UNITED STATES AIR FORCE
AIR UNIVERSITY

AIR FORCE INSTITUTE OF TECHNOLOGY
Wright-Patterson Air Force Base,Ohio




SRV 8. g~

THE DESIGN OF LOGAIR FEEDER ROUTES

Elie J. Boudreaux III, Major, USAF :
John B. Olansen, Jr., Major, USAF 4

LSSR 37-77A

Oty




The contents of the document are technically accurate,

and no sensitive items, detrimental ideas, or deliterious
information are contained therein. Furthermore, the views
expressed in the document are those of the author and do
not necessarily reflect the views of the School of Systems
and Logistics, the Air University, the United States Air
Force, or the Department of Defense.




.

e T

USAF SCN 75-20B AFIT Control Number LSSR 37-77A

AFIT RESEARCI ASSESSMENT

The purpose of this questionnaire is to determine the potential for current
and future applications of AFIT thesis research. Please return completed
questionnaires to: AFIT/SLGR (Thesis Feedback), Wright-Patterson AFB,

Ohio 45433.

1. Did this research contribute to a current Air Force project?
a. Yes b. No
2. Do you believe this research tonic is significant enough that it would

have been researched (or contracted) by your organization or another agency
if AFIT had not researched it?

a. Yes b. No

3. The benefits of AFIT research can often be expressed by the equivalent
value that your agency received by virtue of AFIT performing the research.
Can you estimate what this research would have cost if it had been
accomplished under contract or if it had been done in-house in terms of man-
power and/or dollars?

a. Man-years $ (Contract).

b. Man-years $ (In-house).

4. Often it is not possible to attach equivalent dollar values to resecarch,
although the results of the research may, in fact, be important. Whether or
not you were able to establish an equivalent value for this research (3 above),
what is your estimate of its significance?

a. Highly b. Significant c. Slightly d. Of No
Significant Significant Significance
5. Comments:
Name and Grade Position
Organization Location




UNCLASSIFIED

SECURITY CLASS'FICATION QF THIS ®AGE (When Nate Entered)

(\/’l/) REPORT DOCUMENTATION PAGE R e
~———f L_REPORT MUNRER e, ]z. GOVT ACCESSICN NO.| 3. PECIS'ENT'S CATALOG NUMBER
' ’H I I TLSSR-37-774 L L -
o e — 1 T f'mmm') =0 '\FE OF REDO&T & PERIOD cgl;nso
= (D sasvrts giosis, |
\ \y =R DESIGN OF LOGAIR FEEDER ROUTES - \ (i master's /'”hes = 1
——— / Gl-oewmmnwuﬁea ‘
/- 7. AUTHQB(a). T ———— 8. CONTRACT OR GRANT NUMBER(s)
)| Bte 3 /Boudresux, III} Major, USAF
(/A | Jomn B /Ola.nsen, Jzf; Major, USAF
E 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::gg-ﬂ?ac; MS:{TT P!:‘OEJEES.ST TASK
f Graduate Education Division ' i
i School of Systems and Logistics il
| Air Force Institute of Technology,WPAFB OH} :
11, CONTROLLING OFFICE NAME AND ADDRESS v
Department of Research and Administra® lvé.ai June 1977 [ L]
Management (LSGR) OF PAGES
AFIT/ISGR, WPAFB OH 45433 109
73, MONITORING AGENCY NAME & ooaassm dilferent from Controlling Office) | 1S. SECURITY CLASS. (of this report) E
UNCILASSIFIED
1Sa. ggEIEDASEIEFICATION/'DOWNGRADING
16. DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited
17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, il different from Report)
18. SUPPLEMENTARY NOTES
APPROVEQ AIC R'-'LEASE AFR 1%20- 17
F “'c‘:cr:.ss SAPT; v
Director of Information A
19. KEY WORDS (Continue on reverse side if necessary and identify by block number) {
LOGAIR Feeder Routes Transportation Model
Mathemstical Model Computer Programs
Binary Linear Program
20. ABSTRACT (Continue on reverse side {{ necessary end identify by block number)
Thesic Chairman: Major Charles E. Ebeling
DD 5% 1473  e€oimion oF 1 Nov 68 1s OBsOLETE UNCLASSIFIED Ve

el

) g
& Z / /_‘, t ) SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




r T D S T R T e ey T e T fa I - ‘1
|

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

\/
LOGAIR is the U.S. Air Force contracted commercial air carrier
system which provides daily delivery of reparable and consum-
mable items to all major USAF installations in the continental
U.S. The system is completely airlift dedicated and does not
consider other modes of transportation. This thesis develops
and tests a method of minimizing LOGAIR feeder route trans-
portation costs which allows for a general comparison of dis-
tribution options such as mixing transportation modes and
varying performance levels. The mathematical model developed
is a binary linear program which allows maximum flexibility
for performing sensitivity analysis over a variety of con-

straint requirements.
which may be realized
and the relaxation of

Example problems demonstrate the savings
by the introduction of surface vehicles
certain performance requirements.

';{7_“ j) \

{ UNCLASSIFIED

| SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




LSSR 37-77A

THE DESIGN OF LOGAIR FEEDER ROUTES

A Thesis

Presented to the Faculty of the School of Systems and Logistics

of the Air Force Institute of Technology
Air University
In Partial Fulfillment of the Requirements for the

Degree of Master of Science in Facilities Management

By
Elie J. Boudreaux III, BS John B. Olansen, Jr., BS
Major, USAF MaJor, USAF
June 1977

Approved for public releasey
distribution unlimited




This thesis, written by
Major Elie J. Boudreaux III
and
Major John B. Olansen, dJr.
has been accepted by the undersigned on behalf of the fac-
ulty of the School of Systems and Logistics in partial ful-
fillment of the requirements for the degree of

MASTER OF SCIENCE IN FACILITIES MANAGEMENT
DATE: 15 June 1977

ii

E




rv

ACENOWLEDGENTS

The authors wish to express their sincere appre-
ciation to Major Charles E. Ebeling for his patience,
assistance, and guidance throughout the course of this
study.

We also extend our gratitude to Marianne Ramsey
for her expert proofing and typing of this manuscript.

Finally, this thesis is dedicated to our wives,
Dolly and Jacquie, for their assistance and support through-

out this past year.

iil

R J




TABLE OF CONTENTS

ACENOWLEDGMENTS o« o« o« o s o = = = &

LIS T OF TA—BLES - L] L d - - - - -

LIST OF FI GURES - - L L - - - - - -

Chapter

T JNTRODUCTION o o o o = =

Statement of the Problem

Background o « o o o

Developing requirements

Other attempts . .
Justification . « « «
ObJective o & 4 & & &

2. MODEL DEVELOFMENT . . .
General s o @ s o s
Model Derivation . .
The Model « « ¢ o &

Objective function

Constraints « « « «

Problem size . « «
Data Collection . . .

Demand o« o« o ¢ & o

Capacity « ¢ ¢ « »

iv

Page
134

vii

N

O W O ~3 un &£ v

10

12
1%
16
17
17
18




Chapter
Transit time . . <
Gogbne St e

Model validity . .

.

Sensitivity analysis

Summary of Assumptions

3. PHET MDY s &2 ¢ & =
General < « « ¢ & o

Pilet Problem , . .
Problem Solution . .
Manual solution .
Computer solutions
FORTRAN Program . .
Summary . . o o o

Model Efficiency . .

SUMMary « « « o =

Summary of Limitations

&, HESULTS + ¢ o« « » » «
General o« ¢ & = ...

Phase analyses .

Results of Analyses

S5 CORCLUSION ¢« o o o « &
SUIMEBLY & s« & o o »

Recommendations . .

L]

Page




B AR b Ao BOSRE s  ~ANy  A  A i i S

Chapter Page
APPENDICES
Ay TFORTRAN PROGRAME , & « & o » s » & & si9o o = o 58
By FPEROR BROBENM - © ¢ o & s etaa e e 69
C. IOGAIR TROBLEM SUFPPORE DATA . o o o 5 o = = = 85
D. COMPUTER SOLUTIONS « = « = « o o « o« « o o « = G5
B. ANALYSIS SUMUARY o4 o o 4 s o« =a'a 3 o5 /a =« 402
BELECTED BIBLIOGRAITY - o o w5 i & 2 @ W istansl e & A0




Table

12

05
14,

15
16

17

17A.

18.

Basic
Basic
Pilot
Pilot
Pilot
Pilot
Pilot
Daily
Daily

LIST OF TABLES

Variables (One-Wey Travel Model) . .
Variables (Two-Way Travel Model) . .
Problem Data Bas€ . ¢ o ¢ o s o o o
Problem Solutlionl ¢« ¢ ¢« o o« o o o o &«
Problem Formulation (Basic Model) .
Problem Formulation (Transformed) .
Problem Solution « « o« « ¢ ¢ o o o o
Demands: Feeder Route S5R .« « « o« &«

Requirements: Feeder Route 5Q .

Vehicle Performance Characteristics . . .

Aircraft Transportation Costs (Per Mile) .

Truck

Transportation Costs ¢ « o« ¢ ¢ o o &«

Surface Statute Miles ale ¢ o @ o o = a o

A Statute Milesh 1o s o s e o & & = » &

Feeder Route 5R Analysis—-TP 1 and 2 Cargo

Feeder Route S5R Analysis--TP 1, 2, and 3

Big

Cargo L] L L4 L d - L d L3 . L4 - L] - L Ll -

Feeder Route S5R Miscellaneous Analysis
Delivery Every Other Day o« « o ¢ « o « &

Feeder Route 5R Miscellaneous Analysis
Satisfying All Demends--TP1, 2, and 3
All Ca:‘go L L L ] L L] L ] L] L ] ® . - L ] - - L ]

Combined Feeder Routes 5R and 5Q TP 1 and
2 OBEEO o o o« o & » 5 » & & & & & & & @

Page
o« o 24
aile 25
e 76
Sire S
« =« 78
- a B
-« OH
s = B6
. = &5
. 130
« s 9
o = n9e
s s 95
el o
« w96
o BY
« v 98
. % /| 37
s« » 100




Table
19.

20.

2.

a2,

Page

RIP30C Program Limits (Basic Variables
and Constraints Vs Base and Vehicles) . « 101

Options Analysis Summary for 54 Variables
aIld 46 Constl‘aints L] L ] o L] Ll L * L] . . J L4 1 OB

Options Analysis Summary for 81 Variables
and 62 Constraints .« & » /a'e = o » % = = ‘104

Options Analysis Summary for 108 Variables
and 78 Constraints ¢ « « « » « « s = s ¢« 405

TLil




|
|

12.
13.
14,
15.
16.
17

T e S

LIST OF FIGURES

LOGATR Route SETUCEUTE o o & o s o & o o o o @
Computations]l Prograld . « o « s o = » » & & »

Example of Varying Solution by Choosing a
Different Numbering Scheme « o« o« ¢ o o o o «

Example of Varying Solution by Choosing a
Different Numbering Scheme ¢« o« « « o« o o o »

Run Time Vs Variables (LP Start Option
On]-y) - ® L] L ] L ] - - L ] L] L ] - L] L] L ] L ] L ] L] L ] L ]

Iterations Vs Variables (ILP Start and No
Options OnJ—y) L ] - L ] L d - - L J L ] L] L d L ] - - - L]

Daily Cost Vs Performance Level,TP 1§2 . . . .
Daily Cost Vs Performance Level,TP 1,2,§3 Big.
Daily Cost Vs Performance Level,TP 1,2,§3. . .
Combined Boutes SR anid 5§ « ¢ o s o o o & & =
Present Houlte SR ¢ « « % « » ¢ s s % & % = =
Computior Roulie SB & & o s s % % & % % & 2 & &
FORTRAN Program for Distance Matrices . . «
FORTRAN Program for Solution Matrix . « « «
Instructions for Using FORTRAN Programs . . .
PilotU Problell 4 o« s s o 5 s s 3 « o s & » & =
Data Input for Pilot Problefl « « o s s« s & &

ix

45
47

42
51

25
59
€0
67
70
i




e

e ———————— e e e

Chapter 1

INTRODUCTION

Statement of the Problem

e S—

Air Force weapons systems receive their material
support from five Air Logistics Centers (ALC) operated by
the Air Force Logistics Command (AFLC). These ALCs are
linked together and to major Continental United States
(CONUS) installations through various contract, common
carrier, and government transportation systems. The primary
freight network, LOGATR, is a contract air cargo system
which will cost the Air Force 49.8 million dollars to
operate in fiscal year 1977 alone (7).

The LOGAIR route structure consists of a primary
(trunk) network which connects the ALCs to the Aerial Ports
of Embarkation (APOEs) and several secondary (feeder) net-
works which connect the ALCs to the customer bases
(18:A-2-A-4). The entire structure is presented in Figure
1. Daily service is providéd to each of these customer
bases via a feeder route which originates and terminates at
an ALC.

ttempts to optimize the operation of this network
over the past decade have resulted in only partial success

due to the size and complexity of the overall system. The
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LOGAIR feeder route structure is developed by a manual
process even though the primary trunk network has been
significantly improved through time-saving computer
assisted models (11:1). Since this manual process depends
upon heuristics, the feeder route structures which are
developed are not necessarily optimal1 in terms of either
effectiveness or efficiency and consequently the process J

is not conducive to sensitivity analysis.2

This thesis develops an optimizing method of deter-
mining LOGAIR feeder route structures that allows for a
general comparison of distribution options such as mixing

transportation modes and varying performance levels.

Background

LOGAIR is the U.S. Air Force contracted commercial
air carrier system which provides daily delivery of
reparable and consumable items to all major USAF instal-
lations in the CONUS. The system provides daily scheduled
service among 60 stations including the AICs, customer

bases, and APOEs.

1An optimal solution is a feasible solution that
is the most favorable in terms of cost (8:32).

2Sensitivity analysis means to vary one or more
parameters over some interval(s) to see when the optimal
solution changes (8:193).

—— R — ﬁAﬁﬁh-d.ﬁHi--I-"i




i Air Force Manual 76-1, The LOGAIR Traffic Manual,

lists the objectives of the system as follows:

1. Establish and maintain a cargo airlift service,

2. Improve the timeliness and effectiveness of
logistical support by expanding and improving the utiliza-
tion of air transportation, and

3. Improve the quality and reliability of the
system (18:3-1).

The LOGAIR system supports the movement of all
priority 1 and priority 2 cargo.3 Priority 3 cargo may also
be moved to the first downline station on a space available
basis (18:4-1). The system is completely airlift dedicated

and does not consider alternate modes of transportation.

Developing requirements for airlift. Each major Air Force

installation submits a forecast of priority 1 and priority
2 tonnage based upon first quarter historical data supplied
by AFIC. The LOGAIR Requirements Brancb.4 then develops,

from these data, a series of requirements matrices between

5Transportation priority codes are determined from
a matrix of Force/Activity Designator Codes versus Urgency
of Need Codes. Resulting combinations are prioritized as
transportation priorities 1, 2, and 3. (Source: DoD
Directive 4410.6)

“LOGATR Requirements Branch, EQ AFLC/LOTSL,

Wright-Patterson AFB OH.

4




origin stations and destination stations. The matrices are
then partitioned into trunk stations and feeder stations.5
A route structure is then developed which considers the
tonnage and type of aircraft necessary, delivery times,
number of landings, and flight scheduling. The route struc-
ture is costed in accordance with Civil Aeronautics Board
(CAB) rates and anticipated contract costs, and then sent

to the Air Staff for review and approval (13:G-2).

QOther attempts. Research efforts in this area have provided

both relief and insight into the LOGAIR problem. Captain
Michael F. McPherson and Captain Brian O'Hara, in a

master's thesis presented to the Air Force Institute of
Technology in June 1976, expanded upon a previous master's
thesis (14) in developing a computer-assisted method for
determining LOGAIR route structures. These studies cnly
considered the trunk route structures in developing a
mixed-integer programming model for minimizing costs. The
McPherson and O'Hara model showed that successful reduction
of LOGAIR contract costs was possible., However, even though

only 12 trunk nodes were considered, the computer algorithm

5In general, a trunk station is one which processes
approximately 2,000 tons or more of cargo per year. A
feeder station processes less than 2,000 tons (7).
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used could not generate an optimal solution within five
hours unless the trunk route structure problem was divided
into two sub-problems (11:25-27). This limitation high-
lights the enormity of the task of developing an overall
optimizing solution. Due to present state-of-the-art and
computer resource constraints, obtaining a total optimum
solution for all feeder nodes in consonance with the trunk
structure appears impossible.

A study conducted in 1976 for the Department of
Defense by E. A. Narragon and J. M. Neil, Logistics
Management Institute, contained two significant innovations:
the study was (1) the first formal attempt to evaluate the
savings possible by modifying the present feeder network
structure, and (2) the first study to consider the time/cost
trade-offs possible by utilizing a mixture of air and sur-
face (truck) transportation. The Logistics Management
Institute study pointed out, "There is an excellent surface
transportation system within CONUS upon which LOGAIR
managers are not capitalizing [1%:G-4]." Considerable
savings might be realized from an optimum mix of air and
surface transportation which can maintain the required

performance level.6

6Performance level is measured with respect to time
and consistency (1:28). The performance level required for
priority 1 and priority 2 cargo is one day delivery (DoD
Directive 4410.6).




Justification

Although lowest total cost expenditure was not an
explicit objective of the LOGAIR charter circa 1969
(18:3-1), Jjustification for reducing LOGAIR costs’ has sub-

sequently been documented (11:6). Soaring fuel costs and

dwindling fuel reserves dictate that the system be con-
stantly scrutinized for ways to increase the overall
efficiency in terms of defense dollars. The fiscal year
1968 Department of Defense budget, which was being formu-
lated at the same time the LOGAIR manual was being written,
comprised 43.6 percent of the Federal Budget. In contrast,
President Ford's fiscal year 1977 budget allocated only
25.4 percent to the military. The Air Force's share of the
Department of Defense budget decreased from 33.0 percent to
27.7 percent in the same period (19:108).

Previous efforts to reduce distribution costs, with ’
respect to LOGAIR, have been directed at the design of the
trunk route structure in order to provide a more efficient
solution by reducing the total air miles flown (11:7). No
progress has been made in térms of viewing the overall
savings possible if LOGAIR is viewed as a complete system

itself.

7The most recent cost figures show that the total
contract cost, including fuel subsidies, for fiscal year
1976 was $46.4 million., The estimated cost for fiscal year
1977 (disallowing increased fuel costs) is $49.8 million (7).

7




The capability to analyze altermatives within the
AFIC distribution system, including various mixes of air
and land transportation, inventory costs versus pipeline
times, transshipment points, etc., is necessary if the most
cost effective system at any one time is to be identified.
The performance of the total distribution system
(including LOGAIR) in terms of efficiency and effectiveness
is singularly important. Components linked together as a
system can produce an end result which is greater than that
possible by individual performance. Consequently, all com-
ponents must be evaluated on the basis of their contribution
to the system, as opposed to individual performance.
In final analysis it makes very little difference
whether a firm spends more or less dollars for an
individual component--warehousing for example--as

long as the overall logistical objectives are achieved
as the lowest total cost expenditure [1:17-18].

Objective

The objective of this research effort was to develop
a computer model for minimizing LOGAIR feeder route contract
costs. A secondary objective was to vary performance para-
meters in order to analyze trade-offs between cost and per-

formance.




Chapter 2

MODEL DEVELOPMENT

General

The mathematical model developed for LOGAIR feeder
routes is a binary linear program.1 The model was designed
to find a minimum cost route structure given a fixed number
of bases and various performance constraints. The model
structure allows maximum flexibility for performing sensi-
tivity analysis over a variety of constraint requirements.
The characteristics of the model are explained in detail as
they apply to the model derivative, data inputs, and vali-
dation. The software package used to solve the problem is
presented in RAND Report RM-5627-PR, and is also available
on CREATE.2

1A special linear programming problem whereby all
the variables are restricted to two values: zero or one,
A variable is used to indicate whether some possible action
is to be undertaken (X=1) or not (X=0) (8:705).

2CREATE is an acronym for the GE/Honeywell 635
computer system at the Air Force Institute of Technology.
CREATE stands for Computational Resources for Engineering
and Simulation Tralnlng and Education.




Model Derivation

Previous research efforts have been conducted on the
gereral vehicle dispatching problem first formulated by
Dantzig and Ramser (2:309). The general problem is to
satisfy the supply demands of a set of customers with known
locations and requirements from a depot via vehicles of
known capacity. The objective is to minimize costs of

delivery subject to constraints of customer requirements,

vehicle capacities, and either time or distance restric-
tions on the vehicle,

A mildly successful evaluation of the LOGAIR freight
delivery system within the context of the vehicle dispatching
problem was initiated as early as '1966.5 Recent efforts to
improve the LOGAIR system were the route structure model
developed by Palmatier and Prescott (14), and the subsequent
improved model by McPherson and O'Hara (11). Although these
models considered essentially the same problem, the solution
times required for sensitivity analyses could not be obtained
from the biranch and bound algorithm employed. The inef-
ficiency of the branch and bound technique, when used with
the vehicle scheduling problem, has previously been noted by
Christofides and Eilon:

?A combined heuristic and linear programming route
generation technique was proposed by the RAND Ccrporation
in October 1966 (5:4-11).

10
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Clearly the computational efficiency of the
branch and bound algorithm when applied to the
vehicle scheduling problem is substantially
reduced when compared with its efficiency in
solving an equivalent traveling salesman prob-
lem [2:316].

The inability of the McPherson and O'Hara model to
reach an optimal solution for the 12 node trunk structure
lends credence to this contention.

Several heuristic models were investigated, however,
the improbability of obtaining consistent near-optimal
solutions using heuristics eliminated such methodology from
extensive consideration (2:316-318). Near optimal solutions
would be necessary to conduct the desired sensitivity ana-
lysis on the performance parameters.

A model was developed by this research team which

combined the features of optimality, simplicity, ease of

application, and amenability to sensitivity analysis.

The Model

The problem, as was previously stated, is to mini-
mize the contract costs of transporting cargo within a
LOGAIR feeder system. The present feeder systems are com-
pletely airlift dedicated and do not consider other methods
of shipment. The task of generating a minimum cost feeder
route structure involves selectively choosing the cheapest

method of transporting cargo between each base and its

parent ALC, providing the selected mode can meet the

1




requirements of time and capacity. To determine the total
minimum cost, consideration must be given to all possible
routes among individual bases and between the individual
bases and the ALC. Also, all ﬁossible modes of tramsporta-
tion on these routes must be considered. Since daily
demands of cargo at each base are kxnown and the cost of
each mode of transportation can be determined, an objec-
tive function was, therefore, formulated to minimize the
total transportation cost of a feeder route.

The objective function is subject to several con-
straints such as (1) delivery time, (2) minimum vehicle
visits, (3) out and back requirements, (4) balance con-

straints, and (5) vehicle capacities.

Objective function. The decision variables of the model are

defined to be binary variables indicating the options of
traveling from one location (customer base) to another via
a specified vehicle. A binary variable is equal to one if
the corresponding route and vehicle is selected; otherwise,
the variable is equal to zero. The sum of the cost coef-
ficients of the non-zero variables in the objective func-
tion then determines the cost of that feeder route. The

objective function is expressed mathematically as follows:

12
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: Winimizes - 3. Ly 0 GuaBi. (LAl
: i1 i3 k=

Where Cijk = cost to travel from base i to base
J in vehicle k

1, if vehicle k is used between
and Xijk'= base 1 and base J

0, otherwise
i = departing base index
J = arriving base index
k = number of the vehicle placed in the

system for consideration

Constraints. The first set of constraints are the delivery

time constraints. These are included to allow comparisons
among route costs for various maximum delivery time criteria.
Time is specified in terms of hours, and the constraint indi-
cates the maximum time allowable to deliver goods from the
hub of the feeder network (the ALC) to all of the nodes
(bases) in the network. That is, a vehicle may depart an
ALC and visit one or more bases, but it must returm to the
ATC within a maximum specified time. Only those interbase
routes whose decision variables are not zero are included in
the summation. The general delivery time constraint is

expressed mathematically as follows:




Constraint 1:

M

-
[}
I

n
z tijkxia-ké T k = /I’ 2’ 3, e o o 1
5=

Where .

i3k = the time in hours to travel from

base i to base J in vehicle k

T = maximum time allowable for the sum
of interbase segments

The second constraint insures that each base will be
visited by exactly one vehicle since the sum of the set of
decision variables for all vehicles on each route entering a
base is set equal to one.4 This means that all but one of the
decision variables must equal zero, allowing only one vehicle
on a particular route segment. It is assumed that one
vehicle per day, either aircraft or truck, will be sufficient
to satisfy the daily demand of any base. Constraint two
is expressed as follows:

n m
Constraint 2: Z Z Bigp = T dom = 4, 8,5, « » o

i=1 k=1 A B
The out and back constraint insures that the number
of vehicles which depart the AILC will equal the number which
return, The constraint is expressed mathematically as fol-

lows:

AThis constraint is partially relaxed at the ALC to
allow all solution vehicles to return to the ALC.

14




i=1 J=1 1=1
for k = 1, 24 By o« » o 8
i# 3
base 1 = AIC M = large number

The out and back constraint for a vehicle "k" insures
that if that vehicle is used anywhere in the feeder network
it will be forced to return to the ALC. In conjunction
with Constraint 4, this will also insure that each vehicle
irn the system departs the ALC. In essence, this constraint
forces each vehicle out of the ALC and then back into the
ATC.

The fourth set of constraints, the balance con-
straints, insure that a vehicle which enters a base also

leaves that base. These constraints are written as follows:

n n
Constraint &4: jz jz 1% For K = "y &y By @ & e 0
i=1 $wd, 2.8 o nind

i#3

If vehicle k travels from base i to base J, it must also
travel from base J to base 1. In other words, any vehicles
entering base j also will leave base J.

The capacity constraints are similar to the time
constraints in that they can provide a comparison of route

structures controlled by vehicle weight and volume

15




limitations. These constraints will insure that the most
restrictive of the two will contribute to the selection of
the proper decision variables.

n

Constraint 5: z Z T/\(leak--\«Ik far Tk = 1y 2y By o w « W
i=1  §=1 i#3
n n
£
> Z T
l=’I =
Where W., V. = weight and volume inputs from the

37 '3 ATC to base j

weight and volume capacities,
respectively of vehicle k

)
h‘<
i

The weight and volume constraints provide that individual
capacities of each interbase route-vehicle combination will
be summed and compared to the maximum allowable vehicle

capacity.

Problem size. Problems formulated with the basic model will

have the following numbers of variables and constraints:

Number of variables = (g) xe2xh L)

Number of constraints = 4M + N + M (N-1) (2)

Where N = total number of bases in the network, and

M total number of vehicles in the network.

16
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As can be seen from these equations, the number of
variables and constraints increases exponentially as the
numbers of bases and vehicles increase.

The implicit enumeration algorithm which will be
used to solve the problem, is dimensioned for 100 constraints
and 150 variables. No further increase in dimension was pos-
sible because of the memory capacity limits of the computer

system.

Data Collection

The LOGAIR feeder system data required were available
at AFIC Headquarters and also within current Air Force publi-
cations. The data were categorized as follows: (1) customer
demand, (2) vehicle capacity, (3) vehicle transit time, and
(4) direct (vehicle) operating cost. ZEach of these cate-
gories are discussed here in relation to information sources,

model data requirements, and data transformations.

Demand. Daily demands for every major Air Force base are

available in the standard dafa base of the AFLC Control Data
Corporation (CDC) &400 CYBER computer.5 The base demands

represent the average daily tonnage and cubic feet

5The demand data were obtained from the DoD Material
Distribution Systems Study Group (DODMDS), courtesy of
AFILC/XRS (16).
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requirements for the period 1 October 1974 through

30 September 1975. The demand data require no transforma-
tion, and are presented in Appendix C. Discussions with
personnel at the AFLC Directorate of Transportation, LOGAIR
and Requirements Branch (LOTSL) indicated that these demand
figures can be considered accurate estimators of demand for

route planning purposes (7;9).

Capacity. Various vehicle capacities by weight and volume
are required for establishing the capacity constraints.
Both weight and volume are included to insure that the most
restrictive feature directly influences the optimal decision.
Aircraft capacities were obtained from the LOGAIR FY 77
Flight Schedules and Routing Guide (17:ii-iv). Various
truck capacities were obtained from the Chief Quality Con-
trol Inspector, Transportation Office, at Wright-Patterson
AFB., Due to the wide variety of trucks employed nationwide,
only standard capacity vehicles (i.e., the most common) were
considered. Various vehicle capacities are tabulated in

Appendix C.

Transit time. The travel time for any vehicle between any

two feeder nodes is equal to the distance between the nodes
times the estimated average speed of the vehicle plus the

load and unload time. Air miles used are great circle
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straight line distances (statute miles) obtained from cur-
rent CAB directives (17). Surface miles were obtained from
AFM 177-135, Official Table of Distances (20). Distance

matrices for the air and surface miles and the average

speeds and load and unload times for each vehicle type are

shown in Appendix C.

Cost. The determination of costs to service feeder segments
by different modes of transportation is different for air-
craft and surface vehicles., Aircraft cost data were ob-
tained from AFLC/LOTSL and include the basic plane cost per
mile, fuel subsidy, adjustment for the carrier's net
earnings tax and landing fees. The first three factors were
transformed into a total per mile cost; this resultant per
mile cost times air distance between feeders and the landing
fee produces the cost per route segment per aircraft. The
cost of service by various trucks can only be estimated from
existing dedicated truck contracts and recent contractual
history, as a standard rate does not exist. ZXach service
contract is negotiated individually by the Military Traffic
Management Command (MIMC) (9). Appendix C lists the costs

per mile for both aircraft and trucks.

Model validity. Internal validation was a continuing process

throughout all phases of the model development and testing.
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The intermal validity was enhanced by continual crcss-
checking of mathematical manipulations and tabulations for
accuracy and correctness. Assumptions and logic flow were
continually reviewed for appropriateness particularly in
the development phase.

Three external validation phases were required to
insure that the model worked properly and that the total
software package was convenient to use. The first phase
required that the pilot problem be manually formulated and
put into the RIP30C program to insure that the problem could
be solved. The second phase required the validation of the
matrix-generative FORTRAN program which was written to facil-
itate the data input for the RIP30C program. The third and
final external validation phase consisted of sclving for an
optimum solution for the present LOGAIR Route SR and perfor-
ming a sensitivity analysis. This phase of the model vali-

dation is covered in Chapter 4.

Sensitivity analysis. An extensive sensitivity analysis was

;conducted to complete the extermal validation and to demon-
strate the flexibility of the model. Minimum cost route
structures were determined for a variety of input conditions,
generalized as follows:

1. Alternatives to the present policy of one-day

delivery to each customer were explored.
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2.

big load, and priority 3 big and small load, cargo.

3.

to determine a relationship with size of demands.

Summary of Assumptions

Base demands were varied to include priority 3

The type of vehicles were varied in an attempt

Te

Directorates are valid.

P28
3.
4,
5.

will be sufficient to satisfy the daily demand of any base.

The data obtained from AFLC Transportation

Demands are deterministic (known with certainty).
Time measures are linear (11:23).
More cargo goes into a base than comes out.

One vehicle per day, either aircraft or truck,




Chapter 3
PILOT STUDY

General

Although the basic model is bi-directional in nature,

the problems considered here were formulated to permit travel
in one direction only. The exception to this rule is that
the arcs connecting the bases with the ALC permit travel in
both directions. This exception is to permit a wvehicle to
visit any base in the system at either the start or the
finish of a route, depending on the merits of the individual
srrangements.

The one-way travel restriction has the advantage of
/1

reducing the number of variables' in the model and thereby

permits a larger problem to be solved with the given com-

it

puter limitations (time and core space). If each arc con-

necting two bases is allowed to have traffic flow in either

& 3

irection,” then the total number of variables in the prob-

lem is computed by use of Equation 1.

1The number of constraints is determined by the
total number of nodes and vehicles, and is not affected by
either flow selection.

2 t is assumed that there is no difference in cost

between traversing an individual arc in one direction vice
another. The shortest connecting route between several
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By contrast, the number of variables in the problem

formulation, given the one-way restriction, is:
Number of variables = [Cg) + (N—1)] x M (3)

For comparison, Table 1 and 2 summarize the number
of variables required for various combinations of nodes and
vehicles for both one-way and two-way travel. The area below
the heavy lines indicates the area where artifically imposed
computer limitations would not permit complete problem solu-

tions.

Pilot Problem

A logistics network which consisted of three cus-
tomer bases, one ALC, and two vehicles was fabricated to
assist in validating the model and developing the necessary
software. The problem was constrained so as to permit a
solution to be determined either by inspection or by an
implicit enumeration algorithm. Of the three customer bases
(nodes 2, 3, and 4), two of them (nodes 3 and 4) were
located sufficiently close t§ the ALC (node 1) to permit
access by surface transportation. The other base (node 2)

was accessible by aircraft only because of the time

nodes may be affected by the one-way restrictions however.
The optimality of the solution in this case will depend
upon the numbering system, as will be discussed later.




Table 1

Basic Variables

(One-Way Travel Model)

Number of Vehicles, M

Number of
Bases, N > 3 4 E 6
~ 4 6 8 10 12
3 10 15 20 25 20
4 18 27 36 £ o
> 28 42 56 70 84
5] 40 60 80 100 120
7 S4 81 108 135 162
8 70 105 140 175 210
9 88 132 176 220 264
10 108 162 216 270 324
11 130 195 260 325 390
12 154 231 308 385 4e2
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Table 2
Basic Variables

(Two-Way Travel Model) 3

Number of Number of Vehicles, M
Bases, N 5 5 . = =
2 % 6 8 10 12
3 12 18 o4 20 36
% 24 36 48 60 72
5 40 60 80 100 120
5 60 90 120 1so0 | 180
7 84 126 168 210 252
8 112 168 224 280 336
9 144 216 288 360 442
10 180 270 360 450 540
i 2= 330 440 550 660
= 264 396 528 660 792

A
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constraint. For the sake of simplicity only two vehicles
were considered in the problem——an aircraft and a truck.
The values selected for the problem variables were similar

to actual data.

Problem Solution

Manual solution. The optimum solution to the pilot problem

is shown in Appendix B. It can be readily seen that there
are on'y two feasible solutions to the problem because of
the constraints. The optimum solution is the feasible
solution with the lowest total cost, i.e., vehicle 1 (air-
craft) going from base 1 to base 2 and returning to base 1,
and vehicle 2 going from base 1 to base 3 to base & and

returning to base 1. The total cost is shown to be $6,800.

Computer solutions. In order to solve the pilot problem with

the RIP30C program, it was necessary to set up the problem

in the following standard format:

N
Minimize: EZ CJX
J=1

J

1, 2, 5, - . ON
(O] o 5

N
. = 3
Subject to: bi +-§Z ainj 0 1
J=1 Xj
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This standard format required that all the con-
straints of the basic model be formulated using "greater
than or equal to" signs as shown in Appendix B. The same
problem is also presented in the standard format required
by the computer. This change resulted in increasing the
number of constraints over that which was required by the
basic model.

Approximately eight hours were needed to marually
set up the constraints, compute the variable coefficients,
and type the matrices into an accessible file for the
RIP30C program. Additionally, the variables had to be
renumbered consecutively, i.e., Xﬁ2q became Xq, Xq;q became
X2, e,

The pilot problem was manually put into the RIP3CC
program and was successfully solved. The solution con-
firmed that the model was valid and appropriate to the
problem solution. Different solutions were obtained as the
constraint requirements were varied indicating the appli-

cability of the model to sensitivity analysis.

FORTRAN Program

The time required to manually set up the pilot
problem was considerable. Likewise, a considerable amount
of time was expended each time a vehicle was added to or
deleted from the system during the sensitivity analysis.
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Unfortunately, the coefficients of the variables being
eliminated could not be simply dropped from the matrix.
The coefficient matrix had to be completely redefined
before it would be accepted by the RIP30C program.
Although this effort was reasonable for the validation
process, it was apparent that this amount of set up time
would seriously hamper any practical application of the
model.

In order to alleviate this problem two FORTRAN pro-
grams were written. One program was written to develop
distance matrices for both the global statute miles (air
routes) and the surface statute miles between the wvarious
btases and between each base and the ALC. This program
accepts the distances in free format and generates the dis-
tance matrices in the format required by the second FORTRAN
program.

The second FORTRAN program was written to generate
the input data file for use with the RIP30C program. This
rogram automatically compufes all cost coefficients for
the objective function and the time requirements for each
vehicle on each route for the time constraint statements.
This information is then stored in a matrix of the proper
format for use by the RIP30C program. A complete listing

of both programs is presented in Appendix A.
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‘ A complete set of instructions is also provided in
Appendix A, This is a step-by-step outline of the procedures
which must be followed during the solution process.

The solution obtained by using the FORTRAN generated
matrices in the RIP30C program is precisely the same as was
obtained by using the RIP30C program alone (manually gener-
ated and inputed data matrices). The optimum solution
variables are printed below the "Least Z Before Variable

Change™" line in the solution output as shown in the pilot

i b st s e

problem solution in Appendix B. The solution variables are

listed as variable indexes and refer to the subscripts shown
in the data input for the pilot problem. For example,
variable index 11 refers to variable subscript 132, which
indicates that one of the solution variables is the use of
vehicle number 2 between base 1 and base 2. The time and

cost of each indiwvidual wvariable is also shown.

Summary. The FORTRAN programs reduced the time for genera-
tion of a solution matrix from approximately eight hours
to about.fifteen minutes. The most beneficial aspect of
these FORTRAN programs, however, is their accuracy. This
accuracy is insured through the simplicity of the manner in

which the programs receive the inputs from the user.

Figure 2 provides a complete overview of the compu-

tational programs used in the solution process.
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Model Efficiency

The basic model utilizing two-way arcs will develop
only optimal solutions when used within the confines of
given computer limits. This is because all possible route
combinations are considered in each problem formulation.
Under certain conditions, however, the basic model will also
develop infeasible solutions due to the possibility of a
vehicle looping5 between two customer bases. Problems for-
mulated with the one-way model, on the other hand, may not
produce an optimal solution, depending upon the method by
which bases are numbered for the problem formulation, but
will always develop a feasible solution.

It was decided to pursue the obJective of this
research effort utilizing the basic model with the one-way
restriction for two reasons: (1) the greater efficiency of
the model with the one-way restriction,4 and (2) the apparent
power of the model to consistently produce optimal or very
near optimal solutions. This last statement is supported by

the results obtained from the example problems.

5’l‘he solution is infeasible because it does not
provide a connecting route to or from the AILC.

q'Computez: time will always be limited, whether by
capacity or by other resources., Since the objective is to
develop a mathematical computer model to minimize the
feeder route costs it is felt that the more customer bases
and vehicles which can reasonably be considered at the same
time will ultimately lead to the lowest overall costs.
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In most cases the solutions obtained with the one-way
restriction appear to be optimal. Sub-optimal solutions
which were obtained, fell into two general types, both of
which were attributed to the method of numbering the bases
in the network. These general types are depicted in Figures
3 and 4.

The sub-optimal solution depicted in Figure 3 is
the least consequential of the two types because it is
easily spotted by inspection. The key to the sub-optimality
is that the vehicle crosses its own path. Whenever this
occurs, the bases in the affected route should be re-numbered
to eliminate the crossed path., The revised solution should
then be optimal.

One of the solutions depicted in Figure 4 is a
sub-optimal solution of the second type. From the infor-
mation presented, it is impossible to determine if (a) or
(b) is the better solution unless the distances are measured.
Again the determination of a possible sub-optimal solution
must be made by inspection.4 If it is determined that the
possibility exists, then the bases involved should be
re-numbered and the problem re-solved. Experience with this
type of solution indicates that in order to insure an optimal
solution, base B, which is common %o both triangles DBC and

ABC, should be re-numbered at least three different times.
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(a) Optimal Solution (b) Sub-Optimal Solution

Figure 3
Example of Varying Solution by Choosing a

Different Numbering Scheme




Figure 4
Example of Varying Solution by Choosing a

Different Numbering Scheme




Base B should be given the highest number in its cluster,
the lowest number in its cluster, and then the number it

would receive if the bases were numbered sequentially.

Summary. Although the problem of sub-optimality does not
seriously limit the use of the model, it must nonetheless
be considered. There are two possibilities for overcoming
this limitation: (1) increase computer time and memory
space for the size problem necessary to solve the basic
(two-way) model, or (2) use a logical numbering system.

The first possibility should not be ccmpletely ruled out.
LOGAIR contracts are awarded on a yearly basis and as such,
may be of sufficient importance to warrant a large block of
computer time and space to guarantee optimality. The second
method, although heuristic, costs very little to implement,
A logical numbering system dictates that the bases be
assigned numbers in a continuocus clockwise (or counter-
clockwise) manner. If a cluster of bases does not form a
naturally circular path or other natural pattern, the prob-
lem should be run with different numbering systems and
scrutinized for the general type of sub-optimal solutions

as previously mentioned.

Summary of Limitations

1. The model regquires the LOGAIR feeder networks
to have specified depot and customer bases, as it will only
be optimal for a given set of nodes.
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2. Computer core space available for the solution
of the LOGAIR model was limited to 65K. This limitation
subsequently limited the size of problems which could be
solved during this research effort to a maximum of 150

variables and 100 constraints.

3. Infeasible solutions occurred with the basic
model due to looping between bases. This problem was
elimingated with a modification to the basic model.

4, Data inputs into the FORTRAN matrix generators
are subject to the following limitations:

A, Tormat statements in the program allow for
a maximum cost coefficient of 9999.9999. Any figure higher

than this will be truncated from the left side. Once the

matrix is generated, however, the lost digit(s) can be
manually replaced prior to running the RIP30C progrem.

B. During the compilation of the cost coef-
ficients a distinction is made between air and surface trans-
portation. This distinction is based solely upon vehicle ]
per mile costs. Vehicles with a per mile cost in excess of
$2.00 have an additional cost of $250.00 (landing fee)
added to the product of leg length and per mile costs.

It was felt that $2.00 provided a safe distinction between .
air and surface transportation costs for the purpose of

including the landing fee,
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A caution must therefore be observed: In the event
a surface vehicle's per mile cost exceeds $2.00, a landing
fee of $250.00 must be manually subtracted from the cost
coefficients prior to running the RIP30C program, or the
program must be altered. A similar, but opposite, problem
will occur in the event an aircraft per mile cost is less
than $2.00.

C. The time computed for a vehicle on a leg
of the network includes an additive constant to allow for
loading and unloading time, refueling, and taxi time (air-
craft). These additive constants, which are "best" esti-

mates, are one hour for aircraft and three hours for trucks.
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Chapter &4
RESULTS

General

LOGAIR Route 5R of the FY 76 LOGAIR system was
chosen for analysis to complete the third and final phase
of validation of the model. In an attempt to thoroughly
test the versatility of the model the results of model
solutions obtained by varying performance level, vehicle
mix, and the daily demand were compared. Experiments with
changes which would expand the possibilities of the model
but not contribute to increased demands upon the computer
system were conducted. Such manipulations consisted of
(1) doubling per mile costs and capacity of vehicles
entered into the system, and (2) changing requirements %o
indicate vehicles visiting bases every other day. This
first manipulation has the effect of doubling the number
of wvehicles being considered to increase capacity. Because
the vehicles are considered’in pairs this does not increase
the number of variables in the problem formulation. This
technique would be of assistance in formulating a problem
consisting of bases with very large demands (ALC network).

The second manipulation of visiting some bases every other




day would be of assistance in formulating a problem with

bases with small daily demands.

Phase analyses. The number of computer runs %that would be

necegsary to conduct all of the sensitivity analysis of
interest is encrmous. In order to cover the widest possible

spectrum in the time available, an ordered method of conduc-

ting the analysis was required. The plan which was decided
on involved a series of four phases of analysis; each phase
being a building block for the rest.
The plan resulted in a reduction in the number of
options which needed to be investigated. It was obvious \
after several runs that problems were not constrained by

time limits greater than 15 hours for aircraft or 84 hours

for surface traffic. Constraint times greater than these
limits were subsequently eliminated. The time constraints
for surface vehicles used in the majority of test runs were

36, 60, and 84 hours.’

The time constraint of 15 hours for
air service is constant for all problem formulations in j

this chapter.

A

‘These times correspond to delivery times of 24, 48,
and 72 hours (one, two, and three days) to the last base on
any route selected; the difference of 12 hours is an allow-
ance for the time required to travel from the last base back
to the ALC with three hours of loading/unloading time at the
AIC. This last leg of each route, though it is not con-
sidered for timing purposes, must nonetheless be included
for its overall cost contribution.
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It was decided to limit the consideration of TP3
cargo in the demand requirements in order to better compare
the results of the computer generated solutions with the
present route costs. (The LOGAIR system presently is
designed to ship TP1 and 2 cargo on a demand dasis, and
TP3 cargo on a space available basis). TP3 cargog was
considered in severdl instances to determine the effect of

this additional demand on the overall costs.

Results of Analyses

Phase I initially considered aircraft as the only
vehicles, and then considered surface vehicles only.5 The
purpose was to determine which vehicles of each type were
the most cost effective. These results were used in a later
analysis which considered the air and surface vehicles in
combination., Consideration was directed at reducing the
number and type of vehicles which must be considered for

further analysis.

2The sntire TP3 cargo demand was considered, as well
as only the "big" TP3 cargo. '"Big" cargo is defined as that
which cannot go by conventional means (UPS, REA, Parcel Post,

etC-) (7)-

“The aircraft considered were the 1100, L188, and
DC-9. BSurface wvehicles were 45, 40, 28, and 18 LF (Longi-
tudinal Feet) trucks.




Initially all types of aircraft and trucks were
considered in the formulations of the problems. Runs were
also made using TP1 and 2 demands only arnd TP1, 2, and 3
demands. - The results of these runs indicate that certain
vehicles favored certain loads due to compatibility of
capacity with demand. The vehicles4 which were in the
optimum solutions when considering iny TP1 and 2 cargo
demands were: (1) the 1188 aircraft, (2) the 40 LF truck,
(3) the 28 LF truck, and (4) the 18 LF truck. The vehicles
which were in the optimum solutions when considering TP1,
2, and 3 cargo demands were: (1) the L188 aircraft,

(2) the DC~9 aircraft, (3) the 40 LF truck, and (4) the
28 LF truck. Based on these observations, it was decided
to consider only these vehicles in most of the succeeding
analysis.

Phase II analysis was designed to investigate the
utility of the different options available in the RIP30C
program. This type of analysis is important if desired to
know what options should be selected under what prevailing

circumstances in order to obtain a solution in minimum time.

4The LOGAIR route S5R is presently serviced by the
1188 aircraft only. Using the standard costing as presented
in Appendix C, the cost of this operation, as determined by
this program, is $5,600 per day. This cost figure is there-
fore defined as the reference for this route.
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This series of runs investigated the use of the program
options, both singly and in combination. The problem was
formulated with two, three, and four vehicles in order to
determine the relationships between the number of problem
variables and the computer run time for each option.
Results of these runs are included in Appendix D, The
program options are described below:

1. LP Start Option. This option causes the RIP30C
program to first solve for a continuous solution by linear
programming and takes the initial partial solution as one
determined by variables which have a value of "zero or one.,"
The overall effect is to examine all roundings of the con-
tinuous solution first.

2. Augmentation Option. This option specifies a
modification of Balas',5 Rule whereby only "free variables
corresponding to fractional dual variables of (ILPs) are
considered as candidates [6:3]."

3. Imbedded LP Option. This option allows for
internal LP solutions at selected intervals in the enumer-
ation process6 to assist and accelerate the fathoming

process by developing surrogate constraints.

5Egon Balas' algorithm for solving binary linear
programming problems.

o
°LP solution frequencies of one and eight were
recommended by the user's manual.
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4. DNumber of Surrogate Constraints. The RIP30C
user's manual recommends a maximum of four surrogate con-
straints.7

The Phase II analysis indicated that for problems
consisting of seven bases (such as the LOGAIR Route 5R)
and two vehicles (54 variables and 46 constraints), the
imbedded LP (Linear Programming) option (freguency = 8)
and the augmentation options would generally provide the
fastest solutions. The same seven node problem, but wit
three vehicles (81 variables and 62 constraints) yielded
to any combination of options which included the LP option.
Once the problem size was further increased to four vehicles
(108 variables and 78 constraints), feasible solutions could
not be obtained with the imbedded LP option (either fre-
quency) taken singly, or in combination. It was concluded
that the imbedded LP option and the augmentation option,
when paired together, provided the fastest solution times
for problems consisting of seven nodes and three or less
vehicles. The LP start optibn appeared to provide the best
solution times for larger problems. Figures 5 and 6 show

the relationships between the number of variables and run

7 s .
"Description of RIP30C options from user's manual
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1LP start option produced fastest solution times
for problems greater than 108 variables.
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qProblems with greater than 81 variables could be

solved with LP start option or no option only. Problems with

132 variables required approximately 33,000 iterations (lar-

gest problem solved).
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times and iterations. A complete summary of these findings
is presented in Appendix E.

Phase III analysis consisted of obtaining Route 5R
solutions with various mixes of air and surface vehicles
using those vehicles indicated by the Phase I analysis.
This phase also considered additional vehicle combinations,
such as more than one of the same type vehicle, as well as
other combinations which did not surface in the Phase I
analysis.

The problems which were formulated and solved for
this phase of the analysis are tabulated in Appendix D.

A comparison of costs versus performance level shown in
Figures 7, 8, and 9 is particularly significant in that it
demonstrates the accomplishment of the secondary objective
of this research. Data points for these curves were taken
directly from the corresponding tabulations in Appendix D.
Considering the present LOGAIR Route 5R, for example, the l
transportation cost for a given performance level can be
accurately gauged. A similai assessment of inventory costs
versus performance level (taken in concert with the former)

would yield an accurate estimate of a very large proportion

of the total distribution costs for this route.
Phase 1V consisted of computer runs which were made

to demonstrate other capabilities of the model such as:
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1. Doubling the daily demands as if delivery would
take place every other day,

2. Doubling the capacity to represent doubling the
number of vehicles on a route, and

3. Solving a large scale problem (combining existing
feeder routes).

These computer runs were made primarily to experiment
with various input manipulations and also further demonstrate
the versatility of the model. Problem formulations and
solutions are shown in Appendix D. The computer limitation,
is shown in terms of variables and constraints in Appendix
E. The area below the heavy line indicates problem formula-
tions not solvable due to the limited computer storage.

Several computer runs were also made in an attempt
to solve a completely different network problem. This prob-
lem was a combination of feeder routes 5R and 5Q. The pur-
pose was to demonstrate the capability to solve larger net-
work problems, i.e., to optimize a network with a signifi-
cantly larger number of bases considered simultaneously. The
air and ground distance matrices and the daily demands of the
bases in route 5@ are listed in Appendix C.

Because of the core space limit the combination
problem could not be formulated without arbitrarily desig-

nating four bases as transshipment points (Figure 10). This
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problem, with three vehicles considered, resulted in 132
variables and 78 constraints. The formulation of this
problem and the computer solution is listed in Appendix D.
The cost of supplying each sub-feeder base from its trans-
shipment point was added to the minimum objective function
value at optimum routing. The resultant cost of $9,345 is
considerably less than the present daily cost of $11,1608
to operate routes 5R and 5Q independently. This represents

an annual savings of $662,475, or about 16 percent of the

present cost.

8This figure was obtained by calculating the present
cost of operating route 5Q by use of the cost factors shown
in Appendix C. This cost was added to the present cost of
operating route SR (previously calculated).
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Chapter 5

CONCLUSICN

Sumnary

The model developed and tested for this thesis
provides a method of minimizing LOGAIR feeder route trans-
portation costs. Ithas proven to be an effective and
efficient computerized method for analyzing trade-offs
between cost and various performance levels. The ease with
which the model may be used allows for a geﬁerai comparison
of distribution options such as mixing transportation modes
and varying performance level requirements. For example if
the desired performance level of one day service on feeder
route SR is extended to 25.6 hours and trucks are used, then

o)

ct

the daily cost of this route can be reduced from $5,600
$3,895 (Figures 11 and 12). This represents a savings of
$622,325 per year, or 30 percent of the present cost of
operating route S5R. The savings possible by the introduction
of surface vehicles and the-relaxing of performance con-
straints do not imply that the lower cost system is better
than the present system. Inventory costs and materials
handling costs need also to be analyzed. In addition, the

impact of transportation performance on mission capability

\n
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should be considered. However, any additional costs may be
insignificant when compared to the estimated savings.

The size of problems which were solved with this
model are limited by the computer storage capability.
Problems formulated for this thesis were limited to 150
variables and 100 constraints.q In order to obtain soluticms
for problems with larger dimensions, it was necessary to
reduce the number of bases by the use of transshipment points
or reduce the number of vehicles. Such methods did not
guarantee optimality due to the hueristics involved but did
provide a technigue for obtaining hopefully near-optimal or

optimal solutions.

Recommendations

Complete optimization of the LOGAIR distribution
system appears to be out of reach because of the many
variables involved. However, by integration of individual
optimal feeder routes into a total aircraft system, sub-
stantial cost reductions may be realized.

The most lucrative area for further study of the
LOGAIR distribution system appears to be performance require-

ments., As was shown in this study, considerable savings can

1 . ;
The RIP320C program must be re-dimensioned to ts
advantage of increased computer capability.

\n
o)
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be achieved by relaxing the performance requirements and
allowing expanded usage of surface transportation. A
feasibility study to determine what effects the relaxing of
performance requirements will have on combat capability and
mission effectiveness is desired.

It is recommended that this model be used as an aid

in designing future feeder routes in the LOGAIR system.
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APPENDIX A
FORTRAN PROGRAMS
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DISTANCS MATRIX GENERATION
CALL ATTACH(21 . “77\/1/3ISTEST3 3 7..)
CALL ATTACHC(31 JNTIATIZDESTESTS 3N 33944 )
=4
Pt INTy "HAVE YOU CHANGED DIMENSION TO DISAIR(NN)
DIMENSION DISAIR(4,4),DISGED(4.4)
NO e I=1 =1
DO 16 J=sI+t N
REALDISAIRCTE, D
DISAI‘(J [)=DISAIRCI,T)
16 CONTIUUE
12 CONTI! J‘

]
D0 27 1= ‘-|
) 25 J= I*l

READ SDISGY ,(T.J)

TISLUU(J,I)=CIS ND(I,J)

25 COMUTINYE

26 CONTIN'E

p,.[‘)'l‘ il u

PRINT,"DISTANCE MATPIX GENERATED L[S

PO RN, cd

pB II’:T, " "

O TNT ¢ M otrksbde kst s Yook desbo s bbbk bk Aok bk ke U
PRINT, Y €I TO J)y AIR DISTANCE"

PR IHT ¢ 1 soksest £ hokobob stk shsb b st sk stk sk dode sk ot 1
PRINT, " i

D0 32 I=sl N

WRITEC(214,124) (DISAIR(I «J) « J=1,N)

PRINT 1833, (DISATR(I ¢J) ,J=1 4 M)

30 CONTINIE

PR INT W feditt s Lk Aot dok bbbt bt eobibsbrinteckdestak dedade skl
SR THT (1 10 J) SUREBACE DISTANCEY

IR THT ¢ 1 sk ook sk ke e doosbnk dnb deoksbobe sk sk kb !
POINTL M 1]

DO 4€ I=1.M

WRITE(31 ,123) (DISGND(I, J).J=I.W)

BRINT 922, (DISGNDCI ¢J) g J=1"5N)

1@ CORTINUE

1268 FORMATC/CIXgFla24¢1X))

STQP

END

Figure 13
FORTRAN Program for Distance Matrices
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UC LOGATR FIEDZR BOUTE MATRIX GENERATLR

CALL ATTACH(21 MT77ATI/DISTEST ", 3.4,.)

5 CALL ATTACH(31 M77A71 /DISTESTG3Y 4347 ,,)
§ CALL ATTACHCU JUTTATI /LQGSR M (31,60, )
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'O NUVIEN iy WS TIE SO LS Bd
TS G .

20D .
R N

(=N

1S9

DRINT (HMENTER TUTAL HODES(# RASES + ALC)=INT=GER(NM)MW
AEAL N
PRINTM=NTER TOTAL # VENICLES=INTEZSER (M)

.a.'\r‘. 'n
"U“‘<Q OF BASIC VARTAFLE
RV=1%9
HUVBiR 0F CONSTRAILITS = NCON
HCUN=((4%M) +(2FN) +( 2% (% (N=1)))

?I.T.“TTT:? # YARTARLES IN THITIAL PARTIAL SOLUTION=02TION 14
<EAP HOPTH
PRINT JUENTER = &,T
HeADJHORT?2
PRINT.UENTER = @A,IF COEFF SIGHS MOR¥ALSs 1 ,IF SIGHS REVERSEDW
HEADGNOPT3
PRINT UWENTER A.EUR INTERMEDTIATE QUTPUT TO APPEAR: | ,IF OTHELNT
READLNOPT4H

w

= N—:V

(),

M IMBERNED LP3 | IF OTHERWISEY

o~

Ti

PRINT,MENTER = G,1F COST COEFF ALL INTEGERS 1, IF OTHERWISEW
v:Ar.ioaT’
PRILTMZITER = @,0R OTHER AUGMENTATION RULEW

ﬂ:AJ NCPTf
PRINT."EJTEP EREQUENCY OF [INTERMEDTATE QUIPUT = [NTEGER!
.?EAF.HUUT

D3IU' HNTER = (3,0R UPPER BOUND IF GiQHN®

DE [1 9

"’T T +MENTER = Z,0R MAX # SURROCATE CONMSTRAINTS, IF XHOMNY
CCAD JC{J"J

READNSUR

P?IJT.”ENTE? = .00 FREGUENCY OF [MBEDDER [La®
REACNLP

PRINT ,WENTER MAX TINE IN SECONDS!

RZAD, ISEC

= NUMBER OF THIS PROBLEM RUN- LOGAIR__"

(901
m

°JI‘"" “WITFLDIOV STENEE ”r‘T LINENG 1429,1438,1440 ¥AY REQUIRE DEVISTOIM

PRINE,YIF S0, UTILIZE FOLLONING GYIRE TO" UPDATE RIWENSIONS:

ORINT, w
’T'T HCLJCCMAMY ¢ TIIJKERNMY G WJCH) o MFENY o TR, B MY, VK"

5’I'T WOLSALR (..), DI SGRDCH A) KX CNMYY o RATECHY ¢ COSTCIRY 4"

?’I T "‘*( ) s 'Q(«).*P(”) F”"(').‘\’\...,F(-l)"

DIYEN L[J/(d 02) ,TIJI¥(4,4,0) ,0JC4),V](4) .T (
(

L]
¥
L]
.
S5 {K(2) 4 VEL2)
S

=
WIV:

i 2) oM
I {ST pESALR (4 4) JNISCHND(A4,4) (¥ (4,4,2) JRATE(2),COST (7)
NIMENSIS 3A(4).3?(4)."C(?),BP(A).KA(J) \7(4).A((4),\‘(4),33(4),\
PHEGT o ’TTQ HEIGHT BEMANDS EOR SASES 1 42¢eeepd?

)i
\

N
J(J).J=|(U
y el FERC VOEUME DEMANDS BEOR BASES 1¢2qevend®

(VJCJ) JJ=1 (V)

.""W"j? VaHICLE WETGHT CUNSTRAINTS FOR VEHICLES lyZéeses™

dEiaE e
ZAD, (
R ILT
l‘ '
il

O ’«'

Figure 14
FORTRAN Program for Solution Matrix
60




) =1 ON 1 2 (N — (3

0
RO VIRV RIS BSTE O BRI v IS I Sl el o5 WS

SO VR VAT VS A
oo O

._._._._..._.._._._.._._A_._._..._._._,_..‘__._._._‘_._._,____.._._..._._._._._...._‘
ND i~ OV s LD —

(S SY OVIIGIIEVY IS s I G IES o IS IR NG IRV RS IS BRI R R I WD NS Nl SIS N0 NES NS N NS NG IR NGRS NS  NE RGNS (RO I RO

LR Bl S ¢ IR e I B & BRSSO SRR B S R TS O (TR ST S ST RN

-} N W ‘r‘; (9;\)'—'A

«

e | Jiia LUI

:.EA..(,"( 18) o X=1 o M)

PRIKT (HEMTER VEHICLE VOLUHME COMSTRAINTS FOX VEHICLES 1,24 ¢eaqiit
‘)E""‘ ,(V((K)-'(.-‘ "‘)

PRINE UENTER VEHTCUE BIME COMSTRATNTS: FOR VEHICLES | 25 ol a it

READ, (TK(K) 4 X=1,')

READ(21, 35)((')15\7"(1 ),J‘l,‘).l=1..;

READC3L «55) ((DISGHDAI «J) o J=1  NY ,T=1,2)

222l T.':_‘- lr‘ MERICLE 53':':[@ MILESZHRy TR DREER MEHICLES 1,25 sy A%
D() ]‘ V“l v

TIJC(IJ ) =(DISAIZ(TJ) ZRATECC)) +1 .4
33 CONTINUE

GO TO 12
328 £O 4B I=1,4

DO 49 J=1

TIJC(TJK)=(DISCGND(T (J)/ZRATE(K )Y +3.4

47 CONTINUE

19 CONTINUE :

PRINT W"ENTER VEHICLE RPER MILE COSTS IN ORDER OF VEHICLE 1424 e6e i
219, g K=) oM

FZAR,COST(¥X)

[IE(COST(X)a LT 2.849) GO TO 69

RO 73 T=1,8

20 74 J=1,N

CIIKCIL . J«X)=(DISAIRCI  J)Y*CASTH(XK)) +255,

74 CONTINIE

GO TQ 59

A TO 89 I=1.N

RO 88 J=1 i -

CIIKCL o T, %)=DISGNECL, J)*CUST(X)

83 CONTIHUE

53 CONTINUE

FOLLOWS FIRST LINE AUR COST COEFF TO SOLUTION MATRIY
LINGO=1 &0

WRITECT! ,SYLINO JICONNBY, ‘(\3*] ‘."'DT?,:‘:(}UT.'JT‘IW,'QS‘J.-‘.E-"_".

(O 1]

1 88ARNOPT3 JISEC, HPTA,NOPTS,HOPTE, -\‘

1897
10 A
1219
1927
]C

0O
Sl r.(,.)n
- N o NS

\) )\lm

a4 N

19
|
, 15
19
19
10

LING=LINO+] 9

LA=]

00 103 %=1, M

0 113 D= N

2 129 J=),N

TRECEGise )Y CO T 129

CALE CSICOERPCLING LAy AR CTIX(C T v Je X))
1260 CONTINUE

1108 CONTINUE

nY 109 1=2,N

Figure 14 (continued)
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2330 CALL CSTCOEF(LINO,LA,AA,CIIK(I J.K))
2019 1da COMTINUE

20270 TF(LALEQL1) GO TO 124

2939 WRITE(I1,15) LIHO, ( AA(LZ) ,LZ=1 ,LA=1)
""45 LIHNO=LINO+1&

A53C FOQLLOYS B COEFF TO SOLUTION MATRIX
71)6-5 124 L3=]

e}

2074 DO 125 ¥=1,

2583 CALL SCOSF(LINU.L3, A3, TK(X)) &
2361 125 CONTINUE N
2193 DO 139 L=1.x Q\bj
2119 BA(L)= S

2129 CALL ?h@f=<f7.u.1. AR BACL)) QN
2139 130 CONTINUE QO

2149 DO 147 (=1, AW

21573 53¢L)=l, N\

2163 CALL 3COEF(LINO,LB,AB,FR(L)) o

2172 143 CONTINUF 4.9

2133 DO 159 <=1, )

2194 BC(¥) =2, <§jv

229 CALL BCOEF(LINO,..3,A8,3C(K))

2219 153 CONTINUE

2223 DO 1567 %=1

2234 CALL SCOSF(LINO,L3,AB.K(X))

224 169 CONTIMNUE

2253 DO 175 <=1,

2267 CALL BCOEE(LINO,L3, AB,VK(K))

22707 VFd CONTINUE

2284 1'B=2+Mx(li-1)

2292 DO 139 L=1,MB

230¢ BD(L)=4.

2319 CALL BCOEF(LINQ (LB,ABBND(L)Y)

2328 180 CONTEINUE

2333 IF(’”‘.E\ .1) GO TO 134

2349 VMRITECIT ¢ I5)YEING CABCLZ) yLZ=1 o LB=11)

2359 LI 10=LIN0+1 3

2360C FOLLOWIS TRANSFORM OF BAS VARS FROM SUBSCRIPTED TO CONSECUTIVE NUMBERS
2373 1JX=9 -
2387 184 LC=l

2390 PRINT " !

DATY PRTIT M dtesedede dseode skt otente st ek ke ot ek st ek sttt sk bk steetserr sl Yook sk 1
24173 PRINT,"IJX SUBSCRIPT # V\“IKRL" [HNEY # TIME(TIJK) COST (ST JK )"
242 PATNT M iekesesosk dedoksheolese btk sk ok ek Yodle ek ook bk keoke ek kobk kokk SedestrkeR o ok s 1)
2w33 ORINT o ® o

2443 DO 191 X=1,¥

24593 DO 2973 [=1,N

246U DO 219 J=1 4N

2473 IF(]1.CGE.J)Y GO TO 219

2435 1JK=TJ<+I

2497 KX(1eJeX)=1JK

Figure 14 (continued)
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“39)

2633C FOLLOWS WRITLIG TIME COl

2619
2627
2639
2449

2653 DO 253 J=1 N

26627 TF(1.3E.J) GO TO 250

2679 T=(=1,)*T1JK(],J,X)

2689 CALL CSTRANT(LINQ,LC,AC, AT,
2693 257 CONTINUEZ i
2733 249 CONTINUE

2712 DO 269 1=2,N

2723 J=1

2130 T=(=1)*TIJK(1,J,¥%)

274% CALL S*’AJT(LIXU.LC.nV,%F A=
2753 26% CONTINUE

2763 239 CONTINUE

2779C FOLLONS HRITING MIN VISIT

2783
27949
2837
28117
2829
2834
2843
2359
23611
2879
283
2297
261
2919
2927
2930
204}
2957
2969
2077
5033

AR

PRINT 25, 1:Ja Ko IISGTIJRCT 4 0,K) CIIKCT o J, KD

210 CONTINUE
233 CONTINUE
DO 223 [=2,N

} =

[ JK=1 JK+]
KX(I,4J,<)=1JK

229 CONTINUE
199 CONTINUE

XC=0

SN 2370 K=l .M
KC=KC+1

DO 243 I=1,H

NO 273 J=1,N
XC=KC+l

NO 233 I=1,N

CO 2973 X=1,M
IF(I.GEsJ) 00 TO 294

CALL CSTRANT(LINO,LC,AC,AL,

293 CONTINUE

282 CONTINUE

IF(J.GE.2) GO TO 279

RO 300 I=2.N

RO 313 <=1,

CALL CSTRA '('Iuﬁ LC,AC,AD,
319 CONTINUE

379 CONTINUE

2718 CONTINUE

DO 3272 J=1,N

VC=XC+|

RO 339 I—I.T

"\I) "4\ / l

PES L CE J) ‘1 TO 349
CALL CST2ANT(LINO,LC, AC,Al
34 CONTINUE

Figure 14 (continued)
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A RPRINT 25, T Jy Ky EICTIIKCT 3. T4 K) GCIIK (T o oK)

AE < XC o KR CL J X} 5T}

wRC G KXICT gLy K01 T

T SOL

AE ¢ K€ KXULeJ s K)o

AE 4 KC KX (I,J4K) .

‘-A—-O \\»o \

W

J ')o‘]-

STRAINTS TO SOL MATRIX

WATR
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330 CONTINUE

IF(J.GE.2) GO TQ 32@

DO 3572 I=2,N

DO 363 X=1,M

3 CALL CSTRANT(LINQO(LCyAC, ADGAE KCy KX(1 4J,K)4=1.2)

[

(NI WS R

Wwwww
[ < )
Wi —Q

: g
I 32
£y 3259 369 CONTINU
S 3060 358 CONTINUE
3874 320 CONTINUE
3283C FOLLOWS WRITING OUT & BACK CONSTRAINTS TO SOL MATRIX
3093 DO 373 X=1.H4
3134 £C=XC+l
3113 DO 333 I=1,N
y 3123 DO 399 J=1,N |
. 2133 IF(1.GE.J) GO TO 399 - a
o 3143 CALL CSTRANT(LING,LC, AC AT (AEKC, KX(T ,J K ,=1.3)
< 3153 397 CONTINIE
b i 2163 382 CONTINUE
g 3172 DO 423 I=2,N
ol 3182 J=1
ey 3199 CALL CSTRANT(LINO,LC,AC,AD,AZ,KC,<X(],J,K),999.€)
: 3228 492 CONTINUE
3219 379 CONTINUE
2224C FOLLOWS WRITILIG WEIGHT CONSTRAINTS TO SOL MATRIX
3232 DO 413 (=1 ,M
3243 KC=KC+l
3253 DO 4249 I=1,N
3267 DO 433 J=1,N
3272 IF(I.35.J) GO TO 439
3232 W=(=1,)%0JC])
3299 CALL CSTRANT(LINO,LC,AC4 ADGAE KC, KX(T,JX) ¥
338 430 CONTINUE
3313 42% CONTINUE
3324 DO 449 I=2,N
3334 J=I
3349 Mi=(=1 ) %NI(D)
3353 CALL CSTRANT(LINO,.C,AC,AD, AE,<C,KX(I,J,K) W)
3367 44@ CONTINUZ
3377 419 CONTINUE
3339C FOLLOWS WRITING VOLUYE CONSTRAINTS TO SOL MATRIX
3394 DO 450 ¥=1,
3449 XC=XC+l
3413 DO 465 [=1,N
3423 DO 473 J=1 N
3432 IF(1.GE.J) GO TO 473
3444 V=(=1 )%V J(J)
3455 CALL CSTHANT(LINOGLC,AC,AD,AS,KCy KX(1,J,X),V)
346 473 CONTINYS
3479 460 CONTINUE
3433 DO 454 1=2,N
3493 J=i

Figure 14 (continued)
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ij IR
. LV 4 K ;
25001 V=(=1,)%VJ())
3513 CAL csr ANTCLINO.LC¢AC, ADL AR, XC XX(T, ], ) W}
3527 480 CONTINUE
3533 -1'3-’ b\)LJTI’JU
35404C FOLLOWS MR ITING BALANCE CONSTRAINTS TO SOL “MATRIY
3533 DO 490 <=1,
3569 D0 5@ J=2,N e
3573 XC=KC+1
3533 ) 519 I={,N
3593 L=J
2827 [F(1.CE.J) CO TO 522
36149 CALL CSTRANT(LINQ,LC, AC, ADAEJKC SN ,J K) 1. D)
3429 527 IF(L.GE.I) GO TO 51¢
3637 CALL CSTRANT(LING,LC AC,AD AE KC . THLL 1 ,%) o=1..7)
2643 517 CONTILNUE
3659 CALL CSTRANT(LINO,LC.AC,AD,AE,%C.¥X(L, o=l
3640 5@ CONTINUR
3673 490 CUONHTINUE
243G DO 533 K=, N1
| 3599 DO 540 J=2,N
! 37‘.J \\‘ .u""
3715 DO 554 =P,
i 3723 L=J
i 3734 I5(T.05.J) GO TO 544
3749 CALL CSTRANT(LINO LC AC ADyAE JKC KT ¢ J,%) =1 .8)
3759 560 IF(L.GE.1) GO T 55¢
3760 CALL CSTRANTCLING  LC, A0 Al AB JRC, CXCL LT 80 4 | Y
! 3773 557 CONTLIE
: 3739 CALL CSTPANTC(LINO LS, AC, AD,AE ¥C, 2% (L i PNE
| 379 54% CONTLIUS
' 3804 539 CUNTINUE
3°13C FOLLUWS FORMAT STATEMENTS FODR SOL MaTHIZ
| 3820 5 BUSUATUIS I T3 I T3 I I3 0, T X E 2, 08,13, VX
' e Che v, c G I e TR S o U L P Ahr\uAI? 12)
3 3847 15 FORMATC(IS,1X,2(F9,4,1¥N
! 3557 25 FORMAT(SY ,12,12,12,13X,15,11%,56.2,5¥,FR,2,/)
f 3P4 35 FURMATC(IS 1 4(2CI3,1X)F13,3,1%))
3277 A5 FORMAT(IS, 1L A4(F5,1,1X))
- 3037 85 EOUAT(Y)
i 289 [F(C.R0.1) GO TO 579
| 3023 N0 539 I=1,4
: 3913 ARy =03,
! 3929 633 CONUTINUE
y 3933 WAITE(11,35) rr‘a CACCLZ)Y y ADCLZ) JAB(LZ) (L= (10~
| 3041 LLIO=LINO+1 O
’ 3953 HRITECH . 45)r1¢z ¢ CAFCT) (1=t ,4)
k 2040 :}7” STOR
: 3079 END '
i 3933 SUSPOUTIAE CSTCOSFC(LINO,LALAALZA)
i 3692 DIMEHSION AACL)

i Figure 14 (continued)
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ol ALY
2311
kn)

4.,("9"“

L 1[ 43y

el AL

1 4p33

" g 47263

! = 4379
L 4730

—— A4739¢)

| T ::f?
f“*.’ 41273

lliji:,’ 4139

< 4149

4155

41472

41773

"o N

RORSVIENED V) I E VS TN R
S R o S W SR O TS T S O GVl

SN SR SR S S SRR S

SO G X

P

W L))

N == 15

AM(LA)=Z2

T A=A+l

IE(LALE 4) GO TO 918

HRITEC L Q1B )Y LTNO, CAACLZ) (2= o4)
LINO= ’_I;!k)*-l )

5 EORMATCID, X ACEQ.4,1£))

LA=1

212 RETURH

EN“

SURROUTINE BCOEF(LINO,LB, AB,ZR)
I’C‘SI) ABC13)

Ar(L")-ZR

LB=L3+]

IECEBLE.4) GO T 929

WRITS UL 1SV EIMNOGCABCLZ)Y ,EZ=1, 4

LINQ=LI}NO+13

15 FOBRMAT(IS, IX4(F9.4,1X))
ER=1

220 HBETUAN

END

SUBROUTINE CSTRANT (LING (LECGAC (ADGAEZCZDLZE)
DEMENSTOM ACE4) , A?(ﬁ),i 4)

AC(IC)=ZC 3

AD(LC)=ZD

AE(LC)=Z=

LC=LC+l

IFCLC.LE.4) GO TO 939

MR TEECIE 39 INO G CACCLZ Y ADCLZ Y AR CLZ) «LZ=1, %)
LINQ=LII0+1@

35 EORMAT (LIS, X402 C I35 1%) El@ 311X ))

LC=l

930 RETURN

2NN

Figure 14 (continued)




These instructions assume that the two FORTRAN pro-
grams, distance and solution data matrix generators, have
been input to the users file,

1. DISTANCE MATRIX GENERATOR:
SYSTEM? FORT OLD DIS

(insure that dimension statement corresponds to correcs
# nodes)

*RUN
= Input air statute and surface road miles for the
feeder route nodes in the following order:

i
i 1

J
5 & E\\¥ 4 e i
Tl E g e SR L
- ARt R Rl SO TR
Xt e 2 R Y LR O
4 - - - - 4 - - - =
(Air Miles) (Surface Miles)

2. Solution Data Matrix Generator

SYSTEM? FORT OLD MATESTS

(Insure that dimension statements are correct and that
Call Attach files correspond to those in Distance Matrix
generator program)

*RUN

= Input data in the order requested. When all inputs
have been made, the program will print the variables,
cross-reference numbers of variables, time coefficients

1 . : : 5

DIS was the file name used in this research for the
FORTRAN distance matrix generator program.

2MATEST was the file name used for the data matris
generator for test problem soluticn.

1
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Ul
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Instructions for Using FORTRAN Programs
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N

and cost coefficients. The solution data matrix will be
saved to the Call Attach file LOGSR.

*DONE
SYSTEM? FORT OLD LOG5R

-~

Check and correct following:

(4) LINE 19¢g FOR CORRECT # VARIABLES, CONSTRAINTS,
ETC. .

(B) MIN VISIT "B" COEFF FOR RETURNING TO ALC FROM
1.9 TO 6.7 AND COEFF FOR BASE # FROM 1.¢ TO
3.7 (OR MORE) IF TP3 DEMANDS ARE INCLUDED IN
WT & VOL DEMANDS

(C) EXISTING BOTTOM LINE...CHECK FOR A COMPLETE
GROUPING OF FOUR; IF NOT, COMPLETE LINE WITH
ggg. g g 3@. UP TO FOUR

(D) LAST LINE SHOULD BE INSERTED AS A GROUPING OF
FOUR ZERO GROUPS AS FOLIOWS: 329¢ ¢ @ 3. @ & 2.
g3d. 33 4d.

*DONE

RIP50C Solutions

SYSTEM? CARD

OLD OR NEW -~ OLD AFIT.LIB/RIPRUN,R
READY

*10% : IDENT:

*65$%: LIMITS:15,62K,4K . . . (OR UP TO LIMITS NECESSARY)
*100$ : SELECTA: LOGSR
*RUN




APPENDIX B

PILOT PROBLEM




; WJ, V; = daily weight and volume requirements for each node
' ¢ in tons and hundreds of cubic feet, respectively

Distance Unit = Miles

Figure 16

Pilot Problem
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SYSTEM 2F)RT OLD DIST

R WY

R U

HAVE YOU CHAUGED DIMENSION TO DRISAIRCHM), DISGHD(HIT) 2
=] Y35

=1

._] “5.’ |
o X
- /
=17 33
— 1 G
=} '
= 3

e E
=] nH 3
=] ey

3 o0t | D% e Gt 198 3%
ds 82615 % 16 R e S 1 I

12
¥ Je I . @9
Ve v} | Hde OO Ja

Sk b sl b kst Moty S vt

SURFACZ DISTANC:
ek bk ke bk sk obresis s stk Yool

P 1090, 32 133,00 130.97

| 15000 3D A | 393,00 1953.0)

130, 38 1803, 30 18 | 3¢ B
| 0F. 30 1052.30 19,00

Figure 17

‘

Data Input for Pilot Problem
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SYSTM

=NTE
“WT =R
eNTER
=

s 3 - - ¥
e, TR o ’ LRFARY P y
b 3 [ O
’ - )
2t Y e B Mo A v
Ll B LW 7L B cehe s e

IFORT OL) MATEST

TOTAL dOD=S(# BASES + ALC)=INTEGZR(N)
TOTAL # MzHICLES=INTEGER(H)

# VARIABLZS Idl INITIAL PARTIAL SOLUTION=OPTION |

= J,IF HO IMBEDDED LPs 1,IF OTHERMISZ
= Jd,1F COsFF SIGNS NORMAL$ 1,IF SIGNS REVERSED

= J,FOR TWNTERMEDIATE OUTPUT TO APPZAR: 1,IF OTHZRUISE

= @3, 1F CST COEFF ALL, INTEGER: 1; IF OTHEBNISE

2,0R OTHER AUGMENTATION RJL:Z

FREQUENCY (OF INTEBMEDIATE QUTPUT = fﬁTEJi?

= @,08 JPPER BOUND IF KNOWN r/

= U,0R MAX # SURROGATE CONMSTRAINIS, IE KON
= J,08 FR=QUEHCY OF L[MBEDDED LP

HAX TIWE [N SECONDS

THE HUMBZER OF THIS PROBLEM RUN= LOGAIR__

Figure 17 (continued)



DIYENSTION STA

TEMENT LINENQ 1427,1434, 1440 MAY REQUIRE R&VISIOU
5 FOLLOWING GUIDE TO UPDAFEZ DIMENSINHS: -

CIJCENNNY,, TIIKCNNE ), WJCH), VJIEN), TKCM), WKL), VEOUH),

JISAIRCAH), 2
3ACIH) 4 3304),3
HTER W2 ISHT

Dyl Ty 24+

n o

[=” VOLJIME

=de 104242

fiTeR VeHECE:

1} i.)‘

DERANDS FOR BASES fy @y eaeliyd

TSGUDCIY, KXCHNN), RATECH), COSTCN,
\’:(“(I)')’-)(-])‘AA\A...'\A’:(‘l) 1
DEMANDS FOR BASES 42, e oy d |

JE LGHT CONSER NS FOR VaHTELES! 142 sises
VOLUME - COMSTRAINTS w0R VEHICLES 14524« eyt

FIEE CHISTRAINES EOR WVEHLCLESE 112 5iiels it

SPEEDS, WILES/AHER, I DRDER YEHICLEZS |2y e syl

D e i

Figure 17 (continued)




.w¢
A <y K ™ oG - nE BU e
.m. - e =T St e s ‘)... - t P
nw ¥ & ® e o 0 4 0 4 & 4 0 4 ¢ e o o
3 B ey e Py e ! o 2
1 0L I L Inie 10 & 0 b
at YR DY SHEO Al A0 —_—— T = ) - —
. (3 o ™M (29] — s —
3.
s
dyod
To . REe B8 O 85 RE S0 QW SIS S
Y o— 1M NE =N BN NG L0 S o0 i B0 1D
'N\..Lm. ® 8 4, 0 e e g ° . 4 e e o e o o o4 @
SR TG e = Tl M =M OI0 M OV N N
fu k DN AR
K = % e
[}

inu

-
192

gure 17 (cont

Py
XS aX

74

— N o N0~ O — QL)+ N~

bk sestbrbsksbsbst okt
I

Tkt thskent s sttt

T
.

3

b

VARTA3LE

F

*

e

i
PO §

e e O I e N o I LR oV I ol oWl oV

NCD e+ 00 Ft emm= = D ) of e o

Seideuiashesloses

v

—_—— =\ Y VM b — - — (aUN ol o0 i o Ui 4.0 S S

Yoskk Yl sk oo esberle Vet

Ik

ekl




—————— e e

1262 28 13 A A3 2003 0.4 120 4 | 0 LOGAIRS9 g A
1C1@ 3254,@723 5503,3904  553,4000 3254 ,0339

1020 3400,.0003  S550,4%) 3250, 340 558, 3033

1630 554,040 | 430,330  174,40023 |37, 90

1249 1033, 0179 | 350,3%a 100,008 | 303, ADA)

1050 14,2303 100, 3303

1064 12,0000 24,2700 =1 .,%000 =1 3300

1J?9 -1.0090 -1.73302 64 PPV 1 .23

1¢80 <0309 1.33090 A, Ao

1692 17,0270 21 . 3490 30, 3002 25, M09

[RESE A 28 (28 de

e Jde Ao Ao e

1129 0. d. 3. Al

H3v ! | =3. 25 | 2 -1.200 | 3 =1.299 | 4 -3.020
1149 | S =3.19 | 6 =1.2%9 | 1 -3.000 i 8 =1.220
1159 | 9 =1 4,299 2 19 =28, 093 2 11 =5,590 2 12 =5.5%
1164 2 13 -28,.409 2 14 =29.259 2 15 =5 ,504 2 16 =23, 224
1172 2 11 =5.532 2 18 =5,509 3 7 | <300 3 15 1,040
1184 3 3 1 .330 3 1T 1,002 3 9 | « 200 3 18 1,399
1199 4 ) ). 220 4 10 1,099 5 2 | « 000 5 1l 1 839
1209 3 4 1,349 5 13 1 . 209 6 3 1,009 6 12 19239
1219 6 5 1,209 6 14 1. 2094 6 6 | .000 6 15 | « 933
1224 1 1 =1.950 7 16 =1.207 7 8 =1,000 7 17 el Y 2%
1239 7 9 -1.,048. 7 18 -1,003 8 | =l .099 8 14 =-1.039
1244 9 2 =1,339 9 1l =1.0200 9 4 =1 300 9 13 =1.899
1258 10 3 -1.900 10 12 -1.000 12 5 =1.000 14 14 =1 .9099)
1264 19 6 =-1.,0%@ 18 15 -1.203 11 | =l.020 || 2 =-M.390
12790 11 3 =-1.200 1| 4 -1.400 .11 5 =1.209 || 6 =1.033
1289 11 7 999,303 11 8 99.903 11 9 999 .00 12 1Y -1.003
1299 12 11 -1.220 12 12 -1.483 12 13 =100 12 14 -1.839
1304 12 15 =-1.009 12 16 999.597 12 17 999.00%4 12 I3 999, B39
1319 13 ) -10.200 13 2 -2.90%7 11 3 4,202 13 4 -2.9209
1320 13 5 -4 .30 13 6 =4.23 13 7 J. 13 8 Je
1330 13 9 218 14 12 17,308 14 11 =2, 14 |2 =4.939
1340 14 13 =2.3% 14 14 -4.%3 14 |5 -4.330 14 15 Je
1359 14 41 (28 14 18 De 15 | =15.209 15 2 =2, 209
1360 15 3 =5,333 15 4 =2.33 15 5 =5.308 1> 6 =5« G109
1379 15 1 Ve 15 8 . 15 9 Je 16 19 =15.99
1385 16 |1 2. 16 12 =-5.933 16 13 2.7 16 4 =5.¢39
1399 16 15 =5.3 15 15 Q. 16 17 Ve 1o 13 .
1499 1/ | o392 17 4 =-le3 |1 5 -1 3¢ 17 7 =1.940
1414 13 2 1.39% 13 4 1.009 18 6 =-1.20@ I3 8 -1.039
1425 19 3 lo4¥) 19 5 1ed33 19 6 0 19 9 =1 30
143 200 10 o3 23 13 =133 23 1|4 ~1.,000 20 16 =1.2%
1445 21 11 led¢d 21 13 1ed) 21 15 -1 03 21 17 =10 ]
labe 22 |2 1eddy 22 14 e300 22 15 “1.004 22 I3 =1.6M
146y 23 I =1 4449 23 4 le @) 23 5 { 094 23 / INGEY
1473 24 & =1 ,399 24. 4 =leMWI 24 6 | 300 24 3 1,049 3
1465 25 3 =1,3u3 25 5 13 25 6 1.2 25 9 [OBE
lays 26 1) =le XY 26 13 a4 26 14 1 26 16 1339
ISuwg 2 1 =l 274 13 =133 27 15 ted 27 117 (R
151 23 12 -l 28 14 =-1.303) 23 15 ~1.,d08 28 I3 1o 3

1920 0 J 3¢ V) Ae S J @e T A4 e
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Table &

Pilot Problem Solution

izesars 2
T2 Bl 7600 *
455 7050 .
121 **65500 x
D] 7200 .
Aulla] 1100 200
B W, 1650 **300
1-3-1 1100 200

*Not feasible because of time

**Optimal combination of aircraft and truck




H3
P

A

Minimize:

Subject to:

Objective function:

Time Constraints

Table 5

Pilot Problem Formulation
(Basic Model)

1, if from station 1 to station j via vehicle
k 0, if not

= pipeline time, including onload/offload, from
station i to station J via wvehicle k

= daily weight demand at station J

= daily volume demand at station jJ

= maximum pipeline time via vehicle k
= maximum welght capacity vehicle k

= maximum volume capacity vehicle k

525OX121 + 5501(,15,1 + 550X141 + 5250X251 +
54OOX241 + 550X541 + 325044 + 5SOX5ﬁ1 +
BSOX.M,] + '1OOOX,122 + ’100X,132 + ’1OOX,]42 +
1OOOX252 + 1050X242 - ’IOOX542 + 1COOX212+

100X5,5 + 100K, 45 ._

3.00% A

+ ’1.20X,15,1 + ’I.EOX,M,: + 3,00X

121 254

He TOX + ’?.2OX34,,I + B.OOX‘?M + "..EfJX5,1,1 +

241
1,20%, 44 = 12

78
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Table 5 (continued)
28.OOX,]22 + 5.50X,¥52 + 5.50X142 +

2800%,5, + 29.25Ky,5 + 5.50Kz,, +

28.00312,]9 + 5.50X + 5.50X 10 < 24

L 4

MIN VISIT CONSTRATNTS

121 * Jq22
139 * Loz
Xapq + Xouq
32 =

211 ¥
a

1}
25

+
al

A
W
o

+
n
N
V)
I

+
P4

zuq * Lqu0

M

+ X

411 ¥ 2212

M
<6

b4
Sn b A

412

OUT AND BACK CONSTRAINTS

Ragq " Bz + By # Egm F Rauy ¥

IN

% + X

o) * Eaqq * Egqg * Ry

999 (Xpqq + Izqq + Tyqq)

102 + X432

D4

+ Lo

oup * Xoqp + X340
999 (pqp + X340 + Lyqp)

BALANCE CONSTRAINTS

929 = %531 * Lopq + Lo
139 + X3 = L399 + Iy
Loyq *+ Xoyq + Ly = Zygg




Table
Xgpo = Xz +
Xizp + Xo3p =

Zayp * *opp *

CAPACITY CONSTRAINTS

10X o4

4%

1OX122 +

o S P

By #

+ ¢X131 + 4Xq

.?.X,15

2X,|5

5 (continued)

X + X

242 202

342
= Xyq1

X512 + X

X342

u1 + Zozg

g+ Fouq S 7

o *+ o

21

q * Ry

5X34q + 5X241 < 20

158422

+ 2X152 + 5X

142 232

S5Xzp + 5Epyp =25

80




Minimize:

Table 6

Pilot Problem Formulation
(Transformed )

32508454 + 550K,z + 5504, + 3250Kyz; +
400Ky, + 550Kz, + 3250K5., + 550Kz, +

550%,.14 + 1000X, 5, + 100K, 5, + 100K

20 142 *
1000% 55 + 1050, 5 + 100Xz, 5 + 1000X5,5 +

1 OOXB’Y o + ’1OOX4,] 5

Subject to:

-3.00X - ’1.20X,,5,] - ’|.2qu - 3.00X,

41 231
~ 3.00%5q, = 1.20%5,,

{2

-3.10X - 1.20X

244

-1.20X + 12 20

344

~28.00%,55 = 5.50%,55 = 5.50K,;

Yy
oifed

on >
—28.OOX2,]2 - 5.5OX5,]2 - 5.501{4,]2 + 24 20

X X -l 20

121 T e
>
“oy = Sappy * 100
&

>

S T om Mz =M+ 1RO
Tigqg *+ Zogq + Zgyq + Zqyp + Loy +
p -1 20

no

s

81
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Table 6 (continued)

Lapq = Toyq = Zgyq = Zqyp = Zoyp - 3

Y
et E e s t R
Y

X211 = X399 = Tyqq = Tgp - E5pp
T

yq2 *
“Hiaq = Bizg ~ Fqug - T — Eayq ~ Ty

X211 = X399 = Tyqq + 999Tyqq + 999Kz +
P9ang O

W M

X122 = L9320 = Tqup — Xozp - Xy

Louo = Xoqp = Xzqp = Tyqp + 999X, +
999X 5,5 + 999K, 45 2 O

X

o
121 = Xozq = Xppq - Xy 2 O
-

121 + Xozq + Xy + X590 20

131 * 2231 = Eppy = gy 2 0
San * Sam * S gy = O

L1aq * Xopq + Tznq = Tyqq 2 0

-X -X - X

et = Seay = Saan i B0

X133 = pzp = Loyp = Xpyp 2 0
a
Xiop + Xozp + Xpyp + X545, 20

82
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Table 6 (continued)

Faza ¥ Eaze = g0 = By &0

—X132 A X232 + X5,12 + X542 >0

Tgup + Toyp + Xgyp = Xyqq =0
-

“Xpuo = Zopp = Zgyp + Eyqq =0

B0 = e = W -~ Bl

>

=10X,55 = Zgzp = 4y = Enzo

™

“1pq = Fqzq = Pque = Doz
2

g = Eopq + 0 =0

=15%10p = Zyzp = SXgyp = Epzp
S
~5Zzp ~SEpup + 25 20

83




Table 7

Pilot Problem Solution

LOGTEST
IMPLICIT ENUMERATION COMPLETE TOTAL TIME=5173.594
LEAST Z BEFORE VARTABLE CHANGE = 6.80000000E 03
1 g 0 @ @ @ 7 L oa e A G S o S |-
g @a 418

NO. FEASIBLE SOLUTIONS 4

ZS GE ZBAR 0 TIMES

CONSTRAINT INFEASIBLE 5 TIMES
AUGIENTATION IMPOSSIBLE 0 TIMES
AUGMENTATION POSSIBLE 8 TIMES
INTEGER DUALS O TIMES

NO. OF ROUNDED INT. DUALS 0]

LP FATHOMED 0 TIMES

LP CALLED 0 TIMES

NO. ITERATICNS i

LAST FEASIBLE SOLUTION AT8813.875  SECONDS
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APPENDIX C
LOGATIR PROBLEM SUPPORT DATA
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Table 9
f

Daily Requirements:

Feeder Route 5Q

Feeder Bases2

Priority 1 & 2

Tons Cu Ft
Tyndall AFB FL (PAM) AeflB 200
MacDill AFB FL (MCF) 1.06 175
Patrick AFB FL (COF) -2 57
Homestead AFB FL (HST) 1.43 310
Key West NAS FL (NQX) «D3 66
Jacksonville NAS FL (NIP) 46 128
Moody AFB GA (VAD) o4 20

1

-

Priority 3 cargo not considered for Feeder Route 5Q

All Offline Support Bases not considered significant,
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Table 12

Truck Transportation Costs

Estimated Contract

Truck X >

Type Per Mile Cost
45LF Trailer $1.30
4OLF Trailer 1.25
28LF Trailer/Van oD
18LF Van .95

TMost common carrier vehicle utilized (9).

2Estimated contract per mile costs are based upon a
review of existing USAF dedicated contract truck routes--all
routes negotiated by MIMC. Round trip contracts which were
reviewed included: (1) Tinker AFB - Altus AFB, (2) McClellan
AFB - Castle AFB, (3) NAS Dallas - Kelly AFB, (4) Tinker AFB -
Kelly AFB - Dyess (5) Wright-Patterson AFB - Rickenbacker
AFB, (6) Corpus Christi - EKelly AFB, and (7) NAS Dallas -
Kelly AFB.
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3 APPENDIX D
COMPUTER SOLUTIONS
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