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This report documents the Optimization Model developed as part of the
• Integrated Facilities Requirements Study (IFRS).

In Phase I, two analytic submodels were developed. The first, a Logistics
Support Requirements Generator, estimates personnel, aircraft, and fuel requirements
for each phase of undergraduate pilot training at the Naval Air Training Command
(NATRACOM). The second, a Pacing Facilities Requirements sub~todel, calculates
facility requirements for each phase of training.

t The purpose of the Phase II study was to develop a preliminary total systems
IFRS management planning tool (including the two submodels developed in Phase I, as
veil as Base Loading, Facilities Excess/Deficiency, and Total Cost submodels), and

F automate the model so that it provides quick, accurate, and relevant information
for use in the decision—making process. This Static IFRS model has been in con-
tinuous operation since March 1970.

The purpose of the Phase III study was to refine the Static IFRS model and to
expand the IFRS concept by developing three additional planning tools for use by
Navy decision—makers as follows:
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Item #13 (Abstract) continued

Dynamic planning tool
Optimization model
Fleet Readiness Training Squadron planning tool.

The Dynamic planning tool simulates the undergraduate pilot training program
on a weekly basis whereas the Static IFRS assumes an even annual flow of students.
The Optimization model has two segments — a PTR Maximizer that calculates the
maximum annual pilot training rate (PTh) possible for a given facilities in-
ventory and a MCON Minimizer that calculates the minimum facility cost phase—to—base
assignment for a desired PTR. The Fleet Readiness Training (FRT) model provides
planning information for the readiness training squadrons and is designed
similarly to the Static IFRS model. The Phase III documentation consists of the
following four reports:

The Integrated Facilities Requirements Study
(IFRS) Phase III, ORI TR 645

Development of the Automated Dynamic Model for
the Integrated Facilities Requirements Study (IFRS)
Phase III, ORI TR 646

Development of the Optimization Model for the
Integrated Facilities Requirements Study (IFRS)
Phase III, ORI TR 647

Development of the Fleet Air Readiness Training
Model for the Integrated Facilities Requirements

- 
- Study (IFRS) Phase III, ORI TR 648.

This report documents the Optimization model. Volume I contains a Summary of
the two submodels — The PTR Maximizer and The MCON Minimizer. Volume II containsr i the Detailed Model Formulation, User Instructions and an appendix of the
functional relationships.

-
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I
I - FOREWORD

I
I Thi s report document s the Optimization model developed as part of the

Integrated Facilities Requirements Study (IFRS) . It has been prepared for the

I Systems Analysis Division of the Office of the Assistant Commander for Facilities
Planning (Code 20),  Naval Facilities Engineering Command (NAVFAC) , Department
of the Navy , as part of Contract N0 0025—67—C -003 1 (NBy—76672 ) awarded to

I Operations Research , Inc . ,  in June 1970.
In Phase I , two analytic submodels were developed . The first , a

Logistics Support Requirements Gene rator , estimates personnel , aircraft , and

I fuel requirements for each phase of undergraduate pilot training at the Naval
Air Training Command (NATRACOM ) . The second , a Pacing Facilities Require-
ments submodel, calculates facility requirements for each phase of training.

The purpose of the Phase II study was to develop a preliminary tota l
systems IFRS management planning tool (including the two submodels develop-
ed In Phase I , as well as Base Loading , Facilities Excess/Deficiency , and
Total Cost submodels), and automate the model so that it provides quick ,
accurate , and relevant information for use in the decision-making process.

I Thi s Static IFRS model has been in continuous operation since Marc h 1970.
The purpose of the Phase III study was to refine the Static IFRS

model and to expand the IFRS concept by developing three additiona l planning

I tools for use by Navy decision—makers as follows :

• Dynamic planning tool

I • Optimization model

• Fleet Readiness Training Squadron planning tool .
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The Dynamic planning tool simulates the undergraduate pilot training

- 

• program on a weekly basis whereas the Static IFRS assumes an even annual
flow of students . The Optimization model has two segments—a PTR Maximizer
that calculates the maximum annual pilot training rate (PTR) possible for a

• given facilities inventory and a MCON Minimizer that cairulates the minimum
facility cost phase-to-base assignment for a desired PTR . The Fleet Readiness
Training (FRT ) model provides planning information for the readiness training
squadrons and is designed similarly to the Static IFRS model . The Pha se III
documentation consists of the following four reports:

• 
- The Integrated Facilities Requlremen 4

~ Stud~
(IFRS) Phase III, ORI TR 645

• Development of the Automated Dynamic Model for
the Integrated Facilities Requirement s Study (IFRS)
Pha.~e II1~ ORI TR 646

• Development of the Optimization Model for the
Integrated Facilities Requirements Study (IFRS)
Phase III , ORI TR 647

• Development of the Fleet Air Readiness Training
Model for the Integrated Facilities Requirements
Study (IFRS) Phase III, ORI TR 648.

This report documents the Optimization model . Volume I contains a
summary of the two submodels—the PTR Maximizer and the MCON Minimizer.
Volume II contains the detailed model formulation , user instructions and an
appendix of the functional relationships .

These IFRS models were developed and programmed by the staff
members of the Economic Analysis Division of Operations Research , Inc.,

-: und er the direction of Dr. William J. Leininger, vice president and division
director , and Thomas N. Kyle , program director. The proj ect team members
included R. J . Craig , M. C. Fisk , W . Liggett , F. McCoy , R. Messalle,

and R. Yockman.
Mr. Dennis Whang of the Systems Analysis Division of Facilities Plan-

H ning was contract monitor for NAVFAC . In addition , valuable assistance was
provided by many other Navy personnel Including , in particular , those in the
Office of the Staff Civil Engineer and the Training /Plans Division of the Naval
Air Training Command , the Aviation Training Division of the Chief of Nava l
Operations , and in the Systems Analysis Division of NAVFAC . The authors grate-
fully acknowledge the contributions made by all of these people to the develop-
ment of the IFRS models.
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I SUMMARY

-0

This report documents the Optimization model developed as pa rt of the
third phase of the Integrated Facilities Requirements Study (IFRS) . The objective
of this task is to develop a first generation , or prototype , optimization model
that provides the decision-maker with information concerning where each under-
graduate pilot training phase should be located in order to:

• Maximize the pilot training rate (PTR) for a given
facility inventory (i.e. , facility stock)

• Minimize the military construction cost (MCON )
for a desired PTR .

Two separate submodels were developed to fulfill this objective :

• PTR Maximizer—The purpose of this submodel is
• to calculate the phas e—to—base assignment that pro—

.

~~
. vides the maximum possible student output that can

1~ be achieved with the existing facility stock at the
pilot training bases . This submodel uses linear

• programming to determine the optimal phase—to-base
assignment and is presently operational on a batch
processing computer system .

I • MCON Minimizer—The purpose of this submodel is to
calculate the phase—to—base assignment that provides
the minimum facilities investment cost for a given
student output . This submodel also uses linear pro—
grammthg and is presently operational on the Navy’s
UNIVAC 1108 computer . • 

-

L Z The development of these two prototype submodels verifies the feasibility
of developing optimization models for facilities management purposes. These

C two submodels provide the facilities manager with a powerful analytical tool
that can enhancp the decision-making process.

L~ 
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~~ I. INTRODUCTION

- 
O~~~~~ VE

1. 1 The objective of this study is to develop a first generation , or proto-
type , optimization model that provides the decision-maker with information
concerning where each und ergraduate pilot training phase should be located in
order to:

- • Maximize the pilot training rate (PTR) for a given
facility ’s inventory (i .e. ,  facility stock)

• Minimize the military construction cost (MCON)
for a desired PTR .

1.2 The development of the Optimization model is within the gene ral scope
of the Integrated Facilities Requirements Study (IFRS) and is one of the series
of management tools developed under the IFR S study~ ,,The primary source of
information was the functional relationships and dat~\contaIned in the Phase II
Static IFRS model . Thus the facilities Included in the\model account for approxi-

• mately 75% of the replacement value of the eight bases.

STUDY PLA N

1.3 Since very few optimization algorithms of this type have been developed ,

• the fi rst task was to establis h the feasibility of developing an optimization
- algorithm . Initially it was necessary to identify those variables that would be

either maximized or minimized. The variable to be maximized is the PTR which
can be measured by the student load. The variable to be minimized is cost.

- Hence , it was necessary to segregate total costs into fixed and variable por-
tions , since the Optimization model can minimize variable cost but cannot
affect the fixed costs . Based on the results of the above analysis , the optimi-

- 
- 

• zation technique was selected and trial runs were made .
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STUDY END PRODUCT

1.4 The end product of this effort consists of two separate algorithms— a
PTR Maximizer submodel and a MCON Minimizer submodel—and relevant docu-
mentation. Both submodels employ the linear programming technique to optimally
assign training phases to bases . The PTR Maximizer submodel calculates the
phase-to-base assignme nt that results in the maximum achievable PTR for a
given set of facilities and given pilot training program. The MCON Minimizer
calculates the phase-to -base assignment that requires the minimum military
construction cost (i.e.,  facilities investment cost) for a desired PTR and pilot
training program. The size of the submodels and the length of time required
to run them dictate the use of la rge batch processing computers . Time -
sharing computer systems are uneconomical for these large-scale optimization
algorithms at the present time.

1.5 The documentation consists of two volumes . This volume provides an
overview of the two submodels , and Volume II describes the mathematical formu-
lations and use of the submodels .

SIGNIFI CANT CONTRIBUTIONS OF THE OPTIMI ZATION MODEL

1.6 Even though the PTR Maximizer and MCON Minimizer submodels are
firs t generation optimization algorithms , they provide the Navy ma nagers with
unique tools that can and should be used to determine which phase-to-base
assignment provides maximum economic utilization of facilities . They can be
especially usefu l to management when major changes are contemplated in the
undergraduate pilot training program . These two submodels provide the Navy
managers with an unbiased assessment of where the training phases should be
located (based on the factors included in the submodels) . However , various
types of problems (e.g .. operational) may require management to deviate from

-

• 
the optimal phase—to—base assignment . However , it is important to note that

• the output of the submodelS does provide information so that the economic cost
of deviating from the optimum can be determined .

Model User
1 . 7 It is presently anticipated that the Headquarters , Naval Facilities

Engineering Command (NAVFAC), will be the primary user of these submodels ,
since this office is responsible for the overall management of Nava l facilities .

potential Expansion to Other Navy Commancis

1.8 Since these prototype models are presently operationa l , it appears
that basically the same linear programming technique can be used to develop
optimization models for other Navy commands . However , it is recommended
that the desirability of developing models that calculate economically (i .e. ,
based on cost) optimal phase-to-base assignments should be clearly established
prior to expanding this management tool to other commands .

2
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II. THE STATIC IFRS MODEL

INTRODUCTION

2 ,1 As stated previously, the base sourc e of information used in the develop-
ment of the Optimization model was the Static IFRS model developed by ORI
in the Phase II IFRS Study .L” The Static IFRS model is a management planning
tool that incorporates thousands of pilot training planning factors and functiona l
relationships into a series of computer programs on a time-share computer
system . The Static IFRS model was developed completely independent of the
Optimization model and thus its data files and functional relationships had to
be analyzed and converted to the proper format for the Optimization model.

2. 2 This section contains a discussion of those features of the pilot training
production process that are replicated in the Static IFRS model , the methodology
employed , and an analysis of the Static IFRS model .

PILOT TRAINING PRODUCTION SYSTEM

— 
The Pilot Traini ng Process

2 .3 The present pilot training program consists of 15 separate but related
training phases through which a student must progress until he graduates as
either a jet , propeller (prop), or helicopter (helo) pilot . The type of pilot de—
termines the precise phases that a student must complete . The percentage of
graduates in the j et, prop , or helo aircraft is termed the MIX. The phase content ,
the syllabi, and the genera l operating procedures are called the MODE.

1/ For a complete discussion of the Static IFRS model , see Development of a
Preliminary Total Systems Model for the Integrated Facilities Requirements
Study (IFRS). Phase II, ORI TR 583 , 9 February 1970.

- .  3 
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— Resources Required by Each Phase

2 .4 Each of the training phases requires a certain number of resources—
i.e., instructors , administrative officers , enlisted men , aircraft , and fuel. The
total amount of each resource required is a function of the PTR , MIX and MODE.
Essentially , the total manpower , aircraft and fuel requirements for each phase
are independent of the location of the training phase.

Location and Facility Requirements
-
~ 1 2 .5 The next pertinent factor is that these 15 phases are located at 8 differ-

• ent naval air stations (NASs) . The location of each phase (or portion of a phase)
at a base is called the phase-to—base assignment . Each NAS has a unique
facility inventory (i.e ., stock) which is used to support the pilot training phases
assigned to that base , tenant activities located at the base , as well as the NAS
personnel. The combined size of the tenant activities and training phases located
at each NAS determines the total personnel and facility inventory required by each - ;

base. No two bases are identical and each base has different amount s of facility
stocks that can be used by the men and aircraft in the pilot traini ng program.

STATIC IFRS LOGIC

2 .6 The Static IFRS model essentially replicates the present planning method-
ology of the undergraduate pilot training program. This model consists of the five
modules and related data files as shown in Figure 2 .1. Each of these modules
is briefly discussed in the following paragraphs .

Logistics Support Requirements (LSR) Module

2.7 The purpose of the LSR module is to calculate the total manpowe r , air- - I
craft , and fuel required to conduct a training phase independ ent of a specific
location. Each phase of training is defined by a series of pilot training planning

• factors that specify the MODE of training . The decision— maker enters a desired • I
PTR and then the resources required by each phase are calculated .

Base Loading Module .1
2.8 The Base Loading module converts all phase specific data of the LSR
module to base specific data and the n calculates the total manpower , aircraft ,
and fuel requirements for each base (i.e.,  the sum of training phase, tenant ,
and NAS requirements). The training phases are assigned to particular NASs by
the manager . The model permits the manag er to assign one or more phases or
parts of a phase to any of the eight bases.

Facilities Requirements Module •1
2 .9 The Facilities Requirements module calculates the quantity of specific
permanent facilities required at each base to support the tota l base population
defined above . There are 24 different facility line items included In the model
which represent approximately 70% of the replacement value of the eight NASs.

L. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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The selection of these facility line items was based on their importance to the ..i
pilot training mission and their high replacement cost. A list of these facilities,
including the category code number and units of measure , appear s in Table 2 . 1.

Excess/Deficiency Module

• 2.10 The Excess/Deficiency module compare s the preceding facility require—
ments associated with a specified PTR and phase—to-base assignment with the
amount of facility stock currently available at each base and then compute s net
requirements (i .e. ,  excesses or deficiencies) for each facility line item. The

- , amount of existing facility stock at each base is contained in the Assets Position
data file.

Total Systems Cost Module

2. 11 The Tota l Systems Cost module calculates the investment and opera-
tions and maintenance cost of each pilot training alternative . The cost categories
included are :

• Investment costs

• Facility

• Aircraft

• Operations and maintenance (O& M) costs

Military pay and allowances

-

. 
- . Aircraft fuel

Aircraft support

Base support
Fixed costs .

Summary of Static IFRS Model

2. 12 Thus with the use of the Static IFRS model,~~”the decision—maker can
determine the cost associated with alternative pilot training programs. He can
vary the PTR the syllabus; the percentage of j et , prop , and helo pilots; the
phase-to—base assignment; the current facilities inventory, etc., and see how

4 these factors affect the training program.

ANALYSIS OF THE STATIC IFRS MODEL ]
2. 13 A detailed analysis of the methodology of the Sta tic IFRS model was
necessary in order to determine the func tional forms that had to be considered
in selecting the optimization technique . A brief summary of the analysis of
each module follows .

Ibid. il
6

______________ 
• -•~~~~
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1 TABLE 2.1

1 LIST OF FACILITY LINE ITEMS INCLUDED
I, IN STATIC IFRS MODEL

IFRS Units
-
~~ Category of

Code Facility Description Measure

I 1320 Aircraft parking apron sq yd
- 

•• 1320 Peripheral taxiways sq yd
11320 Total parking apron sq yd

1 12540 Distribution pipeline miles
14140 Aircraft operations bui lding sq ft

i 17110 Academic buIlding sq ft
= 1 21110 Aircraft maintena nce hangar sq ft

21910 Public working maintenance shop sq ft
-r 4210 General warehouse sq ft
1 4210 Shed space sq ft

44210 Total general warehouse sq ft
1 55010 Dispensary with/without beds sq ft

61010 Administrative office sq ft
71110 Family housing (officer and units

eligible enlisted men)
72210 Enlisted men’s barracks with/without men

i-i mess
1 72310 Enlisted men ’s mess hall sq ft

72415 BOQs with/without mess men
74014 Exchange sq ft
74063 Enlisted men’s service club sq ft
81230 Distribution line (electrical) ft
84210 Water distribution line (potable) ft

r T 85110 Roads miles
1- 85210 Park ing areas sq yd

Ru nway lighting ft
H I Taxiways sq yd

• .L Ready fuel storage required gallons
• 

- Runways sq yd
• f 

______________ ___________________________________________ _______________

: 1
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LSR Module Analysis

2 .14 The analysis of functional relationships of the LSR module resulted in
the following conclusions . All manpower , aircraft and fuel requirements equa-

• tions are linear with a zero intercept . The variable that determi nes the overall
size of the pilot training program is the primary input to this module , i.e. ,  the
PTR. For a particular training MODE and MIX of graduates , this PTR can be

- 
• directly translated into the average number of student s on board (the student

load). Since each training phase has a diff erent syllabus , the amount of man-
power , aircraft , and fuel required , as well as the student load , is different
for each phase (i. e. ,  no two phases have Identical resource requirements).
However , for a given PTR , MIX , and MODE , these phase resource requireme nts
can be estimated in a linear relationship as a function of student load .

Base Loading Module Analysis

2.15 The results of the analysis of the functional relationship in the Base
Loading module are as follows. The NAS manpower requirements are estimated
by linear equations with fixed intercepts as a function of training phase plus
tenant population. The tenant population is independent of the pilot training pro—
gra m and is fixed for each base. In the development of these prototype optimiza-
tion submodels, it was assumed that all eight NAS s would be used . Thus the fixed
segment of the NAS population is required at each base regardless of the number
of training phases or parts thereof assigned to each base. Additionally , the
amount of the variable portion of NAS population required by the tenant s can be
easily determined and remains consta nt (i.e., as long as the tenant population
remains constant). The sum of the variable portion of NAS population required
for all 15 training phases is the same regardless of where the phases are located .
Thus for a given PTR, MIX , and MODE, the total NAS population (i. e.,  sum of
eight bases) remains constant .

• Facilities Requirements Module Analysis

2. 16 There are approximately 30 different equations in the Facilities Require-
ments module and thus those for each facility line item were analyzed separately.
The details of these equations appear in Volume II of this report; however , some
general comments are appropriate at this time . The equations that are used to
estimate the facility line items requirements are either linear or can be closely

- 
- approximated by linear functions. The facility requirements for a base can also

be divided into two segments:

• Facilities required by tenants

• Facilities required by training phases.

2.17 Tenants are unique to each base; therefore the calculation of their ]
facility requirements by line item is straightforward and the amount required is
independent of the pilot training program

.8
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2.18 The composition of each training phase Is different and thus the
facility requirements are different for each phase. Since the student Load of

I each phase is directly related to the desired PTR and MIX , the facility require-
ment of each phase can be expressed as units of facility required per student.
Thus for the 15 training phases and 1 facility line item , there are 15 different

I values of each facility type required per student. The assumption of continuous
linear relationships to estimate facility requirements appears to pose no major
problems . However in the case of runways, this assumption may result in

I fractional runways being identified as a requirement . If a facility ’s requirements
are estimated in step functions , a linear re lationship is estimated by regres-
sion analysis.

I Excess/Deficiency Module Analysis
2.19 The analysis of this module resulted in the identification of many ofj the constraints to be included in the optimization process . Essentially, the
values in the Assets Position data file state the amount of each facility line item
presently available . This is the amount to be included in the optimization

j algorithm to ensure that no unnecessary facilities are built . This module posed
no problems to the optimization concept .

I Tota l Systems Cost Module Analysis
2 .20 The results of the ana lysis of this module are manifold . Each of the

• 1 cost categories is discussed separately .

1 2 .21 The facility investment cost required to build those facilitie s identified
as being deficient includes a size/cost adj ustment factor tha t had to be eliminated
in order to use these costs in an optimization algorithm . This size/cost adj ust-

I • ment factor was included in the Static IFRS to reflect economies of scale in con-
structing different size facilitie s • Its elimination should have no adverse effect

- 1 on the output of the optimization algorithm. All other feature s of the facility
I Investment cost are used with resulting linear equations . Since the per student

requirement of each facility line item can be calculated for each phase , the cost
of building the per student requirement can also be calculated for each phase
and line item .

1 2 .22 Aircraft investment costs are incurred when new aircraft must be pro—
cured and are independent of the phase—to-base a llocation . Thus those costs
need not be included in the optimization algorithm .

I 2 .23 The annual military pay and allowances cost is a direct function of the
number of military personne l in the training phases and NASs . Since all eight
NASs are utilized and since the NAS manpower is estimated by linear equations ,
the total amount of this O&M cost category is fixed regardless of the phase-to-
base assignment and thus need not be included in the optimization algorithm .

I -
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2.24 Similarly, the aircraft fuel and support costs are estimated as a function
of flight hours . The amount of flight hours is determined by the PTR, MIX, and
MODE and is assumed to be independent of phas e location . Thus these costs
are excluded .
2. 25 The base support costs are essentially costs associated with NAS

4 operations . These costs are estimated by a linear equation with a fixed inter-
cept , and as long as all eight bases are used , this tota l cost (i .e., sum of
eight bases) does not vary for a given PTR , MIX, and MODE. By definition ,
the fixed costs of the headquarters do not vary .

Static IFRS Analysis Summary

2. 26 As a result of this detailed study of the functiona l relationship in the
Static IFRS model , it was determined that:

• Training phase resource requirements are linear
and can be expressed in terms of student load .

• NAS manpower requirements are linear and total
base population can be identified as being either
tenant related or training phase related .

• Facility line item requirements can be expressed
in terms of amount required per student for the
15 different training phases independent of base.
(Note this amount also includes those facilities
required by the NAS personnel who support that
student.) Also the amount of facility required by
the tenants can be estimated separately and is
fixed for each base.

• The amount of facilities presently available provides
the existing resources. - ‘

• An adjusted facilities stock can be ca lculated that
reduces total facility stock by tenant demands.

• The facility investment cost calculations are the
only releva nt costs to be included in the optimizer
since they are the only costs that vary with phase-
to—base assignment.

• These facility investment costs can also be ex— H
pressed in terms of cost per student for each phase
and facility line item .

10 H
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III. OVERVIEW OF THE OPTIMIZATION MODEL

INTRODUCTION

3.1 The Optimization model is a first generation model and consists of two
separate submodels—the PTR Maximizer and the MCON Minimizer. It was de-
signed specifically to assist the decision—maker in assigning the 15 different
training phases to the 8 naval air stations currently used for pilot training by
the Nava l Air Training Command (NATRACOM) .

3.2 Based on the analysis of the Static IFRS model , linear programming
was selected as the technique to use in the optimization. The methodology of
the Static IFRS was converted to the proper format . Next the matrices of both
submodels were developed and test runs were conducted with available linear
programming packages . The following paragraphs include a brief discussion of
the MCON Minimizer and the PTR Maximizer submodels . Both of these submodels ,
as well as the reasons for selecti ng linear programming as the optimization tech-
nique , are discussed in detail in Volume II of thi s report .

MCON MINIMIZER

Purpose

H ~ 
3.3 The purpose of the MCON Minimizer submodel is to calculate the phase-
to— base assignment that provides the minimum facility investment cost for a given
PTR and MIX.

¶ •  Methodology

3.4 An overview of the MCON Minimizer appears in Figure 3.1. Since

LI ~ I m~II~I8I15 I - -
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illustrates the definition of the optimizatio n problem , th e input data require-
ments (i.e., matrix coefficients) , where the linear programming (LP) process is
required and the outputs generated.

3.5 Definition of the Minimizer Problem. Six different factors must be
specified in order to define the scope of the problem , Identify the variables to be
considered , and specify the constraints within which the LP must operate . These
factors appear in the top block of Figure 3. 1 and are discussed below. Initially ,

- 
the manager must specify the bases he wants to utilize in the analysis. The
submodel is presently set up for the eight existing pilot training bases , but it
can be set up for more or fewer bases if desired.

3.6 Next the manager must specify the total amount of each facility line item
available at each base. Presently the 22 different facilities listed in Table 3. 1
are included in this submodel. This facilities list is essentially the same as
that in Table 2.1 , except that runways are classified into three different facilities.

- (i .e., each leng th of runway is equivalent to a facility line item) and the air-
craft operations building was e,”~luded since its size is neither a function of stu-
dent throughput nor tenant load . The current facility stock of these 22 facility
line items can be obtained directly from the Assets Position data file of the Static
IFRS model. This current facility stock should also include those facilities
presently under construction.

3.7 Sin ce non—pilot training activities also require the use of facilities at
these eight bases , the amount of each facility line item required for non—pilot
training use Is called the adjusted tenant demand and must also be calculated .
This adjusted tenant demand includes the facilities required by the tenants as
well as those required by the fixed portion of the NAS personnel and the variable
portion of the NAS personnel who are there to support the tenants .

3.8 Since this submodel minimizes facilit y investment cost , the unit cost
(e.g., cost per square foot of hangar space) of each facility line item must be

- 
- 

entered for each of the 22 facilities . Thes e unit cost data can be obtained
directly from the Static IFRS model data files.

1 3.9 Data that define the pilot training program must also be available .
Thu s , the number of training phases in the pipeline (presently there are 15) as

• I well as the desired PTR , MIX , and MODE are required . The PTR and MIX are
1 obtained directly from the output of the Static IFRS model.

I 3. 10 From these factors , the scope of the problem , the variables to be
considered , and the constraints are defined . These factors also form the
basis for computing the coefficients for the LP matrix .

I 

3. 11 Input Data Requirements. Once the scope of the problem has been
defined , these factors are used in conjunction with the Static IFRS methodology
to calculate those Input data shown in the second box of Figure 3.1. These are
the coeff icient s tha t are entered Into the LP matrix. A brief discussion of these
coeff icients follows:

~
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TABLE 3.1

FACILITY LINE ITEMS I
Number Name j

1 3 ,000 ft runway system (runway , taxiway, lighti ng)
2 5 , 000 ft runway system (runway , ta~dway , lighting)
3 8 , 000 ft runway system (runway, taxiway, lighting)
4 Aircraft parking apron

• 
- 

5 Aircraft ready fuel storage
6 Underground distribution pipeline
7 Academic building
8 Aircraft maintenance hangars
9 Public works maintenance shops

10 General warehouses (covered storage)
11 Dispensary with beds
12 Admi nistrative offices
13 Enlisted men’s barracks with/without mess
14 Mess hail
15 BOQs without mess
16 Exchange
17 Enlisted men ’s service club
18 Electrical distribution line s

• 19 Water distribution line s 
- 

-

20 Roads
21 Auto parking aprons -
22 Family housing

I

I
a

I

I

14 j
L~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_



- _~~~~~~~ •. . - - •

I • Facility requirements per student—the amount of
each facility line item required by one student

I (includi ng the amount of facility required by the
variable portion of the NAS personnel who are
there because this one student is there) . Since

I the manpower composition of each phase is
different, this value must be calculated for each
phase (i. e. ,  22 facility line items x 15 phases =

I 

330 values) .

• Unit facility replacement cost—the cost of build—

I 
ing one unit of each facility . This is the same
value used in defini ng the problem. In the matrix , *these 22 values are used to determine the next

r matrix input .

• Cost per student required to build all new facilities—
the cumulative cost of building the amount of each

I facility (i.e.,  22 line items) required by one student .
This value is calculated for 15 phases and 8 bases
or 120 values .

I • Adj usted facility stock by base—this is the amount of
facility stock remaining for use by the pilot training

I program after all adj usted tenant demands have been
satisfied . This is tota l stock less adj usted tenant
demand with 22 facilities at 8 bases or 176 values .

I • The desired student load—this is obtained directly
from the PTR and consists of 15 values .

I 3 ,12 These coefficients are then entered into the LI’ matrix as discussed
next . The value of each of these coefficients is contained in Volume II.

3. 13 LI’ Methodology. The LP formulation consists of the following:

I • An obj ective function which is an equation defining
- - the objective of the problem. In this case the ob—

jective statement is composed of 296 terms repre-
senting the MCON cost for each phase by base.
The programming process trys to make thi s MCON
cost as low as possible .

• A series of equations reflecting the constraints
and resource limitation s of the problem (e.g. ,
excess facilities cannot be sold to reduce cost ,
etc.) .

15



• A maximum value of all constraints which is called
the right—hand side (RHS); e .g .,  the adjusted dmount
of facility stock available at each base , the tota l
student load for each phase , etc .

• A series of “ slack” variables that are required to - *
account for those resources not used; i .e.,  re-
sources not used up to the limits of the right—hand
side .

3 e14 A diagram of these elements appears in Figure 3.2. This figure repre-
sents the resulting large matrix with coefficients representing the use of facilities
required to support students as the training phases are assigned to each base.
The solution of the problem is then developed by searching among different
assignments of phases to bases to find that assignm ent that permits the desired
PTh for minimum facility investment cost while not exceeding any constraints . —

3 ,15 Initially , a feasible phase—to—base assignment (i.e., one in which
no constraint is exceeded) is def ined by the LP and the value of the obj ective —

function is calculated . The LI’ solution evolves by making changes to this
initial phase—to—base assignment and recomputing the facility cost (i.e., objec-
tive function) . Small changes to this assignment continue to be made until
an assignment is reached where the facility investment cost cannot be decreased
for the desired PTR .

3.16 Output. Once the optimal solution is reached , the manager receives
the following information from this submodel: L

• The number of students for each phase assigned
— to each base (i . e . ,  the sum of the student load

of each phase across all bases is equal to the
desired student load entered) . r

• The minimum facility investment cost required to
train the desired PTR (i .e., the total investment
cost is the final value of the obj ective function) .

• The amount of facility excesses at each base by
• line item .

Illustrative Example of MCON Minimizer

3. 17 To illustrate the operations of the first generation MCON Minimizer , r
- - the following sample run is discussed . In this example , the question asked was , 1.

“Where should the training phases be located in order to train 2 ,245 students
(i.e.,  PTR of 2 ,245) with the lowest possible facili ty investment cost?” To
solve this problem , the LI’ matrix was set up with those coefficients discussed
previously. Next the LI’ program was run on the computer and after approximately
800 iterations (i.e., small assignment cha nges) , the minimum facility investment

16
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cost was calculated . The resultant phase—to—base assignment appears in Table
3.2 . The total student load of each phase appears In the right—hand column and
the total student load for each base appears in the bottom row . In thi s case ,
10 phases were split Into 2 or more segments while 5 phases remained totally
assigned to one base . It is interesting to note that over 50% of the total student
load Is located at three bases (I.e., Pensacola , Whiting , and Saufley) . In
studying this sample output , the manager must be cognizant of the problem des-
cription previously set up . This allocation scheme is based solely on minimizing

- 
- the facility investment cost at these eight bases . Furthermore , the model was run

without operationa l policy constraints (e .g ., it assumed that any phase could be
located at any base , and that airspace was not constraining , etc.) .

Computer Requirements

3.18 The MCON Minimizer is designed to run on a larg e batch processing
computer . Presently it is operational on the Navy ’s UNiVAC 1108 computer and

r uses UNIV AC ’s linear programming package , LP1 • The large matrix results in
a run time of roughly 1 hour for each run . However , if several sequential runs are
made , the unit run time can be decreased .

TH E PTR MAXIMIZER SUBMODEL

Purpose

3.19 The purpose of the PTR Maximizer submodel is to calculate the phase—
to—base assignment that provides the maximum possible PTR that can be achieved
with the existing facility stock at the pilot training bases .
Methodology

3.20 An overview of the PTR Maximizer submodel appears in Figure 3 .3. This
fig ure presents a definition of the maximizer problem , the Input data required ,

- • where the linear programming process is required , and the outputs generated .
Volume II of this report should be consulted for a detailed discussion of this
submodel .
3. 21 Definition of the Maximizer Problem, The factors that must be specified
in order to define the scope of the maximizer problem , identify the variables to
be considered , and specify the constraints within which the LI’ must operate

• appear in the top block of Figure 3. 3 . Many of these factors are the same as
those required to define the MC ON Minimizer . The differences are :

• Only six facility line Items are included in the
PTR MaximIzer for a single run.

• No PTR Is specif ied in the PTR Maximizer, since
a PTR is generated by this submodel.

• Unit facility costs by line item are not required
in this submodel , since cost is not considered .

18 
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3.22 First , the manager must specify which bases he wants to utilize . Next ,
he selects the facility line items to be included in the PTR Maximizer run . These

t are the facilities that determine the PTR . He selects 6 facilities from the 22
facilities that were previously listed in Table 3. 1. For these six facilities ,
the present stock by base and the adj usted tenant demand must be known . The
number of training phases , the MIX , and MODE must also be known . These
data specify the proportion of students who must be in each phase to graduate
a PTR with the proper MIX . These factors that define the scope of the problem ,
the constraints , and variables included are also used as the basis for calculating
coefficients for the LP matrix.

3 .23 Input Data Requirements. The coefficients that are entered into the LI’
which were calculated with the above factors and the Static IFRS methodology
appear in the second block of Figure 3. 3.

• Facility requirement p~~ student — this is the same
as discussed in the MCON Minimizer submodel;
however , only 6 facility line items are included
for 1 run in this submodel (i. e. ,  6 facility line
items x 15 phases or 90 values) .

• Adjusted facility stock by base—this was also
discussed with the MCON Minimizer; however,
with 6 facilities , there are only 48 values in
thi s submodel (6 x 8 = 48)

• Specified MIX—this is the proportion of the
number of students who must be in each
phase (i.e., 15 values) .

These coefficients are then entered into the LP matrix .

3. 24 LI’ Methodology. Thi s LI’ formu lation is similar to the MC ON Minimizer
formulation as shown in Figure 3.3 . It consists of the following :

• An objective function which Is an equation that
defines the obj ective of the problem . In this sub-
model , the obje ctive function is composed of a
set of variables representing student load for each
training phase by base , and the LI’ try s to make this

• - - student load as large as possible. In this submodel
the obj ective function equals a maximum whereas
previously it equaled a minimum .

• A series of equations reflecting the constraints and
- 

- :1- resource limitations of the problem , e.g. , the pro—
portion of students in each phase must a lways result

S r in a PTR with the proper MIX.

t 
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• A maximum value of all constraints which is called
the right-hand side; e.g., the number of runways

-~~ at a base is 4 or less .

- - • A series of “ slack” variables required to account
for those resources that are not used; i.e., resources

- 

- not used up to the limit of the right-hand side or the
excess fac ilities.

This problem is represented by a large matrix with coefficients representing the - I
use of facilities required to support students as the training phases are assigned

• to each base . The LI’ solution evolves in a manner similar to that of the MCON
Minimizer solution. It evolves by assigning phases to bases , computing facility

- - excesses , making a small change in assignment , recomputing excess , until an
assignment is reached where throughput (PTR) cannot be increased .

3. 25 Output . The manager receives the following information from the PTR 
-

Maximizer. -

• The maximum number of students for each phase assigned -

to each base -

• The amount of each facility line item not used (i .e. ,  ex- .1

cesses) by either the tena nts or pilot training program .

The sum of the student load s of each phase acros s all bases can then be directly
related to the throughput and the resulting PTR . The MIX is as initially specified .
The manager knows the amount of excess facilities at each base and can utilize
them as necessary for other purposes . J
Illustrative Example

• 3. 26 The two following sample runs illustrate the operation of the first genera- J
tion PTR Maximizer. Each run includes different facility line items .

3. 27 Facility Group I Example . In this example , the question asked was: *

“ How many students can be trained using all 8 bases and the present 15—phase
pipeline based on the availability of the following facilities—BOQs , enlisted

• men’s barracks , mess halls , family housing , administrative offices , and ware-
houses ?“
3 .28 The LI’ matrix was set up to reflect the per student facility requirements --

- -
~ and adj usted facility stocks for these six faci lity line items and the present MIX.
I Next the computer program was run and after 120 iterations (operations of the
- algorithm), the maximum student loads assigned to each base were calculated
- as shown in Table 3.3. The total student load of each phase appears in the ii

right-hand column and the tota l student load for each base appears in the bottom
row . Note that in five instances , the model split the training phases. The
Advanced Jet TA phase , was split into three components . The resultant student
loads provide a PTR of 1,970 pilots as shown at the bottom of Table 3.3. It

z2 F
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should be remembered that this allocation scheme Is based solely on the avail-
ability of the six different facilities which the manager wanted to use in this
sample run . Furthermore , the model was run without operationa l policy constraints
(e.g., it assumed that any phase could be located at any base) . Table 3.4 con-
tains a listing of the excess facilities remaining at each base after this allocation .
Facilities that have zero excess are those that limited the PTR. Thus for NAS
Corpus Christ.l, both enlisted men ’s barracks and family housing were constraining
while administrative offices appeared as a constraint at NAS Kingsville .
3. 29 In all probability, the manager would want to make another computer
run excluding administrative offices since this facility probably does not actually
limit the pilot training program • In fact , for the pilot training program he prob-
ably should make runs based on aircraft—related facilities.

TABLE 3.4

I’TR MAXIMIZER— EXCESS FACILITIES ,
FACILITY GROUP I

___________ _________ 
Facility * _______ _________

Base Mmi n EM** Mess FamilyWarehouse Office Barracks Halts BOQs Housing
Chase 4 , 552 13 ,804 565 23 ,721 29 0
Corpus 863 ,885 86 ,124 0 4 ,024 100 0

Ellyson 14 ,543 0 32 1 8 ,327 146 537

King 83 ,785 0 549 18 , 644 12 114

Meridian 18 ,896 10 , 081 335 7 ,763 337 0

Pensacola 583 , 224 82 ,532 563 0 1,177 92

Saufley 5, 039 0 358 7 , 173 537 403

Whiting 7 ,754 0 366 23 , 585 346 532

* See Table 2. 1 for units of measure .
** Enlisted men .

3. 30 Facility Group II Example. This second example illustrates the use
of the PTR Maximizer based on the following aircraft—related facilities:

• 3, 000 ft runwa ys

• 5,000 ft runways

• 8 , 000 ft runways

• Aircraft parking aprons
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• Maintenance hangars

- - • Enlisted men’s barracks.

-~~ Based on the availability of these facilities , the maximum PTR is 3 , 360 or almost
- 1 ,400 more than with facility group I. The resulting student loads and phase-to—

-
- 

base assignments appear in Table 3.5.
Computer Requirements

• 3 3 1  The PTh Maximizer is designed to run on a relatively small batch processing
computer. Presently It is operational on ORI’s CDC 3100 machIne and takes approx-
imately 7 minutes per run .

H

ii i i
~

11. 25



r 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a,
U)
40.c
A. LI) 0 0) ~~‘ LI) — C’) C’) C— (0 0) ~~ ~~‘ C’.) C’.) q’

- LI) C’.) 0) 0 0) ~~ U) 41) C.) — U) 41) (0 11) 0 0
~~~ — ~~~ C’) — — C’) C’.) (0 — ~~ ‘ C-.) — 0)

a,
0) LI) 0) ~~

. 11)
4 — 0) ~~‘ N. C’) (‘5

4 — — — LI)

>‘4)
a N N. ~~‘ 0 (0 ~~‘ 0)

C’- — (0 .-. (0 C’)
ID — C’)
Cl) 

CO
-.

U ~0 LI)
ID C’) ( 0 ( 0  11)— —  C’)

0. - 

U) ~~ 0) N — —>~ Z U) U) C’) U) (0 —
ID — —Cl)

C.) — —
—

i-I ~~~~~~
~~ 

(0 C’) 0)
~~‘ U) 0) C’) C’.)

04 C’) C’)h
~~~~

U ) 0
>, U) C’.) 0 5 ( 0— — ~~. — (0

— 4.4 0 4,- t
0) C’) C’) 0) — N. 00 0

C’) — 0 0) C’) — N. U) N. ~~C’) — ~~‘ C’) q (0

A. ~~~~~~~~~~__ _ _  — —4, • ,

H ~~‘ U) 0) 0)
ID — 0) 0) 0)

• .~~ C’) C’S0 C’)

C’) I I
— 

0 C.)
.2

~~ CO ID C) U 0 ‘—.~~~~~~~ U U A. 0 ~~ —A.

— C4 ~~ ~~ (0 C-. ~~ 0) © — C’.) C’) ~~

_ _  — - H —

26

—~~~~ _ _ _ _ _  

j_~~



_______ - - _ _ _
~~~~~-—-—-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

-~~~~~~~TtT~T’
-

~~~~~ I
1

- 

- IV. CONCLUSIONS AND RECOMMENDATIONS

4.1 The development of an optimization model for the IFRS study Is feasible
and the development of two prototype submodels confirms thi s feasibility . These
submodels provide the facilities manager with a powerful ana lytic tool that if
used properly will greatly enhance his management capabilities. In fact even
a quick review of the various coefficients required points out many interesting
facts on the training program.

LIMITATIONS

4.2  This study was an initial attempt to determine if an optimization type
model could be developed with the data and methodology presently available. Even
though the scope of the study limited the data sources to the Static IFR S model ,
these two prototype submodels are technically correct and accurate . However ,
these submodels do not consider all factors associated with the pilot training
progra m (e.g ., travel cost , feasibility of splitting phases , etc.) and thus do not

-t provide a truly optimum training program . Unfortunately , the model is somewhat
limited by the assumption of continuous runways . This problem could be over-
come by the development of an integer linear program to handle runways.

RECOM MENDATIONS

4 , 3 It is recommended that additionaL runs be made on these two submodels
based on several a lternative problems . For instance , the MCON Minimizer
might be run for seven bases and a completely new syllabus. These new runs

• - would provide NAVFAC with a better understanding of the capabilities of these
submodels .
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4.4 Second , it is recommended that a time-share computer progra m that
calculates the multitude of coefficients be developed . Thus , when the pilot
training program changes , these new coefficients could be readily available for
making new runs on the Optimization model. 

-

4.5  ThIrd , it is recommended that a similar optimization model be developed
for the fleet NAS at a later date . It is believed that the use of these submodels
may prove more useful to the fleet NAS s since they change composition more often.
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