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and also reasons for leav i ng then there for extra periH~C of time .
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EXECUTIVE SUMMARY

Background: The study originated as a possible means of determinin g an

optimal method of carrying out an engineering change proposal (ECP )

program on the AH-l fleet. Later as the plans for the AN— i program were

formalized , it became clear that the model would not correspond closely

enough to that program to be used for it. However,since the model emp loy-

ed a classical technique of operations research and would be of interest

to other operations research analysts , it was decided to complete its

development for possible application to similar problems .

Purpose: The purpose of the model is to find the most efficien t way of

carrying out a large complicated ECP program in which aircraft are sent

in from various field units for modi fication at a single contractor

facility . Different types of ECP kits become available over a peri od of

time , and sometimes it is desirable to have the aircraft wait at the

contractor facility unti l addi ti onal types kits become available. However ,

it is also desired to have the aircraft away from the field unit as little

• as possible. The model resolves the question of how many aircraft should

be sent in each month and how long they should stay at the contractor

facility .

Discussion: Althou gh it was decided not to use the model for the AH-l
•1

program , the model has been successfully used on a sample problem using

hypotheti cal data.
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Conclusions: For the situation described in the Introducti on and Assum p-

tions sections , a valid workable model has been constructed. The model

may be varied by using only some of the constraints or by selecting from

different objective functi ons. In carrying out an ECP program it is

possible to maximi ze the number of aircraft modified. The solution of

the model provides a schedule by field unit of how many ai rc raft are to

be sent in for modification each month and the montn in which they are

to return to the field unit .

Recommendations: The model should be used for programs which conform to

it or to which it can be adapted.

Vi

~~i ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ , ~~~~~~~~~~~ 
.
.‘

~~~~~~~~~



--

TABLE OF CONTENT S

Page

1. Introduction 

2 . Summary of Constraints -3

3. Assumptions 4

4. Permissible Variables 7

5. Aircraft Availabil i ty Constraint 10

6. Operational Readiness Constraint 12

7. Contractor Facility Capacity Constraint 15

8. Application Constraint 18

9. Objective Function 19

10. Solution 22

11 . Variations 23

•1

vii

t

~~~~~~~ 
,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _



A MATHEMATICAL PROGRAMMING MODEL FOR AN AIRCRAFT
MODIFICATION PROGRAM

1. IN T RODUCTION

A lar ge fleet of aircraft is to be modified by the installation

on each aircraft in the fleet of a certain number of engineering change

proposa l (ECP) kits . The aircraft are deployed in smaller sub-fleets ,

called field units , at various locations around the worl ’l; and the kit

installations are to take p lace at a single contractor facilit y . Therefore ,

each of the aircraft must be taken out of operation in the f ield and

sen t in to the contr actor facil ity for modification.

Each field unit has an authorized strength of aircraft with a specif ied

operational readiness to maintain , permi tting only a certain number of

aircraft to be away from each field unit at a given time . Furthermore ,

ECP k i ts become ava i lab le over a per iod of t ime . At the beginn ing of the

proaram only a certain type of kits are available , an d the last type of kit

doesn ’ t become ava ilable until some time later. Therefore,an a i rcra ft

sent in for modification early in the program will not get al l of the

ECP ki ts and must he sent back at least a second time .

In order to ma i nta i n operational read i ness , the a i rcraft shoul d oe sen t

in as few times as possible and brought back as quickl y as possible. On

the other hand ,if an aircraft is allowed to wait at the contractor

facility until additional ECP kits become ava ilable and can be inst al~ ec ,
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it can be returned to the field unit with more modif ications , making it

better able to perform its mission and perhaps also eliminatin g a future

trip to the contractor facility for those modifications for which it

wa i ted. Hence ,there are reasons for bring i ng the a i rcraf t back from the

contractor facili ty as quickly as possible and also reasons for leaving

them there for ex tra per i ods of t i me .

An optimum solution to the problem of how many airc raft should be

sen t in and for how long they should remain can be developed us ing

mathematical programing. In this paper an inteq~r programing mode~

cons isting of constraints and an objective function is developed ,

makin g it possible to maximi ze the number of kits installed on the fleet

of aircraft in a given period of time . The solution obtained fror t~e

model perm i ts a kit installation schedule to be developed . The scheaL .le

will give for each field unit the number of aircraft to be sent in each

month and the month in which they w ill be returned to the field unit.

The model has application to scheduling problems of the type described

above and will be useful in the soluti on of similar problems .

2
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2. SUMMARY OF CONSTRAINTS

Since the full description of the constraints is rather lengthy

and complicated , a summa ry of them in descriptive form is given here for

the convenience of the reader. The constraints are applicable in s he

con text described in the Introduction and Applications sections. A

detailed description of the constraints and their mathematical representa-

tions can be found later in the report in the appropriate sections.

Ai rcraft Av a ilab il i~yjonstraint: No more aircraft are selected for pro-

cessing from a field unit than there are aircraft at that field unit.

2p~ra ti onai Rea di ness_ Constraint: For each f ield unit there is a maximu~r

number of aircraft wh i ch can be away at any given t i me .

Contractor Facil i ty Capacity Constraint: There is a maximum number of

aircraft which can be at the contractor facility in a c1 iven mon th.

~pp1i cation Constraint: At each field unit there is a minimum number of

aircraft which wi l l  have some kits installed.

~~j~ c ti ve Funct i on: ( 1 ) Maximize the number of aircraft modified or

(2) Maximize the number of kits installed.

1
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3 . ASSUMPTIONS

When cons tructinq a model it is desired to model the actual phys ical

situation as closely as possible. However ,it is often impossible to model

al l aspects of a situation in complete detail. Certain assumptions were

made here in order to include as much complexity as possible whi le still

keep ing the model manageab le.

The kit installation program wi l l  run for a certain number of time

periods . A time peri od can be any f ixed length of time such as a month ,

quarter , year , etc. For convenience of expression let the time periods

be months and let the length of the program be I months.

First it is assumed that at the beginning of the program all of the

aircraft are in need of al l the ki ts.  Also it is assumed that the kits

are num bered according to availability ; the first type of kit available is kit

number 1 , the second type of kit available is kit number 2, etc . Further it is

assumed that for each type of kit there is a month in which that kit becomes

available in whatever quantities it is needed from then on.

In practi ce the monthly demand for kits is probably uniform enough

to make this a reasonable assumpti on.

Hence ,the following table of kit availabil i ty can be constructed.

4

~~~- ~~~~~~~~~~~~~~ ~ - ‘ . .

~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~ , .~~ . .



TA BLE 1

TABLE OF KIT AVAIL A BILITY

MONTH 1 2 3 4 . .

KIT K 1 K K3 K . . . K--

The table has the following interpretation. All aircraft shipped

from the contractor facil ity in the 1st mOnt’ wi l l  have received kits

1 through K1, those shipped in the 2nd mor -~ wi l l  have received ki ts 1

through K2, those shi pped in the 3rd month w i l i  have received kits 1

through K3, etc . If a ll  the kits become avai lable before toe Tth mon~n .

there wi l l  be some month c such that from the c th month on ~ll airc -aft

shipped from the contractor faci l i ty wi l l  have all ki ts.

Implicit in this assumption is the assumption that while an a ircra’~t

is at the contractor faci l i ty , it rece ives al l of the ki ts which are ovai l-

able before it is shipped back. Furthermo re, it is assumed that the

installat ion time for all groups of kits is the same , no matter how na nv

kits there are in a group .

In order to decrease the nur~ber of possiblil ities represented by she

vari ab les it i s assum ed that an a i rcra ft wil l  be sen t in no r~ore th~o twice.

Also no aircraft at a f ield unit wil l  be sent in the seco nd t i ;e  until every

aircraft  at that f ield unit has been sent in once. F~ rtnermore ,no a i rcraf t

wi l l  be sent in the second time until it can have all of its re~:aini.~
5
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needed ki ts insta lled without any wai t in g time (in other words until the

earl iest month in which it would be shipped from the contractor faci li ty

is the c th month or later).

Let

X i j k  the number of aircraft sent in for toe f i rs t  time from

the 1th f ield unit in the ~th month which are shipped back from the

con tracto r fac ility i n the kth month , and let

= the number of aircraft sent in for the seccnd time from

the ~th field unit in the ~th mon th which are shipped back from tne con-

tractor facility in the kth month .

The subscripts j  and k are used to indicate the month j  in which the

aircraft are sent in for modification and the month k in w hich the aircraf t

are shipped back from the contract~r facility . A given subscript j may

hav e many associated values of k which in effect allows the aircra ft to

stay at the contractor facility for various lengths of time , permitting it

to wai t  at the contractor faci lity unti l additional kits become ava i lab le

an d can be installed.

6 
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4. PERMI SSIBLE VARIABLES

In the variable the subscript j represents the month in w hi c r

the aircraft are shipped to the contractor facility , and the subscri pt k

represents the month in which the aircraft are shipped from the contractor

facility . Therefore,the value of j must always he less than the value of k ,

limiting the possibi l i t ies for subscripts to certain values .

Let S~ be the ,. ansportatio n time for an aircraft to be shipped from

the ~~ field unit to the contractor facilit y , and assume that the

transportation time for shi pment back to the fiel d unit i s also S~. Let

p be the installation time for a group of kits . Recall that p is ir ::eperdent

of the number of kits in a group .

If a n aircraft is shipped in during the ~th month , ‘t wi l l  arr ive

at the contractor faci l i ty in the j + month and take p m nths to be

• processed. Therefore , the fi rs t month in wh ich it can be shipped fro;,

the contractor facility is the ~
j + 5. + ~th month. However, since an a i r-

craft is allowed to wait at the contractor facility for the availability

of addi tional kits , it may not be s hipped back in the j + + p th icnth.

That month or any later month is a possible shipping month. hence, t~e

variable X i jk cannot have a subscript k w i th k ~
<j + S~ 

i- p, thereb”

limi ting the variables which ca n occur to those l isted in the fo~~o~.inq

table.

7
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TABLE 2

TABLE OF PERMISSIBLE SUBSCRIPTS FOR X ij k

X i,l,3+s i+p ... X~~1~~

X i 2 2 + S j +P X~~2 3 ~5~~ . . .

Xi,T. 
~ 

p, T

Recall that there is some month c such that all aircraft shipped

• from the contractor facility in the ~th month or a later month will have

had all the kits installed. Further,i t was assumed tha t a i rcraf t ~re

not sent i n for a secon d time until all kits are ava i lable.  Speci f ica l ly ,

the aircraft wh ich are sent in for the second time w ill not be sent in

before the month which permi ts c to be the fi rst ~ionth in which they could

be shipped from the contractor facility . Since the shipp ing time froni

the 1 th field unit is S.~ and the processing time is p, in the variable

~ijk it ~5 necessary that j ~~c - - p. Furthermore, s i nce an a i rc ra f t

sen t in for the second time receives all the remaining needed kits , there

is no need for it to stay at the contractor facility longer t~~~. t~e

p months necessary to install the kits ; in other words , there i s no ~~~~~~~~~

8
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time for additiona l kits. Therefore,the subscripts o~ are limit ed

to those listed in the following table .

TABLE 3

TABLE OF PERMISSIBLE SUBSCRI PTS FOR 
~
‘ijk

Y.  Y .  y .
1 ,c-Si-p,c 1 ,c-S~-p+l ,c-f l i ,I-Si P’~

An a lternative to having a list of permi tted su bscipts would be

to al low ~ll subscripts to be used and to impose the cor~ traint that the

inadmissible variables have the value zero . Howeve r ,this method was not

used in order to keep the number of variables and constra ints used to a

minimum .

‘1 
S -

9

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _



- - -~~~~~~~~- -‘- 

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

5. AIRCRAFT AVAILABILITY CONSTRAINT

At each field unit there are a certain number of aircraft. ~r
-

• 
essence, the aircraft availability constraint prevents more aircraft

from being sent in from a given field unit than there are airc~~ft at

that field unit. However in applying this constraint , it is not satis-

factory to simply coun t the number of aircraft sent in , because sorie

aircraft are sent in twice . Therefore ,it is necessary to have two sep-

arate constraints , one for those aircraft being sent in for the fi rs t

time and one for those being sen t in for the second time .

Let N 1 = the number  of a i r c r a f t  stationed at the ~th f ie ld ~~it ~t

the start of the modifi cation program . For each field unit , the tota

number of ai rcraft sent in for the fi rs t time during the T months of t re

program must be less than or equal to N1. As an inequality tre

is wri tten

[ X jjk < N~
j k

for each field unit i. The left—hand side of ( l a )  repre sents ‘ r ~~ s c s a l

number of ai rcraft sent in for the fi rst time during the montns o~ the

program. In order to avoid cumbersome expressions in th’~ limi ts s.f t b5~

summation notation , the limi ts are sometimes omi tted. If no ~i r its  .-‘ -
~ .

given in a sumation , it is to be understood that the sum is over al l

permissible values of the subscript. For example 
~ 

represents
j k

the sum over all permiss ible subscript j and k for X.j j~~ in other wor c s

over all values listed In Table 2.

10
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If all the kits become available for installation before the Tth

month , there will be some month c such that all ai rcraft shipped from the

contractor facility in the ~
th month or a later month will have all the

kits Installed. In other words , any group Xjjk of a aircraft with k � c

will have all the ki ts installed the fi rs t time they are sent i n  and w i l l

- : not go In a second time. Therefore,not all the aircraft are possibi l i t ies

for being sent In a second time , and the number of aircraft avai lable to

be sent In a second time must be decreased by the number which have all the

kits Installed the fi rst time . The number of aircraft from the ~th field

unit which have all the kits installed the fi rst time is

j k

Hence the constraint Is written as

E E ~i jk  N1 - E Xjjk , 
(lb)

. 1 k
for each field unit 1.

11
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6. OPERATIONAL READINESS CONSTRAINT

In each field unit some of the aircraft can be away from the field

unit for ECP kit Installation. However ,in order to maintain the required

operational readiness of the fleet, there is a limi t on the number of

• aircraft which can be away at any given time .

Let M 1 = the number of aircraft which can be away from the i~~ field

unit for ECP kit installation when there are N 1 aircraft assigned to toe

field unit. The operational readiness constraint is that the number of

aircraft away from the ~th field unit in each month mus t be lest t a r  s

equal to M1.

An expression is needed for the number of aircraft wh ic o are away

from the ~-th field unit durirtg the rth month. Those wfl ich wi l l  be aw~~
during the rth month are those which are sent in during the rth tooth or

earlier and which have not returned by the rth month. i~ order to arrive

back at the field unit in the rth month , an aircraft must be shipped fron

the contractor facility in the r - s~th month. Hence ,for the var iab .e

X i j k  If k > r - S. , the aircraft wi l l  not have returned to t~e f ield

unit by the rth month .

The number of aircraft away from the 1th fie ld unit during the rth

month wil l fi rst be established for the variables X i jk  
by month for  the

months In which they are sent in from the field unit. The iusmo c a~ .~

from the 1th field unit in the rth month which were sent in during toe

12
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1St month i s

• 

- 

X
1 1 q  

+ XI ,l ,q +l 
+ Xj 1 q 1~2 

+ ... + Xj,l ,T = ~~ 
Xilk

k = q 1
where q

1 
is the larger of the two numbers r - S.~+l and 1 + S1+p. It is

necessary that � r — S1+l so that the aircraft will not have re tur r eo

to the field unit by the rth month , and it is necessary that q 1 � 
1 +

because S1 +p Is the minimum time for aircraft to be sent in and have

kits installed.

The number away from the ~th field unit in the rth month whicr were

sent in duri ng the 2nd month is

Xj 2 q2 
+ Xj 2 q + i  + Xi ,2,q2+2 

+ ... + X1 ,2~~ = ~~~~ 
Xi2k

k=q 2
where q

2 
is the larger of r - S.~+l and 2 + S1~p .

Similar expressions can be written for the 3rd 4th ..., r_l St

months.

The number away from thei t~ field unit during the rth month which

were sent in during the r th is T
Xi r q  + Xi ,r,q +l + X

i r q ÷2 
+ ... + X i,r,T = 

~~~~ 
X j rk

where r+S1+p. 

- r

13
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For the variables V . , the number of aircraft sent in from the 1th
ij k

field unit before the rth month which have not returned by the rth month is

~i,q,q+S1+p + 
~i ,q+l ,q+S1+p+l 

+ ... + 
~i,r,~~S1~p 

~ q 
~~~~~~~~

where q Is the larger of r -2S 1-p+l and c-S.~-p. It is necessary that

q � r - 2S 1 - p + 1 so that the aircraft will not have returned to toe

field unit by the rth month , and it is necessary that q � c— S~-p~ s ince

c-Sj-p is the smallest permissible value of j for ~ijk~

Finally the constraint can be written as

+ 
k~~ 

X
12k 

+ + ~~~
XIrk + 

~ q ~i ,j,j~Si~p M
~ 

(2)

for each field unit i and for each month r where

= max {r_Sj+l j+S1+p} and q = max fr-2S1-p+ 1 c-S1-p~ .

1
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7. CONTRACTOR FACILITY CAPACITY CONSTRAINT

The contractor facility capacity constraint places a limitation

on the number of aircraft which can be at the contractor facility in

any given month . Let Fr be the maximum number of aircraft which can be

at the contractor facility during the rth month .

Now an expression is needed for the number of aircraft at the

contractor facility during the rth month. An aircraft from the ~th f ielt

unit will be at the contractor facility in the rth month if it has been

shipped in by the r_S ith month so that it wil l  have time to arri ve , and

if it is shipped back after the rtI~ month . In other words ,if the variable

Xjjk has .j ~ r-S1 and k > r.

For aircraft sent in for the fi rst time the number of aircraft at the

contractor facility in the rth month is

E(X i,1,r+l + xl 1 ,~~2 + ... + X j ,l ,T +

+ Xj ,2 ,r+2 + ... + X 1 ,2~~ +

Xi,r5 1,r+l + Xi,r S j r+2~...
4 X j ,r s 1,T ) =

-
~

j=1 k=r+l

The sum on j  includes all possible months in which the aircraft can r~;
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shipped In and have arrived by the rth month, namely months 1, 2, 3,

• r—S~. The sir on k includes all possible shipping months after

the rth, namely months r+1, r+2, ... , T. The sum on I In cludes all the

field uni ts. Further, the subscripts are limited to permissible values;

for example Xj,r..Sj,,..fi woul d not occur unless p=l , since the smallest

perm issible value of k in Xjjk Is j+Sj+p.

For the aircraft sent In for the second time the numbe r which will be

at the contractor facility in the rth month is

E(~i ,q,q+sj+p + Y i ,q+l ,q+S j+p+l 
+ •~ 

+ 
~i ,r s j,~~p )

j j.q

where q • max {r_Sj-p+l , c-Sj-p} . It is necessary that q ~ c-S1-p,

because c—S j— p is the smallest permissible value of j in and it is

necessary that q > r-Sj-p+1 in order tha t the ai rcraft will not have been

shipped back by the rth month.

Hence,the constraint Is wri tten as

T r—S j r—S 1ç [~~~~~~~xI~k ~~~~~~~~~~ 
Yi ,j,j+S.t +p] ~ Fr (3)

for each month r where

q a max { r—S 1— p+l , c—Sj—p }

16
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Recal l that Is the number of ai rcraft that can be away from the

1th field unit In the rt~ month. Then Is the tota l number which

can be away from all the field units in the rth month and hence the maximum

number which could be at the contractor facility . If � Fr for each

month r, then the contractor facil ity capaci ty constr aint is automati cally

satisfied, and In that case , it can be omi tted in the formulati on of the

problem.
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8. APPLICATION CONSTRAINT

Th ere may be some reason why aircraft from certain field units are

selected first by the model for kit installation. For example , toe

transportation time or cost from an overseas location mi ght be so muc h

greater than those for other units that in the optimizati on process they

would not be selected. However ,those overseas aircraft mi ght be the ones

whose modification was most desired. Therefore , there is an application

constraint which requi res that at least a certain number of aircraft from

each field unit wil l  have some kits installed.

For example the constraint mi ght require that one-fifth o~ all the

aircraft at each unit have some kits installed; or it might require that

all the aircraft at one particular unit have some kits installed and that

one-third of the aircraft at the other units have some kits instal led.

Care must be exercised , however , not to impose such a demanding constraint

that a feasible solution is impossible.

For each field unit 1 , let A~ be the number of aircraft which must

have at least some k its installed. Then the constraint become s

E X j j k � A 1
j ,k (4)

I
for each field unit i, and the summations on j and k are taken over their

permissible values .
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9. OBJECTIVE FUNCTION

An objecti ve function must be selected which wi l l  cause the opt~m i za-

tion of some feature of the modificat ion program. Two c hoices whic h come

immediately to mind are minimizing the cost of the program and :rinirrl zin g

the out of service time of the aircraft. However ,if the cost is ~inirnized ,

the optimum solution is to install no kits . Then the cost is zero and has

been minim ized. If the application constra int is applied to specify a rrini-

mum n umber of a i r c r a f t  wh ich must be modif ied , minimizing the cost w i l l

limi t the modifie d aircraft to the min imum specified rumber. Th~s is

contrary to the desired result which is to modif y as many aircraft as possible

while keeping the cost to a minimum . Minimizing the out of serv~ce time

• produces a similar result , send in no aircraft or send in the n- i r :imur

number of aircraft.

• . Therefore ,i t  was decided to use the following objective function:

z = 
~~~~~

A iik X iik + Bij k 
~~~~

• where the coef f ic ien ts  A ij k and B ijk are weight factors which don Lt

necessarily sum to one . The relative sizes of the weights can be chosen

to Indicate the relati ve importance of having kits installed on the

correspondin g groups of aircraft. All that remains is to make a s~itab1e

choice for the weights . Two possible choices are discussed.

One possible choice for the weights is A i i k = B i j k  = 1 for all ~~~

and k. Then the objective function represents the total number of

19
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aircraft modified where aircraft sent In twice are counted twice. Hence,

it is possible to max imize the number of aircraft modified.

If 
~i jk  

= 0 for a l l  i ,j , and k , the objective funtion becomes

• 

.~~~~~~~~ ~~~~~~~ For each variable X ij k the weight ~~~ can be c osen c~

be the num ber of kits installed on the corresponding group of a i rcraf t .  Since

• the number of kits installed is determined entirely by the subscript k ,

the coefficients A ij k are obtained from the table of kit availabil i ty

(Table 1). Nence ,the objecti ve funct ion represents the number of kits

installed , making it possible to maximize the number of kits insta lleo .

If some of the 
~ij k  are not zero , an objective functior representing the

number of kits installed can not always be obtained . Aircraft  sent in fo r

the second t ime wi l l  have all the remaining needed kits instal led. Hcwever

in general , befo re a so lution to the model is obtained , there is no way of

know ing how many kits the aircraft will have installed the first time they

are sent in and therefore no way to know how many kits ~i1l be instai le~
the second time . In order to obtain an objective function in this case ,

let A ijk be the number of kits insta lled on the group X ijk and choose

to be an estimation of the n umbe r of kits installed on the group V . . For
1 j~ ”

example , if each aircraf t is to have K kits installed dur ing the modificat ion

program , Bi jk  
might be taken to be for all i, j ,  k. Tnen the object ive

function wi l l  be an approximation to the total number of kits whic h are

installed.

W ith the objecti ve function just described , a solut ion to th~ r~~ci

can be obtaine d. F rom the solution , an i mprove d es ti~ ate for t - c~
20
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made. These new values for Bjjk can be used to obtain a second solution

to the model . This iteration process can be continued if des ired.

However, there is no certainty that improvements will occur after the

second solution. Furthermore,the choice of the B . . may not be critical.

Therefore ,it may be satisfactor y to stop wi th the second or even toe

fi rst approximation.

If the number of aircraft processed is maximized , that puts a ~~~~~~~~~~

on a large number of aircraft with perhaps only a few kits ins ta!le ~ on

each. W hereas maximizing the number of kits installed necessitates

installing more kits on fewer aircraft. Maximizing the numbe r u air-

craft processed might result in an aircraft be~n-j sent in ‘c r or~~ ~~~~~~

kit. While maximizing the number of kits might result in the a~rcr~~:

waiting at the contractor facility until more kits are ava il~o~~. -

It is considered better to maximize the number of kits instal led.

~1
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10. SOLUTION

The model Is an integer programming model . In all ~ut the ::ost

trivial case , the solution woul d be too involved to oLt ai r ; c~n~ -~i ~j ,  ~~

therefore requires a computer procedure . Once a sul~ tion ~s c~ta~ rs~o ,

It consists of values of X . • and Y . for all perr~ssici e ~u c s c r i p ~~

1 ,j,k. Recall that i designates the field unit , j tne montr in wric ~ toe

aircraft are sent In , k the moncn in which they are sent cac~ , anc X an~

‘1 the number of aircraft for the first for the fi rst and second times ,

respectively. Therefore,a solution to the model is a u s c  ~ j  fielo unit

of how many aircraft are to be sent in each month for toe firs t and

second times. The list also Includes the month in whi ch they are sent

back.

22
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11. VARIATIONS

There are at least three important changes which can be mace in the

model as it has been described so far.

First it is possible to include a cost constraint. It is necessary to

determine the cost of installing each kit and the transportati on cost of

shipp ing an aircraft from each field unit to the contractor facility . Then

an expression can be obtained for the cost expended for an interval of time ,

for example one year. The cost constraint can then be written , limit ing the

expenditures in each year to a specified amount. The amount of course coul d

vary from one year to the next. If desired1 it is also poss ible to specit j

• that at least a minimum amount be spent each year.

A second variation which can be made in the constraints is to allow

the number of aircraft at a field unit and hence the number of aircraft

which can be away from that field unit at any given time to vary . This would

pe rmi t the introduction of new aircraft into the fleet or the removal of

aircraft from the fleet.

The final variation is the most important. When the original m ode l was

developed , it seemed that the constraints would be so restrictive tnat a ll

of the aircraft could not be modified in the specified length of the modif~-

cation program. Therefore,an objective function was chosen which would

maximize the number of aircraft modi fied or the number of kits insta il~~.

Another approach is to use the application constra int to req~iro thrt

all the aircraft receive all of the modifications . In order to nave a

• 23
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feasible solution , some of the other constraints will undoubtedly have

to be relaxed , and the total length of the prog ram may have to be

increased.

• Wi th all of the aircraft receiving all of the modi fi ca ti o~o , the

• old objective function is unusable. Instead the ooject~ve ~unction can

be chosen to be the total cost of the program. Morever, sl oe it is

reasonable to assume that the costs of installing the kits is independe n t

of how the aircraft are brought in for modification , the only varia cle

costs In the modification program are the transportation costs . Further-

more, the only variation in the transportation cost is in the r u;rcer of

trips to the contractor facility . Therefore,one possible object ’e

function is the total transportation cost of the program , and mi ni miz ioc

the transportation cost minimizes the number of trips to the contractor

facility . Another possible objective function is the total out of ser ;ice

time while the aircraft are being modi fied. The out of service time for

a group of aircraft X~ can be determined from the subscripts ~ and ~ijk
and from the transportation time S1. In fact the out of service time

for the group Xijk would be k+S1-j. An expression can then be obtained

for the total out of service time for all aircraft , and the program can

be carried out to minimize the total out of service time .

~1
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