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Abstract

/

L4> This paper describes a goal programming approach to
modeling the rapid deployment of combat units which offzrs
decisive advantages over any current methodology. It
accounts for both intertheater and intratheater airlift, and
can be used to optimally plan movement schedules for
precdetermined forces or optimally choose znd move =z force
from a list of available units anc airlift resources to meet
specified goals. Both methods are demonstrated, showing that
the goal progrémming mode! minimizes wasted resources and
accomplishes desired goals both faster and more exactly than
the current interservice operating system. The mode!
developed for demonstration uses 212 variables and 13s
separate equations. In addition, a flexible responss su~‘ace
methodology is used to generate a full parametric sensitivity
analy¥sis, resulting in the reduction of a fully computerizec
and intricate large scale programming mode! to an egquation
programmable on a hand-held calculator, with minimal errcr.

A demonstration is presented comparing relative advantages of
C~% and C-17 aircraft procurement, in a proposed addition of
58 aircraft to the current airlift fleet, with simultanesus!y

varying airport capacities and deployment distances., f£>
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1. Introduction

This thesis was developed in rezponse to a perceijived
need to approach the deployment of combat forces using a
total system methodclogy, rather than the presemt methoc of
separate mission/service optimization studies.. The model
developed in this research effort is a multiocbjective
optimization which addresses intertheater movement,

intratheater movement, and deplorable unit capabilities.

Background

In 1988, the United States government identified =
requirement for a capability to move large cornventional
(non-nuclear) ground forces to any loccation within a broad
geographic area centered on Southwest Asia. Thersfaore, it
formed the Rapid Deployment Joint Task Force (RDJTFY, naow
redesignated the Central Command (CENTCCM). This force
consists of the 22nd airborne Division, the 13tst &irborne
Division (Airmobile), the 24th Infantry Divisicn, two Rangsr
battalions; and Air Force, Navy and Marine forces. Tne ROJTF
Army units are all forces which facilitate air transport-
ability.

Al though CENTCOM was developed in direct resporse to a
perceived threat, the Air Force has insufficient airzraft
resources to support the full and rapid deployment of CENTCGM‘

igen

0

ascets. The Army, in its deployment planning, can con
enly the current inventory of Military Airl i+t Command (Mal>

&l

assets., When planning a deplcyment, thereforz, crit
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decisions must be made as to how best to use limited air
transport. The basic decision must Key on increasing the
combat potential available to the ground commanders at the
risk of reducing the sustainability of the alreadr deplored
force. Combat potential is a complex and currently largely
subjective index of the fighting capabilities of the fcrce,
b;sed on deployed troope, tanks, and artillerr. Sustain-

ability is the continued ability of a force to fight in the

event its supply line is interrunted by either snemy actions

or natural means, such as weather. Sustainability is
provided both by supplies and by combat support units such as
maintenance companies.

Examples of failure in both deplored combat potential
and sustainability can be demonstrated by historical exampie.
One example is from World War 11 when the Soviet Uniaon
conducted brigade—sized airdrop operations near German
armored units. The armored units quickly eliminates the
relatively low combat potential the parachutiste represznted.

In another example, sustainability was demonstrated in the

loss of the German Sixth Army at Stalingrad. A& large,
powerful force was defeated because of insufficient and
improperly distributed supplies. At the end, the stil!
powerful Sixth Army surrendered, showing low morale and an
inability to ergage some targets due to lack of ammunition.
The U.8. Army must plan its deplorment of forces to
avoid both of thase extreme cases. Currently scenaric war

plans are developed by cperations analrsts, who determine

(]
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what forces they believe are regquired and by what date $or =

given scenario. Logisticians then calculats rezuired

U
-+

supplies to support the force, using tabulated Qazz. Given
this data, the transportation officerz attempt to moue the

required force packages by the required dates. If *his i

"

deemed impossible, -the force planners either g#xtend the
required due dates’ or reduce the planned force.

The implementation of this process has resulted in Und

1]
-

Secretary of Defense Chayes reporting x requirement for

between 58 and 158 C-S5A equivalents in order to meet urgent

national security needs (Ref (2:30). Limited airlift azzsts

L4
i)

"
1

prevent the Army from moving ewverrthing it rquires to
respond to a major threat at a single time. Therefore,
decision makers must be able to evaluate, at each point in
time, how best to use the forces and resources availablz,
This should be done by incorpcrating into the gprocezs tha
recduction of airlift resources caused by eazh fecrce umit’ =
“tail®*, the logistica'® reju .rements of the fcorce.

Al though th!s 18 a critical consideratior for .32,
p'anners, résearch *0 Ja‘te has adcressed the prob. :m onlw

peripherally. The UJ.S. Army War College 1922 1iz*s ¥

(1)

“strategic issues...most relevant and urgent $cr ths gre. -3
study” (Ref 3:23) gpecifically identit:eg *re -ssue o<

suscainability and strategic mobility as a~ Jrnsolued reses- -~

area. Col, Dale Chizet of the War Collece 't ¢
Operationz and F Wing groupy LTC, Murps.,, = = ¢ B Rk
to the Doctrina i Force lssuez Zrouo =4 <-& "3r Tz zls

3
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Military Strateqy department; and Mr. J.E. Trinnamen, hezd of

Medi terranean studies for the Strategic Ztudisz Instituts,

have all separately proposed that immsdiate reszearch

ch he
Ay . . . ,
} o conducted on this topic (Ref 3:246-12),
N
acs

Problem
There is precently no methodeology which determines how

the interactions of unit weight, combat attributes, locgiztics

. heeds, &and zirlift resources can be jointly cptimized,.

A . , .

zg Because of this, trere isg currently no sw»stem to Zztermins,
5@§ analytically, the cptimal +force mix or the incremeantal

ST

p advantage in deploysd power attainable by arn incrementa)

change in airlift resources.

Recearch Obiectiua

pu

The primary obljective of this research s++cort iz *o

determine a methodology by which to gptimize combat power

delivered to_a theater during a specified time, within

ot acceptable levels of force zustainmability. The use o+ thi

"

methodology is demonstrated through implementation of a

. small—-scale model, The objective measure of merit is a

ol
S

35 . . , . .

A% me thodology which simul taneously incorporates unit weights,
;:Q requirements, combat power attributesz, resources, and

- in-theater constraints to find global optimal salutions, and
;’ 4

; : allows sensitivity analvsis of the interrzlationships in

533

§~: order to determing relative worth of the z2i-'ift rescurces.
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b Scope
f: 1. With the emphasis on rapid deployment, this st
’.
; will address only air—deplored, air-supported units., 7Tt
ey close presence, in a crisis, of logistics ships or Marir
Y
¢ Smphibious units is fortuitous, but cannot be relisd upc
i
¥
with current worldwide commitments.
& : o .
,4 2. 0Only the case of CENTCOM deploying into & sing?
E% friendly airfield capable of supporting strategic airiid
.38
will be developed.

ﬁ- 2. 0Once deployved into theater, the standard suppis
]
&f consumption rates will be used.
Ity
Pyt
, 4. This study will incorporate only Air Force airc
!
A and designated Civilian Reserve Air Fleset {CRAF) to mowve
w
7 CENTCOM assets.
£

5. This study will not cover any attrition modelin
i
Db
,% forces leadihg to decreased supply regquirsments.
g_ &, Sustainability will be Kept as & constant mezsuy
it

across the entire deplored force. That is, a1l forces,

s,

unsupplied, would rup out of all supplies at the same i

q.,_ ;.‘I

3

This is assumed as a logical result of proper logistica

%%

plannning, as it wouldn’t be acceptable, in combsat, to r

n

out of ammunition but have ten darvs food on hand, or wic

gt

versa.

»
-

_“
o Y LW e 3

o ooy

Assumptions

L

1. The posture-related combat supply requirements

o
i

3
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e
>
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listed in Army Field Manual (81-18-1 and Army Supply Bulletin
718-2 relates the best expectations of Army logisticians and
ie assumed to be accurate.

2., Combat power as a wariable can be given 2 definitive

[

value in a set scenario for a given ty¥pe unit, and the

utility of all deployable units, in relation to zach other,

S ey,

can be rank ordered. Although quantifiable walues for the

%

Srn

abilities of each type of unit are2 difficult tc cetermine,

»

WPy

Fa
By

experts in the field of operations planning should be abla to

e

A

quickly, accurately, and subjectively rank order the relative

I

P,

S BTN

unit desirzbility (Ref 2, 21).

A
e,

B

[N
PN

3. Aircraftt moving units may be cross—loaded with more
than one unit. A linear trade-off relationship is assumed

between different categories of cargo. Therefore, if an

aircraft is filled to S84 of its oversize carry capacity, it

Yo

,ﬁﬁ“ can still add up to 58% of bulk carry capacityw.

n L3

Xty . . . .

?ga 4. An Aerial Port of Delivery (APOD) exists which has a
S

ground link to the area of force emplorment, and at la2azt one
secondary airfield exists in the area of the deplored force

location.

3. Free (no transportation cost) aircraft POL is

g

)ﬁ' . 3 . . . . . - . .
}gﬁ available in unlimited quantities at the sirfields., Thiz is
:rg‘jf‘

3¥ﬁ= a common assumption and will be repeated here. If this iz

LY |

7?§ eventually not the case, the sorties availabls mar be reduced
~.. or the cargo capacities changed.

er

gkq &, The air cargo weight of a unit can be completely

express2d in terms of cutsize, oversize, and Sul'K cargo, ans

. J. Lt W N ' ¥ CNALS N r\'\f\ YO AN, OASA



these categories are independent of the aircra$t hauling the

cargo.

Me thodo! ogy

The overall objective of this study is to develop a
methodology to maximize combat power delivered to a theater
as a function of time, This can be broKen into two
subordinate and equally important goals: maximize the combat
power delivered, and minimize the time it takes toc deliver
it. Constraints, which could be expressed as goals, because
variance from them is allowable but urdesirable, are the
following:

1. Keep a certain fixed or minimum ratioco between combat
and combat support units,

2. Keep unit sustainability, as reflected by percentage
of required supplies delivered, at a fixed level.

3. Maximize the anti-tank strength, defersivs frontage
or firepower of the deplored force.

4. Maximize utilization of Air Force airlift zssets, in

tonnage and allowable cubage.

Constraints which are absolute are the following:

1. Outsize cargo will fit only outsize capable
aircraft. Oversize cargo will fit on ocutsize capabie
aircraft or on oversize capable aircraft. Bulk cargo will
fit on all cargo-carrying aircraft,

2. A depiored unit consumes supplies at a £ixes rate

~J
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for its given state, related to ite combat posture,.

‘:;Q 3. There i1s a limit on the number of each twvpe of
o aircraft available.
ﬁgfs 4, There is a 1imit on the number of sorties the Reria!l
%.5 Port of Delivery (APDD> can service.
s S. CRAF, C-S5, and C-141 aircraft can only land at the

APOD. C-17 and C-138 aircraft are capable of direct
delivery, or of landing at the APOD. C-141“s can direct
. deliver airborne units and supplies by airdrop, or land at

the APCD.

4. Unit sustainability has a floor. United States
National Command Authority will not build up force strength
at the expense of letting troops alreadr deploved run ocut of
ammunition or food.

7. Supplies delivered to the APOD for front-line forces
must be trucked or airlifted to the combat forces at the

front.

Once the model is mathematically formulated, it is

;£§ evaluated as to the combat power per unit time it deliuvers ts3
e .

W%g the theater of operations. This measure of sffectiveness is
. tested over several scenarios, varyving APOD capacity,

Qét distance from APOD to the front, and the available aircraft
B X

j%% force mix. Finally, a determination is made as toc whether

this attempt at modeling the problem of delivering combat

power offers advantages over current processes,

Pictorially, the model is as shown in Figure 1|,

SRR z‘n'l_\’ #4,"" ‘ v-.q .1 q- n n, - ‘ " Yttt P R . R ) -..:‘,,-'. p ~‘,‘-.,.~‘, o a..‘..‘.

Ay



s

o

A —

ﬁb? Format

tat)

éiﬁ Chapter Il of this paper provides a description of
PR

complexity and realism issues associated with force

employment models, followed by a brief review of currently

u?ed models., Prevailing assumptions and approaches are
addressed.

Chapter III provides a brief description of the
available means of modeling to approach the problem and shows
why goal programming is selected. aAdditionally, it describes
briefly the underlying mathematical preliminaries of the goai

programming formulation,

Chapter IV addresses the underlying assumptions of the
model approach, and describes modei parameters, both inputted
and computed. *

Chapter V presents the development of the model,

including the constraint set and the goal formulations. Each

x.{‘

constraint set is accompanied by a description of its use and

applicability.

&

:?ﬁ Chapter VI addresses the model options which can be

developed by the inclusion of additional! variablez and

constraints.

e Chapter VII provides a numerical example with a
generated scenario.

Chapter VIII presents a discussion of sensitivity issu

(]
[11]

and mode! stability. This is extended to an analysis of h

1

q

benefits to be gained by expanding the analysziz of & sin

%]

=

(2]

model run to the generation of a flexible responze surfa

N N DI IO AT, Lo W LA, o e,




based on a feasible ranging of the critical variables,
Chapter IX demonstrates the interrelationship of five

Key variables by use of a multiple analysis of variance, and

then generates a flexible response surface using a fractioconal

factorial minimum bias design based on a cube plus star plus

center point second order surface. The relative worth of

Uk . ; i i
T each response surface variable is explored over its range,

and a simple estimation of trade—off pointes between two
airlift aircraft developed.

Chapter X presents the conclusions of this rezearch as

[y

to whether the explored methodology has valid applicaticns

for military modeling, and presents observations which are a

result of the model output.
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Il. Literature Revizw

In reviewing pertinent literature, this research
investigated two separate areas: the deployed unit attributes
and requirements (both movement and logistical supply?>, and
current strategic debloyment models available to fulfill the
research objectives, The first portion of this'literatﬁre
review develops the unit attributes and reguirements. The

final portion reviews existing deployrment models,

Unit Adttributes

1. Available models to analvze combat potential

Many attempts have been made at modeling Army combat
power, most utilizing Lanchester egquations (Ref 33).
Lanchester equations are large mathematical models which
relate small unit combat and all ite variables to a system of
differential equations. These models utilize low leue!
tactical engagements and then agaregate these engagements for
increasingly higher level units. The models are sensitive to
small variations in tactical deplovments (Ref 45:240.

An alternative, the Historical! Evaluation Research
Organization (HERDO)> Quantified Judgemental Modeil (GSM) has
been developed and utilized over a wide range of engagements,
including the latest Mideast wars. Analysis results are
comparable toc or better than the resultsz of the
Lanchester-based aggregate models (Ref 15:1358>, This QM

model can also be usad independently of enemy force

11




structure. Although it has not yet been used for fcrecasti ng

-

P eg

capabilities, it is capable of doing so, and of being ag

]
to a Mideast/Southwest Asia deploved force (Ref 15:131>. The

2JM method, although programmed or the AFIT computer,

requires an extensive breakdown of every unit, and everw

weapon, and ballistic data on every weapon., Its basic
mgthodology relies on a number of generated
interrelationships between input factors to obtain
generalized variables. These variables are ther manipulated
by a quadratic equation obtained through historical factaer
regression analysis to determine an end result, given 285 an
output{

The Army War College has a strategic mobility exercise,
followed by a large-scale tactical exercise, which assigns
values to combat units. These values were developed at the
Army War College by consensus among the facultr and sta+f.
Analysis of Delphi consensus closure techniques has revealed
an extremely good correspondence between actual variable
values and those estimated br a consensus fecrmulation among
knowledgeable participants (Ref ®). Since the faculty and
staff are of extremely high caliber, it can be assumed thnat
the combat values associated with the varicus units have a
reasonable degree of validity, or at least are excelient
starting values.

2., Methods of sstimating Anti-Tank capabi' ties,

To estimate the anti-tank (A7) capability of uvar cus

units, many separate studies and analrses concductza by the

o o O e Co i\ € o oo

LA |
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Army Training and Doctrine Command (TRADOC)> and the Army =
TRASANA "think—-tank" have been done listing the aszets
available and implying linear relationships between numbers
of systems and unit worths in the AT role (Ref 27:225).
Systems can be weighted as to their average performance.

3. Methods of estimating unit defensive ability,

The capability of a unit to man a front line, or hold =z

perimeter, is largely a reflection of its infantry strength,
adjusted by mobility (Ref 15:1583;45)>. This Freont-Line-Trace
capability, or 1imit on defensive frontage, is readily

available in Army field manuals specific to the Armyv units.

Equipment restrictions on Force buildup:

An airhead iz the Army technical term used to describe

the perimeter of ground controlled by friendly forces during
an airborne operation into a hostile country., For inttial
seizure by airdrop of an airhead, an airborne brigade
requires over 13506 caréo parachutes and 4583 individual
parachutes (Ref 44:V.2-13). There are three airborns
brigades in the 82nd Airborne Division. In combat, the
parachutes are largely unrecoverabie, and, because of a
limited number of parachutes in stock, the Army will run cut

of parachutes to support sustained airdrop operations.

Additionally, support requirements for large scale units are

normally measured in thousands of tons per day. The L.S.
Army currently has cnly one active and two reserve

quartermaster airdrop supply companies. Thev are capadle of
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preparing at most 208 tons per day apiece for airdrop {(Ref
19:8>. Therefore, sustained operations require early
establishment of an airbase for resupply cperations.

To establish an airbase capable of sustaining large
scale Air Force operations into the airhead will take a large
number of Air Force perscnnel and their accompanying
equipment (Ref 48>, Studies of Saudi Arabia, a typica! RCJTF
deployment area, show that the ratioc of austere (bares bassz,
requiring maximum Air Force support and improvement:
airfields to main bases is between 7:1 and 18:1 (Ref 1:5-13).,
Therefore, aftter initial delivery of combat power intc a
theater of operations, considerable ef*ﬁrt must be expended
to deliver and sustain airfield support perscnnel, a
requirement which interferes with the steaqy increase of
combat power on the ground., The delivered supplies,
especially munitions (Ref 11:3), must then be transported
from the new airbase to the troops, requiring a large infiax
of combat service support troops and their trucks., Thisz is
substantiated by Captain B, Tarnopolski. U.5, Army, in an
abstract of an unpublished report quoted in DOD Log Absiract
(Ref 2:175). The effect of these limiting factors on combal
power during deployment has not been specifically addressed
to date in any research listed with the Defense Technical

Information Center (DTIC) (Ret 43,

Systainability

Current research recognizes the exceptianaiiy nigh
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vulnerability of the best plans to logistice problems. The

Institute for Defense Analysis (IDAY reported "Current

ground=-air models do not treat logistics vulnerzbilities
well, i¥ at all" (Ref 22:17).

An analysis sponscred by the U.S2. érmy Harry Dizmond
Laboratories “"examined the impact of varying resupply rates
on the units’ ability to sustain combat" (Ref 35:ES1:. This

paper found that the standard artillery battalion can fire ax

expected rates only 12 hours with no resupply, and the dailyr
resupply rate for the battalion is 1922 short tons of
ammuni tion (Ref 35:ES&). Similariy, the standard tank

battalion can sustain itself for fuel only two davs, and its

@

¥ daily resupply rate is in excess of 12,889 gallions, or #&
short tons of fuel per day (Ref 35:3-23). The &2nd &irborne
Division, the lightest division in the RDJTF, contains three

artillery battalions and one light tank battaticn. The

problem with transport constraints increases greatly when ali
supplies for all deplored units such as watzr-, food, stars

parts, and other types of ammunition ana fuel are considered.

The Army Field Manual (FM) 181-1@-1 and Supoly Bullatin CSED
718-2 relate requirements of each unit by type of supply to

combat posture, and these rates aggregate as more units ars

" '

Ty deplored (Ref 11).

e Given these large regquirements for continuing logistica!

:5; support, it is critical that an optimal point e defined

A g

%é which offers the most combat power for the mission, without

- exceeding resupply capabilities. This goint haszs not »et Szen
' 1S
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determined (Ref 2&).

Cyrrent Deploryment Models

An article capturing the lessons of the BRIGHT STaR 21
rapid deployment exercise to Egypt suggested improvemerts in
MAC load pltanning procedures, currently done mainly by hand
({Ref 18:22>. The measure of merit discussed is that "the
most efficient use of airlift rescurces is obtained through
maximum airlift loads” (Ref 18:23>., HG MAC, with the
approval of HG USAF, is developing computerized models to
accomplish ioad planning. However, the optimization of a
subgoal, efficient movement of cargo, does not necessari!y
imply or support optimization of the RCDJTF mission, which is
rapid deployment of combat power. The comprehensive nature
of the problem is well described in an overview essay b
Sheldon (Ref 34).

Currently, very detailed computer mcdels exist at HQ
USAF/SAGM in the Pentagon and at the Military Traffic
Management Command. These models move units based on a 'arge
number of parameters and are generally efficient. Phase I of

the Time~-Phased Force Deployment Data (TPFDD) complatss

e

detailed analysis of forces and supplies to be moved {(Re+
31:21). This model sums all unit equipment and reguirements,
in accordance with the units’ priorities., MAC planners mav
begin movement of a unit in advance of the RDD (Required Dus2
Date) in accordance with itgs becst aircraft utilization

mandate (Ref 24). As shown by Levin and Friecman, "It i

n

16

AN T a AT RR W X A% 1% 4 + by’ * T o ) X
AR I P L PN Ry e P K MO Kl e ¥t P o ot ‘-&!'J'ﬂ.ov LT N * v\ ~» -




v
i

SRR

-

fairly common practice *C separste *he Il £:3" Srod
two separate stages n pattle 3. %us-:cms where *the commanc of

tne demands of the

Q

the support units has to plan zccording ¢

fighting unite, Th:s may, of courss, lead to a subootimal

2

overall solution; very zeldom, howewer, are the deciszicns
made simultaneously. As in many other military problems, the
deployment of support units is solved as a cost-effectiveness

rather than a cost-benefit problem” {Ref Z82:41),

Although the interface between the intertheater deliv

[

>

1

airfield and the front line where the comba:r strength wi'}

]
0y

deployed is critical, to date no model s available which
interrelates the intertheatersintratheater prolem +or- the
Air Force assets, This makes it currently impossibls *o
obtain an analytical estimate of the relative worth of
various aircraft types in the CENTCOM deplaymeﬁt scenaric, or
to estimate an optimal force mix for airlift resources (Re+
38>,

A Congressionally Mandated Mobility Study (CMMS)
examined 1ift requirements through four scenarios, thres

and

dealing with the employment of forces in Scuthwest Asi

o

one dealing strictly with NATO. The study assumed in all
cases that:

1. Adequate fuel would be available at all enrcute

2. Recepticocn perts and airfields (APJDs! were adeiuate
to process all personnel and cargs mowsd to the thea

3. Basing and overtlight righte ware granted v 271
=} = »

17z




r
3
o
3
.
T
«
(3
-
.
»
.
’
0
v
L7
.

a.. - - - - T - - - - - - - - ~ - - - - » -
e
.‘. e
B ‘; L} . . . .
4 allied and normally frienmdly courntriss,

e

s
%.l p!
s & ‘.

The conclusion was that current mobility forces “were

- T A A

v

X ' not able to meet the lift requirements of anv» of the

i [ Wy

90X scenarios" (Ref 27:33:.

-_{'\:

BQ The studyr also showed that z timely responzs (-apid)
force was up to four times as sffective as a similar force

g : . . .

AR delivered later, and that "direct delivery of matzrial to

-

oy forward airfields" conferred a 7¥ to 1S4 productivity

N

advantage based on time made up by reduced intratheatsr
movement (the units were then not required to move forward

-

from the APOD to the deplorment area? (Ref 2Z7:32). Haowouver,

thts finding is predicated largely on assumpticon number fwo,
.ffg If in fact the reception port or airfield is conztrainad o
parkKing space or by material harndling squipment, ifhen

aircraft which can fl» only to the reception &FPCD will De

.% limited in delivered sorties, whereas aircraft capable of
%kl ' direct delivery remain unconstrained., Thus, the OMMS,

e because of assumption number two, underestimates the

Ful . . . .

R advantages gained by direct delivery., &Sssumption two also

inherently allows an unlimited numbzr of intratheater <1 ignts

to move cargo forward, basically portrarying an airfield which

4

cannot become capacitated. OCnly flwving hours, distanc

D
[} 0
(11}
-

g planes and lift capabilities 1Timit the zirliftt of forces.

)

e Further, the forces lifted are predeterminsd, sc that

P

A,
Y N

is not an optimal force response, unless coincidentally. The

»
w
-
[
(48
~

dealt solely with the gusstion of how Fast &

ul
(g
a
ne
1
~

o7

of units could be moued to & given area.
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The aircratt Loader Model is currently uszd by the
J-4. Given the complete physical description and weigh
all cargo to be moved, and the physical limitations anc
th

numbers of all planes available, it estimate: numb

W
10
1)

airliftt aircraft required to perform a sztzted tramsport

mission (Ref 33:17>. A month is required to acquire th

data; one man-day is required to analyze the output. T

is no attempt to determine i+ the load chosen was cpting
Jjust an attempt to estimate the fzwest sorties reguired
move the force, using numerical analrsis.

The Airlift Loading Madel (ALMY performs a2 simi
function, but uses eimulation. Currently used by the A&
Force zsistant Chief of Staff +or Studiess and Analysi
takes aonly one man-hour to evaluate the resultsz. Howewu
is strictly a one-zided model which Yoads forces, and %
is no interaction with the deplored units” nesdes,
transhipment, or attributes (Ref 23:21:.

The AMPS (Air Movement Planning Sretem? i3 an ans
model which plans, diagrams, and manifestz ingdividuad
aircratt loads of equipment and personne! for movement

C~-5, C-14!, and C~-1328 aircraft (Ref 33:2%). 1t i

1]
C
"
1]
ft

the U.S, Army Lcgistice Center.
ATLAS (A Tactical, Logistical and Air Simulationd

arnother analytical model, Grournd forces are scheduled

1

arrival, logistics inputs establizh sypply regui~emant
air inguts provide performance, wulneras 'ty and others

an aircraftt and airbases, The mage) cutput waries, oot
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measure of merit ie Forward Edge of the Battle Area

movement, which in turn is a function of firepower, terrains,

and posture. I¢ requires 2-4 months to acquire thea

and one month to input the data in model form. H

-
lag
(0]

o
nl

11
m

users are the U.S. Air Force Special Studies Division, the

Studies, Analysis and Gaming Agency (S5AGM), the Crganization

of the Joint Chiefs of Staff, and the U.S., Army Concspts

Analrysis Agency. The model is not 2n optimization routine,

but determinative, which reveals the probakle

response to givsn input data. Firepower scorss for the

opposing forces (the "combat power®) are assumed to ke

linearly additive with no interactive or enhancesment

coefficients. This model is used ovsr 408 times per wear

(Ref 33:44).
The POSTURE model, developed in the early 1778s by the

General Research Corpecration, zolves for the maximum

capability of a mobility fieet subject tc a given set aof

transportation restrictions. A typical representation ranges
from S99 rows, 20808 columns to 2699 rows, 18,800 columns, and

takez between forty minutes toc one hour of CTFU time on ar mlTS

4838 computer., In ordser to optimize, vehicles are

fractionalized and unit integrity» is not maintainec. FOSTURE
relies on a predetermined time-phased deployment list of
units, and therefore, iz solely concerned with mabkilitx (Raf
33:242), using a transportaticn algorithm.

There are three mo&els extanmnt which attempt to zlose

urits by means of airlift to an Asrial FPort of Debarkatich

2]
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(APODY in the most efficient manner possible., MaCE {Military
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Airlift Capability Estimate) is an analytical model which

o

uses general planning data (not specific data on svery piece
of unit property, such as used by ALM) to estimzte
large-scale troop and cargo movement closure times. It makes
no attempt to move the most needed units first, just to
minimize aggregate closure time. It is used about 75 timss a
year by the Organization of the Joint Chiefs of Staff (2JC5:

J-4 (Ref 32:2082). RAPIDSIM (Rapid Interthsater Deplowrm

1)
2
-+

Simulator) simulates both the deployment of combat units and
their required supplies to a theater, Al units moved hauve &

predetermined order of movement priority, and the

transhipment problem from the APCD forward to the +ront is

‘ - . n .
e not addressed. The same organization aa above uses this

"

&%

w

model 248 times a yvear (Ref 33:261>., The QJCS J-4 a}

RS

3
.0

SITAP (Simulator for Transportation Analysis arnd Planning?.

L Sl L
AR
- .
VA

Thie is formulated as a tramsportation model. The network

= ey -
Cnlly
-2

formulation allows weights to utilizaticn and blcckages in

SN

?759 the defined network, but requires a2 predetermined dzmand

p RN

Eié% ordering for cargo movement (Ref 23:33%>,

:;f The Army’s Concepts Analrsis Agency uses tha TRANSMO, =
3

ﬁ;: computerized, analytical model wh.ch determines arrival tims
t:ﬁ of U.Z. forces to overseas theaterz. The model cztermines
%%5‘ deployment schedules with specified 1ift assets, or Jdesigrs a
Eﬁ litt system to meet the required deplorment scheduyle. Tts

i : inputs include trocp strengths, resupply rates, it uehicle
:“ capacities, and general scenarioc characteristics suz- 2 nont
N
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restrictions and distances between ports [Ref =

(0]

:1385-34847,

The models described here all fail to meet the
objectives of the research for several resazans.

1. They are response oriented in that the cdzzirzd umits
and order of units to be deployed is precetermined.

2. Although some address supplies for deployved forces,
they fail to solve the problem of transhipping the supplies
to the combat units forward of the APOD, or to incorporate

the effects of the intratheater problem on APCD port capacity

to receive intertheater shipments.

-
e

. ..._,-.(-4,.-..'....(.4.’. . ... "‘"-H;'.';\ '(

8]




ITI. Modeling épproach

The problem of modeling a contingency force deployment

fﬁ; is subject to inevitable trade-offs between total realism and
;E; practical use. Two broad types of models are available,

B simulation and analytical optimization, and both have been
g%f separately emplored in the construction of various existing
:Eg’ air movement models. Both these methods attempt to capture,

- as best as possible, the essential elements of the problem.
At [ a problem cannot be solved as it is exactly, one seeks an
ﬁ; approximating problem "close t¢ the original® which can be
r‘ solved., The exact solution of the approximating problem is
f% potentially - but unfortunately, not necessarily - an :
ﬁ% approximate solution to the exact problem (Rsf 38:27S), This
‘;, chapter will discuss the criteria and methodologr trade-offs
Fég which led to the choice of interactive sequentia’® goal
'%% programming as the preferred methodology for the developed
- model, and the selecfion of a flexible response sur+facs baszed
,ég on regreésion analysis as the preferred means of
ig investigating the sensitivity of the model to parametr:c
‘fi changes.

&
3530
R
e ) imylation
‘ai ' The targer portion of available models representing
5?“ force deployment utilize simulation techniques. Simulation
“f models have considerable appeal to non-technical mxnagere,
-
R
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because the actions flow sequentially and a rapid check can

be made as to the level of zimulation detail. Simulation

modeis consider one alternative and evaluate a given plan

E%ﬁ based on the given scenario. The generated solutions do not
x“; identify alternatives and provide limited insight to the

underlying trade—-off relationships within the model. In a

large scale simulation, actual differences in worth® of

competing resources can be dominated by the stachastic

1]

variance of the ftinal solutiane (Re+:2). & =imulation

% . Sy . .
@ig provides the flexibility to iteratively and manually alter
ed
\ié parameters, but it never compares sclutions or attempts to
ot
optimize. Therefore, simulation results in feaszible
N '~"
f‘& solutions, which approach "good" through careful use but can
L8
<o never guarantee "“best". Because of these reasons, analrtical
’ optimization was chosen.
R
P Formulation as a Transportation Model

This problem could be formulated as a transportation
problem using all integer expression, and using each
plane-cargo combination as a link between nodes which
represent airports (Ref 17). An effort to create a

formulation of this type was briefed at the 1$83 MURS

4 conference, dealing only with efforts to further optimize

— cargo delivery, without recourse to simulation ‘Ref 24>, The
pi disadvantage, though, is that the number of link-nsde

TN

e combinations is very large, and it would be difficult =

" express the tonnage deljuered in terms oFf combat units

B
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fﬁ@ without recourse to gross aggregation, which would not seruve
L the purposes of this thesis.
Té_ . Formulation Through Dynamic Programming
u;? A "Dynamic Programming Approach to Resource Schedul ing

under Constraints® was offered by David Tyburski (Ref 47).

It uses the general form of the recursive relationship

fni{Xn> = minlrn(Xn,ln) + fn~-1<{tnd(Xn,on>31]

On
.f,‘.'*tﬁ n = 2,3,---,"
e 1 (X1 = min r1¢(X1,D1)
N D1
K n=1

with the transition function tn finding the optimal decisiaon

at each stage based on performance at the previcus stage., #A

;Qg . separate transform would have to be written for each type of
393
§§§ cargo, and a dependency relationship formulated for each tvpe
%ﬁ.

of unit among the types of cargo. Although a fexzible

me thodology, the recursive nature of dyvnamic programming
requires initial kKnowledge of the ending state. Liith a
program set up using the interservice apprcach of current
models, to optimize delivery of given units Jand,
correspondingly, tonnage) in a given time, this would be an
excellent approach. However, the goal of this thesis is to
both force delivered and means of optimize delivery, i.e., do

as much as possible, not just optimally match a given

predetermined response.
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Formulation by use of Linear Programming

»%ﬂi The methodology of linear programming is well proven,
(iq When set up as a system of interrelated linear equations, ths

P

problem becomes readily solvable by a number of LP
algorithms, A Key criteria, howesver, is the reguirement to

insure that the expressed relationghips are in fact linear

over their domain.
o This problem can be addressed by partitioning the

problem in such a way that the nonlingzar function can

Yor
AP

reasonably be expressed as piecewise linear, without sericus
degradation. For the noniinear relationship of combat power
to time of deplorvment, for example, the time can be broken J
into subsets which allow the combat power to be placed in the
objective function with separate variables, 2ach representing

a time segment of the timed response, with each having =

different coefficient. If the partitioning of the

independent variable is sufficiently emall, the errors

induced by this forced linearity of & curvilinear respans

"
T

are negligible (this is similar to arguments for the caiculus
R of differences?,

; The responses desired from this model, howewer, arz not
merely dependent on a single objective function, but rather

on a series of desired objectives, or goals.
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cal Programmin

Anothef method of achieving a solution st would be to
formulate the problem as a generalized multiple objective
linear program (GMOLP), allowing mixed-integer solutions (Re¥
280,25, The immediate advantage of this method is that it
avoides the problems of strictly formulated integer
programming, although it doesn’t guarantee an efficient

solution set until the entire problem i solved. The theory

behind this method is well proven, and seweral commarcial

programs exist, available for emplorment, suych as the IEM

MPSX370-MIP (Ref 42,44).
Since the basic problem is to emphasize combat power

delivery, the use of GMOLP would have tc be modeled %z force

this occurrence. Three methods are available to do this:

prioritized goals, weighted goals, and intervals arcund the

i goal.

e Y Prioritized goa!s will insure that the primaryr
objectives are fully satisfied in order of ran¥, naver

Thi

(]

satisfrying a lower goal at the expernse of a higher one.

1
|

would accomplish the cbjective, but it may drive sewsra

lower ranked goals to large values of underachievement, A

a

T
Jq]
T

%gg : major difficulty is in setting the objective value of

U

pui
gl
<
T

ranked goal - if it is too high, the lower ranked goals
—— no impact on the soluticn set., This result is demaonstrated
oo graphically by Ignizioc (Ref 21:397-29%),

gy Weighted goals are a good alterrative to the problems

posed by prioritized goals, because the gozals z2re satisfied

* '- \ "p..% 2 ) \‘\..'\.\ > %N \.\" A 'n"‘\.\‘
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simul taneously in accordance with their importarce., & mzoor

showD

b Ao ok,

difficulty, however, ic in determining the comparative weight

e e

of conflicting priorities, especially when goals have
incommensurable units. Minor errors in these weights

invalidate the model results, and it is difficult to find

12 2 R

RIS

competent authority to state, categorically, that anti-tank

P

e

capability of the deployed force is exactly 1.2 times as

important as the defensive frontage of the force.

"“’
a
An interval around the objective goal could te
bR
%{. established, which would avoid both the problems in weighting
X
1l :
?E the goals and the problem of specifying too high a gox! in

- o

o
b
x

prioritization (Ref 21:4@2>, The interwal would, inztzac of

.

an objective goal, specify minimum and maximum acceptable

values around the desired goal. Thizs has the aduwantage that,

b3
3
)
Tk

L‘ '! :'..

if the solution set iz feasible, no goal will be unagcsp?

Y

underachieved. However, because of the problem under

DU

consideration, it is likely that with this method the mezsur
of combat power delivered, the most demanding factor, would
always be driven towards the lower acceptable edge of the

interval, This is exactly the opposite to the purpose of

this study.

o A further problem with GMOLP is that various goal levels
g% ) must be investigated to insure that the "best compromisze”

—— golution is found. But, since this search investigation

:% process is not a formal part of the GMOLP, truly optimal

3 solutions may fall inm the intervalz between the c9arch

d

b

states. Z2eleny and Cochrane, summarized by Masud and Huang,
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found "that the a priori specification of goals and their ‘
ranks can result in a solution which ma» not hbe

‘nondominated’" (Ref 29:3%91:.

Sequential Goal Programming

Sequential goal programming is a lexicographic approcach
to goal programming., Using an objective formulaticon of
strictly commensurable units, the first goal is maximized (oo

minimized) subject to a determined constraint set. Th

L L]

optimal response returns the highest walus this goal can cver
take on. If this response is less than the desired goal, *the
desired goal is unachievable. The aobjective formulation is
appended to the constraint set as an additional constraint,
with the right hand side being either less than <or esgqual to
the maximum attainable recponce, depanding on wheithsr th2
decsired goal is either legss than or greater than the
achievable response. Thizs will ensure consiztency in the
constraint set., The next goal formulation is subsequentiyx

maximized (or minimized)., The advantage of thisz

w
=3
[ J
-+
=2
(W]
o
s}
[

]
L

is that the goal set is piecewise evaluated, and full

sensitivity ranging (right hand side ranging and objectiv

"W

coefficient ranging? can be explored for each goal as it

relates to the constraint set and to higher priority goal

(Ref 29). However, this approach still shares with GMOLF the
problem of finding the "best compromise" goal wmhich is fully

achievable and gives the owerall best response.

[ Y]
0




Fiexible Regsponse Surface Theory

Examining a model ‘s solutions dependent on a single

(]
ol
(8]
w

can be accomplished by use of standard cbliective cosff:

ri
L]
h]
-+

ranging techniques, with multiple runs giving a full spect-um
of the sensitivity of the solution to the goal-weighted
interrelationships between variablees. Similarly, right hand
side ranging for resource input parameters or highsr ranked
goals defines the model“s range within the optimal response.
To explore the full range of responses dependent on multiple

parametric changes in order to explicitly defin rametric

L ()
o

P

5
w

relationships would require a facto design which couldg,
even within a reasonable range of interest, require an
infeasible number of model runs,

"The single parameter zensitivity tec J
has three major disadvantages. First, only on=s
parameter can be varied efficisntly at a2 ti
Secondly, this measure provides no numerical measurs
or ranking of the importance of a parameter to the 2nd
solution. And, thirdly, no information i= provided
about the interrelationships between the important
factors under study." (Ref 38>
A fractional factorial response surface attempts to map

the entire response surface af systems with a small numbher o+
factors., Using least squares regression analysis to f1t a
response surface to a fractional factorial design wi'll insure
the minimization of the sum of squared deviations of the
ocbserved responses from the predicted recsponses. The great
advantage of this type of analysis is thzt .t reguczes & larce
model! response to a zingle equation, praogrammaz=le on a handg

calculator, whose maximum error 13 MinimiZes o the vz’ e o7

(n]

@
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the maximum bias estimator returned By the regression.,
a proper design, we are guaranteed independence of

coefficients due to orthogonality. Therefore, two

alternative parametric changes may be directly compared,
it the response of one, minus possible maximum error,
greater than the response of the second alternative plus
then

maximum possible error,

that alternative one dominates alternative twa., Thisz as

both the alternative sets were entirely within the Sound

the calculated response surface.

ctaorial 2

LU =

A similar approach using a fractional +sz

[ 4]
15

could be achieved to inuvestigate the entire goal! subs

t,

10

azsuming that goal achievement levels were continuous.

However, since the goals would =3%till be incommensuran)a,

Y]

presumably lexicographic, and probably nonseparable (i

the achievement of one goal would enhance, in scme wav,

another, thereby providing a nen-singular moment matr

some method must first be developed to either partitic

normalize the separate goale, or to meld several -esszins

surfaces to a single response. HResearch waork to

response defined by a response surface sublect to =

curren®l - oin

constraint from another response surface iz
progress (Ref 3%).
The problem of this research is to develop 2

ct fto
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power and airlift rescurces, Su

and a system to reflect advantages in deplored

3

o
. " L. g
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it can be said categoricall:
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}fﬁ by an incremental change in airlift rezcurces. The use of

XY sequentix]l goal programming to reflect the impact ofF multigle
goal requiremen*s on an intertheater-intratheater

e mobility force model will allow optimization of the resporsze.

51 A flexible response surface built on the reacticns of the

n

model to parametric changees in airlift rescurces will not

‘ﬂ&g only provide a sensitivity analysiszs of the response, bu*t a
A .

B2 direct analytical estimate of the relative worth of airiift
L.

resources and trade-off points between competing srstems

\Q1 under the given scenaric. Both the optimization procsss and

e surtace will damonstrateda,

n
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IV, Problem Description and Mode

The problem is simply defined as how to construct ap

analytical model which incorporates strategic mobility,

intratheater mobility, logistics factors, and the elzmentz o7
combat power. In general, the more combat power an ~Arm» Jdnit
has, the more it conflicts with the strategic mobility
requirements.

Each of the four factors related here zare made un of =
number of elements. This chapter describes the underir»ioQ
azsumptions of the mode!l. Apodditionally, model parameters xre
identified., Those which are not sslf-sxplanatcry ars
described in detail.

Strateqic Mobility

The factors which comprice strategic mobility have been
intensely investigated. Huge models and simulations such &=
the MAC M-14 simulation model incorporate spares, wingt 2
clzarance on parking ramps, mechanic and crew availabilit»,
and a haost pf other elesments (Ref 24), Qthepr models,
primarily concerned with loading such as the Aircrast Lozcer
Mocdel, use allowable cabin loads for aircrafi, exact
dimensions of equipment, stacking heights, ana many othzr
nieces of data input (Resf 323:17). The critical elesmenits of

strategic mobility were delineated by Major Jamss Crum’

G

regearch submitted to the Air Command and Stafs Taollege |

0

May (720 in partial fulfillment of gracuation regquiremsnt

)

fs

R R




(Ref 123,
He determined that aircraft size could be described in three
terms: outsize capable, oversize capable, or bulk cspab’e
(Ref 1233). Aircraft could also be described as airdrap
capable and/or short field capable (for direct celivery..

The problems of crew availability, spares, and
maintenance per flight hour are described as subsumed into
the UTE (Utilization) Rate, which is & "planning concept that
reduces airplane operating rates, on a svstem—wide basis, tc
f S:9%:

a single figure expressed in daily flying hours" 2

m

UTE Rates are mission-oriented so that intratheater LUTE rates
are generally less than intertheater UTE Ratss +for the same
aircratt.,

At the cargo handling ends of the flight route, critica!
elementes deal with the port capabilities. Loading zng

unloading an aircraft takes a finite amount of time faor

around-delivered cargo, so that "turn" times for aircratt

,.
Y
1
g

important. Because most airfields ars limited in parking
ramp space, this turn time has a direct impact on the sortis
generation rate of the airtield, The unloacing and turn tims
are affected by the material handling squipgment anc handiing
personnel available at the port (Ref 12:21;24:21>,

"Shortages in any of these areas, as well! az ewven shaort-term
sigtribution problems, can lengthen ground tims and reduce
flving hour capability" (Ref 12:21>., Because of the paruing
Vimitation, the limitaticnz impaozed by the material hans itz

equipment and personne! awvailability form xn abszoluts
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constraint on the number of cargo sorties throughput by the
airfield. -

The strategic mobility missicon, then, czan be dezcr:sed
by a series of fgctors. The ocutsize, owvwersize anc bul¥ cz-3o
delivered are a function of the number of aircraft fl,ing
missions and their respective outsize, oversize, and bulk
cargo limitations. The number of micssion—capable strategic
airlifters is a function of the number of aircratt of 31!
types available at any time, the UTE rate for those aircraft,
and the distance in flving hours from loading to unicading
the cargo. The number of missions acceptable 2t the airf el d
is a function of the airfield parking space and the turn time

for the aircraft. The turn time for the aircra+t i

11}

function of the material handling equipment and personnel
available, with a predetermined minimum (optimmal) ground
time.

The strategic mobility of direct delivery aircra$t is
not 1imited by available APOD zpace. Since *there are in
general far more airfields capable of receiving Jdirect
delivery capable aircraft than there are strategic airlifter
capable airfields (Ref 1:5-13), the parkKing and turparcurc

constraint is basically unlimited.

Intratheater Mcbility

Intratheater mobility by air is representeag by the sam

D

factors as the interthezter mobility airlift,. Howeuer,

intratheater mobility can also e zccomplished Iy means oF

(71
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ground transportation. Units capable of self-movement czan
move by ground, it required, to the location of emplorment

from the APOD. Items or units not capable of self-movemarnt

g

must be moved by external intratheater transpori. For tn
wholly military scenario, this devolues to moving by
intratheater aircraft or transportation units, or both.
Intratheater aircraft, while not Timited at the deliwvery
end, contlict at the APOD with strategic aircraft for the

resources of parking space, material handling equipment, and

r

service personnel. Transportation (truck) units <o no

compete for these resources, but thev and their fusel must

first be deliversd to the theater,

Logistics Factors
Every deployed unit consumes supplies of varrying trpes
at varying rates. MWhile units which are based at thne &PCD

receive their supplies directly from strategic airli+t,

forward based units need their supplies delivered. Most
unites have a self-contained logistics tail capables of ground
movement of a constrained numbsr of ton-miles., Aftsr this

point they require logistical assistance from intratheztsr

mobility assets, or direct delivery of their sunplies,.
Arnother aspect of logisticse is the "tag=along" service

support or combat service support to combat units ratio.

Doctrinally, American units move with 3 given “tooth-to-tail®

ratio, with each combat unit being supportsd Tw a civen +force

of Headquarters, supply, and servicesmaintenancs persarnzl.,
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Presently, logistics models assume 3 "straight slice cf =he

pie" for each sub-element of & larger element, which

WY reasonably approximates the mcdern "task-organized" zombat
;‘5§ force readied for deplovment, This model, when pozsibls,

)
ot will follow this approximation.
o
?R;é Deployable Unit Attributes
v%ﬁg The assignment of a value of "combat power" iz a

“u |
&}1 valuation which is only usefu! =2s a genera! approximation of
fﬁ} worth, and chénges with the environment and the ob sctiuve
?:? {(Ref 23>, Therefore, not only does the broad valuxtion o
.“f? combat power need to be reflected, but also several of the
%}3 specific attributes which contribute tz this value,
38

Some of the more separable elements of combat power ars

the anti-tank capabilities of the given unit and the unit”

R
%\5 ability to hold and defend a l!inear portion of “2rrain
Eﬁg‘ against attack., The anti-tank capabilities can be exprezsed
5
as a function of the number and type of anti-tank weszpons
n.“,'q-‘
. 4 . . .
%99 syztems in the unit, and the defensive capability can bs
My
fhy aszumed as the unit’s doctrinally assigned defenzive
Fp
- frontage. A third "specific" measure of combat capability is
3,
i
>, a unit‘’s firepower, which can be approximated v the tons of
ol
! L L .
! ammunition per day it consumes,

>
R

Deployable units can also possess several other critical

il

o

attributes. Fighter aircraft, deploved at the APID, contliic:e

522

gik with transport aircraft for parkKing zpace. Airlifst Contood
A

POV Elements, once deployed (ALCEY, snhance the cagpzhility to
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ﬁg unload, service, and turn airlift aircraft, Transportation
gi assets such as medium truck companies or helicopter groups
| ‘ are capable of moving many ton-miles of logistical suppliss,
'z; freeing air transpoﬁt from the intertheater role. Howsver,
:¥ all these conflict with the primary gcal of moving combat

u units, because the last two types have noc combat powsr, and

tactical aircraft cannot hold ground.
The deployable units possess attributes which act to

minimize their deplorment and lead to goal conflicts. Thes

1l

;% are their attendant outsize, oversize, and bulk cargo
)
:% shipment requirements, their supply needs once deplored, ang
f} ancilltary support units which must be mcoved in some
;j proportion to the combat units. There are alzo doctrinal
§  restrictions on the employment of units in greater than
the

certain ratios to other units, such as combat support to
o B
1@ combat units.
;}
) Scenario Bounds
ii Each separate scenario is likely tao have 2 discrete
1? solution. The elements which would change the scluytion, ewen
;i given constant valuations for all the above parameters, ars
ii distances, time periods, and changing values over time.
éé Critical distances to be expressed are the distance to
?‘ be flown from the staging base to the APOD and the distance
;3 to be flown from the APOD to the $raont., These distances
}~ affect the number of missions capabie of being fiown, given
:~ an average speed of the aircra¥ft. The distance from the &SR35
i -
% 39
ié
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to the front is particularly critical, since ground camoat
units delivered to the APOD do not contribute to the measure
of deplored combat power until they are capable of being
utilized for combat. aAlso, a large distance between thess
two critical areas is likely to put a high premium on
air-delivered logistical supplies, whereas for short
distances from the APOD, trucks would be favored.

The time period of interest is also of critica

w
5
o
a

importance. UObviously, a one-day response toc a problem
will drive surge rates of aircraftt arc put no waluation on
logistics transportation units. Howewer, a twenity-day
response can be expected to walue a high average rats of
aircraft movement and will deploy ALCE units eariyv in order
to capitalize on their accruing advantages.

The last external influence which changes the respaonse

of the other elements is the changing walues of +faori

™
|l

e Qv

s

time., A Congresgsionally Mandated Mobkility Study (CHMMS) has

quantified the intuitive analyzis that a reasonakly sizec

force early is worth more than a large force “ater., Thi

(11}

.

relationship is not a straight line curve, and is in fac
likely to change from one politicalsmilitary situation *c

ancther. On a very long term or non-critical basiz, *fo

n
[}
[ 4

value from day to day might approximate a constant vz

113

such as in a Reforger exercise. For other situaticns, th
value curve of the unit over time should be el icited fram
decision makers before attempting to cptimize celiver» of

forces, using surrogate worth trade—-off meazures.

48




Input Parameters

The input parameters will be broken into three
N
*; sections - those dealing with aircratt which dezcribe the

aircra+ft capabifities and limitations, those related to

deployable units available to the planner, and those which

s

bound and formulate the scenario.

o'y

e

For a generalized model, each aircraft is described by

its capability for every mission and cargo. This allcus
rapid refinement of the model to express additional

capabilities of specific aircraft, instead of requiring a

£

. Wy
h
9
3

ad

re—-expression of the entire model. Regquired input parameters

for aircraft are summarized in Table 1.

Deployable units are likewise each described for all

attributes, although z3ome interactions may be zero.

Fot o8l

;5* Deplorvable units are also subdivided into five zZlasses of

2

X units:

h
: {. Those which engage in ground combat and can Ge

4 %

KA

¥ airborne delivered.

Ity

"3 2. Those which engage in ground combat and cannot we
w airborne delivered,

‘.‘) ,.

" - . . .

;ﬁ? 3. Those which are tactical fighter units and compecte
(9]

c'ﬁ\;

‘ﬁﬁ at the APOD for parking space.

e 4, ALCE units which possess material handling eguipment

.‘;3";;
P >

‘ ..»:,:rl‘c;"‘:.*.
'8 \ T v o

25

and personnel, which result in a quantifizble improvemsant in

)

airfield sortie generation rates.

s

K

5. Transportation units which move syppiies be2rwesn <he

LI
o .‘f
A

b

41
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APCD and the front.

Other required input paramters, such as combat sower, &7
strength and front line trace capability, can be subjectively
assessed by means of a Delphi closure or can be analyticalils

expressed as some function of the weapons svstems assigned ta

i1

the unit.
A summary of reqguired input parameters for deplorable
units is expressed in Table 2.

The third zet of parameters is the set which makszs th

o

Wi

X-

i

solution set specific to the scenaric. This
summarized in Table 3.

These input parameters will be used b» the moZ2l f2
delineate the interrelationships of devszloping +orce
projection, strategic mobility, intratheater maobility, and
lagistical resupply through or aver an APDD to a deploped

destination.
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ATRCRAFT INPUT PARAMETERS
(for each aircraft)

outsize cargo tonnage capability

oversize cargo tonnage capability

bulk cargo tonnage capability

number of personnel moved with outsize cargo
number of personnel moved with oversize cargo
number of personnel moved with bulk cargo
number of personnel moved with no other cargo
Block speed of aircraft

UTE rate on intertheater mission to an APOD

UTE rate on intertheater mission to direct delivery
(forward airfield)

UTE rate on intertheater mission to airdrop

UTE rate on intratheater mission

Ground time for aircraft on each mission
Availability rate for aircraft type (fleetwide)
Attrition factor for aircraft on each type of mission

Material Handling Equipment (MHE) needed to service aircraft
(pallets)

Table I. Aircraft Input Parameters
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UNIT INPUT PARAMETERS
(for each unit)

outsize tonnage

oversize tonnage

bulk tonnage

number of personnel

Defensive frontage

Anti-tank strength

Combat power

Supply consumption rate

Number of pallets unloaded per day by the unit
Airborne capability

Number of this type unit available

Ton-mile 1ift capability

Movement speed, nautical miles/day, for scemario
Unit designation as combat/combat support/other
% of APOD space any aircraft in the unit will occupy

Table II. Unit input parameters.
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1.

2.

3.

.....................

SCENARIO PARAMETERS

Airfield

Number of each type aircraft which would capacitate the
park space of the airfield.

Material Handling Equipment (MHE) prepositioned at
airfield in terms of 1000 pallets per day capability.

Distances
Distance between the U.S. and the APOD (DUSAPD).
Distance between the APOD and the front area (DAPDFT).
Decay curve for Timliness versus Response, portraying the

advantages of quickly closing forces to the deployable area
in terms of a combat power multiplier.

Table III. Scenario input parameters.
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V. Mogei Cevslooment

This chapter shows the development and construction of

the goal consiraints which form the ordered set of oo

[ J
‘.

functions. Three of the developed forgce paramsiers are tims

insensitive, but one, force projection of combat power, is
R , e
?ﬁ non-=lingarly variant with time. The cosfficients and
A,
3 . . . . . e .
ML interactions over time of the go0alz zre explicitly defined,
1
~ .
and the state constraints which make the goal constraints
‘\! . - - . . -
L'y competitive are developsd for the gzrneralized caze fraom
AN
Wy . N .
AT SiNgUi ar exXpracsicons.
Anadon
A
RN Yariable parameters and factors
AN
:z Since this chapter is primarily concerned with the
N
! mathematical develaopment of the proposed model, % is
\.-
i o . . . .
::ﬁ essential to begin with a common basis for wariables,
e\
" . . . . .
e subscripts, and multiplisres used throdghout the zauations.
2N
Thesze are summarized herse:
ot
Y
2 .
‘.j ) FEPE I
~ Variables uzsed:
)
," Xigd,Kyd: where the variable takes on values deoicting
1 the number of delivered plane loads,
LIy ]
~.::~.
'3: li» ,m,d: where the variable takes on values Zespicting the
number of units deplored.
" .
"pﬁ . -
:I Ro: the dezired reeponze or goxl, by dazw Q.
[y *+
‘II . . . - . - Ay .
b2, Ma: harndling capability of the APIDL faor ozxiiztz z0 =03
]
pre-Jdepiovment. Hf is anadlocoous at the forwand a3 rfe oz,
HQ
A
05 .
s": 44
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C o

T Period: a defined period over which the UTE rate
y ?,

i .

-{%f applicable.

By

S - : : : i

Y Sd: representing =upplies transhisgped on Jar o2 frc
L

NN APOD forward.

v

S0 : : .
o My: the movement time taken by a unit to mowe $ram

ﬂﬁ?

APQOD to the front by ground transport.

??{7:«.,{ ‘

N Subscripts used:
. ]
¢
a: the APOD
W L .
 15 Cry: representing a combat urnit or combat suppomt o
ww i R . . - .
.;z‘ multiplier, combat twpe v units hawve a Cr of 1, noncorh
B
LW . R -
s twvpe » units have a C» of -1.
LAY
! d: representing daye in the deplovment phase. d ta
oy : '
Mg
I wvalues from 1 to D, the total rumber of dars in the air
i
4 N
deplovment before seapocwer linkup.
[ ]
A{ﬁ f: the field, or non-APCD airports closer to the +
3558
A% . . . .
,jyj is representing the ith type of plarns. 1 tawesz on
from 1| to I, the total number of types of airolanes.
N
B, 1" . . - . C e
A Jji representing the Jth twpe of missicn. J ta<2s v
ny . . . .
V:g from | to J, the total rnumber of miszzion twpes.
{.’,'\
Ry
b3 representing the kKth tvpe of cargs. X takes on
o from 1| to K, the total number of tvzes of cargo,.
!
m: representing the mode of deiivery, whsre o Tads
Sl values from 1 to M,
‘o
3
‘ vt representing the »th trpe of unit, » tzdes on
L]
!‘ . - - .
‘ﬁb, from { ‘o ¥, the total number of twpzs of unitsz,
ety
s O]
‘ ey,
Y
W' 1
~. -
f&ﬁ
e
v -
fnﬁ
N
A
¥ou
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S Multipliers used:
I,
-}t: xiy K: giving the cargo capacity of the ith aircra$t twpe
)
M .
{ carrr¥ing K trype cargo.
h &
é}ﬁ By,K: giving the tonrage tc move of the yth type umit in
Y]
3
JQR K tvpe tonnage.
.if
‘ ¥Yy: giving the number of fighter planes assigned to unit
DN . .
Ky tvpe ¥ in terms of the percentage of the aPOD they accupw~.
€
'*@ ®y: giving the front line trace capahility of unit trpe
b
¥ to defend, in kms.
) . , . . . c.
o fu,¥t standardization factor for MHE rnesded to unload
3y
I plarme type i with cargo tvpe kK,
3
10y
v Ar¥s giving the firepower (or steady ztatecombat powe~:
'-’:;;- .
:_',-.. of type » units,
2 '
,:Q ¢$»: giving the anti-tank power of unit type ¥, supressec
I
in equivalent TOWs.
~ "
‘4\‘ . . . . .
ﬁ@ . Wy: giving the supply consumption rate for cnit troe »,
3508
A - . . .
ot £¥: giving the ton-mile capability for 1ift of =zuss' 2=
LBPS )
< 4
’ for unit type ».
§|
e Fv: the limiting number of units of type v available,
X441
{7 . . _ L o . _ -
P Nyt the airborne capability of the »+th cnit, Thiz i a
oo
’;f 8-1 factor.
."{".‘
N ¥: the number of pallets that a unit of t¥pe v can
.\'--,
™ . . . . .
gq’ unlcad at the APOD in a day, in addition to previcus &P2C
'9.“’\ y :
A
- capabilities.
Tate -
?4. Gw»: giving the speed of the yth twpe uynmit,
B, : :
ﬁé' Cit the block spesd of the ith type planz,
' Vit the average availability rate af 2lane twpe
43
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ti,j: giving the ground time for aircraft type i on
mission type Jj.

2iyJt giving the attrition factor for loss -~ate of
aircratt type i on mission type J.

Numi: the number of planes of type i in the mods!.

PRKi: the number of planes of tyoe i which can park at
the APOD, if the APOD was solely devoted to that tvps of

plane.

Intense(d): a factor which scalez the mods! basiz of

required supply to another supply usage factor, Its

o

dependence on the d day reflecte that this scaling can changs
cuer time.

vd: giving the multinplier effect for arrival at tha
front on day d.

UTEi,Jj: the UTE rate of aircraft type i on miszicn *wpe

DAPDFT: the Distance between the &P0OD and tne FronT.

DUSAPD: the Distance between the L3S and ths &PCD.

The repetitious uce of these z: mbols will greatls
enhance the reader’s ease in understanding the mocel,
For the implementation of this model in the thesiz, 45s

following ranges were allowed for the subscricts:

i from | to &. 1=C3/, 2=C17, 2=2141 ,4=CRAF Jcarzo “viaz
C?47), S=CRAF (passenger tyxps 747>, 4=C1325H,

J? from | to 4, i1=Delijuery to the &RPCD, Z=Direct

42
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delivery to the front area, S=Airbocne deliuery,
d4=Intratheater transhipment.

K: from | to S. l=outsize cargo tonnage, Z=cvers:

W
2]
(11

cargo tonnage, 3=bulk cargo tonnaqge, 4=personnel!, S=suy

hn ]

(3

v
(18]
w

{considered to be bulk-sized).

d: from 1 to 20. This is considering that after D+28,

Sd\ shipborne cargo becomes a factor and this model, ae iz, is no
1)
(yg longer valid.
PO

m: from 1 to 2., l=delivered to the deplorable area, with
3:: minimal travel time required. 2=delivered to the &PQD, travel

time dependent on distance %o the front and unit speed.
yi: from ! to 8, l=Airborne units of the 32Zrnd ~irborns

Livision. 2=HQ units for the Brigades of the 82nd. 3=~ir

R A A
A /;

.‘u‘c\
l_’t’—a

Assault units of the 18lst Airmobile Division. d=Artiliery

units of XVI'Il Airborne Corps Artillery (1SSmm).

t
s

s
;” S=Mechanized battalion Task Forces <2mech, larmaor’ of the
{
%
%ﬁ 24th Mechanized Division. &=F1& Fighter Squadrcons (13 LUEY.
ahd
7=Airlift Control Elements (ALCE)> of the U.S. &ir For:zz.
>
g; 8=Medium Truck Companies of the XVIII Airborne Corps Suoport
EWN
,i‘
Ko Command (COSCOM) .
Jowd
)
/ Goals
5
ﬁ% I¥f all the combat attributes of a force were mutuallw
‘
:;' reinforcing, there would be no choice problem for the
i
S
;‘° strategic pltanner - the more units delivered, the better the
’1
%; results, Unfortunately, such is not thes case. Units which
7, %]
- can project a great deal of cocmbat power 1n one arsa, oIt oas
"
2
Fod
Ag Sa
*!.v
q
-
.-$ W L LWy Wy

R
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aircraft squadrons, wusually have little worth for agually

important missions, such as holding terrain, ARy scenaric

usually requires two or more trxpes, or attributes, cf combal
: power, as well as the requirement to react guickly. The

. objective of this program methodology is to develop a plan

which:
Wk . L ‘
2] 1. meets all the requirements or specified goals baszed
7.
5§ on force attributes.
j ‘\:

2. after meeting these goals, attempts to maximize

P

specific force attributes towards a specified limit or az +far

as possible.

R aW Es W
A Aﬁ.‘.&. i

; &¥

b3

Since the achievement of all the minimum goals is wvery

# . . . )

oy much more desired than maximization of any one aspect of

" Pl

&

be, combat power, and since these minimum goals can themselves hbe
oy

ordered, iterative sequential goal programming is

Fog

iy appropriate.

«?*:

o, o 4f] . i .

3; Goal programming notation represents each esquation as xn
1]

equality, and any surplus results in a surplue variable .

."‘

iﬁ‘ whereas any underachievement results in a slack variadle oo in
tﬁ the equation. Therefore, the equatian:

RACNLA

. [»24] would be rewritten to »-~3:9

*N

S and then to y-4-p=32

!

S A simitar solution can be attaired for equationsg =¥ the less
A 4
e than or equal to form, such that
-
bl yid4

23

.&

S becomes

4N

' y=4+n=1

N e O o
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This convention will be followsd throughout this chapter.

The variables chosen to reflect asspects of combat powsr

are defensive frontage (front line trace or FLT}, anti-tank

\élf (AT> capability, and firepcwer. These varijiablies do not
léé change with time; a unit?’s capability remains the sams
Lo

regardless of deployment time. The variable which does
change with time is combat power, or potential force, of the

deployed unit. This is the perceived potential, to implement

the concept that a small force in the right place can be up
to four to six times as effective as the same size force

Iéter, which was a finding of the 1?21 Congressionaliyr

Mandated Maobility Study {Ret 27:38. Using this fact, we Ian

‘éf formulate that e e
e 3 2
b 5= Yped =R
art ,:l
) or D Y
ds y¥

This shows that, over the period d, the sum of &l *he
unit capabilities in the particular attribute % or & of %!

units closed to the combat area should equal or exceed tne

desired capability. The concept of "closed to ths: combat

area” is an important one, because these specific attritutes

.

~g§ are of no use to the ground commander unless ther can be

i N’i

S employed. These specific attributes are then distarce and

speed dependent: the distance they need to travel betweer the

APOD and the combat area divided by their dailly movement

speed gives the time ther neszd tc move to the combat arzx

after delivery to the theater. A unit in theater on the

Ai
52
s, O
"
A
- -
P
T
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1% |
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limiting day but not available for emplovment wouldn 't count.
This adds to the waluye of direct delivery, especially in
areas where major airfi2ids are scarce.

Using the subscript m for mode of delivery, with m=!

being directly delivered units and m=2 being ur1ts delivered

to the APQD, we have, defining m.—, = My, with d-My
DA
-$ equal to the nearest non-negative integer,
Y
k- Y J' :E n o
o u + — R N
. ’” I ¢7 7”)4 < a0 ¢7 71 2,d d
2o
33
N e .
%QA for the anti-tank capability response on any day d.

A typical goal would be verbally expres ed Az & nead for
the capability to hold ten Kilometers of front line trace by

D + S5, and this could be formulated

"‘0‘» Y { &M,

e 5 2
W YZ' %- er P d + - g 67 U";Io‘ 1o
i |

In this simple illustration it is evident that a*l units

s .
1 To

directly delivered to the combat area would be availab

h

hold combat frontage, as well as all units deliverzd to the

APOD which could move to the combat area by O + S. However,

,&g units arriving at the APOD on day D + 4 would not be usefu!
» L

z to satisfy this goal if they took two dayrs to Zzplaoy forward,
o Because lexicographic goal programming iz an sxtanded
3R

q,j linear program, it will attempt toc satisfy crne goal a2t a
33 . . . _ 5

%_9 time, and if the stated goal iz underachisvec (1t Zamnot De
}%; achieved within the time period given), a goal pgrogr:zm . i
3 ;‘

I

i =3

'%“}i

-
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move to the next goal without prejudice., That is,
underachievement of a high order goal dcez not precluse
satisfaction of = lower orcder goal. Therefore, a2 goal

programming model should reiterats fa

3
n
)

W
0
as
-
1)
w
r
~)
0O
u
11
l] :
(K]
0

1
(W3

of days, on the presumpticr that, i4f the gcal iz impossibls
to achieve as stated, it still needs to be filled before
other goals. In the example above, this can bte done b

Keeping the goal level of ten Kilometers of front 1ir-

"

trace

constant and allowing the perind to expand to six, seven, and

eight days, This will require an additional thrzs goals o
ensure lexicographic preemption of cther goals until this
goal is fully attained. 1In this circumstance, i¥ the mods!
cannot deploy sufficient units to defend the frontage by daxr

five, it will attempt again to do so on subsequent dars. The

-

effect of additional goals is only on computer run %imej the

additional goals are redundant once the goal ohjective has

The mathematical goal formulaticon of the +time dependent
variable of combat power i¢ simiiar., Tha2 actual effec: cf
response times on perceived combat power muzt 2 est'mated,
either by elicited responses from scenario zrza 2xpertz or
from Known curves generated by simulations. These zurw.ss -3z
trpically curvilinear with rizsing decav cver t.me. For each
day of deployment, a multiplier can be eztimated from this

curve, and incorporated into cur model. Thus

L R U AR IMEA"ST 5, *-"\'s o p %, Wyt \"\.‘ LA S LR G Y \'\.“s' -.‘\ \( Ay .. -. v_,s.*-.'.\’\, NN '\- N




= combat powm].

is a valid expression for our model. This term allows a unit
with an arbitrary combat power of four, delivered on day
four, to be worth less than two units worth a valus of two,
delivered on day three,

With the great concern for short-tarm cnmbat'pcweh

deployment, a natural response would be tc tedly

-5
g

o

b
a

maximize the goal of deploved combat power for succescsive
days. However, the Jexicographic ordering of goals for Zars
i, 2, 3, 4...would result in an cptimal respones for day !,

an optimal response for day 2 given day ! occurrenceg, and so

3
a
(1]
(']
e
D
n
[
=
U
[ ]

forth. This ie not necessarily optimal. &n e
shown which is obviocusly suboptimal - a successijve
maximization of combat power only, which rapidly results in
an APQOD converted to a fighier—bomber base and anly
marginally capable of receiving more deploved units, This
case may be an optimal response for the first feiw dars, Zu-
for a deployment period of twenty darve it is not =z preferred
response., For this situation, a weighted responge wil'® hest
suit the uses of the model, zhowing an equal or varied
valuation of the ability to develop combat powser ouer ma-e2

than ore time pericd., These cobjectives are Zcompetitiv

"
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because they are each to be optimized per z&, s0o that they ;

restrain each other cver a limited alternatiue zet (Res

) 4%:322>, By makKing goals members of ths same goal set, =20
L
N
£¥ efficient solution is obtained which avoids the problem of
i
;&Q suboptimality.
v
o Bounding Constraints
A
»5; The constraint set deweloped here zcts to constrain *he
levels of potential goal achievement. The factors which
% G
:ﬂ% impact on goal achievement have aliready begsn described n
£ G
f#é Chapter IV, and this section will formulate them ints
s mathematical expressions.

S
Bt bl

éif pircratt Limitations: The first set of constraints on

‘: strategic deplaoyment relate to aircraft, There are tun Yrpes
1

h“? of constraining factors, those dealing with aircraft

b

3; availability, and those dealing with the fleetwide average
;- utilization rate. They will be hangled in turn,

&

f”» t. This set of constraints bounds aircrzft SORTIES o

%? the number of available airfram=se. It is assumed that =

e :

i single aircraft can make 1 intertheater round trip anc boe

prepared for a second one every 1.5 days, but soulizg Taiz S

e
PAY
vak intratheater trips every day (at maximum surge turn ~zted,
— Similarly, the number of possible intratheater rounc trips is
=
;% limited to five times the total airframes available., Thsn
2o ) .
Ly for day t:
] Z Liws ¥ ‘azx‘qu»< NUM; vV,
A Jrt ok 1k ket “H N
L]
|,\ e
4 -t
%
i
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\E‘ Thus, if all type (i) aircraft began &an interthsatsr rounc ]
?ﬁ trip, the number of sorties would be limited by the number
:J‘ of available aircraft. For day 2@
N
N
;‘4.‘1 2 LY K K
, ' J?—T g i + ,Z' .Z Xijez ¥ 8 .‘;x‘"mm € Num v
|
*j showing that, on the average, half the planes whicn fiew
g intertheater missions on day | were not readyr to f1» in
3; support of day 2. This series iz generalized for car 37 (an
ff intermediate point between d=1 anc DY to
2 K 3 K K
20 -® J*z % X"3l“t°':’ * J%%X;mk.w * 'ng-\«,nﬂl' NUM."V»'
¥
ux When the effects of attriticon imission specificy z-=
+1 incorporated, it serves to reduce the rnumber of planez in the
" fleet, for a given multiplier {(loss rate} times the number of
?g mizsions of that tvpe flown, Therstfore,
l 3 K 3 Kk K d T
, '5§ Z‘ Xx.j-.k;d'-r + :;E x‘.jpﬁ'o" + 'P'g x‘wh*,# _“%% 2—,5)(“;1""“"
3\
Ny
“
L1 S NuMm, =V,
B o
;; This set of constraints recsults in one equation for sxch trpe
. aircraft for each day d, or a total of I*0 comstrainis.
Q, 2. This set of constraints bounds a2ircratt zort =z &
:; the fleetwide sxpectad utilizaticn (LUTE) rate. The Zzmoutsc

¢ g
A
-

B -
e
-

- 55‘& - "
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4
%} parameter for this szet of equaticns standardizes the
L]
S different utilization rates for different missicns into zn
~ .
A . . . . . . - a
. axpressicon in a single vtilization rate, Since nearly 21!
4
gc aircraft considered are capable of intertheater airlisft 2o an
-::s '
e APOD, we can use this sxpression as a basszline,
N
N
S The utilization rate gives the fleetwide average for
‘:5 flying hours per day per aircraft., Thus, for threz ajircratt,
~
! a UTE Rate aof four can be achieved with cre aircratt £lwing
.». - <
s twelve hours per dary or all three aircraft flving four hours
'
} per dayv, or any linear combination of these., The uvtilization
%j rate is generated cuer a finite period of time, such fhat
' . . .
‘ surges and recoverieg average to a rough constant. The UTE
Y
o Rate, therefore, can be manipulated to give the sxpected
)3
number of awvailable flying hours within a given time pericd,
i},
From these flying hours, Knowing the distance trawveled and
'3 the aircratt block speed, it ic possible to calculate tne
L)
=) number of loaded sorties of which the aircratt fleet iz
YL’ B
capable during the time period for the given missian,
&
N
>, Expressed mathematically, this iz
N -
(X Period « UTE;J- hd NUM;‘ K /CZII DUSAPD)
— ¥
‘g The factor 2 is included because esach aircrastt must 1 Dot
25 ‘ . .
5o wars, but the return trip dgogesn’t deliver to the Zszicryment
L P e
= theater. .
N . . . L , . . .
o The period times the utilization rate $ocr t-s missich
N
‘2 times the number of airframes givsz the total number of
: flving hours avaiiable. Twize the distarces <for the mizsiznge
L] G
-
s
N =g
-
T‘—-.
I
04

LRI R e
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divided by the block =zpeed, Qives the +1¥ing hours regquiresc
to generate a loaded sortie. This number of hoursz diviled

inte the fl1ying hours available gives the numzer of sortissz
available during the time periocod.

oth

10

To convert aircraft of the same type flrin

i

missionz to an equivalent number of sorties for thizs miseion,

a simple ratio change is required., The effective $l¥ing

hours available are expressed by {UTE&J 3, which, si1nce %ths
U.3. to APOD migsian usually has the highesst UTE ®zts, tends
to make each other type of szortie more costiy. Howevsr, thz
ratio 'g{ﬁ?:ﬁi;‘ must also be incorpcrated, and, for ths

large change between intertheater and intratheater J:isztances,

this more than counterbalances the other ratic, which shows =
1ot more sorties are available in the intratheater moce

versus the intertheater mode, using strictly flring hours.

)
i1
i

This is exactly as expected. However, where the Jdiztzn

|98
Q3
1]
"
<
o
o
98
T
ot ¢
L {

zre roughly equivalent, such as a3 dirsct .

UTE rates for the same aircra+tt in the two mis

w

cause of sparcse facilities or other reason such

N
cr
D

reased wear and tear?, then the mods! reflecis that cCires

|
]

delivery sorties are relatively more sxpensive to aircratt

than sorties through an APGD. This, also, is

Aircraft which are optimized strictly faor intratheatsr
transport, such as the C-138, cannot e rslated by UTE rate

to the intertheater mission, and therefore, muist =Se

by
1
X
7
-t
i3
m

directly dzpendent eon intratheatzr distances,

eparately expressed, with their total avaiiao
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Since it is incorrect to expect an Taverzge' to e &
limit every day, a period must De assumad, Taxing 3 gars
a viabie period over which to expect an average L7 rates
response we can write, tor Sne trpe aircratt i,

4 < (5\ UTE.. ™ Num v q-,_/(z_tms‘rm«_ﬁ.)
A P

,
2 2 T X jd v T S Nt /(e » wistancs
!

ized, although the values of n, ths slacs

variable expressing leftover potential

a
+
pon 4
1 1]
(1]
A3
[
w
o
0
o
1]

now clouded, and cannot be read directly. Ths perioZ s o
as a mowing average, ¥irst for dars | to S, then Jdars - %o

etc. The general expression, including atir tichn wnich =
mission specified arnd will reduce the 2ircraft bzaze oFf t-z
UTE rate, iz
2 4

ﬁ des % dig I (DAPDFT‘\ i d

UTE, . - + X, - K,
S T T drd’ VTS SPUSARD T T 4 d s b Zm s ind

+ m = § Num, = Gj/(Z* DusAPD)

where COUSAPD .= the intertheater distance, while ITRADFT =
ths intratheater distance, Theres iz ons caornstrsint I 23
i and for 2ach pericd, which waouid give (D-Fz~ odeli#?

constraints.
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Agirport Limitations, The next set of landing

A

( constraints deals with the traffic 'imitaticns an airoord
s DN . . . « . -
oy places on strategic mobility, both in terms of ramp pare
ﬁq space and in terms of material harndling equioment.
y 1. This set of constraints imposes limitaticons on
oy
N traffic through a reception airport due to ramp parxing
Z% space. Expressing the capacity of the airport 'n terms ¢
N

exclusive use for each type oOFf aircratt, the mode! assums
1
'35 linear ftrade-off relaticnship which closely approximates
P )
B .
A reality. For exampls, ¥ an zirport is cazazle of parwin
o
s fighters or 12 C-13872, it assumes %that the airport 2 a0
1*;
iod capable of parking simultaneously 2494 fighters anc & 2-1330
2%
b This is an approximation accurate for any airfiszlos sucepn
15
. very small ones with #grnd-caint salations to parking
- . . . . .
s mitation ix & cn arge ajrcra blocks tasiwars or
. limitations, where cne large aircraftt blocks ¢t
AN runwa»s +tor any other flights; however, 220z will -ot

normaily be chosen at minimally cxgpable terminals.
l‘.‘
'ON The computed paramster for this zet of scuaticnz |3
-“
w calculate the parking space—-time taxesn 2p 5S¢ 2ach ai~Ir-a-
“
s it iz optimally unloadsd and serviced encughn to movs -+
-
o APOD. Using the factor PRKI which gives an indicat on of
2
:t- many of a single type aircratt cam use the AFID at a zing

17

point in time, and the factor tij, it is pozzible to

' . . . . . .
¢ determine how many sorties of this twpe of aircrsdt mar 2
. generated through the &POD in 2 z2ingle dar, with Frams pa-

-

i

u‘n
!1‘

ce the constraining limitation., Mathemasizallw,
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Thiz je a war of stating that ¥ am z:-cratt takes up,
(] . . .
-~ for example, one sixth of the parking space and tadies one
_--'
’ . . . 4
N eighth of a day to get off the APID, then <nalv 42 of thesz
aircraft can process through the APQD in a single dav. The
‘€; factor "24" conuverts the ground time per olanz from hours to
33 davs., The one on the richt hamd side squates tz 1284, s1°ze
. essentially we have converted aircraft sorties into a $#zctaor
b
v: which gives the percentage of a2 dav-space thew Sooupy oo
S
N
- ARPOD.
ey Since fighter planes, i+ based at the 2PID, must £=
A
-;- assured of a spot whatever the time, the ecuation
X
[N representing the tactical fighter units is
ga S v, &
1'?-. VAL 7 Y,Z,d
<
1
h} which means that no more fighter aircraft may e assigns:z
A than the airfield has space for parking, and azszumes 2 ' nezn
vi
7 relationship between parkKing spaces. For zzamplsz, £ 3n &PID
=
>y could park 24 F-i11 or 24 F-14, thren the &PLD ccu'd parw L2
g F-~111 and 13 F-18 simultaneously, and be capacitates, O°
~
\-‘ - . . - -
[ ; courszse, this extreme solution would mean *:at the =F20 Rad
%‘ bheen converted into =2 fighter base, and =o iz not & 1Tive v
st . . . : A .
N solution, just ar end-point illustraticr,
<y
W . . ok
Y . Given the amount of 3 twvpe airlifter wh.ozh 2z ca~a, -2
- i
‘o max airfield sortie capability iz geterminzd By hr=
b aircrxct’s turrn tims, under the best aof cirzumstancszs,
-'ﬂ
T
)
>y -
=4 &2
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Therefore,

L +./
Z Z(t R‘Z‘j >X;ll»HJ S|

J:llil az! |

which limits the sortieszs of those missicns which move through
the airfield. With this formulaticn, an airfield which coulg
park 12 C-141“<, which required 3 hours ground time apiece,
would be capabie of through putting 1203242 = 75 C-141"=z 1
day, if only C-141"s were using the port.

Since, howesver, fighter planes based at the AP2D must
always have a reserved space, the parXing space limitation

becomes

T +.1/24 LA ¢
SSGEIx, 2TV, s
PLYEFIN | lJl"vd d2 o 7 7

There is one of these equations for svery day d of the model,

for each APOD, so that with our

1]
i
0

ingie APOD model tnis add

tota) of D constraints.

2. This section describes the limitat.ons imposed Dy
the material handiing equipment which i3 avaiiable at the

APCD. For each trpe of aircraft, there is a rnormalizin-

(w8
[J]
D
1

factor which relates the aircraft to a standars

requirement for material handling equipment, based on he

number of paliets the aircraft can carry, and the ezse o+

L4

%

s - . .

Vi“ servicing the aircraft. Each APQD also has a2 +iuesd
p O

A"

capability, Ha, to handle a given pumber oFf zhtandarz zls-s3,

- Lastly, each Airlift Contral Element (ALIE: arg 4z
o, Jl:
R
s
$'- ’\
AN &3
—F\d',

M N T
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ancillary port improvemsnt package has the capaoility 2
unlcad another given number of stancdard planes. The amourn

of planes moving through the APOD must not be grexter t-an

the capabilities at the airport to unload them. Therefore

P K Al
—Z,n. JZ, .,Z R g YZ Yy Uyaa € H,

The service units which close on anv day through the caw
before the one in question usze their Jjoint capacity o unlozg

tor load? planes which arrive at the APID aon dar <.

n

Similarly, to constrain the offloading =f Qirect

gelivery aircraft, we have

I ' K du Y
ST BT R dre y% )

There is one constraint for each day for the AFOD and *he

forward airfields, resulting in 2#D corstraints

Unit Limitations. The number oFf unmits z.a

naturally limits the number which can be shinm

type of unit. This is expressed bw

ZZU <

det ~.d 7

tor sach unit tyome v, which adds ¥ comztraints.

hipment of Mp:its, Units can ze shigoed nto tesi-a-
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by three types of airlift missions (j=1,2,3) and can arriuve
in two modes (APOD or at the front), depending on the
delivery method. This section will deal with the similar
expressions for all three misszion types sequentially.

1. The first migsion is delivery to an APQD. @Al1
deployable aircraft units and ALCE units are constrained to
be delivered to an APOD. Other units may be delivered therez,

Every unit is described in terms of out

ize, ouersize,
and bulk tonnage, as well as the number of unit parzonnetl.,
For a given unit to close, the compliets amount of outsize,
oversize, and bulk tonnage, plus percsonnel, must iz moued.

For 2ach category of weight, the amount moved to the &PID in

Qe
g

a given day is equal to the sum of 2al) deliverieszs in tha

category to the APOD. Therefore, for j=i,

I Y
—_— =
E*;A" X“T'."?&' yzlp’lk U7’a)d - 9

Cn a given day the tonnage deliversed must mest or ercesd
requirements for a qiven unit in order for that unit to
close. Pd,K represents surplus tonnage of tryose X Jdeliverzd
by day d.

However, it no unit closes or if there i3 exc Lonna

h{
it
(1]
Dy
"y
[

delivered, it iz considered an advance delivery for the news=
unit. This holdover tcnrnage is also represented 5y the
surplus variable, Pd,k. Pd=-1,k then comes to represent t-e
total surplus tonnage in cargo type ¥ in the dars preceding

the one present!y under consideraticn. ©Sz the time -=- oo

0.
i

..~.|‘- -« - -\.$.~ :‘- . Ly ."'.' ".

AT




extends, therefore, it is evident that this equation hecomss

b

1 | s >

S w  Xiwdtp — T @, U sy —p =0
“ it ~ i ";k "')kia Pd."“ 7" @71& \,iaid &,k

Loy

7o

There is one constraint for each day and carge tyrpe, aading

a2

A

D#K constraints. And this series of equations fu'llv

describes the shipment of unites tc the APOD.

4N

P vl e
P
, Ay
g o B

b Fo

2. The shipment of units directly to the front is

o180

%@3 covered next. Similarly to the wPID shipments, the
gt

FALP, : . . .

;,e relationship is given by

(AR ¢

* ‘

o z Y

428 =« X + - > v - =0

;% : PETIR L A‘a‘k’d Fd—l,n 7= /dr'k 7 d FJ,K

30 _

e

y*y As above, this adds a constraint for each day and cargo tvpe,
[
‘ and so adds D*K constraints.

gt '

3. Airborne units are handled in the same manner, wiin

interactions allowed only between airdrop canpable aircra+tt

- - -
SN

n

Pl (Jj=3) and airborne capable units (where Ny=1). This i
(&

by the equation set

et T Y

. —_ S - =
Z’ “i-‘k x‘,’,“.a‘ *+ E‘_"h Y% 7&7“‘ u7;';d Fd,k °

=

S . . ,

(5. This equation ie repeated for ewery dayr and cargo troe,
Y]

adding another D#*K, constraints.
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Supplies, The delivery of units to the overseas area in
order to meet goal objectives automatically impocses an
additional set of constraints - that of Keszping supplies at a

stabilized level. There are three lewvels of supply
constraints. One insures that enough supplies are =zent
intertheater to meet all deployed unit needs. Another set
insures that enough supplies are distributed to the front to

A
1

meet the needs of the forward deplored unitz. The ¢t szet

w

insures that sufficient supplies are on hand at the APID to
meet‘the neede of units based at the AROD., These will oe
discussed in turn.

1. The class of supplies is a separate one, k=S5, For
this model only one clgss of supply was addressed, as =zn
aggregate need. More detailed representation, if needed,
could be gained by adding additional variables. Since
siupplies are considered only bulk cargo, sach additional type
of supply adds only one variable.

Very much the same as the shipment of unit cargos, the

need for intertheater supplies can be represantsc
=+ -5 %
o, _X, . - v - )
§§ d *,J,f,d yH e ©rPyimd ‘Dd..r

1
[}

The excess delivered one day is carried forth to thre next,

that e .
3 T Y 2
Z-Z‘(irx;:JrJ*P _zz U7U7;”HJ_F =0
Jei PR ' 1T d-!‘( 7:4 m~t o';f
for each day D, adding D constraints. T-e *actor 4 warios
from one to three, 30 that any means of Iinterthezsar 27 usery
&7
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is considered.

-r
[ O

2, The series of constraints to Insure supn'ies at t

T

front are presented next. Each un:t not based at the ~FID

generally units other than +ighter squadrons, “LCZ un s

[«

i

Py + f]

transportation units {truck and helicopter:, is ccr

Pcer

w
[ {1

consume its supplies at the front, regardless o its mcde of
delivery, Supplies can be delivered to the front through
direct delivery (j=2), through airdrop (Jj=3}), through
transhipment by air (j=4), or through transhioment by
deployved unit., The last capability requirss an additional
factor computation. Al] units have input parameters
concerning the ton-miles per day which ther are capab
hauling, which is a common measure oy performancs. For
combat units, this parameter is set %o 8, reflecting thsir
capability to move supplies in the rear o the corps rear
area. To determine, then, how many *tons can actually ke

transported per day, the expression

3,

2 » DAPDFT

must be calculated. Again, similar to the $irst sew af
computed parameters, the factor Z represents a dead-ns2acd
return trip to pick up more deliverable cargoc. Supplies
delivered directly to the front this period, plus supp!liss
transferred by air and truck between the APOD and the front
this period, plus supplies at the front which are surplys
from last period, minus consumption this period, equsals

3

surplus for this periocd, This can bS2 mathematicallw

[N
w
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expressed:

4 __]_,__ _
J_Zlg«‘;x ,,.-fol +§;(2'bnfbﬂ') U,,,a_ Pd.,r E%Q’U

- -O
Pd:

However, the unconstrained use of the term $rUy could lead tc
the "creation" of supplies in the model. Therefore, letting
Sd equal the supplies transhipped during d, which must be
less than or equal to the capacity of the transhipment

"pipeltine", we have:

5 s (2 *Nwosr) ZZ é ’_’J_” + Z-L o X

Y:l P 1

,w:d

Also, the term Sd must be less than the amount left
over at the APOD, which we will deal with later,
Now the supplies at the front can be expressed as:

Oy Uymd — =0
] : 7; .Z“ 7’ )d PA' &

‘ z
. - o dirpd Sa v P

=2 .-l

If it is desired to investigate the results of a buildup
leading to conflict after a given period of time, while =zt
supported by air, the zupply consumptiocn rate c¥ the combat

units can be premultiplied by a time dependent factor

INTENSE(d>, which will scale the supply tonnags conmnsumpticn

.‘
o
e

to the appropriate level. This would alszo need *tc b

bk

0
Gy

W
“w

F
2s

for the previous set of constraints.

s
-

A
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This would result 'n a final +crmulatica <
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and
Y > T
. —_—
APDFT A, . — =

{ for each day d, giving 2*D constraints to trhe modzl.
"yl
3, 2
;,, 3. Supply of forces stationed at the ARPDID 5 addreszzsd
G . . . ) o
2N nere. Again, supplies delivered must =qual or exceed unit
M i

requirements. Because of the availabilitr of APOD - capalble
&

aircratt as opposed to direct celivery capable aircra$t, £

m" -

is assumed that supplies will move, if reguiired, ¥rcm 4z
L
‘ &POD forward, but there will be no requirement for supzliss
R
,mg ta move from the front backK towards the &POD. Besides
!
*S consumption, there are twe waye in which supplies can “egavs
47
) the APOD - transhipment by air or shipment by a depiorsc
f\ transportation unit., Since forward units must be zuzplied,
§§1 if there are insufficient direct delivery means for =zuppl 2%,
the transhipment of the supplies will reguire increasing
RN assets as the number of denlored units increzses. Withoot
‘;3 truck units, this supply movement prablem would soocn wtilize
ﬂﬁ'
34 s0 much APQD capacity for intratheater transhipment -~ air
that further units would be hindersd in Zeoioyment,
Thereforsz, truck and helicopter logistics transportaticon
uriits, although offering no direct combat power, ase
automatically moved by the model at optimum points .n order
to further the goal! objectives of dedloving combat Units.,
The supply situation at tne APOD is that sugpl .23 T3 tns
b APOC in period d, plus surplus cupplies at the &I +mcom
”
e period d-1, minus consumption by urits &t the APDD, mings
559 | . ..
1Yy transhipment forward, equals the surclus supo!izs 3% 4ms2 =00
in period ©T. 3ince no one iz allzwed Yo starwz, this s.mo oS
T3t atlwarss be non-negative., Therefooez, we Can o enITesT Yhs
oA
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mathematical) relationship:

. I 2
g 9&-‘ x‘,'»-";J * ’3-. e y':..zsv <y u7 ~.d A_PA ¢ °

-

The summation of the units is made here from S to 7 becauszs
it is assumed that the fighter sgquadrans, ALCE, and
transportation units draw their supplies at the APCD.

This set adds one equation for sach dar d, for 2z toba

of D constraints.

Unit LinkKages., Unit linkKages <-an dezcribe o ther

~

o

ceilings or floors on dexiorment of certain ynits i;m m2 at:ar

P4
A, By’

i eV |

to other units., & typical cziling would be on the deplorment

:
XXX

¢ of combat support arms such as artillery, regquiring a min,mum
Lnk number of combat units to be deploved betore more +follow-an
Ao

‘-l . .

Py artillery., This can be shown as

Fod

3
o

Y 2
2

’ll -~

P
-

e
S i
Bty

TN which Keeps combat designated uvnites inm at teast a 11! -=atic
Enw
D ) . )
K. tn with combat support units., The designation of un:tz Ur me2
Opgd
Loy . .
3&3 between combaxt and combat support {2 made for sach t-ge v,
A -
f and Cy is positive | for combat units, magative [ 2~
h"l
LMM . non-combat units, or zero for units which the commances
1
: )
blu ce2zignates as nor-inunluel, sLzh z2s thke S_IT, T oz oacetI oz

?5 one const-~aint,
v
w
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Another
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(1)
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)
[x]
5]
¥
"
¥
i

tvpical unit linkage i

deplovment of a certain tyoe unit given trna

This

']

already deployed, iz mest comman in the -g!

i

between combat units and combat ssruice

as headguarters.

A ratio of at least | headquarters per S ocattall
could be shown as
cmbt 2 5 9+ cmbt ¢ 5 HGL
HE

However, in the start-up case. this would reguire,
essentially, headquartesrs to arrive Gefore the comoat
in order to satisfy the integer relationships, or euve

to begin partial deglowvment wits ¢

19
o
ot
w0
1

headquarters unit. A better expression is th

limitation, such as
cmbt - 2 HG ¢ 2
units

which allows up toc 2 combat

[t
Y
fa s
)

[
a
“r

and allows one HQ unit to control

also allows 2 HE units to cenmtrol 2 or & units each,

forces a third HZ cnly before the

deplored, if an integer solution technmigque is emz'owre

a current ®-battalion division, thizs i3 exactly in Vi
doctrine and practice.

This twpe of constraint would ads one comsiraint

each link between combz2t unitz and other twpes o+ un’
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Unit abilities
A last set of equations baunds the probolem duz to
particular unit abilities, such as that of the - ggsr
companies which limit airdrop resupply to the cagpac ity ¢ -z
rigger companies to prepare supplies for airdrzap. This can
De expressed:
T
. X, < (r 9K
E e Tz d riger capablt,
the daily maximum capability of the rigger companizz. Ltk
surplus capability carried forward, the equation 13 ftoens
I
o . m i Capabpih m
isl ! 'g'r'd al-:‘: A F I'd d, s
This adds cne constraint for 2ach day d, for a fotzl of ©
constraints.
Summary
The modzi as depicted consiszsts of the Tonstrai-tz:
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‘ff The total number of variables contritutsd by the

v,

P zircratt will not exceed | % | # ¥ * d; however, zifnce many
] iy J and i, K combinations for different | aircraft ars

< .
S norexistent, the number of variables iz usually conszide-~as
3 |

) tess. The number of wzrizbles from the deplorable Lotz are
roct Y#M, However, restricticns on deplaovments, Such 25 requir a3
)
s fighter units to Qo to the &PID, will redics ths total to

 a t
_: somewhat less., The number of constraints f~com the sscaticns
K. series, in aorder, iz
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VI, Model Coption

Several means exist, within the +ra

developed model, to address complicating

n reality.

factors enccuntersd
riability cuer tims

Such factaors include the varia

of the available number of CRAF as the CRAF zre

the availability aqver time of the deployable uni

requirement for a supply buildup as a he
catastrophe. ®wlso easily portraved are
period in supply usage rates due to =z« ch
intensity, and the expansion of a single
of "supply"

ammunition. For air movement, the most

changes would occur with the incorporatic

into categaries such as +uel,

dge agai

ange In

APCD, and with any reztrictions on intratheater

airstrips. All of theze cptions will be

Time-Dependent availability o+ Fa

3
N
(3}
W

To portray a2 time—-dependent availabi

requires a change in the right hand side
appropriate period.

Since both aircraft and units have
reiating to number of resources availabl

the simplest way to address this is to m

limitation for the appropriate pericd.
of aircraft of a given tvpe will sntzi)

the total available per period, but also

UTE rate can

traint, 2ince this s =

af exDre
- b

g per

odi<€y th

Changing

ts, and the
nst
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of aircratt available

Supplies
To reflect supplies as 2 single clazes iz a usaful
simplifying assumption but underestimates the true burden of

supplies management and shipping. Certain types of sigpplie:

require special handling and incur movement restrictions,

such as ammunition; others require special packaging or
containerization, such as water and fusl. The Lasic
relationships developed for "supply" would remain the zame,
but would be reiterated for each typs o4‘5'p; e

A change in unit supply reguirements wh:ch s exoechel

to occur at some fixecd time can be directly reflected ir the

supply constraint for that day or pericd and forward. Using

standard multipliers adopted by the U.5. Army Logistics

School, the walues consumed from day d¢ would be sam

W

u

multiple of the tonmage consumed on dar d7 - 1.

The requirement for a supply "hedge" agsinst catastircphe
can be treated as the regquired movement of a “13555:“_unit
such as & headquarters, except that the zugzply “unit®
consists-solely of bulk supply cargo,., There must D=
sufficient number of these supply "units' available so that

there (8 never a 'tmiting amourt reached which wosic, o7

iteelf, stop deplorment of a real unit,

More Than Ona APOD

Inclusion of a zecond AFPOD would add anct-er fis




.

x&: possible missicons to the current list of three. These new
NN L . 4 - .
\?ﬁ missions wodld retlect intertheaater mouve to APID 2 and
S
*,
(50 . - .
intratheater move fraom 2. Units would agd armother nozse
; tratheat f APOD 2 Uriit 1d adgd th =
\ !
. . . |
L o eir possible ceployment; they could now be de!livere
o to th ble deployment; th 1d he de! a
ﬁ& either to APOD { or APOD 2 as well asz the direct delivery
.I, .
oL,
mode. Al]l factors necessary for development of one APCD
.I- * . - - »
e would be required for the second. The inclusion of another
RN
< 3 wou a only a set of constraints for parking and
}i‘ APOD 1d add on) t of t ts for o 3 and
material handling equipment at the second APCD, or 2=d
oy
?*5 constraints. However, it would add a second column for suery
'{\f
3 % column in the matrix for which, with one &POD, Jj=t or ==
S0
s {(movement to the APOD or transhipment from the APODY, arnc
S
ﬁ?\ would add another column for everv column for which m=2
Y
-~ --‘
ﬁﬂf fmode=aP0D deliverv). In essence, this neariy doukles the
4 s
. matrix size, but it retains the logic of the origina! mode]
. "1‘"
?3 formulation., This assumes, implicitly, that aircraft an:
.',:-
. transportation units return to their starting points. To Se
L) \
: able to cross—-serwvice aircratt and transportation units, the
.-'_.
L . . _ o=
e model would have a gecometric incresse, zo that for vuo &FCD0,
S
A . . . .
S a four—fold increase in matrix size s NeCEssary.
3ﬁ<
-cl'
‘v-"-
l oor
,\.‘.l
LN
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To investigate the uses of goal programming znd the

developed model, a reducsd force base

(L1}
]
i
|
uJ
=
[n]
£
Ql
n
"n
e
t
C
)
w
(]

a demonstration. The results of this zcenario cannot be
construed as defining the actual ocptima’ respornse, Decsuse of
the numerous simplifying assumptions., Rather, this scenaric

was generated to verify and demonstrate the feasibility of

the developed model, and the usefulnessz of goal orogramming

to both Army and &ir Force ussrs of such a2 mocde!

(4]

Scenaric a@szumptions

1. No attrition, regardls

11}

S GT mission txpe,
2. Airborne delivered supplies are limited %o the
maximum Army rigger output,

3. The 28-day period of deplaorment can Le ret!

N ]
(]
P
D
it
o

4 linked S5~day deployment periods,

4, C-5 aircraft will only perform interthea

La d

2

transport to the APOD.

o
[w]

RAF are not available until § dawvs after mouzment

<

i
or

4. A1l upits zre immediately available for movam

Y

7. Intratheater transport iz limited to mowing ou's
cargo supplies.,

8. Only minimum dailv supplies are reguired,

?. There are S dars ground 4travel time Lebtwesen thz aF
and the deplocyment aresax,

12, Although s3ix squacrans

]
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Py available, the decision was made to base the tactical ai~!:+:2
3 forces at laocaticons separate from the APOD because the ram:
B3 . . . ] ' A o

space and serwvicing required wouid restrict the capac. ity of
'ﬂ the APOD to handle strategic airlift aircraft arroving 1n
AN
L'l
b theater.
)
R
L} * .
s Scenario Input
-~
R The input parameters to the scenaric are given in Tazles
"4 8]
&
4 - 4. The airport limitations and unit weights wers
;f obtained from reference 4. The aircraft limitations anz
X . . . .
o capabilities were also taken fraom this reference and chzcked
Bt :
. and modified by HR, USAF/SA, Thus the C-5 UTE Rate o+ Z.95,
b
) suggested by Army scources, was changed to 12.5, in order to
.
g1 render this study acceptable to the Air Force. UOGther zZhanges
. are similarly obvious.
»y . Ca .
» The Army unit capabilities and values ware taken +rom
b doctrinal publications, in the case of the front line ftrace.
'y
From TOE data for unit-owned T0OW and DRAGON weapons srztems
% an anti—-tank power was computed, using a walue of t for T
= srstems and .5 for DRAGON systems, Combat powser Zotential
" was developed from relative combat power of units as usesg to
L~
': play a force-on-force war game at the Army War Coliege, anag
0y the multiplier effect for time was taken from an open sourcs
W
o revelation of the classified Timelinese versys E¥fsctivensss”
$0
N - . P - .
. volume of the Congressicnally Mandated Mobility Stucy ftitls
N L
k-, unclassifiad).
-
e
3
Y
+X
b
% &1
5
i,
L 4
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) Scenaric Goals

._i

. Five sets of goals were develcped using two

1
k philosophies. The first two sefs ware designsd a~oung & Zo3
A , . : ,

N programming methodology, where the regquired system resganze
X is input and the model ocptimizes ths number, Twoe, Cargo, anc
) destination of the aircraftt moving and alsoc the number, triz,
2 and deztination of available RDF units. In this mocel, the
i cptimization process itself attempte to best i1 the

-,

' reguired sy¥stem goals, and the response 13 what units ars

b _ .

de=ployved, to where, and when. The second ohiloscpny of

% strategic airlift was alzc exolored with the mocel, as a

*: , , .

R comparison. This philosophy represents the current oc-ozactics
) o -

] cf a non-wholistic approach to RDF goal achiesvement. e
‘-1

5 . .
44 trpical goal sets were established as representing simoplities
"
4 versians of realistic regquirements, and then thess

L7

b eztablished goals, in terms of units to e mowed and zn

0
g* optimal Army pricritization of thoss units, igre ss=nt to zhe
¥

Bir Force assets. The mode! then used 311 Air Force asszefs

3
b to effect the fastest possible closure of the regquiftess units
‘. L]

) to the theater, in order of pricrity.
%

0y

% First Philszaoohy
P "

s - .

-, The intereste of the RDF force were nmraothetics’ i zaf
-
. as the following, which define goal set ane:

-"

- 1. Within the first S darz, have o2 Zagali' .ty o3

f detend 25 kms of front line.

A
b 2, Within the firzst 5 dars, deploy the anti-tame

e

N
.
2 35

B

' ‘!
-

¢

3

ORI ";\'.\'\'_‘-".\.\’ .,'
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»
{
;. egquivalent of 43 heazvy anti-tank weapone sytems fLhased on ToOW
¢
o
b o = 1),
S
i‘ 3. Within the 28-cday pericd, maximize comiai sower
\d
A deployed.
Y o
~ . . Ly . L. -
2 4., Within 15 darzs, have the capability to defend TH «ms
-‘:. - )
of front line.
-.a . . . . Py
o 9. Within 13 dars, move 2 mechanized brigades
- 4. Within 1@ dars, maximize combat power deplowei,
Ax Scenario Qutput
"
.’I’ . .
u; For the given scenario, the rezult was:
e,
A
"3
N Goal 1: underachieved. 19,7354 km of FLT Ze<endec
\j Goal 2: achieved., MaX capability was 135
.‘,j Goal 3: 141.29
N Gecal 4: achieved. MAX capability was 52,5
R Goal 35: underachiewved. .38 of msch bn movsed
2N Goal 4: 74,55
') - . . ! - _
) The figures to the right of the words achiswed o
N
;? underachieved show extreme goals. I+ underachisusd, “hNe

number shows the response which can  bhe achisuwsed, if

£

averachieved, the number represents to the +arce 2ianner wWhan
slack there iz in the svstem, 30 that ¥ necessary the goa's
"j can be redefined. Howewer, these numbers represent the slacx
E>.
15 at that stage; when the next goa! i3 implemented, trz 3!ack
> Ay
& from the previous goal is no longer an ind:icator.
; The goals of the force planners wers then adjustez =2
»
t¢ reverse the priorities of goals S and 4, The results wers,
-
Y naturally, the same for goais | through 4, The rezglts <or
A
l‘ !
o
]
. 24
%
L &
N
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goals S and & were:
Goal S5: 22.72
Goal $: underachisved. MNo mech =h

Second Philoszophy

A third set of goals was develcoped which more ¢
approximated the current goals given to the Military
Command. These were:

{. Move one brigade of the 22nc Airporne as i
priorityr.

2. Moue one brigade of the 14iz% Air Assault o
as second priority,

2. Move one brigade of the Z4th Mechanized Divw
third priority.

4, Deploy close air support fighter squadrons.

These goals were subjescted, at 2ach stxge, to x
of maximizing productivity, by minimizing the number
tlights, as long as this did not increzase unit closzy
The results were:

Gox! 1: achieved by Sth daw,

Goal 2: achieved b¥ 18th dav.

Goal 3: achieved by 228%h dar.

Goal 4: no fighters deplored,

Goal s2t 4 waz developed the zame a3z Sox' Szt I
regquired that zn RLCé unit be mouwsc £ b,

GSoal zet S was deueloved con ke hasz: iz 0f setsz |
Te safford an accurate comparison of the methodo'og =

1o

~1

el
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(syetemized wholistic goal programming “2rsSus A Se-w ce-
optimized recsponse? the units mowed oy goal stz 1 oarg 2 were
-
taken 3= service preferred, but giwen 2 prioritizes orIzr ot
mowvemsnt, Az is current practic:. Acaain, then, the ET
assets moved these units, in orcer of pricrity, *2 *rg
theater. Lesser priarity units were allowed to move Defore
closzsure of a higher priority unit only i 1% did not affzzt
the closure time of the higher priority unit, Tris £+ =2t
s F
of Qoals was:
A
M 1. Move one trigade of the 22rd Sirtaorne simglfa-zzoz’.
NS
:Xg: with one ALCE unit as Fi-~st priority.
DAYy
PR
o Z. ~s second pricority, close the remaine~ o4 the TIng
a8
S . . . .
L7 ~Airborne Division.
2. As third priority, move cne bhrigade of tne 131z% o -
{ Assault Division.
PR 4, Az fourth pricrity, move thrze squadrans of S-is
LI
:1_'.'
AN aircraft,
A
v A comparison, for all goal sets, of forces mITves it IE
TN
IO found in Table 7.
P
.r“'-’:
a . . . . . ;
o) Figurez 2, 3, and 4 show graph:cally <he ‘moact thaT tnsz
SN
~ a hed » .
P varving philosophies and goal ssis had o5 the responsss
e three tyopes of responces that werse of interest *o t-2 RLF
o commander .
-
i‘\!';‘
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o
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, Goal Set 1 2 3 4 5

Combat Units
Moved by

Day 5:

-~ Aln Bas._ 449 49 3. 3. 5.9

- Artillery 0 o 0 0 0

¥ Mechani zed 0 0 .03 0 (0]

" r. Sqdn. 0 0 0 0 0]

; By Day 10:

e Aba Bns 6.9 6.8 3 3 9.0
Alr Asslt 3.2 3.0 3 3 1.8
Artillery 0 0 0 0 0
Mechani zed 0 0 8 075 0
Ftr. Sqdn. 0 0 0 0 0
By Day 15:
Abn Bns 9.0 9-0 3 3 900
Aly Asslt 309 404 3 3 300
Artillery - 0 0 0 0 0
Mechani zed «58 0 2.2 2.3 0
Ptr. Sqdn. 0 0 0 0 1.0
By Day 20:
Abn Bas 9.0 900 3 3 9.0
Alr Asslt he3 47 3 3 3.0
Artillery 0 0 0 0 0
Mechani zed 58 0 3 . 3 .. (o]
mo Sqdn. 206 206 091 1.4. 106

Table VII. Deployed Units Under
Different Goal Sets.

ae




0 == Combat = 8
. Tige Goal Objective Set 1 Set 2 Set 3 Set 4 Set 5
By w 10 maximize 750“ 82.72 63.81 62027 7.2
By Day 15 116.34 122.95 66.51 6€9.67 109.76
By my 2 naxini ze 1410@ 14108 77089 81067 1”0‘8

Figure 2., Deployed Combat Power

Deploved AT Strength

Time  Goal Objective Set 1 Set 2 Set 3 Set 4 Set S
By Day 5 60 80.8 80.8 49.5 49.5 74.25
By Day 10 138,6 163.0 106.5 86.5 132.0
By Dey 15 242.6 251.3 167.0 165  235.8
By Day 20 378.7 335.6 255.7 2T7.4 327.6

Figure 3. Deployed Anti-Tank Strength
t-Line @

Time  Goal Objective Set 1 Set 2 Set 3 Set 4 Set §
By Dey 5 25 19.6 19.6 12.0 12.0 18.0
By Day 10 33.0 35.1 24,0 19.8 32.0
By Dey 15 50 55.8 54.6 36.4 36.0 46.8
By Dey 20 64.6 76,6 47.6 UB.4 54.0

FPigure 4. Defended Front Line Trace
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Analysis

The reversal of end goals between sets {1 and 2 changec
the selection of units and movement times toc accomplish the
game set of four initial goals. The coverwhelming advantage
of a goal programming methodology is here demonstrated. Uhen

a minor or end-point goal is changed, the model will respond

in such a way as to still maintain, as a minimum, the desired

or achievable levels of higher priority goals., Simulation as
a technique to do the same ,job might need an enormous number
of replications, dependent on the number of potential units
for deplo}ment. On the other hand, professional, service-
insular judgement as to what units were now necessary, bDased
on a goal change, might be very appropriate. However, there
is no guarantee that the new prioritization of units.
delivered to MAC will result in similar unit closure times,
and so an iterative "best compromise” solution must be worked
cut between the two services, if the current deployment
philosophy is maintained.

Theuaddftion of a goal between sets 3 and 4, however,
did not change the types of forces moved (it couldn’t under
that methodology) but did effect closure times and the
deployed force results., The early movement of an ALCE unit
pushed back the deployment of other forces. This result ic
especially evident in the first 10 days. However, the impact
of the ALCE unit quickly becomes apparent with time, because
the set with the ALCE (set 4) quickly overtakes and passes

the set without (set 3)‘in every measure by the end of the

?1
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deployment period. It is of interest to note that the

trade—-off point (where both alternatives are essentially

S -V

T e et T

equivalent) is between days ten and fifteen, so that if the
deployment period of interest ie less than ten days,
deployment of an ALCE would not be advantageous.
A further interesting comparison is between sets 1 and

o S. Although the 82nd is delivered (closed) to the theater

- . much more rapidly under set S, the measures of effectiveness
under the true goals (set 1 goals) for set § are uniformly
worse than those for set 1. This is because the airlift
model responded to its service-oriented goal to close the
unit as rapidly as possible, and thus delivered foot mobile
paratroopers to the APOD whose value to the commander
couldn’t be reflected until they closed to the area of
employment, in the next five-day peéeriod. The delivery of
thesé units to the APOD ties up aircraft that in the
goal-oriented model (set {) were delivering mobile air
assault units and transportation unite (which reduced C-139
conflicts at the APOD and oponed more parking space for
intertheater transport). The requirement to push a
prioritized force to closure before allowing conflict with
another force}s deployment was revealed as nonoptimal,
insofar as proper prioritized fulfilment of the assumed RDF

goals.

ifi ion

- Verification implies a measure of the working nature of

92
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the mode!. The model in this paper has been verified by
examining the output data and ensuring through hand
calculations that fhe total outsize, oversize, and bulk cargo
comprising the units moved could indeed be moved with'the
number and type aircraft used by the model, which is also
given as output. A use of the "check" option of the

Mul tipurpose Optimization system (MPOS), used to determine
optimal solutions given the constraint set developed in
Chapter 5, showed consistent primal-dual tableau convergence
when operating with subroutines "revised” and "minit". Under
revised, MPOS operates a revised Simplex algorithm, and under
minit, it operates an alternating primal-dual! simplex
convergence scheme. Primal-dual conwvergence, which occurred
for every tested case, implies that the constraint set is
non-contradictory. Given that the model is correctly
formulated, and using a Known functional optimization

package, we can be assured of model verification.

Maodel Validation

The issue of validation is far more difficult. There
currently exist no comprehengive, multiservice, combined
intra- and inter—theater models, much less optimization

models of that type, with which to compare or contrast

results. We also have no real! world phenomenon with which tc

compare results, because an all-out mobilization of MAC plus
stage II CRAF to rapidly move more thanm a division to an

austere overseas base has never occurrad., Given that this

3
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type of “validity®, i.e., replication of real worid events,
is not available, we must focus on corroboration, referring
to supporting documentation. At the MORS confersnce on 27-28
December 1983, it was stated that the present MAC force
structure was 1imited to moving only a little more than a
division to any intertheater commitment in the 19 - 28 davr
period before ships could close (Ref:24, OSD(PAE)>>. This is
borne out in the developed model. Any optimism in the
results of this model can be attributed to assumpticns $é and
8, for these discussed scenarios. The same type of
corroboration can be alluded to with respect to the input
parameters, which were based on a subset of the paramsters
found throughout literature ¢oncerning inter- and
intra-theater airlift considerations. What parameters were
neglected or subsumed (for example, spares availability into

:% UTE rate) were done to simplify and make usable a mocel which

- could be used as a demonstration of principle. The model as

developed and used for these results compised 212 variables
in 136 separate equations (constraints).

In the end analysis, the final measure of validity lies
in the sensibility of the model ocutput. @All that can be said
here is that the goal! optimized outputs meet established
goals, and for the extreme cases establiéh results that are
impossible to imitate through preselection of forces tased on
professional experience, vet can easily be rationalized after
the fact. A comparison of the two philosophies of forcs

deployment, that shown in set 2 versus that of set T, maxes

?4
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this point most clear. After the fact comparisons make the
rationale behind the end differences in moving essentially
the same force obvious, whereas before the fact all one could
express was that the same force was being moved. A more
appropriate approach would be to move a selected force chosen
to perform certain tasks with current Air Force intertheater
models, such as MIDAS, followed by intratheater support
models; and compare these results to a force_selected br this
model to accomplish the same goals. Then using this model’s
forces and priority sets (RDDs), the Air Force models could
be rerun to determine cross validity of this model for both

Air Force and Army needs.
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VIII Flexible Response Surface Theory

This chapter discusses the underlying basis for
investigating the sensitivity of an LP model with regression
analysis. The reasons +6F doing so are discussed, the
theoretical background reviewed, the validity of the approach
for this barticular problem is examined, and the experimental

design explained.

Background /
: The single parameter sensitivity techniques developed

for analysis of linear programming algorithms are limited in
that they fail to portray the interrelationships between
factors. Typical right hand side ranging techniques give
only a parametric span, by parameter, within which the
solution is optimal, and reveal which variable will enter the
basis if the analysis is forced beyond that limiting point.
The number of separate runs required to fully determine the
response surface of the probiem increases geometricaily with
the number of factors and the span of each factor. 7o
investigate the optimal response, in this model, given five
factors varying over a wide range would take 28,987,907
geparate runs, which is obviously infeasible. & much more

feasible means of generating the same surface, in egquation

form, is given by a multivariate regression anklvsis.
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Reqregsion Analysis

Given a generalized model

y = f{x,0) + ¢

where @ = (91,02,..6p) is a vector of p parameters to be
estimated and x = (x1,x2,...xK> is a vector of Kk variables,
the settings of which determine the experimental! runs ard ¢
is the error term, (Ref 7:731).
it has been shown that use of a regression analysis design
using the x“x criteria leads to a confidence region for
parametric estimation which minimizes the distance between
the response surface equation and the actual response surface

HIPS
Lt

1]

i

for any setting of vector x. What this means is that, u
a proper design, an error term can be estimated whiEH reveals
the very worst, on a percentile basis of the response, that
the proposed model equation is from the.true model.

Using a linear progr;m to generate the design points for
the response surface, we effectively eliminate any variance
error, because the model will always return the same response
for a given input (as opposed to stochastic or sampling
models), This means that all error in the mode! comes from
model bias, which can only be minimized by limiting the
number and scope of model assumptions.

Typical regression analysis attempts to fit an equation
of linear or quadratic forms to design points of a model. A
line only requires two points, but a quadratiz parabolic
expression requires a minimum of three points to be defined.
A typical quadratic model in two variables would be

Response = Bo+B1X12+B2X22+B3X1X2+84X1+B5X2

?7
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A standard regression package takes the data points given by
the set of n vectors (Xin,X2n,Response..? and tries to fit
the_given equation. If the proposed mode! is a good it to
the data, the error term expressed in terms of standard
deviations will be low and the data points will! be
- distributed normally across the mean response surface. If
_;; the model is not a good fit, either the error term will be
| large or the data will not be distributed with the proposed
response surface as a true mean. This can be illustrated

below JUR— e T

'"?5§Ghe S. Plottéd>béta bs. Response Surface

The example on the left is the plot of a bad fi+t fa
proposed linear fit to an actual quadratic response) whereas

the example on the right is a good fit of a proposed mcce! to

the actual.qata. The usefulness of using regression analrsis
*;:_ to define the sensitivity aspects of a mode! without
exhaustive model runs has been thoroughly documented by Smith

) and Mellichamp (Ref 38> a1 1 the copyrighted techniguie g v

eT

—— in this thesis with the kind permission. As is stated in
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their summary.

*The multiple dimensional parametric analysis
technology using response surface concepts provides an
expanded capability for conducting a more valuable
analysis in a complex environment. It provides a
picture of what is happening within the model being used
for the study. 1Ilt-also provides insight into the
relationship among the factors under study. “What i+’
analysis can be conducted economically in real time
without the necessity to obtain new computer outputs”
(Ref 38:23).

The methodology can be used with any decision model, linear

or nonlinear.

Experimental Design

Siﬁce the goal of this methodology is to provide rapid
insight into the system response, three designs will be
examined. One assumes a linear response, that is, a flat
hyperplane in n dimensions where n is the number of variables
examined, This design is of the form

Response = BO+B1IX1+B2X2
a flat surface where B2 and B3 represent the slopes of the
response ﬁlano along the respective axes. The second design
assumes a first order response with interactive coefticients,
that is, of the form

Response = Bo+B1X1+B2X2+B3X1X2

In three dimensions, this trpe of surface response wouid
relate to a flat plane with a twist in it, with the degree o¢
twist given by *he magnitude of the interaction _ -¢f.crent
B3. The last ‘gh assumes & quadratric respcr:s ¢ the

form

9




Response = B, + B,x,° + B X, +B8sX » B, % + B %X
In this type of suria;e,Aagfggwfs nbt hece%sarii; Tinsar
along any axis, the coefficient Bl and B2 express the cegree
of curvature of the response suface in that axis, and the
coefficient BS again represents the twist.

Since a line can be given by two points, a minimal
number of model runs are needed for those designs, But a
quadratic representation requires at leacst three points in
order to define the degree of curvature. Since the last
proposed mathematical fit requires the most, a design will be
promulgated based on the quadratic sxpressicon requiremsnts
and those points used also for the first two tectes designs.

The minimum number of points required under numerous

explored variables has been an area of research since ths

late 1958/s. Oraper and Stoneman proved that ths set of

possible runs can be fractionated in a factoral way across

variable terms (Ref 14:184>. Box and Draper showed, through

mathematical proofs and a computer hill-climbing search, that

a symmetric composite design called a cube plus star plu

n

center points is the most efficient in terms of runs requirsc

to define the quadratic response (Ref 63173%3., & iarge number

w

of proposed designs have been published, and this thesis,
with five variable factors, used the five—-factor cube plus
star plus center point design published by Box (Ref &4). The
design i found in Aprendix A. Normal notation for this
design designates -1 to represent the lcwer limit of ithe

individual variable, +1 ta represent the upper limit o ths

129
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individual variable, and zero to define a center point

midway between the two.
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IX Use of a Flexible Respeonse Surfsce

This chapter describes the use of a fiexinle response
surface, developed from the model, to determine the worth of
an aircraft capable of both intertheater and intratheater !
delivery, the C-17. Because of the end goal selection, for i
the analysis, of maximize combat power, the response surfsace |
was eminently suited to address the sensitivity aspects and
shadow prices of any of the oufput variables. This
particular case was examined in direct respcnse to the
statement of LTC Mueh, HQ@ USAF/SAGM, during the last MORS
conference. He stated that he was not aware of any

methodeology which could express the incremental advantages cf

a dual-capable girlifter given all the other changing
parameters, or d}rectly relate a quantitative measure oF !
worth between that aircratt and another. Thic viewpoint was |
shared by Dr. M. Minneman, OCSD/R+E. Therefore, this case é
was obviously an excellent vehicle for demonstrating tre

worth of botﬁ an inter-intra joint ocotimization made! anc the
flexible response theory as a sensitivity technique. First,

this cﬁapter discusses the underlying question and the

scenario used. Second, the generation and verification of

the response surface will be addressed. Lastly, the

trade-offs between parameters will be demonstrated and

findings discussed.
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jéz Background

if; In the recent past the Air Force and Congress aecided to
A improve the capability of our strategic airlift fleet through
Z§; the procurement of 58 additional C-5 aircraft. Additiona’

%gf progress to imp%ove strategic airlift were the rewing of the
B present C-S5 force and measures to improve the C-5 and C-{4!
%%‘ UTE rate. An important contribution to that decision was

i% made by the Congressionally Mandated Mobility Studyr. One of
N the major assumptions of the CMMS was that “"receptiocn ports
;%é and airfields were adequate to process all personnel and

i%? cargo moved to the theater" (Ref 27:38). Howewer, due to the

sparse nature of large airfields in the RDF’s primary area of

interest, as reported by Abbey et.al. (Ref 1:5—13?, the RDF

may need to deploy through a single APOD, which by {tself may
be many days travel from the proposed area of empiorment.

When deploying through a single strategic~airlifter capable

APOD, the requirements for supplies to be moved forward
create an increasing conflict for parkKing space and mater:al
handli&g equipment between intertheater airlift and tactical
airlift aircraft. This conflict can only be alleviated br
moving transportation units to the theater, or by

fortuitously having so large an airfield that no parking

P
L
o

constraints emerge. Since the CMMS found an advantace 'n

C~-17 use because of its direct delivery capability, which

o

%@ negated the transhipment time between the APOD and the

o _

:ﬁ employment area, distance was obviously a large facter.

. Therefore, it was decided to investigate the T-5 wersus C-IF
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decision using the variable factors C-S, C-17, APUD Size,
Material Handling Equipment, and Distance. To insure the
incorporation of distance as an important facteor, simiiar to
the CMMS, the response chosen as the measure of effectivensss
(MOE) was combat power ouver time.
The current operating MAC fleet plus Stage I! CRAF were
made available as a scenario baseline. The APOD size parking
capability was varied between 2 and 18 simu!taneously parksd
C-5 aircraft (Ref 4:92). The Material Handling Equipment |
(MHE) was varied between 280 and 1992 pallets a day cffload
capability existing on the airfield before occupation and use
or movement of an ALCE (Ref 36:21-22>. Thisz equated to i
1000-35000@ pallets per S5- day period. The distance bestween
the APOD and the deployment area was varied between 9 and 19
days travel time (Ref 32:12). The C-17 and C-5 were both
varied from a current number (8 and 40, respectively) %o plus
308 aircraft. As the exact specifications for the proposed
C-5B were not yvet tested, C-5A performance specificaticons
were used for the adaitional 58 C-5 aircraft. (This could be
easily changed by just entering the C-SB intc the mcde! as &
new aircraft, as the C-17 was.) A complete list of all <¢ne
parameters entered as inputs to the model is on Tables 4, S,
and 6, Units available for movement were the same as in
Chapter 7, and all were immediately available. This is a
simplification, but did not affect the relative merit
analygsis of the two aircraft, Supplies were moved to theater

equal to 1.3 times daily consumption, and the Cornos

[
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Headquarters (Forward) was required to deploy by D+19.

.t
ey

Generation and Verification
N The model was run 41 times using the points of the
design shown in Appendix A, as described in the last chapter.
The data points generated were then entered to a Statistical
f% Package for the Social Sciences (SPSS) regression analysis
y package, trying to fit any or all of three surface models,
The abbreviations used were:
Wi=C-5 Wil2=number of C-5S times number of C-17,
We=C~-17 W13=number of C-S5 times APODSIZE.
W3=APDSZ Wid=number of C-5 times MHE in thousands.
W4=MHE

WS=DI ST And a similar convention fcr all other
cross—product terms.

The first mode! proposed was linear, of the form

s T L I

Response -l B, +. B W, + Bg We+ B,W; ¢ BWy + 8. W,
which would hav:“;;;;;;od |;ﬁ;-;|vo-dlmensxonal hyperp!ane,
with very easy trade-offs between Bl and B2, which would
represent the incremental bonof}t to the response of C-5 and
C-17 respectively.

The second model checked was first order with

intoractcon torms, of the 4orm1

- ——————— o e —— ey -

Respanss ® Byt Bowal,+ B W ¢ l,w,q., ¢ + B, s RW,

,C.W".H”.’. w" ¢ I.,\J" + ..w.' * B, Wer B., \J', *B,,vl,,.

* B‘,w"
This would represent a much moc e complex, tJisting

surface, but the first partial with resgpect *o bath .. ard 2

189




v; would have given two equations, one of which would either

J dominate the other, or intersect where the point of
intersection (or plane of intersection? would determine the
crbssouer point between an advantage of one plane to another,

The third equation was the same as the second but added

the quadratic (second order) terms

e S mew . ciamme b s s 8 de s e o awmam

Bedel,, +B Wy + By Wy +B oy + B, Wer

i

e == 2 iy ——r— s T T

B'; thrdugh B;, would define curvature ratez for the surfaces

with respect to that term’s axis.

The generated responses can be seen in Figures(:;,7' and
.”gﬁ Tables 8 and ? demonstrate the typical response-fo a mean
surface that reflects underdetermination of the true order of
the actual response. Table 19, for the second order surface,
shows the actual response conforms normally (in the sense of
normal distribution) to the generated surface, with a very
minimal standard deviation.

In fact, the programmed response of the package is that

9.9/ of the actual response can be accounted for by the

incorporation of the terms used in mathematical model three.

To verify this quadratic response as a true indicator o-

mode! response, thirteen points were generated and run

[

through the model, Ten of these points were chosen randoml)y,
using a vertical search procedure for numbers within the
range of four parameters on columns 1-4 of ths random number

- tabie in the 17th edition CRC. Three points were

136
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0ZPe VARees 1

VARTABLECS) ENTERED
DIST

MULTIPLE 2 « 3659
2 SQUARE + 3323
€70 DEV Te6579
ADJ R STYARE ,92%s
VARIABLE 8

APDSZ Te332
VHE 11.252
cL7 611
0IsT =14133
CANSTANT 19377

ULTrlileLE RESBRESTITTIT ONGCE®EC ¢ e oo

Ch STEP 4

ANOVA DF SUM SQUARES NTav 3Q. F

REGRESSION LY 27390337 T3IIT7.333 125.1212

PESIDUAL 36. 2111186 S8.688 STG5e o227

CCEFF QF VARIABILITY 548PCTY

§.. 8 F 51Ge. BEvA CLASTICITY
«479 274.5.6 T «71532 #2158
«357 153.0786 L02° «53829 «315%3
o717 63,7884 L33 3807 «135%6
0343 847357 o025 -el2773 -e25229%
5225 1848 3 J33°

F=LEVEL 27 TILZRANCE=-LEVEL INSUFFICIENT SCR FURTHMI? CCuOUTATION,.

Figure 6. Regression Output, Assumed Linear Midel
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MULTIFLE REGRESSION

Residual Plot.
Y Value Y Est. Residual =250 te? «2S0
120.450 112.752 7.698 b .
129,760 128.37 1.723 I .
101.390 97.467 3.923 I .
101. 390 97.467 3.923 1 .
129,760 128.037 1.723 T .
146.240 1440472 2,998 14 .
81.832 81.033 799 .
81.832 81.033 «799 T .
147.40 144.472 2,998 ! .
1320 16 1%0 ‘70 -‘. 310 . M
86,755 89.035 =2,280 « I
86.755 89.035 -2.280 . 2
132,160 136.470 -4+310 . T
144.210 151.755 =7.545 . b
112,380 121.185 -§.805 . 4
57.847 73.7% =15.903 » '
95.621 104. 320 -8,699 . b4
103.810 1@.754 ‘16-9“ R I
60.549 57.315 3.234 ! .
85.076 104.7%0 -19.674 R b
165.8% 1“0 189 -2-”9 . 8 ¢
153.660 19.797 -6.097 . 1
12‘08” 1”0 187 "o 317 - b4
61.032 65.747 ~4.715 . :
93.37 96.318 -2.948 « 1
1%0‘” 122. ﬂ1 "m ! -
99.369 91.801 7.568 . ]
1”0“ 1”-”‘ -3.8‘ . :
86.755 83.%9 3.386 L
141.080 1”0”6 2.274 * .
80.344 75.367 4971 : .
117.901 107.886 10.814 Y .
117.900 107.086 10.814 b .
138,860 133.703 5.157 v .
108.840 103.133 5.707 M .
148.660 142,136 64524 1 o
90.474 94.701 4227 . v
1%0 1W 1”. 1” 6.032 !' .
- 88.“1 60699 20082 I °
128.10  118.418 9.712 t .

NOTE - (8) Indicates estimate caloulated wvith means substituted
R Indicates point out of range of plot '
Equation - 1st Order Linear

Numbers of cases plotted Ale
Number of 2 S.D. Cutliers 3. or 7.32 percent of the total
Table VIII.
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VARIABLECSY INTERED ON STEP :2

wes
MULTIPLE ® «S723 ANOVA OF SUY SQUARES MIAN SO, F
R SQUARE «9472 REGRESSION 13. 29811.596 2383,163 33.861
STD 9EV Tea3cS ITSIDUAL 3. 1659.92° 556331 SIGe oL77
ADJ R SQUARE #9257 CCEFF OF VARIABILITY 646PCT
VARIABLE B S.E. B F 2IG. 8ITA ELASTICITY
. uis 1171 «#6S 6381 o317 e%6)32 018820
uzs -yl’9 o237 e. 37 813 -e33762 -ed1183
0:sT o216 1.784 2.8 <6852 029176 0 36.9
c17 eT53 «357 4,321 oC36 e 88153 «17367
APDS2 Se. 55 1e872 66563 L0116 85601 «269°1
WHE Te745 Je545 Jed85 o559 «¥0232 «226°7
Wes ~o4le «372 1359 253 -el1323 =e15767
H3s -e’:F3 «138 e I <633 37217 -e0221%
|"FLJ el ) 376 olé&3 0692 e 86283 -edl377
uas - 6 230 o 39 L8488 -e 20838 “e3>a54
CCMSTANT 21.75€ 15.238 2e318 G079

F=LEVEL )R TILERANCE-LEVEL INSUFFICIEMT FOR FURTHER COMPUTATION.

Figure 7. Regression Output, Assumed First-Order
. Model with Cross Products
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MULTIPLE REGRESSION
RESIDUAL PLOT.
- L ES
Y Value Y Est. Residual =250 . ve
129.760 128.037 1.723 T .
101.390 97.467 3.923 : .
101.390 97.467 3.923 M .
129.760 128.037 1.723 T
146,270 144.472 2,998 I .
81.%32 81.033 <799 I .
81.832 81.033 799 I .
147.470 144.472 2,998 M .
132.160 136.470 =4.310 . 1
86,755 89.035 =-2,280 . I
86.755 89.035 -2,280 ’ . !
132,160 136.470 =4e310 . T
144.210 150,269 =-6.,059 . b4
112. 380 122,671 =10.291 o 4
57.8‘7 720 26‘ -1‘. 417 P X
103.810 1110”9 .70579 . I
60.549 66,681 -6.132 . :
85.0”6 95- ”‘ -100 ”8 L] r
165.800 177.555 -11.755 o M
1530& 1”.8‘” ‘50210 s b
12‘48” 1”.07‘ -SOQ‘ 'Y I
61.032 6‘-8& ‘3-88 . M
93-3'70 ”0m5 ‘3-835 M
126,440 121,634 4.806 M -
99.369 92.538 6.831 b .
1”.@ 1%.‘“ 1. 132 t .
86,755 87.704 =949 M
141,080 137.143 3.937 M .
80.344 T7.030 3.314 : .
138.860 1340441 4e419 1 .
108,840 102,396 60444, b .
148.660 146.471 2,189 SN
90,474 90. 366 .108 Te
156,17 151.801 4e 369 I .
85.781 85.035 3.746 b .
128.1%0 118.418 9.712 1 .
128-131 1180‘18 9-712 } ¢ .

NOTE - (*) Indicates estimate calculated with means substituted
R Indicates point out of range of plot

Number of cases plotted

Number of 2 S.D.outliers

41,

Table IX

or 0 percent of the total
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* ® e 4T B e 0 s N
DEPe VARe oo 31
VARIABLECS) ENTERED
uili

MULTIPLE 92 9983
R SQUARE «9%66
STD orfv 241469
ADJ R SQUARE <9942
VARIABLE 8
AL 1 e264
423 .ol 9
DIsST = o84%9
w5S 127
c17 1+240
APDSZ Fe436
MHE 234792
["LT ) =2+724
u3i3 =s4(8
w22 -eli9
¥eS =o4 34
w3s ~e?AJ
H2e -ed 30
u2s =376
s e0:°3
cS ‘o:ﬁe
uii el
CONSTANT -1 4860

uLTIPL

£ REGRESSIONGES QS o0 ¢0¢ aan

T e T SV A A TANE A T LN ™ ariay

OK STEP 17
ANOVA DF SUM SQUARES MEAN SQe F
REGRESSION 17. 31446,236 1843,779 401,334
RESIODUAL 23, 106,009 4533 S'6e i}
CCEFF OF VARIABILITY 1.9PCT
SeSe B F SiG. BETA ELASTICITY
o134 88e0.6 3 e 849647 e202°S
edll 0853 ALY -s33737 -e51181
- 709 *419 +526 -~e2S171 -e02239
«J 49 8806 o016 «1533% «33329
182 T6e 343 0 eEFT7S83 «27529
1.412 440654 b} *34352 «S522S7
2.15S 121.866 : 137155 «5633¢2
«305 330317 < e 77735 ~es261.C
«076 28+628 L300 o 85568 -+15258
«002 21856 00C -e27578 =eu7l 39
0107 164311 o2C2 -e18264 -ed5773
o 54 208:1 o135 -o7307 -e0221%
«021 1916 187 L6260 =e3197S
«009 o872 <439 -e2 2890 =.0065¢
o311 «l82 o777 032596 «313%92
«339 2042 4843 ~e) 3831 ~e351326
0202 o025 <875 «1298s o0 20 56
19.75¢C 0s"S o942

F-LEVEL OR TOLERANCE-LEVEL INSUFFICIENT FOR FURTMER COMPUTATION.

Figure 8. Regression Output, Assumed Full
Quadratic Model
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RESIDUAL PLOT.
Y Value Y Est. Residual - ~250 30 s2t
7} 120,40 12045 =000 .
?_“ 18-7& 1”0”2 -e 542 . T
ei* 101.390 99.732 1.658 e .
BN 101,390 99.578 1.812 I .
ek 129,760 130. 148 -.388 o1
146,240 145. 562 678 b4 .
81.832 82.517 -.685 . b
. 810832 820056 -.22‘ . I
g 147.470 146,331 1,139 z .
2 86,755 86.055 »700 r o
"v':i‘ 860755 850%1 0854 b4 .
A 132. 1& 1320961 --801 ] I X
1120”3 113‘3‘2 - - 1 i
57.8‘7 63.310 -5.‘63 R 1’
95.621 96-852 -1-231 . 1
103.810 108.972 2.838 b4 . !
60. 5‘9 57- 5‘3 3.006 1 - !
820076 81‘. 371 -2- ”5 L) : :
165.800  168.263 ~2.463 . : |
153.@ 154.“8 -0788 P t '
124-370 125.652 -.782 : .
61.032 60.217 .815 T . !
v 93.30 920561 «809 1 °
! ‘*z 1260“0 126-811 -0371 PO ¢
< 99369 97.715 1,654 i .
1”.@ 1%.0% 1.57‘ I .
86.755 87.63 -.381 .1
1‘1.0” 1410&7 “0527 . 1
80.3“ 81.273 -0929 P 1
o 1170% 1180237 -.337 o 1
117.900 118.083 0183 o
1”08& 1”0618 -.7” ° v
108.840 107.573 1,267 : )
148.660 146,028 2,632 1 R
90.474 90.298 176 te
1%01% 1%0265 -.095 01
- 88.781 89.278 -4 <l
- 1”-1” 1”-5& -10‘” - :
‘ %, 3 18.1& 1”0‘16 -1.% 1

NOTE -~ (*) Indicates estimate calculated with means substituted
R Indicates point out of range of plot

A : Mumber of cases plotted 41
Number of 2 S.D. outliers 1. or 2,44 percent of the total

Table X.
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specifically chosen as triplet extrem2 points, where it couic
be expected the most error would develop because these points

were furthest from any used for calculation of the rezponss

ut
LY

surface. The results are tabulated in Table 1. T

12 29

response surface equation was computerizad as proghram acd.
(Appendix 3). The average error cof +.88% and thz extreme
error of 4.824 are an easy price to pay for a surface which
estimates so closely any of 2,317,4%1 possible points, s
model has its worst error at the =xtreme range whers &PSD

size is at a minimum, and then gives an optimistic ~esponse.

w

D

-

[x]
1

[a &
T

Ww

This can serve only to induce srror (bizag) in favo

constrained v &FCD

Q

[11]

C-5, since the C-5 and not the C-17 i

Findings

The first and most obwicus fincding is the net worth of

additional C-%5 aircraft to the net worth of additional C-17

A
g
¢
w
1]
’
i )

aircraft, Using the regression step ¥ results whickh
R SQUARE term of ?%.335, which meanszs ?7.35 of the respconce
can be explained, the factors are shown in Figure 2.

It is obvious that additional C-5 aircraft are not sven
in this equation. To force C-S aircratt into the squation,
we must go to the last step, where we obtain the +factors

shown in figure 18,
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(an increase of 4, to S5) can resuit in an objective furnction
increasze of 4 x 23.8 = 9?4, whereas either S8 C-5 or S8 C-17
:
o added to the fleet can make a maximum contribution of less,
% Thherefore, a buy of prepositioned MHE may in some Caszs

4

generate more combat power than a buy of aircraft.

a2

Rapid use of this response surface squation can be made

J to find the value of the response with varring parameters,

3

To test the effects of a buy of S8 C-5 and S8 C-17 aircrat

-

the response was checked at both the worst cass for the -5
and the best case, it being assumed that where the -5 doss

towill ke thae

i

worst, the relative advantages of a C-17 +fis

most, and wice versa. The generated response surface was

= coded and is listed in Appendix 2.

o
P
ﬁb The response surface was first tezted at a point whare
4

Me s

the worst possible environment existez for ths T-% - tre

7% minimal APOD size, MHE prepositioned equipment, and maximum
< '

. travel distance to the front line area. It was then tested

at an environment which catered to the C-5 fle2t - the

N
{V largest possible APOD, maximum prepositioned MHE, arnd minima!
'A distance to the front. The current fleet, the zurrernt <isat
fﬁ with 58 additional C-5& aircraft, and current leet with 5%
'g' C-17 aircraft have their responses tabulated in figure 11,
N
]
)@ The primary factor to realize with these resdits is tracs
[N

: the buy of C-5 versus C-17 is not in a wvacuum or separately
4

L

. 4 L - .

) compartmented, but as an addition to the airlift <7224,

!
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Current Buy 50 Buy S50 X Advantage

Fleet cCS c 17 Buy C5 Buy C 17
Worst setting for C s 38.0 38.08 72.5 0 90
Best setting for € 5 163.5 164.2 180.0 3 16.2
Best airport,worst distance 140.6 141.4 165.0 .5 17.3

- e
L
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Figure 11, Results of a C-17 vs., C-5 Buyr, Single a&P2D.

Additional C-3 aircraft still compete at the ~POD for =zpace
and servicing with C-141, CRAF, and C-128 aircra+ft. However,
C-1?7 aircraft need compete only at the forward airfizlds, and
then only with C-138s. In fact, C-17 aircraft much reduce
tﬁe overall requirement for C-138 aircraft. A regressiszn
response surface was generated, using the same data pain
but with the output variable C-138 usage as the rescorse
variablte, and checked to find what its major comporent
factors were. The presence of the C-17 aircraft, oy itsel#,

expressed over é1% of the response varijiability. The &

response wasi

Cides =850 (£)+ , 06b WeE2 - 31T WS ~ Y16 WAL + 20.59 Arosing

HILAE P1ITIUCL = 63 W2 = Yo USE + 2529 ML ~2.27 Wuy —18 W2y =102

Therefore, the presence of C-17 aircraft not cnly
enhanced delivery of combat power because of dirsct® Celiuvery
of combat troops and supplies to the front, but alsc recuced

the congestion of the APOD due to C-138 transhipmen: of
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;;’ supplies, before truck transportation units were delivered.
f Since the C-3s, in all runs, are not fully utilized because
of airport size limitations,‘by reducing the number of C-13Z3s
required, the use of C-17s expanded the usefulness of the C-5

fleet at the expense of the C-13@ fleet. The ocutput responce

of the regression analysis is shown in Figure 12,

?f Since truck transportation units were needed in al!

“ &3

éag scenarios where the travel distance between the APOD and the
L5

-

front was greater than zero days, another response surface

was generated for the effects of the five varied parameters

on truck usage (Figure 13>, Although distance is the most
important factor, the C-{7 interaction term is next to erter
the stepwise regression, Since it has a negative

coefficient, more C-17s mean less need for trucks.

Because of the interrelationships of factors, to attatiln

1 ga? .
ﬁg an estimate of the trade-off point between the C-17 and the
§g C-5, we must take the first partial of the equaticn with

respect to the variable, thus

v
e

c 2 =068 +2008C5 *t .02, APedsItL

el

I~

= 1.9249 -,0182 €17 =.0089 AMOSIES — 0297 ML -.0089 (bumua)

L 74
o

"

Entering our former limits, worst case, of APOD = 2, MHE =

;; 10098, DIST = 10, we have the response due to C-5 as:

&, G e ST S

g —.068 +.006 (cs) +.0031(2) = = .06I8 +,006(cF)

3 49

fﬁ and the inflection point at which more C-3s have Zezrsazz.ng

3¢ worth is at C-5 = ,84618/.6804 = 10, which is below tne Sounds

3
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of the problem and hence unreliable. The response at *F:

same worst case point is, for the C-{7,

1.9239 —.0182 (c17) =.0178 —.0247 —.059 = L&71 -.o182(e?)

The inflection point for this curve is at the point C-i7 =
1.817/.8182 = 99.8 which is also bevond the bounds of the
problem. So far the response surface has revealed that with
the worst case of tiny airfield, minimal handling eguipment,
and large travel distance between the APOD and the front
line, more C-5 aircraft beyondithe 48 in the model are not
useful, and C-17 aircraft added to the present fleset are
useful throughout the studied range (58}, This resuit =~as
intellectual appeal, since it appears eminently sensible.

A more important, or interesting, observatiqn i3 the
comparative valye towards increasing the response leve! at
the "best case", which should favor the C-3. The extreme of
an APOD capable of handling 18088 pallets per day (27.7 £-§
sorties), before any ALCE deployment, and zero distarce
be tween the APCLD and the deplovment area should give ai’
possible advantage to the C-5.

The C-5 response is

3R
pY X2,

* -~ 0649 + .o006 (c5)

which again gives an inflection point of & 18, which i3
below the problem bounds.

The C-17 response is

IR

e - 2 (et
»er) 1626 —.0182 (e )
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which again gives an inflection point bevond {(above) the
problem 1imit. The model response is basically that there
are presently sufficient C-5s in the active fleet, given the
constrained airfield and constrained proceszing facilities.
Graphs were prepared which iy1ustrate the need for C-i7
aircraft to accomplish a set of fixed geoals, given an APCD
size, MHE level, and distance between the APQD and the

deployment area. They are presented in Tables 12, 13, and

14, and Figures 1!, 12, and 13.

u

sz

It is readily apparent that for a fixed geal, the n

W

3

[ ()

for C-17 aircraft decreases as the parameters baccme
stringent. Assuming a large APUD and sufficient processing
and handling equipment at the APOD, the graphs shaow that no
C-1?7 aircraft are needed for both the Yower goais. The
trend, even with the highest goal!, is to minimize the
requirement for C-17 as the size of the APOD-increaaes.
However, these curves were drawn with C-17s added to the
current force. Curves drawn with S8 C-Ss acded tc the
current fbrce show virtually no improvement over tne current
force, as was demonstrated in the tabulated responses of
Figure 18, The additional C-5 curve with zero slope shows nQ
need for an; additional C-5 aircraft in this region o7

restricted APOD size and MHE available. Without C-17, not

even the loweet goal is consistent’y achievable at all pcint

in the searched region.
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A
COMBAT POWER GOAL = 100
APODSIZE in C5 spaces 2 3 4L 5 6 7 8 9 10
APOD in ,000 Pallets/5 Days
1 X X X 43 34 25 17 10 4
DAPI®T=0 3 9 2, 9 0 0 0 0 O O
5 32 12 0 0 0 0 0 0 O
1 X X X X X 4L, 36 29 23
DAPDFT=5 Deys 3 X 41 27 13 0 0 0 0 O
5 9 ®¥ 1 0 0 0 0 O 0
1 T X X X X 44 36 0 23
DAPDFT=10 Days 3 X 41 27 13 0 0 0 0 O
' 5 9 2V 12 0 0 0 0 O 0
Table XII. Numbers of C17 Needed, Plus Present
i Force, to Achieve a Set Goal (=100)
3
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APODsi ze
—— Distance= O days
— = Distance= 5 days
% Figure 12, Need for C17, Constant Power (Goal=100).
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3w .
G COMBAT POWER GOAL = 125
ptd APODSIZE in C5 spaces 2 3 4 5 6 7 8 9 10
APOD MHE in ,000 Pallets/5 Days
1 I X X 43 34 25 17 10 4
DAPDFT=0 3 X X 49 35 2 9 0 0 0]
5 X X 33 15 0 0 0 O 0
1 @ X X X X X X X X
DAPIFT=5 Days 3 X X X X 4 27 15 4 0
L
i 5 X X X X 33 16 0 O 0
1 X X X X X X X X X
DAPIFT=10 Days 3 X X X X 4 28 16 4 0
5 X X X 3, %6 0 0 o0 0
‘o
Ny _ Table XIII. Numbers of C17 Needed, Plus Present
f“:; Force, to Achieve a Set Goal (=125).
o
o
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Figure 13. Need for C17, Constant Power (Goal=125).
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f The direct outputs of the response surface methodalagy
2

N as a means of determining sensitivity of the output variabies
A

o

: to changes in several Key parameters while maximizing ccocmoat
A

o power delivered to a theater have already been described,

L0

AN

T

; These cutputs (combat power, T-138 usage, truck units
L.

h deplored) were all generated using the basis variables and |
5 » i
{Q response variable for the single set of 41 runs of the modsi, ‘
LY . . : . ?
;3 shown in Appendiz A. Therefore, the single set of 41 runs ;
b ' |

gives the user the flexibility to search a very wide span of
(A . . . -
interrelated variables and how each is affected bwv anmy or all
£~ |
. 1
)x of the changing parameters, because the rotatable

N
.. orthogonality of the used design insures independence of the
Q‘ regression ocutput coefficients. This was substantiated nat
)y
ﬁ only by the design theory but alsc by the Ffinal covariance
b
: matrix output by the SPSS regression package. Because szach |
: 4

»

e
A.C.!.‘:A:.,

point of the design is a result of a deterministic linear |
program, there is no stochasticity whatsocever in tne cutput, l

and therefore, heterocedasticity is not a consideraticn. i

¥ |
‘: Multicollinarity could be a problem using a Sesign such as

ﬁs this, but the design was searched using three way |
T; interactions bevond the full quadratic response, and their

;; contribution found to be negligitle.

?ﬁ Just as important as the varizbility in the basis wector

%: of the 41 orthogonal runs were the commeoralities. Far all

e rune, the maximum allowable UTE rate of the C-141 flzet was

;2 an upper bound constraint for the first ten dars. The

?: highest C-5 UTE rate achisved for any scenaric was #.2. & =z
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for all runs, the capacity of the available guartermast
resupply airdrop companies to rig supplies for airdrop
upper bound constraint. Two runs of the model were mac
without any constraints on airdrop resugpply, which resu
in all combat unit resupply being airdropped, a thirty
percent increase in combat power over the coanstrained c
and an extra bﬁigade of the 101st Division being moved
end of twenty days. Since the UTE rate of the -3 fat
was never an upper bound, seweral runs were made to det

nowi ot

D

what would cause it to becaome an ucper bound., Ev

mozt favorable airport conditions, on'y a decrease irn C

ground time from 3.3 to 2.75 hours caused ths -5 UTE r

become a bounding constraint.

Limitations on the Response Surface

L

The response surface can only be utilized within
bounds of its domain. Since it forces & mathematical m
to recreate an actual response, the bounds con that mode

o

integral parts of the generated coefficients. @An

I
r

h 3

w
as
i

ilTlustration of this point is shown below. I¥€

-r
J

response i3 cubic in nature, and a quadratic surfac

[ Q)
“

fit to one part of the variable range, the response it
t, 2, and 3 will be correct, but the surface response 3
point 4 will be widely variant from the actual responce

at point S,
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Bty Figure 17. Response Surtace Limitationz.

In program add.f, which is the computerized versizr of

;3 the regression response surface Output, poinmts within the |
:& !
oA domain have a =mall error, but points outsicde ==z Comain arz
unreliable. An illustration of this iz to input &30 s z2 ==

ga 25, MHE a3 28, and the response for the curre-t flegst

"y
éﬂ capability is negative., Thiz is due to the guacrztic “s-m:z
P LY
*ns . . .
— which "blow-up" past the domain bounmcariss. Tharefors. to
b .

¢ relook at the problem with expanded parameters, a nsw z24+ of
w :
f, . - i
¥l data points must be generated. Even to cr’v expand cons
l" L] |
R . s 5
- parameter, for example APOD from 18 to {2, the certer mpoints i
58 as well as the end-points would nesd to me rsdomne tn ords~ +o

insure orthogonality of the matriv zet ama mimnimize

covariance,

VAR
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X Conclusions and Reccommendations

This paper has described a multiobjective optimiz

Tion
based on force goals which intarreliats intertheater mcovement,
intratheater movement, and deplorable unit capabilities,
Decisive advantages are shown by the approach to the protiem,
which can be used to send at least the force needed, minimize
the waste of resources, and accomplish these migsicre faster
and more exactly than the current intercservica cperating
srstem. In addition, it has been demonstrated that 3
¢lexible response surface methodslagy can result in 2

reduction of a fully computerizad and intricate larg

[
]
"
o]
w
W

- A
no-Tie

d

'
b

model to an equation which can be programmed on & &
calculator, and with which major force cesign conczpts mav be

rapidly searched, with minimal probable errcr.

Concluzions

“#lthough the model explored in this particular response
surface is a scaled version of thes proposeq fulli~scaie moce'l,
several preliminary conclusions were drawn specitic to the
Mideast scenario studied., These are:

1. For the Air Force:

a, For the given scenario, the UTE rate.used in

the model was consistently an upper bound on C-1&l

performance over the firet ten darys. Therzforz, a JTE

rate increase bevond the 2.5 assumed in the scenaria

faor the (=141 stretch will increase procuctivity of <hs

139
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;Q airlift fleet for rapid deplovment.

% . The C-5 will benefit most, in the stuci=zd

.Qﬁ scenario, from decreasing the average grourd time. &

§§ decrease in ground time of from 3.3 to 2.75 hours w:l!}
Zﬁ make the C-5 much more productive at restricted

. airports., The highest UTE rate used in the mcde: for

%& the given scenario und?r goal programing methodol agr was

9.2, and therefore extreme efforts tc increase the -5

UTE rate beyond that figure in order to enhance the

é? rapid deployment mission may be ron-croductive.

%g €. The Key factors affecting the productivity of

) the current fleet was the availability 2f material

“y

i: handling equipment and the size of the APID, asz showr in
;3 _ the weight given to these factors in the responsze

- -

surface (Figure 8). A set of prepositioned ALCE anc

materiel! handling equipment (MHE) at pcoesible azplorment

airfields where the airfield iz l'arge in comparischn *c

existing MHE capability would considerably increase t-eg

ég rapid throughput of any force. J

}3 2. For the army:

v

:ﬁ . a. The limitation on airdrop resupply due %to the
%} capabilities of existing rigger companies corsistant y
%g bound the problem. Unbounded by this, airdrop resupp!yw
;; greatly increased the rapid deployment of the force Lo
.

%: lessening the congestion at ths APOD., To enhance +orcs
o

Tz deploryment in the given scenario, e2ither more ~iggen

;: companies are required in the active &rmy, or 2rer:igged
,. 131
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paliets of supplies for a deplorvable force shouid be
located at a C-141 base which doesn’t deplor combat
troops and equipment,.

b. Medium truck companies weres consistent!y
deployed by the model to move cargoc in the postulated
scenario., Less truck companies were moved when C-17
aircraft were present, but the medium trucX companies
with their outsize cargo placed a significant burden on
the C-5 fieet, in the developed scenario, for ai! but
the largest airfields. Prepositioning of transoczrtation
assets at a critical APODs during peacetime might,
similar to MHE equipment, be a less costly and more
viable option than prepositioning of combat unit
equipment, and would increase combat unit througnput at

the APOD.

Recommendations

1. The model should be developed into a user-frisndly
computer package rather than its existing mathematical! +orm.

2. A systems approach using goal programing shculd be
used to generate unit movement and force structurs
requirements for the Rapid Deployment Force. .

3. Based on the results of this research, a full szale
model should be developed. A flexible response surface
should then be created varying simultanecusly the paramst~ic
factors of attrition, cost, UTE rate, load cazpability.

2T oung

time, plus the factors varied in this tresis, 75 ¢ wou'

[§]

-
)
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A provide a definitive conclusion as to which aircraft, the
H . . .
2‘3 C-17 or the C-5, the Air Force should procure as an addition
P33
Y D .
to the present airlift fleet for the force deplorment
?} mission, and where any tradeoff points exist.
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-1
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85
85
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48
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APPENDIX A,

INPUT DESIGN

C17 APD MHE DIST

23
17

=1
25
25
235
23
25
23
25
25
58

Sa
23
23
25
235
58

=17

Se

25
25
25
25
25
25
Se

25
25
23
25
25
25

[y

| 2
LSOO ODNNNSOO OO

[y

- - s s
NO®® NN

—t
GNP NDRAROCON

WO AW WWW WO WWOUW— -~ =AU —=Rwoouodeguww

DoegCecodlgauuUumUuaUataRaAa U A

PWR

128.45
129.76
181.3%
101.39%
129.74
146.24
81.822
81.8382
147.47
132,148
84.735
26, 75
132.1
144.5;
112.32
7.347
P5.621
163,21
42 .55
82.87%
185.88
153.66
124.87
1.832
93.37
138.86
1gg.24
148.46¢
78.474
156.17
88.781
128.13
128.13
126.44
PP.3679
127.46
86.735
141 .88
80.344
117.98
117.9
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QUTPUT RESPC

TRK

712
529
. 483
. 4843
. 529
1.58
. 739
. 737

D0 DO DO

478
577
8
8
A7
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APPEMDIX B

RESPONSE SURFACE

OUTPUT FPROGRAM
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program add ==
write(6,*)’itnput c5°
read(5,*)wl
write(6,*)’'input C17° N

}*input DISTANCE’

calculate mean value
ri= 1.2645%w3*wd~ . 0089%w2*w3~-.4593%w5+1.2396"w2+.1273*
r2=9,.4356*w3+23.7924*w4-2.7839%wi*w4 -, 4079*w3*w3-.00991
r3=-_ 4535*wd*w5- . 0832*w3*wE~ ., 0297 *w2*wi -, FO59%w2*w5
rd= g@31*%*wl*w3-. 0688 *wl+.0003%wl*wl~-1.4683
respmerl+r2+r3+ri

calculate lower 95X limit
ro5=.9869%"w3*wid~ . 931 1*w2*w3-1.9267*wS+.0264*w5*w5+.9461
ré6=6.5146*"w3+19.3339*w4-3.4149%wa*wd~.5657*w3*w3~-.08132
r7=-.6556"wd“w5~.1942*w3*w5~. 0741 *w2*wl~.9237*w2*wS
r8=- g191*wl*w3-.7687*wl~-.0037*wl*wl-42.3157
respbarS+r6+r7+r8

calculate upper 95X 1imit
r9a] . 54290*w3*wi+.F133*w>*w3+]1 . 0081 %w5+,.2283*w5*wb+1.53
ri1f=12.3566"w3+28.2508%wd-2.1530"wd*wi-.2502*w3*w3
rlils- @951 *"w2*w2~.2115%wi4*wE+ 8279 %*w3*wh+ . F147*w2*wd
ri2e S119%w2 w5+ . 0253 *w]l *w3+.6326*wl+.0043*wl11+39,.3951
respt=r9+rif+rll+ri2

itnteract with user
print*®, 'mean=’,respm
print*, 'bottom 1imit=',respb
print®,‘top limit=’ ,respt
print*,'another run? y/n=1/98"
read(5,*)nans
{finans.eq.l)go to 19
end
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C-17 VERSUS FIXED GOAL PROGRAM
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; Y Print*, input goal*
e 2 read(5,*)we
1o do 298 1=2,19,1
s wis{
Iy a=-g.665+.999*,3
PR b-l.264'w3*w4-3.345'w5+5.221'w5'w5+7.521*w3+17.362'w4
Aoy bi=sp-2, 197*wa*wa~8.261*w3% 3429, 672-wé
Pidd ; cl17=bl1/a
s, Print*,°Cl17= ', ,c17
9 29 continue
RAn, Print®,‘another? y/n= 1/g°
T i read(5,*)nans
1finans.eq.1)then
print®,’change data? y/n a 1/
read(5,*)nans?
if(nans2.eq.1)then
print® *MHE="’
read(5,")wq
Print*, *DISTANCE «°
read{5,»)ws
endif
endif

if(nans.oq.l)go to 19
end
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c This paper describes a goal programming approach to modeling the rapid

" deployment of cambat units which offers decisive advantages over any current
methodology. It accounts for both intertheater and intratheater airlift, and
can be used to optimally plan movement schedules for predetermined forces or
optimally choose and move a force fram a list of available units and airlift
resources to meet specified goals. Both methods are demonstrated, showing
that the goal programming model minimizes wasted resources and accamplishes
desired goals both faster and more exactly than the current interservice
operating system. The model developed for demonstration uses 212 variables
and 136 separate equations. In addition, a flexible response surface
methodology is used to generate a full parametric sensitivity analysis, resulting
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e
‘*} in the reduction of a fully camputerized and intricate large scale programming
ol model to an equation programmable on a hand-held calculator, with minimal error.

A demonstration is presented camparing relative advantages of C-5 and C-17 |
aircraft procurement, in a proposed addition of 50 aircraft to the current 4

airlift fleet, with simultaneocusly varying airport capacities and deployment
distances.
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