve unit for 3 periods from at home 21 periods (128). After
experimenting with values for Res/D-3, we found that setting Res/D-3 equal to 135 results in
the average disutility of being deployed 4 periods from home 24 periods to be 129, as shown
in Figure D.19.

Figure D.19
Setting Res/D-3 Equal to 135

Disutility of Deployment Table

34
41 41 41 41 41
43 43 43 43 43 1230 1240 12600 128.0 54.0
135 135 135 135 135 129.0 1295 13065 13E 1095
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The last step in setting rankings for the reserves is to increment the disutility by setting
Res/H-20 equal to 136. This results in the tables shown in Figure D.20.

Figure D.20
Setting Res/H-20 Equal to 136

Disutility of Deployment Table Average Disutility per Effective Period Table
Res/H24 Res/H?3 Res/H?? Res/H?1 Res/H20 |ResiH24 Res'H23 Res/H22 Res/H21 Res/H20
39 40 42 44 136
4 Ly 41 4 Ly
43 43 43 43 43 1230 12400 1260 1280 2200
135 135 135 135 135 128000 1295 1308 1315 1775
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The final step in specifying this assignment rule is to deploy active units at home for less
than 8 periods on 4-period deployments. Again, this is done using the Average Disutility per
Effective Period table. Figure D.21 shows the average disutility table for active units home less
than 8 periods and deployed for 4 periods.
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Figure D.21
Average Disutility per Effective Period for Reducing Active Time at Home
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The disutilities the user needs to adjust to set these deployments are Ac#/H-7 through
Act/H-1. We would like to set these so that, once the active and reserves have been sent out on
4-period deployments (on a deployment schedule of 1 year in 3 for actives and 1 year in 6 for
reserves), the assignment rule will pull active units at home for shorter periods of time to meet
any further requirements. We begin by setting Ac#/H-7 so that the average disutility of deploy-
ing an active unit 4 periods from at home 7 periods is greater than the largest average disutility
from the reserve deployment box (in this case, that is Res/H-20:D3, with an average disutility
of 220). We set Act/H-7 equal to 1,000 so that the average disutility of Act/H-7:D4 equals 263,
larger than 220.

Next, we want to ensure that the average disutility of deploying an active unit for 4
periods from at home 6 periods is larger than that of deploying an active unit at home 7 peri-
ods for 1 period. After experimenting, we found that setting Ac#/H-6 equal to 4,000 caused
Act/H-6:D4 to equal 1,013, slightly greater than Act/H-7:D-1 (1,000). We repeated the same
process to set Act/H-5 through Act/H-1, the results of which are shown in the rest of Figure
D.21.

At this point, we have fully specified the deployment ordering. However, there are still
unfilled entries in the Disutilities table. When we decided on the assignment rule specified
here, we already knew that active/reserve deployments of 4 quarters and bringing actives from
home with less than 2 years at home would be able to meet the military requirements consid-
ered in this report. Therefore, we filled all of the unfilled cells in the ranking table with a very
large number (in this case, 999,999,999) so that forces in those conditions will never be used.
In general, an analyst may wish to go further in specifying an assignment rule so that all pos-
sible levels of force requirements can be met. For instance, if active time at home was reduced
to the extreme, we are left with the options of either increasing deployment lengths (for actives
and/or reserves) or decreasing reserve time at home (in similar fashion to what we did for the
actives). However, to save time, it is often sufficient to specify rules up to the point at which
the analyst knows there are enough rotational forces to meet all possible force requirements.
The user might also wish to utilize “phantom” forces to fill larger requirements, as described in
Section 6.2.1. The final disutilities for this assignment rule are shown in Figure D.22.
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Figure D.22
Disutilities Table for the BaseActiveReserve Assignment Rule

Disutilities Table
Act’/H Act/D Res/H Res/D
il 1E+06 4| 1E+09 41
rd 1E+06 12| 1E+09 43
£1 256000 37| 1E+09| 135
'Y 64000| 1E+09| 1E+09| 1E+09
L1 16000| 1E+09| 1E+09( 1E+09
4000| 1E+09| 1E+09( 1E+09
1000| 1E+09| 1E+09| 1E+09
38| 1E+09| 1E+09| 1E+09
13| 1E+09| 1E+09| 1E+09
5| 1E+09| 1E+09] 1E+09
2| 1E+09| 1E+09| 1E+09
1| 1E+09| 1E+09| 1E+09
1E+09| 1E+09
1E+09| 1E+09
1E+09| 1E+09
1E+09] 1E+09
1E+09| 1E+09
1E+09| 1E+09
1E+09| 1E+09
136| 1E+09
44| 1E+09
42| 1E+09
40| 1E+09
39| 1E+09
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Once the analyst is satisfied with the assignment rule, the next step is to import the
disutilities from the spreadsheet into the SLAM program. This is automatically done by the
SLAM program when the user returns to Microsoft Access, with or without closing the spread-
sheet. In either case, the SLAM program will present the message box shown in Figure D.23
to make sure that the user wishes to import the disutilities specified on the Excel spreadsheet.
We recommend that the user use this method to transfer the disutilities.

Figure D.23
Transfer Assignment Rule Message Box

Inansfer Assignment Rule?

Click Ok to transfer assignment rule ko access, Click cancel to close this message without transfering data.

(0] 4 | Cancel I
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The user may also choose to enter the disutilities directly into the SLAM program on the
Advanced Assignment Rule subform by clicking on the Directly Edit button. Once the disutili-
ties have been entered in the Disutilities table, the user need only click on the Done button and
the disutilities are saved for that assignment rule.

It is important to note that the example in this section and those that follow are for
assignment rules that use only active and reserve forces with the maximum number of peri-
ods home/away set at 12 and 24, respectively. For scenarios using other forces and different
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maximum numbers of periods, a different spreadsheet will be created by the SLAM program,
but the core principles remain the same (i.e., using average disutility per effective period and
steady-state rotations to determine the disutilities). The following sections show how this base
assighment rule can be adapted for different force allocation policies.

D.2. Using the Reserve Component More Frequently

The second analysis in Chapter Four varies reserve utilization policies. The reserve utilization
policy used in the previous analyses limited deployments to 1 year in 6 (4 quarters in 24). The
analyses in Section 4.5.2 look at three variations of this policy: 1 year in 5, 1 year in 4, and 1
year in 3. Each of these variants requires a new assignment rule. Since each variant requires
similar changes, this section shows how to adapt the base assignment rule from Section D.1
(with reserve forces ineffective for the first two quarters of deployment and a 1-year-in-6 reserve
rotation) to a reserve rotation of 1 year in 4, with reserves still ineffective for the first two quar-
ters of deployment.

This assignment rule maintains the same disutilities for the first rotation of actives as the
base assignment rule in Section D.1. However, the reserve disutilities need to be changed so
that reserve units are deployed for 4 quarters out of every 16, rather than 4 out of every 24.
Figure D.16 showed that, for the actives, the average disutility of a deployment of length 1
quarter for an active unit at home 8 quarters is 38 (the largest for the active rotation). There-
fore, the average disutility of deployment for reserve units deployed 3 quarters from being at
home 24 quarters must be greater than 38. This can be done by incrementing the largest rank-
ing from the active rotation (38 for Ac#/H-8) by setting Res/H-24 equal to 39. Because we want
to deploy reserve units on a 4-year cycle (16 quarters), we increment the reserve time at home
disutilities until we reach Res/H-15 (in order from Res/H-24=39 to Res/H-15=48). After this,
we continue to increment the disutilities, but we now get into a steady-state rotation, setting
Res/D-1=49, Res/H-14=50, Res/D-2=51, and Res/H-13=52. These last disutilities are similar to
what we did in Section D.1.5, except that here they are based on a 16-period maximum rota-
tion rather than 24.

After incrementing to the point where forces are effective, the next step is to set Res/D-3
so that the average disutility of deploying a reserve unit from at home 24 periods for 4 periods
is larger than the average disutility of deploying a reserve unit from at home 13 periods for
3 periods. We found that setting Res/D-3 equal to 200 accomplished this goal and followed
this by incrementing Res/H-12 to 201. The average disutility table for the reserves is shown in
Figure D.24.

Figure D.24
Average Disutility per Effective Period for Reserve Deployments of 1 Year in 4

ResH24 ResM23 ResM22 ResH21 ResH20 ResH19 ResH18 ResH17 ResH16 ResH15 ResM14 ResH13 ResH12

1390 1400 1410 1420 1430 1440 1450 1460 147.0 1480 1500 152.0 3o
169.5 1700 1705 1710 1715 1720 1725 1730 1735 174.0 1750 176.0 2505

RAND TR433-D.24

The last step in defining this assignment rule is to set the disutilities for Ac#/H-7 through
Act/H-1. We do this using exactly the same methodology as in the previous section. Act/H-7
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was set so that the average disutility of deploying an active unit at home 7 periods for 4 periods
(513.3) was larger than that of deploying a reserve unit home 12 periods for 3 periods (301).
The same process was used to bring actives from home with less than 7 periods at home, as
shown in Figure D.25.

Figure D.25
Average Disutility for Reducing Active Time at Home Below 2 Years, with Reserves Used 1 Year in 4

Act/He ActfH3 Act/H4 Act/H3 Act/H2 Act/H1
2000.0 32000.0 512000.0 2048000.0] 8192000.0

1002.0 16002.0 2560020  10240020)  409R002.0
E72.0 0E72.0 170672.0|  BE26720| 27306720
513.3 8013.3 128013.3]  512013.3] 2048013.3

RAND TR433-D.25

These are all the changes that need to be made to the base assignment rule to deploy
reserves 1 year in every 4, maintain active and reserve deployments at 1 year each, and fill other
requirements by reducing active time at home below 2 years. Similarly to the first section, we
filled all unfilled disutilities with a large number (999,999,999) to make sure that those force-
status-periods are never deployed. The Disutilities table for this assignment rule is shown in
Figure D.26.

Figure D.26
Disutilities for Reserve 1-Year-in-4 Assignment Rule

Disutilities Table
Act/H Act/D Res/H Res/D

RAND TR433-D.26

For the two assignment rules not described in this section (reserves used 1 year in 5 and
1 year in 3), the method is analogous to the one described. The only difference will be that the



158 The RAND SLAM Program

l-year-in-5 assignment rule will require an initial increment from Res/H-24 to Res/H-19 and the
l-year-in-3 assignment rule will require an initial increment from Res/H-24 to Res/H-11.

D.3. A Global War on Terror Assignment Rule

The base assignment rule discussed in Section D.1 is used for most of the analyses in Chapter
Four of this document. In Chapter Five, a new assignment rule is developed to be more repre-
sentative of the current deployment policies for the global war on terror. This assignment rule
continues to limit active deployments to 4 quarters in every 12, but changes reserve deploy-
ments to 6 quarters in every 24 (from 4 in 24). All other requirements were met by reducing
active time at home below 2 years. This section shows how to adapt the assignment rule in
Section D.1 to take into account these longer reserve deployments.

Because of the similarities to the assignment rule defined in Section D.1, the initial dis-
utilities for the actives remain identical. The only difference in this section is the disutilities
of the reserves and the remaining active disutilities for dwell times under 2 years. Figure D.16
showed that, for the actives, the average disutility of a deployment of length 1 quarter for an
active unit at home 8 quarters is 38 (the largest for the active rotation). Therefore, the average
disutility of deployment for reserve units deployed 3 quarters from being at home 24 quarters
must be greater than 38. This can be done by incrementing the largest ranking from the active
rotation (38 for Act/H-8), setting Res/H-24 equal to 39. We then set Res/H-23 equal to 40. Fol-
lowing the same steady-state ordering used earlier, we next deploy a reserve unit for 2 periods
by setting Res/D-1 equal to 41. Next, we set Res/H-22 equal to 42, Res/D-2 equal to 43, and
Res/H-21 equal to 44.

After specifying these same initial incremental disutilities used in the previous assign-
ment rule, we now focus on deploying a reserve unit for 6 periods (4 effective periods). In the
steady state, a reserve unit deployed for 6 periods will be at home for 18 periods (for a 6-year
cycle length).

We first want to set Res/D-3 so that the average disutility of deploying a reserve unit for
4 periods from at home 24 periods is larger than that of deploying a reserve unit for 3 peri-
ods from at home 21 periods. We accomplished this by setting Res/D-3 equal to 135. Next,
we set Res/H-21 by incrementing the disutilities to 136. The next comparison involves setting
Res/D-4 so that the average disutility of being deployed 5 periods from at home 24 periods is
greater than that of being deployed 3 periods from at home 20 periods. We accomplished this
by setting Res/D-4 equal to 405, and then set Res/H-19 to 406 by incrementing the disutilities.
We next set Res/D-5 so that the average disutility of being deployed 6 periods from at home
24 is greater than that of being deployed 3 periods from at home 19 periods. To do this, we
set Res/D-5 equal to 1,305, and therefore also set Res/D-18 equal to 1,306. Figure D.27 shows
part of the Average Disutility per Effective Period table for the reserves used to make all of the
calculations discussed in this section.
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Figure D.27
Average Disutility per Effective Period for Reserves on Longer Deployments

Res/H24 Res/H23 Res/H22 Res/H21 Res/H20 Res/H19 Res/H18

123.0

129.0 129.5 130.5 1355 IS BEEL 7B2.5
221.0 PRHIEE 2220 2227 2533 3433 B43.3
492.0 49273 4928 483.3 516.3 5838 508.8

RAND TR433-D.27

The final step in specifying this assignment rule is to specify Ac#/H-7 through Act/H-1.
We want to set these so that once the actives are deployed 4 quarters in 12 and reserves are
deployed 6 in 24, the assignment rule will deploy active units at home for shorter periods of
time to meet any further requirements. We begin by setting Ac#/H-7 so that the average dis-
utility of deploying an active unit 4 periods from at home 7 periods is greater than the largest
average disutility from the reserve deployment box (in this case, Res/H-18:D-3, with an average
disutility of 1,390). We set Act/H-7 equal to 6,000 so that the average disutility of Act/H-7:D-4
equals 1,513. Next, we want to ensure that the average disutility of deploying an active unit
for 4 periods from at home 6 periods is larger than that of deploying an active unit at home 7
periods for 1 period. We did this by setting Ac#/H-6 equal to 24,000. We repeated the same
process to set Act/H-5 through Act/H-1 to create the Average Disutility per Effective Period
table shown in Figure D.28.

Figure D.28
Using Actives on Short Reset Times for GWOT Assignment Rule

ActfHB Act/H5 Act/H4 Act/H3 Act/H2 Act/H1

96000.0 [

4B002.00 1520020 22880020
32005.3] 128005.3] 5120053 20480053 81920053
24013.3 6013.3] 38401 536013.3] 6144013.3

RAND TR433-D.28

Lastly, we assigned a very large disutility (999,999,999) to all force periods that we have
not yet given disutilities to, to make sure that these force-status-periods are never deployed.
The Disutilities table for this assignment rule is shown in Figure D.29.
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Figure D.29
Disutilities Table for GWOT Assignment Rule

Disutilities Table
Act/H Act'D Res/H Res/D
il ZE+07 4| 1E+09 11
rl GE+06 12| 1E+09 43
K§ Z2E+DG 37| 1E+09 135
FR384000| 1E+09| 1E+09| 405
L1 96000| 1E+09| 1E+09| 1305
(4 24000| 1E+09| 1E+09| 1E+09
6000] 1E+09| 1E+09)| 1E+09
38| 1E+09| 1E+09] 1E+09
13| 1E+09| 1E+09] 1E+09
5| 1E+09| 1E+09] 1E+09
2| 1E+09| 1E+09| 1E+09
1| 1E+09| 1E+09| 1E+09
1E+09| 1E+09
1E+09| 1E+09
1E+09| 1E+09
1E+09| 1E+09
1E+09| 1E+09
1306( 1E+09
406( 1E+09
136 1E+09
44| 1E+09
42| 1E+09
40| 1E+09
39| 1E+09
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We have now fully defined this assignment rule up to the point that we need to use it
for the analyses in this document. Again, it is up to the user how far he or she wishes to define
the assignment rule. To save time and effort, we stopped here since we knew that this would
be sufficient.

D.4. Other Assignment Rules

The assignment rules defined in this appendix show the methodology for developing an assign-
ment rule with forces that are not fully effective in all periods. There are many varieties of
assignment rule, and not all of them can be covered in this document. The important lesson
from these assignment rules is that the user should be concerned with average disutility per
effective period (not directly with disutility) and steady-state deployment patterns. The spread-
sheets for these examples are included with the SLAM distribution package. These spreadsheets
can be opened directly in Excel or from the SLAM program when the user has open one of the
back-end databases included in the distribution package. An assignment rule spreadsheet will
remain associated with the assignment rules in the back-end database as long as there are no
changes made to the name of the back-end database or the name of the assignment rule (either
in the back-end or in the file name of the spreadsheet).

The assignment rules examined here share many of the same parameters. For assignment
rules using different number of periods home versus away or different numbers or types of
forces, the spreadsheets will look different, but the methodology remains the same.
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D.5. Validating Assignment Rules

Before using an assignment rule to perform a force structure analysis, the user may wish to test
the assignment rule to confirm that it is deploying forces as desired. This can be done by setting
up test runs and using the Force Assignment report to examine the results. The user can set up
a test run by specifying a contingency with a constant requirement and then using the Force
Assignment report to see how forces are deployed to meet that requirement. The user can then
create other test runs with requirement levels greater and less than the level of the first test run
to examine the order in which forces are being deployed.

As an example, to test the BaseActiveReserve assignment rule specified in this appendix, we
could create a test run that includes a contingency with a requirement of 16 units and a force
size of 48 active units and 48 reserve units. When we examine the Force Assignment report for
this run, we would expect only active forces to be deployed for 4-period deployments, followed
by 8-period dwell times. We could then create a run with the same force size but a require-
ment of 20 units. For this run, we would expect active deployments to remain the same as the
previous run but that reserve units would be deployed for 4 periods (2 periods effective) with
20-period dwell times. Lastly, we may wish to create one more run with the same force size but
with a lower requirement of 12 units. For this run, we expect no reserves to be deployed and
active units to be deployed for 3 periods, with 9-period dwell times.

The user can create any number of test runs to ensure that the assignment rule is work-
ing properly. However, for the analyses in this report, we have found that if one follows the
assignment rule methodology described in this appendix, that force assignment is always done
as expected. But, if the user begins to create assignment rules with a greater number of forces
(more than just actives/reserves), a different number of ineffective periods for reserves (or other
forces), or different maximum home/deployed times, we suggest that the user test out these
assignment rules first before using them in an analysis.






APPENDIX E

Tables and Modules

This appendix provides a listing of all of the tables and modules in the SLAM program, fol-
lowed by brief descriptions.

E.1. Tables

The backbone of the SLAM program is the set of tables that contain all of the data. We sug-
gest that the analyst not directly access a table unless absolutely necessary, as this may lead to
corruption of the data. Experienced Microsoft Access users may find some benefit in looking at

and manipulating the tables. Table E.1 provides a brief description of each table in the SLAM

program.

Table E.1

SLAM Tables

Table Name Description

tblIAdmin This table retains the name of two databases: (1) the default
database name, and (2) the name of the last database used.
This information is used to populate the SLAM start-up screen.
This table also includes the location that the user selects for
the simulation to run (local or remote machine), the working
directory for GAMS to run in, and the per-period run-time limit
for GAMS (all of these can be changed by the user from the SLAM
Options form).

tblAPMtemp This is a temporary table that is used when the analyst changes
the order in which units are assigned. A temporary table is
needed to preserve the previous ordering while updating the
tblAssignmentRulePeriodMatrix table with the new ordering.

tblAssignmentRule This table contains general information for each assignment rule.

tblAssignmentRulePeriodMatrix  This table contains the user-defined disutilities that determine the
order in which units are assigned.

tbIBasicAssignmentRules This table includes a simplified version of the assignment rule
period matrix, in which force types can be grouped for ease of
use (only useful when assigning forces that are fully effective in

all periods).
tblContingency This table contains general information for each contingency.
tblContingencyStates This table lists all of the states for each possible contingency.

It also lists the total number units required (for each of the six
requirements) for each state of each contingency.

163



164 The RAND SLAM Program

Table E.1—Cont'd

Table Name

Description

tblContingencyTransMatrix

tblForcePeriodEffective

tbIForcePeriodTraining

tblForces

tbIRun

tbIRunContingencies

tbIRunContingencyPeriod

tblRunForceLevels

tbIRunForcePeriod

tblRunForceTransitionStress

tblIRunMeasures

tblRunSolutions

tbIRunStress

tbiStatelList

tbIStressMeasures

This table contains the transition probabilities from each state to
every other state (e.g., War to Peace, Peace to Stabilization) for
each contingency.

This table contains the various types of effectiveness for each
force over all periods.

This table contains the training value of each type of training for
each force over all periods.

This table contains the general characteristics of each force type,
including costs and maximum number of periods home and
deployed.

This table contains all of the run parameters for each run. It
includes fields for the number of periods, the assignment rule,
the various look-ahead parameters, training capacities, and the
solution methodology (linear or integer program).

This table includes an entry for each contingency included in each
run along with its initial state.

Output: This table provides the state of every contingency in
every period for each simulation run. This table is populated by
the output from the Markov process.

This table identifies each force type used for each run. It also
defines the number of available forces for each force type in each
run.

Output: This table includes the number of units in each state
in every period for each simulation run. This table is populated
by the output from the linear program (the stock variable; see
Appendix Q).

This table allows the user to associate stress measures with
specific transitions made in tbIRunSolutions.

Output: This table records the start time, end time, and total run
time of each run, in minutes. It also keeps track of the number
of periods, solution type (integer or linear), and number of look-
ahead periods.

Output: This table includes the linear program solutions for each
time period (the X variable; see Appendix C).

This table associates each of the four stress measures with a force
status. Stress measures are initially unassociated.

A table listing each state and state abbreviation. This table can be
used to add or remove states.

This table lists all of the stress measures for each simulation run.
In this version of the SLAM model, these are static; there are only
four stress measures (this table is not used in this version of the
SLAM program but may be utilized in future versions).
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Modules

The SLAM program consists of seven modules: Execute, GAMSCode, GAMSCodeLP2,
GAMSCodeLP2ToGAMS, OpenDialogBox, ShellWaitCode, and SLAMFunctions. The

modules and their associated functions are described below.

Execute: This contains the code that runs the SLAM program by simulating contingen-
cies and solving the linear program. This version of the SLAM program uses Microsoft
Excel and Frontline Solver, rather than GAMS (not used in current version of SLAM
program), to solve the linear programs.

GAMSCode: This module calls GAMS iteratively to solve a simple linear program in
each period. This module is not used in this model because it solves only very simple
linear programs.

GAMSCodeLP2: This module calls GAMS iteratively to solve the linear programs that
assign forces in the SLAM program. This module is no longer used because it calls GAMS
during each period, which increases run times substantially.
GAMSCodeLP2ToGAMS: This module calls GAMS once at the beginning of the run
and reads in the GAMS output files at the end. This module is used for all of the analyses
contained in this report.

OpenDialogBox: This contains code that opens the Windows Open File dialog box.
ShellWaitCode: This module contains code that allows Microsoft Access to wait for
GAMS to finish before moving to the next task.

SLAMFunctions: This contains seven separate public functions that can be called from
anywhere:

— Checkperiods

FindMax

— Openfile

LinkEm

MarkEmNoEdit

Sleep

Savefile.
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