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I. INTRODUCTION

Becauge of the availability of large computers in the United
States Alr Force, the repetitive nature of acheduling, and ths time,
offort and difffoulties involved in scheduling by hand, it is felt that
a great need for computer scheduling exists. - Much resesrch is being
applied to the prcblem of school acheduling at the University of Pittas-
burghe The author believes he can make a contribution in the area of
the computer acheduling of aircrew personnel. Being a rated pilot in
the United States Aixr Force as well as a student at the Univeraity of
Pittaburgh, he has chosen to apply his efforts where he belleves both
organirations will derive mutusl benefit. The problem of aircrew sched=
uling is such an area, he believes, He has aimed to advance the ree-
search in computer scheduling and yet alant it toward an Adr Force ap=
plication.

It sesms ayropcs at this time to define a heuristic approach.
The coanotation as used herein 1s, a systepatized set of rules, witkout
& mathematioal foundation, which enables ihe cogputer to derive & fea=

tle gohedile. These rules spproximate the decisions normally made by —
the masual scheduler,

The thesis presented here is teohnique, rather than problem
oriented: JYor this xeason some of the statements suny suggest areas
that ssem 10 require further explamation: In many of these arsas the
explanation bas inteniionally been omitted when it offers no real con-
tribution to the technique explsined or the specific yroblem considered,




For a more Imowledgeable background of the problem, beyomd that presemted
in the thesis, the author suggests that the reader familiarize himself

with the related Air Force policies and procedures.




II., STATEMENT CF THE PROBLEM

A large nunber of pilots in the Air Force are being utilized
today in fields not involving rrimary aircrew positions. While in these
fields of endeavor pllots are required by the Air Force to maintain fly-
Ing proficiency. Most Alr Force tazses maintaln persomel ard aircraft
specifically to fulfill this requirement and much time iz expended in
the schsduling of these attached pilots. The alrcraft and pilst avail=
abilitles must be considared, of course, iu this scheduling process.

Alr Force restrictiors and locael flight policies add to the complexity
of the problem. The pilot scheduling problem is further confounded by
errors Introduced by the human scheduler. It is the purpose of this
thesis to develop a techniqua, employing a computer, to produce a feaw
sible tlight schedule,

The .spgoific problem under consideration to illustrate the tech-
nique im the scheduling of Alr Force pilots attending the University of
Pittsburghe These pllots are atiached to the 911?5 Trony Careder Group
at the Greater Pittsbuvrgh Alvport for flyimg. Tho alvaralt providsd 1s
the C=li7 (D0=3, Douglas Slwtzmizﬂ‘. The computer jrogram is written ia
’c.‘:u Fortran languags for the JBM 7090 somputer system utllizing the
¥loblgsn RBracutive Oyatem,
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IIX. RESTRICTIONS

The major restrictions of this scheduling problem and their
origins are outlined in this mection of the thesis. Those which come

from Air Force regulations will be identified.
A. Number of Pllots Assigned to E: .h Period

This restriction stems from the type aircraft flown, Air Force
regulations which define when and how a ratsd pilot can be accredited
with flying time and the utilization of one aircraft during each flight
peried, In the specific problem under consideration the aircraft im a

C-H7. According to the Flight Eandbook ™"

s the miniwum crew for a
Ilight 1s a pllot and a co=pilots In epecial cases, however, more thar
two pilots may be acoredited with flying time on a singls flight. At
Greater Pittaburgh Airport, the average pilot does not fit into these
aspscial oattsorieu.(a) Beonuse of the availability of rated pilots Ix
the ascheduling branch of the operations section of an Air Base, this re-
striotion will be relaxed to allow for an occasional period when a

ningle pllot may be moheduled by the computer. The other pilots required

for theme perlods will be supplied by the scheduling branch.

*Paxenthetical references placed superior to the line of
text refer to the bibliography.
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B. Total Rumber of Mlights During Scheduling Interval

The basio iaformation for derdving this number is found in an
Alr Foros mn,fz) The value of this parameter will be dsterminsd by
the schaduler and used as an izput to the computer program. Sinmce the
Tniversity of Pittsburgh opsrates under a trimester system, each pilot
knows his flying availability fur a four month period. This is the
basis of the four month scheduling interval.

The axxual flying requirement for atiached pllots is 100 to
110 hourss The trimester mchedule and the standard Air Force four-
honr flight period for multimengine aircratt determine that on the
average eight or nine flights ver trimester satisfy this amnual require=-
mont. 'This number establishes a gulde for the schsduling officer. The
Program allows for variation in this parameter, making it flexible for
goneral situations,

Os The Minimum Mumber of Flights Per Month

The Alr Furce Manual setting flight roquhnontn(a) does pot
speoify any required minlwws xumber of monthly flights: This restrios
tion stems rather, frem the fmot that flight pay is a funotion of monthly
flightas To qualify for flight pay fer a month, a pllot muet fly at
leaat four heurs during that oalemdar meath, While thiz requirement (s
ninisvm xmber of flighto per month) is not a regulation, it is a practi-
oal restriotion and must be inoluded in any operational sohedule,




Ds The Minimum Number of Night Flights

The pertinent manual(a) stipulates the annual houre of night
flying time required for each rated pilot. This time reguirement is
then chang=d to the number of flights by the method explained in re-
striction B.A This constraint also introducesm other preoblems which must
be considered. In most cases, night flights should be scheduled in
weekly blocks because of limitations imposed by maintensnce work scheds
uling and man-hour allocations When the scheduler deterwines that a
¥3riod 1s svailable for flying, he has hesn assured by Maintenance that
aa ailrcraf’ will be supplied, Hence, once a night flight is made availe
able it should be flown.

E. Integer Solutions

Inherent in any scheduling or assignuent problem , isx the need
for integor molutions. In the pilot scheduling problem the :Lz;toger
solntlon restriction muast he considered. When a piloh is assigred to
fly dwring any given periocd, he must he coneidered as an entity., The
pllot mst be elther schedyled or pot soheduled; he canuot be partially
rnokaluleds The coxdept of completeness or entivety muat aleo be fol=
dlowed in the ubllization of & {lying perlod, The flying perlod, like
the pdlot, pust be sonmidercl as one unlt and edther soheduled or not
scheduled, Thus, & definite restriction of the pilot scheduling pro-
blem is the need for molutions nf intager values so as to elimirste axy

confusion which may arise,




Fo Maximam Nember of Delly Flights

Alr Foxrce regulaticns allow a crow~day which would permit a
rilet tc fly as mony as three, four-houwr flights. This, while pos=
8ible, i~ completely impractical. Iocal policies dlctate that pllcis
be limited to one flight per day. Should a pllot be schednled for a
night flight, he would not be required to fly the next uo + 88

1llvstrated in restriction G, below.

Ge Minimum Time Between Flights

The flying of an aircraft is a very exacting operation. For
this reanon, orew rest is of major importance. The scheduls generator
must be oxa which conmiders theme crew reat requirements and spaces
flying mesigaxents in ordexr that aduquate time is allotted for reast
between flights,



IV, GENERAL EXPIANATION OF THE HEURISTIC APPROACH

The method of scheduling selected 1s ome that would baslcally
fulfill the ne2ds for simple input, rapld schedule gensration, and
readily usable outpute These were the baslc criteria considered in
the formulation of the program. The program was also constructed to
satlsfy the gemeral restrictions which have heen previously mentioned.

It should be noted that the technique is operationsl as evidenced
by the fact that the flight schedule utilized for July 1964 by Mrs Henry
Re Rogers, the Scheduling Officer for the 91.'.Lt“':l Tiasp Carrier Group, is
the actuval output of this program.

A major assumption of the method under discusuios ia that the
nwnher of perlcds made avallable by the scheduler s grexber thsa the
nuwaher of periods required for utilization in the schedule, This as-
sunpblon seems intultively true and oan be verified as maxthematically
Aound as shown below.

In the two sats of tast data used the pusber of yerloda aveilable
were 300 end 231, respectivelys Superficially the perieds swvallable
asen more than ample, eapscially alnoe two plloba are saslymed to fly toe
gothers Thade figures are minleading, hovaver. Nany perdods canrot he
widlizad for ona reamon or emotherj c.gey the day may be & holiduy, the
ashaduler may fweler not to utdiliza oextaln perlods beoauss ob wanvalle
abllity of malntenance aupport, eto., yrevions commitments may leave the
alroralt unavallable, eto. Again, using the available temt data, theve
were 191 and 155 usabls periods, vespestively. This still seems ample
sinze the periods raquired Ly the same test dats wers 146 and 128, Thus,
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the assumption was made that & sufficient aumber of periods were availatle
to satisfy the requirements,

A mecond major assumption wzz that for every pilot, his availabilit
and the periods made available by the moleduler were compatibles Yo other
words, 1t was possible to schedule svery pilot ard fulfill his reguirement-
under the availability restriction data he gave the scheduler. This sceme’
to be a valid assumption since it has previously besn satiszfied by manuwa”
scheduliug methods althovgh, at times, with great difficulty.

The third major assumption made was that the computer could be
utilized to schedule pilots by fulfilling the flight requirements within
the restrictions imposed by the yrobiem. To accomplish this, a method
was devised using a utility function as the primary criterion in schedulin:
By use of this method, feasible schedules were not found in all cases.
However, the osutput of the progrem utilizing this mcthod is extremely use-
ful in that it 444 acoomplish hetter than 90 per cent of the scheduling,
the remainder to be completed manmually.

Ttility as used in this thesis is not meant to have the mame conw
notation as when used in an eoonomic applioation. As used here, "utility”
implias preference and/or availability, depsnding on the mpecifio values
usede, The meamires are provided subjectively by the people involved. In
the explanation of the input and formulation of the initial mesignmenl
mirix (to be explained), "utility" refers to the preferances and availe
abilitie# of the periods as stipulated by the soheduler and the individual
pllots. Ia the generation of the pilol schedule, the word utility repre-
econts & combination of the two types jJust discussed,

A Bt ®
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The method devised can bs divided into three phases: preparatory,

schedule generation and implementation.

A. Preparatory FPhase

The preparatory phase is performed manually by the scheduling
officer, and includes the work preliminary to the two succeeding stagss.
The gereral flight requirements are considered, total scheduling interval
reviewed; pllots' avallabilities determired, and any special cases noted.
This area of preliminary investigation in further discussed in Section V
(Tnput) and also in Appendices A (User's Memo) and D (Input).

Bs Schedule Generation Phasme

The achedule generation phase is accomplished by the computer
progran developed, This yrogram uses a heuristio approach {o schedule
goneration whioch is acoomplished in three asteps,as discussed below.

1e Formlation of the Assignment Matrix

The aasipgnent matoix 1 a twoedimensional array with the ele~
manby ropronenting utility values, This concept of utilities is expanded
and disousmed in detall 4n deotion V (Inpus). Briefly, the sohedulsr
assigns & utility value to the flight periods available for sach day within
the ascheduling interval. The pllot assigns a utility value to the flight

perieds each day for a week, his weekly availability, The program than
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combines, by mdtiplication (because of the values used), the utilities
assigned by the scheduler smnd the pilots. In this manner there 1s a
value for each pilot for every period, This is maintained in computer
memory as a two-dimensional array with each element a uig:ility value,
representing a specific pilot and period. This matrix is constantly up-
dated as scheduling progresses. The initial assignment matrix is printed

out in the first section of the output for information and verification.

2. Assigument

Assignments are made based upon a method of maximum utilities., The
algoritha used follows. The program cycles through the pllots each in
turn until the scheduling is completed. When a pllot is considered; he
is assigned to the period of his firat maximum utility. A system of
checks exists within the progrem which insures the feasibility of this
assignment., The assigunment matrix and counters are up-~dated and the
assignment stored. The computer then searches for the maximum utility
of the remaining pilots for that period in question, for the companion
pilot. The companion pilot is then assigned, the matrlx and counter up-
dated and the assignment stored. The computer then repeats this sched-
uling oycle., This step is explained in detall in Section VI (Scheduling).

In the asgignment step of the program, the individual assignments

are recorded as single numbers and the total schedule as an array. The
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translation of this array into two different usaple forms is undertaien
in the output step. This array is menipulated and translated into usable

output as shown in Appendix E (Outputj.

C. Implementation Phase

The last phase of this approach to pilot scheduling is again
manual. The scheduler must review the output of the program for excep—
tional cases. These will be listed for him as names of pilots not com=
pletely scheduled by the program, or as a list of zeros representing a
flight where only one pilot was scheduled. In the tests made, over 90
ver cent of the scheduling was completed by the machine and the only re-
striction causing most of the exceptional cases was the total number of
flights required psr pilot per scheduling interval. This does leave some
scheduling to be accomplished manually. The responsibility for notifi-
cation of schedulsd pilots, the iast step in the scheduling process,

remsins with the scheduling officer,

TR R0,
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13
Ve INPUT

The program input 1s best conaidered in four parts; a) general
information; b) daily information; c¢) pilot information, and d4) and
specific changes to the general information. The format and further ex=-

planation of the program input is presented in Appendix A (User's Guide).

A, General Information

The general information is presented on two cards with the first
card containing 1) the nwrber of pilots to be scheduled, 2) the total
number of flights per pilot for the scheduling interval, 3) the maximum
number of flights per pilot that can be scheduled each month, and 4) the
maxisum rumber of night flightm to be scheduled for each pllet over the
scheduling interval. The 2) total, 3) monthly and 4) night restrictions,
as given in the input are te represent the norme Pilots with gpecial
requirements will be treated as another part of the input.

By careful consideration of the number of 2) total and 3) monthly
rilot flights stipulated, the miniwum monthly flight restriction may be
satisiied. The scheduler must insure that the total rumber of flights
allotted per pilot, for the scheduling interval, is greater than the sum
of the flights allotted per pilot per month should the allocatlon of any
one month be eliminated. For example, if a four month interval is belng
utilized and the scheduler would like no more than three flights to be
scheduled in any month, he musi insure that the total flights stipulated
for the time interval be greater than nine., -
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The second of the two input cards allocates 15 spaces for identifying
information to be printed during output. This information may be dates, code

names, etc.

Bs Daily Information

The second part of the Input is a set of daily cards. Each day
of the scheduling interval, with the exception of Sundays, is represented
by a separate card. These cards contain the utilities the scheduler has
assigned to each of the daily flights. The first of the daily cards mmst
represent a Mondsy with all cards in order of increasing dates. If %he
scheduling interval does not start on a Monday, blank cards must be inserted.
These requirements exist to insure compatability between the pilot and the
daiiy cards. In all cases input data values not punched in the spaces provided
will be intexrpreted as zeros.
On these daily cards, the first set of spaces allottsd serves a
dual purpose. They are used to designate the first day of the month,
and the last card in this particular set, The months must be noted be-
cause dates are not asscciated with the periods during the assignment
phase of this program. At this point, however, groups of comsecutive
periods are associated with the different months to control the monthly
flight requirements. The last card is rscorded to do away with the reed
for counting the daily cards and, to serve as a means of internal control.
Next on the daily card the date ism recorded, followed by three

numberse These nwabers are the utility values assigned by the scheduler

to the three flight periods of the day. Air Force policy rormally specifiss




three flight periods per day. These values vary from zero ¢ nine, a
scale determined arbitrarily. A value of zero assures that no flight will
be acheduled for a stated period; three and four are used to denote day
flights which the scheduler prefers to utilize; and all night flights are
assigned a value of nine,

Ce Pilot Information

The third set of inpaut data is used te supply the piiots'
utilities and availabilities. The words utility and availability are
alrost synonymous as used in this thesis, Utility is used to indicate
a preference. Because of the values used, utility also determines
availability. There ia one card for each pilot with all cards arranged
in order of the pilot's degree of availability (minimum availabilities
last), The first 15 spaces on sach card are available for the pilotts
name and other identifying infomtion, which will be used to identify
pilot assignments in the program output. Six data groups of three spaces
each follow this. Thase data groups represent the six days of the week
and the three spaces, the three flights in each day. The number son-
tained in these spaces re¢presents the pilots' utility for these perdeds.

The utility values punched on the pilot cards are aimilar to
those explained above for the da.ily cards. In this case, however, the
valuos range from zero to two. If a zerc is assigned or the space left
blank, the piiot is considered unavailabls during that period. The
pllot assigns a value of one to all periods in which he is available with
the exception of one day and one night periocd to which he assigrs a valmwe
to two to indicate preferred flying times.

15
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D. Specific Changes to Gereral Information

The last set of imput cards aliows for flexibility in scheduling.
While the first set of cards establishes maximum number of f£lights for
the average pilot, this set provides opportunity for variation and changes
for speecific individuals.

The first card in this group states the number of pilot change
cards which will follow. On the pilot chawge cards seven items of in-~
formation are contained; the first beiug a mumber indicating the location
of the referenced pilot card in the pilot deck. Thus, if the pilot card
referenced is the fifth card in the pilot deck,; the first number on the
pilot change card is five. The next item or the card is the maximum num-
ber of flights per schedulirg dnterval for this pilot.

The next four ita:ms are the desired maximum pumber of flights
for each month of the four ir the scheduling interval. Finally, the
last item designates the total mumber of night flights speéified for the
scheduling interval. Care mmst be exercised to insure that values are

aszigaed for every ltem, with special attenition directed to items three

through six.




Vi, SCHEDULING

A general discussion of the scheduling method is presented in this
seotion. A deacription of the methods for satisfying the restrictions
Introduced in Section IJL, axd a verbal presentation of the scheduling
method, is tendersds Omly the areas of major significance will be covered
since a more detailed description is avallable in Appendices B (Flow
Diagrams) aud C (Program Listings).

Ae Reatriotiops

L: Number of Pllois Amaigned to Bach Period

e requirement of two pllots for each flight was one yoint oone
sidered in the formulation of ik approsih., After a pllot is acheduled
fer a particular pexdod; the computsr athempta te schedule a companion
rllot, Whether there is cwe aveilable ovr not, the asmigiment mabrlx is
up~dated azd all the pilet utilitles for that peried ave ast to xero.
WVhen this occurs, the program no longer has any whdlities Lor the pexdod,
And no more assignmenbs cwm be mada thsre, This lisits the number of

plleta per period to mo mors than two. If only one is avilable, thin
ia an exoeptional sase which the achedwlsr must handle,




2¢ Total Number of Flights During the Scheduling Interval

Control of total flights per scheduling interval usiag the
heuristic approach is maintained by a running count of the scheduled
fiights for sach pilot. The running count is tested, after up-dating,
ageinst the number assigned to this control parameter. When this
count equals the total flights to be flown by a pllot, the pilet ilx
oeliminated from further scheduling consideration., This is sccomplished
by setting all the period utilities for that pilot to zero and =etting
2 pilot imdex., Before a plilot is considered for an assignment this
index is checked, If the pilot is completely ascheduled his utllities
are not even viewed (thus saving computer time) and the next pilat in
Line da coneidered,

3+  Naxiwuz Number of Flights Fer Nonth

in controlling the number of monthly fliszhts beth 2 maximum ani
2 minimua nuaber must be considersd. The maximun is controlled by a
rnning couny for sach pilot's meathly schedwle. Whsa any menth's sched=
wied flights equal the maxivum, as stated in the progrean input, the pilot
is no longer considered fer schedulinmg that meath. Thim control isx main-
tained by a check, for the month, of every flight acheduled. A running
oount ¢f this is maintained for sach pllots Whenever this count egualis
the maximun fXights allowed by daput, She utilities for that pilet in

that month are set to zero, thus elimivating him from scheduling cone
sideration for that month,
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The method of mainteining the minimum monthly requirement has
already been disoussed in Section V (Input). Briefly recall that this

1s accomplished by values of the input parameters used, as indiceted.

L, The Miniwum Number of Night Fiights

The technique empleoyed 1u msasurement sad control of the num-
ber of night flights is intriguing. The first problen eacountered was
identification of thesme nisht fligh®ts. One molution is to have a sep=-
arate system to solve this aspect of the scheduling problem. Howave.,

a ualque method was selscted which eliminates the ricessity of a sep-
arate syatem.,

IZ & night flight requlvement for the pllot being aasigned
exists, the poried number is divided by thres snd tested for a remainde: .
It is & mbhemetical truth that given all consecutive integers ss & met,
ondy every third integer atarting with three can be divided by three
without leaving a remainder. Becauss ¢f the input formab, every third
peried 48 a nighi flight, This method of svalvation im feaalble and
gonveriently attainnhle as beth fived and floaking mm‘” moden are
ayailab?a en the cempuber utilized, A running count of the might flight

Lo s e s

% A fixed point number im an integer (whole) numbery whare am
a t%ogtég; vaint nusbsy mey bhe an intuger or may have & fractional
DAY e
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scheduled is stored and tested in a mamner similar to thal used for
total flights., When a pilet is completely schedaled; the assignment
matrix is up-dated by making hias every third utility equal to zero.

At the ssme time, the pilot requirement for night flights iz set to
zere, thus eliminating any further night flight checks for this pilot.

5, Integer Sciutions

The i- ager solution restriction of this program seems almost
superficial., This wss not always th~ case, however. In the method
Dinally developed, the heuristic approach, the inputs are integer
varinblese Up to and including the assignment stage of the program
the only arithmetlc eperatlions ased are multiplioation, addition and
euvtraction. These conditlons, lateger input, with no divislon opera-
tions irsurs that integer values are preserved during the assipnwent
phasge,

Durdng the output phass of the yrogram, division is introduced
and henae the possibility ef morminteger values, To matisfy the integer
requirement in this phass, the numbers are maintained as fixed point
numbara which are sither printed out ar used as mubscripte, A more
detajled explanation im forthoowing i Bection VIT (Outpmt),

6e  Maxlwum Number of Daily Filighta

T™hie requirmment exists in arder to limit pilota to one flight
during the scheduling day. This is mccomplished by setting the pilot's

e teiAe s B oo d e A1 A VLK W S S
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utility valne to zero for the period preceding and :L’ol).owing the assign~
ment, In this manmer, the computer cam ne longer consider these periods
for scheduling. This method also insures that when a night flight is
scheduled for a pilot, his first period the next morming camwot be assigned
Tohe only times this method is ineffective are when a night flight iz sched-
uied and the morning periocd for that same day remains available; and when
a morning flight is scheduled and the evening pericd of the same day re-
mains available for assignment.

These deficliencies are removed by the high utility values given
to the night flights, which eliminate the possibility of & pllot having
a morning flight echeduled before an evening flight of the same day. The
poesibility of a flight in the moraing, when a night flight is already
ascheduled, is eliminated by giving the perlod two time periods before the
night flight a utility of zero for the pllots mcheduled for the night
flight.

To summerive, any time a period () is scheduled, the utility value
of perdods (t = 1) and (t + 1) are set to zero, If the flight im a ndght
flight, the utility value for period (t = 2) is also set to zero, In
thic manner, Llights per pllot are limited to oue & day.

7. ¥inlwum Time Between Flights
As intrnduced in Section IIX, this restriction exlats to provide

adequate crew reat for pliots between flightss The normal time required
to satisfy the crew rest requirement is 15 hours.



This restriction is satisfied by limiting flights to one per
day. and not permitting a morning flight to follow a flight the previous
night, This is accomplished in the process of sati.éitying the previous
restriction (6).

B. Scheduling Procedure

The explanation of the heuristic approach under consideration
will be directed here toward the two basic steps; 1) tke formation
of the initial assignment matrix, which also includes a discusalon of
the input, and 2) the process up to, but not including, the final
manipulation for output of the assignments.

During the sxplanations, an ottempt will be made to avold une
negessary details, l.e., individual variables. Formets and minor points
will also bhe eliminated from this dimscussion, I questlons arise, the
render ia dirested te Appendix ¢ (Program ldsting).

Lo Formation of the Initial Assignment Matrix

In the IBM 7090 computer, under the Miohigen Dxecutive Symtem,
the locations in memory are lomded with a core qommﬁz.u ) Tor this
reason, one of the first problems was that of the removal of this core
constants A aubroutine (mee Appendix 0) wes written to merc the looa~
tdon of svery dimensionsd wariable, In meany oasss this action wes not
requived, but the program dshugging was greatly simplified, In addition
to this initialization, othsr variables are initialiszed or meroed as

requirad,
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The first data card read contains the number of pilots, and the
mumber of total, monthly, and night flights per pilot. These mubers
are then assigned as the limits of each pilot's reastrictions. As the
individual pllots are scheaduled, a count of thex assigned flights is
checked againat these limits, Of course, these individual limits could
then be changed, if needed, by an additional input. The information
card is then read and storad in alphameric notation %o be printed in
output format when required.

In the next step the dally cards are read intsv the computer of
the daily cards, This information is storsd in an array whose indices
axre the same consecutive periods ussd in the assignment matrix. The
dates and flights on the daily cards are sssocisted with theme index
numbers., Thus, the dates and flighis are avallabie when reguired by
the program, The elements of this array are the utilities of the perioda
as assipgned by the scheduling officer. |

Az the daily oards are read in, they are cheoksd for x numper in
the first set of apacens If a negative nwmber iz fowrd there the progeam
then records the period as the first period of the nonths In this way
the yeriede are assooiated with months, To test for ths meath is any
poried, one needs only Vo lmevw A7 1t lies betwesn two values =~ the
first day of ene wonth and #he first day of the fellewing menth, If inm
p¥ead of A negaiive mumber, a pesitive number is foumd, khe program views
this ag the last of the daily oards and ne mere oards will he read ab this
time, By utilising $his systemya methed of recerding the montha is availe
able and alse the need fer counting daily cards is eliminated,
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After the daily cards are read and the program up~dated as re-
quired, the pilot cards are read and utilized sequentially. As a pilot
card is rsad it is assigned a number vhich corresponds to its position
in the pilot deck and the pilot identification is stored in alphameric
form to be recalled as needed.

The utility values read from the pilot card are then multiplied
by the utilities from the daily array in groups of 18, and are stored in
the row of the assignment matrix corresponding to that pllot. In this
way,all utilitiea for said pilet ars the results of a multiplication of
the dally and the pilot utility values associnted with each period,

This step 1s repeated until all pilots have been considersd and the ini-
tial sassignment matrix completed. The initial assignment matrix is
printed out at this time for purposes of information amd verification.

The next data oard is read. Thie card indicates the number of
pllot change ocards which will follow with each pilot ohange caxrd refer-
ring to a aingle pilets The cards are xread into the computer making it
rposaihle for the input parsmetera from the firat card to he revised for
individual pilotm,

Ry this time, the assigament matrix has been formed and the
pllet restrictions recerded amd up~dated. Tho progran is ready te atart

the meqend step,

3, Generailen of a Teasidle Sckedule

In the mocend step, the pregrom oyoles through the pilotm, cen~
sldering each in turn, for assigemont. As each pilot is conaidsred, he
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is assigned the firast preferred period as indicated by the values in

the assignment matrix. A system of checks and balances existis within
the program which insures the feasiblility of this assignment. The as-
signment matrix and the counters are upgraded and the assignment stored
as a number in an internal array. The computer then searches the utili-
ties of the period assigned for a companion pilot. This is accomplished
by searching the assignment matrix to locaté the maxdimum utility value
for this period. The pilot for whom this value exists is now assigned
85 the companion pilot. The matrix and counters are again upgraded and
the assignnent stored. The computer then repeats this scheduling cycle,
until all pilots' utility values have been exhmusted, A detsiled ex~
planation of how the computer completes this cycle follows.

In seleotion ol the pilot's maximum utility, the firat one con-
aldsred beoomes the iteptotive maximum. The program compares this tenta-
tive maximum with all of the remaining utilities in turn. When one is
Zound whioh is Jarger than the tentative meximus, this one becomes the
now tentative maxisum and the peried number is stored, The result of
this seayoh identifies the first maximum utility for the pllot and the
peried with which it !s asmseciated, This value is then examined to insure
that it 1m greator than sere, If 1% is equal te sere, this pilet has ne
mere usable periods available, altheugh his flight requirements are still
mot fulfilled, This fact is neted in the eutput and this pilot im ne
longer asmsidered feor seheduling,

Onoe the maxcimum usility for a pilot im determined, he is assigned
to the pertinent peried, The program then up~dates the pilot'n countera
and teats them sgeinst the requirsment as given in the input, The firat
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counter is for total flights for the scheduling interval and is augmented
by one for each assignment made., When this accumulated total equals the
required total, as specified by the input, this fact is recorded. This
record is used to indicate future revisions necessary to the assignxent
matrix which consist of setting all this pilot's utility values to zero
80 that he can be acheduled no longer, and up~dating an index which will
eliminate him from ascheduling by the computer. This serves to save com=
puter time.

If the acowmlated total is less than the requirement specified
by the input, the computer then checks to sese in which month the period
is looated. This is accompiished by subtraoting the numbesr of the perw
10d mcheduled from the number assigned to the firat period of the second
month, The remult of this subixaction is then tested. IZ the number is
yonitive then the peried is not in the first month, This Yeat is re=
peated fer the feilowing momths until the month centaining the period
is determined, When the moenth is looated, a value of one is then added
to the pllot's pertinent menthly counter, If the comwnter then eguals the
maciwua nusber of flights for the month as stipulated by the imput, the
ansigement matrix is revised, This revision is accomplished by setting
all the pilet uiilities for the menth equal to mero, This eliminates
the pilet from fwrther assigament in that meamth.

If the menthly regwirements have net been satiasfied, the pro=
gram oonsiders aight flighta, The cemputer cheoks the night flight ree
quiremant for the pilets The aight flight requiresent can be elimimated
in twe waym, 1) through the input when the scheduler does not establish
a requirement, or 2) by the progrems If a pilet's requirement is
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satisfied or the period tested is not a night flight, the night flight
requirement is removed., The justification for the removal of the regui
xment stems from the fact that high utilities are given to the night f£1i
periodz to insure they will be utilized first. The test for a night
fiight is accomplished through the computer's abllity to use both fixed
and floating point numbers. If a night flight requirement exists, the
number of the period in question is divided by three., The computer the
tests for a remainder by use of fixed and fleating point modes., If a
remeinder exists, this indicates the period is not a night flight peric
and no more night £light perlods are available for the pilot, the nigrc
flight requirement is then removed and the assigmeni stoved. If no
remainder exists, the period in question is a night flight period and a
value of one is added to the pilot'!s night flight counter. At this
point, the utility value of the period two flight periods prior to the
ors under consideratlion is set to zerc. In this way, the program elim-
inates the possibility of assigning the pilot a morning flight peried i
the same day. The value of the night flight counter is then compared
with the night flight requirement. If no further night flight reguireme
exists, the assignment matrix is again revised. This revision is accom~
plished by setiing every third period utility for the pilot to zero and
elininating the requirement. IThe assignment matrix has no more positive
night flight utilities for the pilot and so no more checks for night
flights will be made,

The program up-dates the assignment matrix and stores the pertin-
ent information. The assignment matrix is updated by setting the utility
of the period scheduled, along with the preceding and following perilods,
to zero. This action, in conjunction with that previously taken in




regard to night flights, limits the pilot to one flight per day. This
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neuresz that the pilot schadunled for a night flight will not be
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scheduled for a flight the following morning, satisfying the crew rest
restriction.

Asgignments are stored as seven diglt numbers with the first two
digits as pilot identifiers and the following five as perdod identifiers,

pilat day
Example: 12

month / perdiod

Because of the slze of this number and the chnra.otariuxﬁ/ of the TBM
7090 computer, storage is in floating point mm).cn.(3 )

An atcempt is nexi made to mchedule a compeanion pllet for this
perdod, in a manner similar to teating for the pilot'a maxlmum utdlity
sxcept that here it la testing for the perdiod's maxiwum utility, Uw-
like the aforementioned procedure, whioh fakes the [ivat maximum widlity
for the pilet, the program mow takes the lagt maxisum utility for the
Jeriod, TIf a maximum utility other than a aere exists, a companicn
pllot 18 ayailable and will be acheduled, The computer ihen sets all
pllet utility values fer this peried te mero, The compuaion pdlai's
gounters are up-dated and checked, the amsigsment muirix revised, and
the assipwment atorsd, thus completing ere cysle,

I2 ne oempanion pilet Am avallable, a flotitious ol apanies pllob
is ameigned, thum completing the oycls., These cyales are repeated for
all the pdlots in turm unbdil all are completely soheduled or only sero

values exist in the assigament matyix,




During the aséignment stage of the computer scheduling process.
there are two cases where incomplete scheduling may occurs The first
case is when a pilet's turm in the acheduling cycle arrives and he lacl
poaitive utility values, When the piiot to be assigned has a maximum
utllity equal to zero, his name is printed on a list denoting that his
schedule is net complets:. At this time, the pilot's index is revised
eliminatirg him from future consideration, Ancther area where this in-
formation ocan be obtained is from the firat schedule display. In this
csge, the number of individual pilots scheduled flights will not equal
the number of total flights requested by the mchednl.oc,

The ancond type of exception exists whan no compaxion pilot 7 :
avallable te Iy during a perlod, As explained in the restriotion por
tion of this sectlon, this conditlion wes consldered and sliowed to
exiat, This lnformation will be noted om the second assigament diapla
In this case, the companiem pllot asslgned bo the perdnd is a flc.atous

one and is denoted by a series of zeros instead of a neums.




VII. OUTPUT

An exaxple of the output of this heuristic approach to computer
schaduling of attached pilots is shown in Appendix E. It is prue:;tcd
in thres parts; 1) the initial snd sssignment matrix, 2) the pilot prob=
lem ares, and 3) the pilot and drily completed flight achedules. This
disouasion will foll # the same order presented in Appendix E.

The firat part, printing of the iritial azaignment matrix, was
disousmed in the explanmation of the computer progrem. It ia printed
before any scheduvling action in undertaken by the computer. The initial
assignment matrix presents the utilities of every pilot and the peried
and date which they represent snd can be used aws a cheok on the imput,
It was designed, however, pimarily to accomedate possible changea in
the future: I for some reason, i.2., sickneas, a change i3 necessary
for a certain flight peried, the mcheduler has ready refereace to the
availabilitiens and utility walues fer the ether pileta for tbat peried,

The meaond part of the outpat is a list of the pllots whose re~
quirements could ret be completely satiafied by the compuber, a liat of
oxceptions, As indicated above, the mames on this list are printed as
they are enseuntered (a the goheduling poase,

The third part of the eutpus is ¥he prinb eut of the flight
schedule and dees nos commense until the soheduling whmse Lis completed
and tha ashedule is Lnferagily aveilable s the computer am a List of
assioament numbers.

In this phane the Yiss of assigaments L1n manipuisted to nohieve
the results desired, The preferred eutput of the sohedule is in twe
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forms., The firet form is a list of pllots and the dates each is schedv
to £ly, i.e04:

ADAMS

2l
28

z
o~

10

oo\ \n
W oN

The pilot's pams and the dates schedulad by the computer are presented

iv chronclogloal order. This preasents a usable diaplay of each piloi’

asxignmenta, The second form of display lists the datss in chronologlc
order followad by the pllots schedulsd; 1.0,

§ 10 3  CAREY  ADMMS
6 13 1 FAY  DAVIS

The pilot order has no hearing otner then the faot that im the method
nsad, the plleb whomse name appedra fivat oz the laput will sppvar st
on hhe gutipub,

As explaived pravionsly, the aselgnaents are stored in the lscar
tdons AMCL) 4w Ly By vony W oy moven diglh numbers, Leways

(L;ao.‘l.o'fﬂ&zg AH(#; » 01 07 00 1,
(28) = 08 07 10 1, wgﬁ w OB 07 12 2,
mnoﬁwoa;. MM (6) m 060722 2,

Mhis 1ot 4 uwed to explain the mandpulation to obtain demired output,

After the headings ave printed for the firat cutput form, the
opsipament List 44 erdered; The following resuli ia the absve 1liat ore
doped with 3dentiflex elimizatsd for slmpliciify.



0107083
0107101
0607083
0507122
0807101
0807122

The computer proceeds through this list manipulating each number
in burn. A rusher is divided by 10,000 snd the result chaanged to fixed
point mode giving the :llot identification number, i.e., (Ol). The
numbér is then converted to floating point mode (O0l.}, multiplied by
10,000 ard subtvacted from the original assigument number, l.e., 0107083 -
0100000 = 07683, The resulting diffsrence reprasents the date ama period
of the flight assigned,

By testing the pilot number, all, datas acheduwlad ars associated
with inddvidual pil ts. The dute~pordod-nimbers, ainge they are nov
emalil enough to be mardpulated, are maintained in fixed point mode and
turiher subdivided into momth, day and flight porded. When all the pllot's
azelgyments are collected /»1 erdored, they are printed in ile followling

format.:

ADRE 5 gy
5 28 2

The second format presents the date and perdod scheduled dn
chronologloal crders To do thim the acsignment numbers ave albered mo
that datemperiod group now precedes the piloh ddentdfisx, This ia
accomplished by means of a method pimilar to that used previously in
separsting the pilot identifiers, Instead of multiplying th& rilot
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number by 10,000, the date~period group is now multiplied by 100 and

added to the pilot number. This transforms the example list:

FROM o)
0107083 0708301
010710% 0710101
0607083 0708306
0607122 0712206
0807101 0710108
0807122 r 712208

The transformed list is then reordered:

0708301
0708306
0710101
0710108
0712206
0712208

The second foxm of output is obtained from this list by dividls
the assignment mumber into its two basic parts, date-period group and
pilot number, and listing the pilots in date~period group order.

. B . . ) . . !
- . : . . PR . . . : .
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VIII. AREAS OF FUTURE RESEARCH

A fruitful area for research may lie la the expansion of the
maximum utility method of assignment to include a weekly availabllity
matrix, a methed which would consider the number of pilois available
for each period. 4 large number of pilots may be available for cer—
tain pericds of the week while only a few are available for others.

If a pilot were available for both, a method should be devised to fur-
ther increase his utillty for the periods when minimum pileots are
available, This improvement would be incorporated in the generation of
a feasible schedule and not effect either the formatlion of the initial
assignment matrix or the output of the program. This insertion would
eliminate some of the exceptionzl cases which now appear in the current
system.

Another area which might produce improvement is an input for
alrcraft availability., Thi=s input could bte of the same form as that
of the dally utilities except, in this case, the utility values would
represent preference and/or availability of the airoraft usage supplied
by the maintensance section, furtker simplifying the scheduler's pre-
lininary research. Using the same arbitrary scale, these values could
be multiplied by the sorrespondivg values from the daily cards and
stored in the same array as used in the present program, as explaired
in Section VI (Scheduliung).

At this stage of development of the pilot mcheduling probles,
pilot availabilities ars presented on a weekly basis, No opportunity

is given to the pilot to either request specific dates to fly or to



" in this area offering the pilots this opportunity would extend the

ol ! sliminate specific dates he knows he will not be available. An inpui

flexibility of the program, however, no method for its application
%ill be offered.

The application of linear programming to this type scheduling
rroblem is another acea available for further research. Some prelimin-
ary research has already been conducted by the author and is presented.

in Appendix F, of this thesis.
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IX. FROGRAM POTENTIAL

The potential of computer acheduling in this particular area
seens almost unlimited. Intuitively, these possibilities fall into
two basic areas; 1) man-power saving, and 2) aircraft allocation.

This area is subject to speculation. In its present form, the pro—
gram developed offers substantial potential financial savings in both
these a.reé.s, as indicated below.

Ine scheduler now spends approximately one week of every month
on schedule formmlation. There is also the need to monitor the pro-
gress of the schedule. In the area of schedule formulation this pro-
gram can meske real contributions, in the opinion of the author. The
program could be used on a four-month basis. Normally, as scheduled
by the month, a four-month schedule would take four weeks to prepare.
By use of the scheduling methed presented here, this is reduced to
approximatsly two days of scheduler effort and less than one minute of
computer time. One day's labor could produce the daily period utilities
and pilot requirements as needed by the program input. Upon receipt
of the pilot availabilities, no more than half-a-day's work would be
required to punch and check the data cards. This would leave another
half-day to be spent in reviewing the schedule and preparing forms used
for pilot notification.

In the area of aircraft allocation, an improvement could be
realized by better utilization of the aircraft available. At the time

of pilot notification, maintenance personnel can be presented witn the

aircraft requirement for the four-month scheduling interval. With the
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advent of the known aircraft requirementz for future dates, beiter pre~
ventive maintenance can be practiced and a more stable work force main-
tained.

This requirement to supply aitached flying personnel with the
necessary flight time is general $lroughout the Air Force. The saving
reallzed at an individual base could be increased substantially with
general appli~ation of the computer scheduling program throughout the
Air Force. Because of the number of large computers available and the
FORTRAN language, the program devised would offer ready adaptability.

The progrsm, as derigned, was to be used for a four-month sched-
uling interval, aix-dsy acheduling week, and three flights per scheduling
day, This need not always be the case. As shown in the example of the
apeaific time interval, Any time interval mey be conaldered, the limit-
ing faotor being that the totel number of flight pericds must not exceed
330s  The program was based on a alx~dny scheduling week, & parameter
subjeot to variation, The lmportant facet to conslder is the compa te
Ability of the daily wtdlities and piiot availabilities, If a Tive~day
soheduling week, for example, is used, the daily utilities need anly
bave a biank card te repraseat the sissing day, The pllot cards then
need prosent enly the utdlities for the days to be utilized, To thie
oame, the easiest selutdon would he te make every mixth daily zaxd »,
blaak and utilise only the first five daym locatisn of the pilet oard,

This same basio appreach oan be used if the number of dally
£light perdeds is different, If a twemperiod systom is ussd, one of
thom belag a night peried, ono needs enly to eliminate the paried from




the data. Some care must bs exercised, again for compmtability. +o
eliminate the same periods on both daily amd pilot cards. If mo night
flights are utilized, onec needs only to omit all reference to night
flights in the input.

Other minor variations similar to these mentioned way ariss.
Farther slsboration in this area weuld serve mv yurpese; esch case must

be considered specifiocally.
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\ X. SUMMARY

The result of this thesis is u,ggctical computer scheduling
progras for scheduling attached ﬂ.ying personnel to flights, The in-

put g shown in Appendix D is actual data as supplied by Mr. Rogers,
the scheduler for Air Force personnel attiached to the 9:!..‘1.1;}1 Troop
Carrisr Group., The output am:shown in Appendix E is the achedule
generated by this program which is being utilized at present for July
and August, 1964.

In discussion with Mr. Rogers, it was stated that he bellaves
with more expericnce in the program's use he would find it even more
useful. As the resalt of its practical application, demonstrated
during the trial period (July = August), plans are now being formulat:
for its comtinmed use after the author departs from Pittsburgh.

As & further aid to the utiliszation of the scheduling program.
a User's Guide was developed. This User's Guide, as countained in Ap-
pendix A, will be reduced as & separate document for wider ddstributie:
A flow diagram and the program listing of the program is also prementec

The use of the daily input information implies that the schedu’
consider loag renge objectives and plans by being required to supply
utilities for every period during the time interval. This implication
could be viewed at the extremes, It would be very desirable, concelv-
ably, to be ferced to do lomg rsnge planning, even without the bamefit
this scheduling program preduces. On the other extreme, a complete lx
of leng range plamning, the yrogram is limited to a singls month, This

s




would still present a feasible schedule but the time expanded to gather
and punch the information would render its use gquestlonable.

The use of a single number to represent an assigument 1s a
novel concept i the area of computer scheduling. By its use, a separate
location for the utilities and assignmen®s is feasibls in large problems
of this type. In the case at hand, the heuristic computer scheduling pro-
gram, 11,550 internal locatlons have been dimensioned for the assignment
matrix, and only 500 locations Yo store the agsigmments made. This of-
fers substantisl savings on internal storage lccations.

Anothiar advancement haas been made in night flight scheduling.

By assigning firat priority to night flights for a four~menth interval,
a better utllization of these flighta by the computer cam reduce the
nunber of night flighte required, Again, here exists the necessity for
lopg rangs planninge The amount of time and effort expanded in long
range plaveing by the acheduler is & major determinant of the benefita
reapad by uaing computer programaing.

Tha range of posaible application of this heuwsdstic smoheduling
computer program is wide emough to make the applicationa of the prow
gram an area worth of investigation. This progrem offers potenbial
users the opportunity te censider gay time interval up te four mentha,

1t farther effera a range in the aumhsr of pileta to be acheduled un to
32 Beme variation oan also be made in the scheduling day and week,
Lemsy the number af perieds yer day, awd the zumber of daym per week,
Man=powey and time paviags is aise an impervant centributien
of thim computer gehedulimg program, Savings ars realimed for both the




asheduler and the pilots concosmed, The acheduler's time, freed by the
use of tha program, can be allocated to other phases of his required
dutles. The pilot saving la accomplished by more effective utilization
of his time.

The author feels that his thesis 1s a significant first step
toward mechanizing and standardizing attached flying personnel sched«
uling procedures at the numarous Alr Force installationm across the

pation.
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APPENDIX A

USER'S GUIDE
to the

C.R.T. Computer Scheduling Prog—am

July 19¢4
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I. Introduction

The purpose of this sanual is to acquaini interested personnel
and potential users with a computer approach to Combat Readiness Train~
ing (C.R.T.) scheduling of air orews. The computer approach used is a
heuristic program written in Fortran whish penerates a feasible schedule.
The yrogram was written for use on an IBM 7090 computer operating under
the University of Michigan Executive System. The program must be
adspted for use under any otkar monitoring aystea.
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JI. Restrictions

The progrem was written to handle a number of basic restrictions

Other restrictions could be added but would require revieion of portio:

of the program. The basic restrictions considered are listed below as

applicable to an individual pilot.

1.
2.
3.
bk,
5e
6e
7.

No more than two pilots per flight period.

Totzl number of Z1ights for time interval scheduled,
Maximum number of flights per month.

Mirimum mumber of flights per month.

Maximum number of night flights per time interval.
Haximum daily flights.

Adequate crew rest.



III. Program Requirements

The prcgram requirements considered is a list of information to

be used as input. No attempt will be made to suggest methods of obtain~

ing this information.

1.

2.

3e
L,

5.

6.

7.
8.

Total number of pilots.

Total number of flights per pilot for the time interval of
the schedule,

Number of flights per month per pilot.

Total number of night flights per pilet for time interval.
Date and utilities or preference values for the three pos-
sible flights in sach day of scheduling interval (daily cards).
Weekly availability for each pilot =~ will be same for every
week 0f the time interval (punched on pilot cards).

The toial number of pilots with special flight requirements,
Eack pilot whose requisites differ from those indicated in
numbers two through four, and the specific nature of thess

differences,

Above requirementy must be punched on standard 80 column IBM

coaputer cards, The format used to record the required information is

explaived in Seotion IV (Input Format).
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IV. Input Format

* General

The input of the computer program is a collection of cards (dat.
deck) which presents required information in a form usable by the progr
The information is to be punched on a card in columns as stipulated be:
with all numbers right justified. For example, if two columms are allc
ted for a number; e.g., column four and column five; and the number 3..
single digit -~ the right column {five) will be used.

The utility value assigned to both the daily cards and the pilo
cards are subjective values determined by the scheduler. If the utill:
value is a zero the flight period is not considered for assignment. Ta
larger the utility value allotted the greater the chance for assignment

The recommended utility values for the daily cards are:

0 <« period not to be assigned
1to 4 « values for daily flights
9 = value for night flights
The recommended utility values for the pilot cards are:
0 ~ pilot not available

1 =~ pilot available

2 =~ assigned for one day =»d one night period
for which pilot is available to indicate
priority
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IV. Input Format

1. First Card
Column 4-5 Number of pilots.

9-10 Total number of flights per pilot for time interval
scheduled.,

14-15 Maximum number of flights per month per pilot.

19-20 Maximum number of night flights per pilot for time
interval

2. Second Card

Columm 1~-25 Any information (dates) - This will be printed on
output.

3. Daily Cards

One card for every day in order, Monday through Saturday (six
per week). Set must start with a Monday card (when not practical sub-
stitute blank).

Column 4«5 Punch a =1 on first day of monih (except first
month which remains blank.)

Pancl)x a +1 on last day to be scheduled (last daily
card). ’

All other times leave blank.

6-8 Mumber of the month ~ numerical position ome through
twelve from calendar.

9-11 Day of the month - date.
12-14 Utility number (C-5) for first flight period of day.

I
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15-17 TUtility number (0-5) for second flight period of day.

18-20 Utility number (0~9) for third flight period of day.
Night flighte

Lk, Piict Cards
One card for every pilot to be scheduled. Must have same num-
ber of cards as the total number of pilots indicated on card one. TFor
maximm efficiency place cards in decreasing order of pilot avaii-
ability.
Coiwmn 1-15 Pilot designation (will appear in output).

16~18 Pilot utility (0~2) for the three periods on
Monday.

20-22 Pilot utility (0-2) for the three periods on
Tuesday.

24~26 Pilot utility (0-2) for the three perivds on
Wedneaday.
Thursday.

32-34 Pilot utility (0-2) for the three periods on
Friday.

36-38 Pilot utility (0-2) for the three periods on
Saturday.

5. Change Card

Column 1-5 The number of special pilot cards to follow. If no
special vilot cards follow ~ leave blank,

6. Pilot Change Cards
One card for each pilot whose requisites differ from those in-

dicated on card one. (See following page for colwms.)

I 28-30 Pilot utility (0=-2) for the three pericds on
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Pilot Change Cards (cont.)

Column 4«5

9~10
1415

19~20

2h25

29-30

34=35

The pllot's number -~ his numerical position in the
Pilot Cards.

Total number of flights for the time interval.

Maximm number of flights to be scheduled for first
month.

Maximum number of flights to be scheduled for second
month.

Maximum number of flights to be achedu’ 5 “or third
month.

Maximum number of flights tec be scheduled for fourth
month.

Total number of night flights to be acheduled.



V. Check Iist

The following check list skould be used aftor the input data i

punched on cards. Tt indicates errors which may be overlooked when cor

piling the

e

30

5.

6.

7.

8.

data cards.

Does the number of pilot cards equal the nu:qber punched on
the first card?

Do the daily cards begin witk 2 Mondey and are there zix
cards per week?

Are any numbers punched in columns one through five im the
daily cards except the first day of each month (exclude £is
mo_th) and on the last card in set?

Are the pilot cards in decreasing order of avallability?
Is there a utility of two given for one day period and one
night period of those avallable on each pilst card?

Does the number punched on the change card equal the numbe)
ol pllot charge cu/d3 used?

Is the pilot number of each pilot the same as his location
in the pilot card set?

Are there four wonthly maxime punched on the pilot change

cards? If fewer months sre uiilized - punch zeros,




APPIXDIX B

STHMARY FIOW DIAGRAMS

MAXX PROGRAN

STARY

i

INITIALIZE
A8 REQUIRED

y :

RUMBER OF YITOTS
TOTAL NUMEXER QF FIJGHTS
MUMEER OF FLIGENS PER MONTH
TOTAL NUMBER OF NIGET FLIGHTS

|

SD? PILOT'S RESTRICYIONS FOR
TOPAL, MONTHLY AND NIGED FLIGETS

l

i/MEGIDCARDt

!

DAILY CARDS CONTAINING MONTH, DAY
ASD UTILITY VALUE FOR THE ZEREE FLIGHTS

=

/" PILO® CARD CONTATNING
NANE AXD WEEXLY AVATLABILITY

1 1

YULZIPLY PIIOT'S UTILITY BY DAILY
UTIII?Y IN VEIXLY GROUPS UNTIL ALL
UTILITY VAIUES OM DAILY CARDS ARE USKD




7
CED

XO GE
CARDS
2 -

YES

(’ CHANGE CARDS
' { :

REVISE PILOT J

RESTRICTIONS REQUIRED

V_)‘ e

SEIECT PILOT
FOR ASSIGNMENT

|
T e |

* ALL THREE DIGIT NUMBIRS ,
ARE COMPATIBLE WITH PRO- |
GRAZ LISTING ‘




" ' . - - . ‘. .
e . . , : ]

=

Y

SRY PIIOY
IXDRX 70 )

{

LERO ALL PTIOT'S
UYILITIRE IN
ABSYIOONT NATR.X

®
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ZERO UTILITY ¥OR
MORNING PERIOD

ZERO ALL PILOT'S
NIGHT UTITITIES IN
ASSIGNMENT MATRIX

1

REMOVE PIIOT'S NIGRT
FLIGHT REQUIREMENT

e~
-




WITH MAXIMUM UUTLITY
FOR THE PERIOD

ﬂ------l-_-__*\‘f

l

SR ALL PITOTS!
UTILITIES FOR
- FERIQD 70 ZERQ




HEADINGS AND DATA
FROM INFORMATION CARD

y
ORDER ASSIGNMENT LIST

2 120

Y

CHANGE ASSIGNMENTS TO
FORMAT FOR PRINTING

g

2

8
AT L Y

HEADINGS AND DATA
FROM INFURMATION CARD

RECRGANIZE ASSIGNMENTS RY DATE ]

_

ORDER, ASSTANMRNT 1187

]

 OHANGR ASSITNONTS 10
FORMAT YOR FRINTING

A s M S AP S L e

ol
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SUBROUTINES

INITIALIZE

|

Z2EROC ALl DIMENSIONED
LOCATIONS

;

RETURN

ORDER
QROXR BY
TRANSPOSITION

58



APPENDIX C PROGRAM LISTINGS
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INITIALIZING SUBROQUTINE

NN N

w

SUBROUTINE INIT .
DIMENSION 1C{(330)sPER(330)s ITM(18)sPILOT(35)s A(35)s B(35)
1M(35+330)s JC(35)aJJ(35)4MAX(35)s NF(35)s NTF(35)sMM(5)
2MF(35+5) sMMF(3595), RM(5)s AM(500)¢ NM(500) s
3NITE(35) sMNITE(35)

COMMON ICs PERs ITM»s PILOT» As Bs Ms JCs JJds MAXs NFy NTFs MMy Mi
IMMF» RM» AMs NMs NITEs MNITE '

THIS SUBROUTINE IS USED TO REMOVE THE CORE CONSTANT FROM THE
DIMENSIONED LOCATIONS IN THE MAIN PROGRAM

THIS SUBROUTINE IS NOT NECESSARY IF THIS FUCTION 1S AVAILABLE

IN THE MONITOR SYSTEM UTILIZED

THIS FUCTION IS PERFORMED BY A SERIES OF DO LOOP IN WHICH EACH
VARIABLE LOCATION DIMENSIONED IS SET TO ZERO

DO 1 I =19330

IC(I) =0
PER(I) =0

DO 2 J'=1435
M(JsI) =0
CONTINUE
CONTINUE

DG " I1=1435
PIt "(I) =0
A(T)
BLI)
JC(I) =0
JJt1) =0
MAX(I) =0
NF(I) =0
NTF(I) =0
NITE(I) =0
MNITE(I) =0
DO 4 J =145
ME(IsJ) =0
MMF (Isd) =0
CONTINUE
CONTINUE

DO 5 121,500
AM{I) = O,
NM({I) =0
CONTINUE

DO 6 I=1,18
ITM(I) =0
CONTINUE

DO 7 1I=145
RM(I) =0
CONTINUE
RETURN

END

I
0
0
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MAIN PROGRAM 61

DIMENSION  IC(35C)sPEr{330)s ITH(1B)sPILOT(35)9 A(35)e D35
IM(25933.)s JCU35) e JJ(35) e MAXL35)e NF(3Z)9 NTE(35)eMM(5)e
2HF{3595) 9 IMF(35e5)s RM(B)e AMI500) 9 N{500)
ANITE(35)9MNITE(35)

COMMON ICs PERs ITite PILOTs As B9 s JCo JJe MAXe NFe NTF.
1'MFe RMe  Alle MNrig NITEe MNITE

rOR BEST RCSULTS THE OLJECT 2eCK OF THIS PROGRAN SHAOULD BE

Cii THE IBM 7090 Tii5 COMPILATION TAKZS APPRUOXIMATELY TWO ixl

TWO SUBbROQUTINES AR- USEw

THE PROGRA:M IS5 DIVIDED INTO THiREEZ onaSIC SECTIONSe le FORMIE

INITIAL ASSIGNMINT . ATRIXs Ze THE SCGHEDULING AND 3¢ PRINT®

THE QUTPUT

THESESECTIONS ARE FURTHER DIVIDED INHTC MORE BASIC UNITS wWr'

ARE IDENTIFIED BY COMMENTS

PERIODS WHICH OULDBE APPRCXIWATELY 13 WEEKS

THF 2PRCGRA IS DES 3MHED TO ~ANDLE A& JAXIUs OF 35 PILCTS A

THE “AJOR VARIABLES

HlIed) = ELEMENTS OF THE ~SSIGUNMENT HATRIX
I = PILOT NUMBER
J = THE PERIOD NuMBER
NU~BER OF TOTAL PERIQDS
FIRST PERIQOD OF ThE OnNTH
Il = THE NUMBER OF THE MO'.TH

MPIL s THiE PILOT SEING ASSIGNeD

MP = THE PERIOD BEING ASSIGNED

AM{N) » THE LOCATION OF THE ASSIGNMENT RECORDED AS A MNUMbLE~

CALL INIT

JUMP = ]

JOE = 1

RT = 0

NN = 1
- READ 215NPIL sMAXTF sMAXMFs NMNIT

1JJ
HOTT)

LST=NPIL

DG 32 Is1eNPIL |

“NTE(1)=MAXTF

MNITE(I) = NMNIY

DO 36 11s1e8

- MME(Tel])aMAXMF

36 CONTINUE
32 CONTINUE

READ 2189¢CoD9EsGoH

INPUT TO FORM ASSIGNMENT MATRIX

PERIVD AVAILABILITY =iMAX SEMIANNUALe OMITTING SUNDAYS
Jan

11 = 1

MM(11) = O

WRITE OUTPUT TAPE 69718911 sMMI(I1])

IEND =

D0 21 M=19350

READ 2004 IENDeDATEZ9VAYs FPo SPeTP

ICt.+1)mFP

1CtJe2)usp

1ICLJeB ) nTP

PER$U+112100040#0ATE +1040%DAY+140




R - O

™y

23

21

22

2ol

14

11

PER(J+2)=10006O0%DATE +10640%CAY+240 C T o
PER(J+3)=1000eCHUATE+10e0¥DAY+340 . -
Js J+ 3
IF(IEND)23921s22
II=11+1
MECTT)=U-3
WRITF OUTFUIT TAPF 69718s11si/M(11)
IEMD = ©
CONTINLE
PILOT AVAILABILITY = UZEXLY
iJy=J -
II=11+1
A ITY=IJY
1JJ IS ilUeER OF PeRICLS
DO 31 I=1l4MPIL
NPIL 1S NUMBER OF PILSTS (INPUT)
J=1
READ 2104PILOTUI) st T oot I) ol IT () et21915)
P> 41 M=191R
HUTeJd)SICHINRIT )
J=J+1
CoNTINSE
IF(J=1JJ)86988931
CInTINeS
WUTPUT CF mobIGiiatn T SATRIX
wnITE OUTPUT TAPE 09275 J0t
CRAITE CJTP.T TAPE 69887
WnITE OUTPULT TAPE 69618
YRITE QJTPUT TAPE 69 956
30285 J=lelld
NITZ CUTPUT TAPE 696659JePER1I) et Ind) pIsloNPIL)
CONTINUF
TO CHANGE PILOTS FLIGHT IF REQUIRED
W 1TE DJUTPUT TAPE 69275 ¢JOE
" 1TE OUTPJUT TAPE 69888
<LAD 2289 DD
IF{NDD)I15391539361
VO 90 I=1eNDD
SLAD 2379 JPILOJTF o JFNF 9 JSMF pJTHUF 9 JQiuF oNHMNIT
NTE(JPIL) = JTF
UR(JPIL L) mJUFVF
R (JPILGZ) sJUSTIF
MMF(JPILS3) =JTIIF
SR (JIPILeG) mJONF
SLITEGJPIL) = UNIT

S QunTIiwe

11=1

PILOT( PIL+1}=20e0
ANPIL+1)=060
~(NPIL+1)20e0

e LECTION OF PILOTS SAXIVUN OTILITY
Do 40 =1 4NPIL
TFLJCUINYI16N911 004"

DY = NY 4+ 1

GO TO 4.0

JJt1y=1

CAYA{IY= (el

RN RT U=24100
IF(AXCTIY=019J))113950050

113 SAX(I)="1(19J)



144

221
217

75
227

222
207

637
636

387

322

287

286

247
249

176

82

292

19'.&

JJil)=J

CONTINUE

IFIMAX(I))1la4s,y 519144

LST = LST = 1

JCt1y = 1

GRITE OUTPUT TAPE 69201 ePILOT(I) e {1)eil])
IF(LST)?529B75940

NEw "
My o= JJd(l)
MPLL o= 1

TO TEST FLASIBILITY OF TENTATIVE ASSIGHGENT
NF(MPIL)=NF(PIL)+1
IF(NFCAPIL)Y = TF PIL) 21792219221
RT=lev

DO 75 Il=1s4
IF(HP=MM(II+1))227975075

CONMTINUE

HE(HPILeIIY=F(PILII)+]
IF(F(PILyIT)="VF(iPIL eI 1))20792229222
RM(II)=1,.

TO UP GRADLE ASSIGNYzM MATKIX
IF(RT)25246379287

TC KEEP TRACK OF TrHE WIGHT rLICHT.
IFCANTITE(PILY 252924790630

BiiP = MP/3

AVD = !\,‘;D

DIFT = AMP/3¢" = 2
IF(DIFT)24793870247

NITE(MPIL)Y = NITE(MPIL) + 1
HUP Ly IP=2)=0
IF(NITE(MPIL)=MNITE(YPIL))2470322922
WHEN JUMP 33 CLEAR NIGHT PERIODSe UWHEN JUNP
JUMP = 3

LS = 3

MNITE(MPIL) = O

GO TO 286

LTS = LTS = ]

JCIMPIL) =]

MAX(MPIL) = O

LSs}

LFelJJ

RT & 0¢0

GO TO 176

IFtRMUI1))25202920249

LSsMM(]1]) +1

LFasMM(11+1)

RM{I1) = 040

DU 82 LL=LSsLFJUMP

MIMPILLL)Y =0

CCATINUE

RM(11) 8 Ue0

Juwp = 1

“(MPIL9"P) =0

VAP IL ¢ 'Pel) =D

MIMPIL 9P+1) =0

MAX(MPIL) =0

STORE ASSIGNMENTS

PIL s MPIL

AYINN) = PIL*¥100CCCe + PERI(NMP)
NixaNN+1

63
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C

216
213

163
85
192
179
913

34.

575

131
158
153

16

71

182

73

IF(LST)BT7598750216
NSaNS+1
IF(NS=1)21392139179
MPtL=1

MMXX = M{1sMP)

DO 85 L=24NPIL
IF(M(LsMP)=MMYX) 8501635163
MPIL=L

MVMXX = M{MFIL oMP)

CONT INUFE
IF(MUMPIL 9 1P) 19291929154
MPIL= NPIL+1

GO TO 19:

D0 93 L=1¢NPIL

M{LeMEY=N

- CONTINUE

IF(NY=NPIL!34598759340

NY = o

IF(LST)25298759121

TU PRINT PILOTS AD SCHEDULE
SRITE OUTPUT TAPE 69275 9JOE
WRITE OQUTPU., TAPE 69689
WRITE QUTPUT TAPE 692369CsDeEsGeH
VRITE CUTPUT TAPE 69251
RIEILLES!

AP=E1

CALL TMNORD(IMNgAL)

J =1

DC 73 N=alyNN

PP = AM{NI/107020,

PP = Pp

APP = NPP

ANT = AM(N)=APP#100000e

IF( INP=NPP)158491319158

NM(J) = ANI

Js e+l

GO TO 73

WKITE OUTPUT TAPE 59 2539PILOTUNNPIsA(NRP) 9B (NNP)

1Jed

JET 8 Jo}

DO 71 I=24JET
IF(NM(I=t)eNMETIY) Ty Tlelo0
ITEMPeNM(])

NV{T)YspnM{le]l)

NM(l=1)s]TEMP

1Ja99

CONTINUE

IF(1J)18201829150

DO 67 I=19JET

HAVMENMET)/21000
NND=MNM{ [ )=NNM#1000

NDsNND/1v

NPaNMD®ND#1C

WRITE QUTP.UT TAPE 694255 sNNMeNDeNP
CONTINUE

MMD NPP

NM{1)=AN]

J=2

CONTINUVE

TO PRINT DATE AND PILOTS SCHEWULED




WRITE QUTPUT TAPE 69275 oJOE
WRITE QUTPUT TAPE 64890

dRITE QUTPUT TAPE 6¢2369CeDeEsGoH
VRITE QUTPUT TAPE 6427C

DO 86 N=1oNN

PP = AM(N}/127320

NPP = PP
APP = NPP
ANT = A4(N)=APP*1C0CCOe

AM{NY = ANI*100e + ~PP
d€ COMTINUE
CALL INORD(NMsAM)
DO 68 N=1asNN
AMM = AM(M) /120
MM = AMM
ANMEAM = AM(MP1)/1N0,
MMM = AN
AMM 3 MM
IF(/MeaMMMY 15191739151
173 Ji1G=1
IPIL = AM(N)=AM*100.
GC TO 68
151 IF(JIG)32193969321
396 IPIL=NPIL+1
GG TO 966
321 JIgsQ
LETL = AMUIN)®=AMMRLIC . -
MONSMM/17070
MDaMM=MON#1000
MCAYsMD/10
MPERSMDeMDAY*10

966 WRITE OUTPUT TAPE 602T7TeMONGMDAY 9P IxoRPILOTIIPLL )9 (IPIL)

1PILOT(LPIL) sALLPELY 93 LLPILD
68 CONTINUE

201 FORMAT(9X93A%933HHAS NOT BEEN COMPLETELY SCr.OJLEU

888 FORMAT (9Xe6HPART 2/79X»18KPLILOT PROBLE:. AKREA//)

887 FORMAT {9X926HAPPENDIX E PROGRAM OUTPUT ///9XKe6HPART 1/)

889 FORMAT (9Xe6HPART 3/9Xe54PILOT)
890 FORMAT (9Xe6HPART 4/9XeBHDAILY)
666 FORMAT (9X913e5XeF5e005%932(1201X))

996 FLRMAT (9X912HPER DATE» 30X #8HPILOTS/)

618 FOLMAT (9X9o5HINITIAG ASSIGNMENT MATRIX )

718 FCRMAT (9X921HFIRST PLRIOD IN MONTHel1502r1185415)

270 FURMAT( 14X 94HOATE/IX924ANONTH DAY PeRIOV
15HPILCT/ /)

215 FORMAT (415)

237 FORMAT (715)

228 FORMAT (15)
218 FORt AT {5A5)
256 FORMAT(IXeISHFLIGHT [TeDUla///9%X0505/7)
251 FORMAT{14Xe5HPILOT»E X954 ATEY 8H PLRIOL/)
20C FORMAT (I£45F340)
253 FORMAT (9X9345)
255 FORMAT (24X921343X9e17)
275 FORMAT (I1)
277 FORMAT (10UXe2(I3e5X)e213A290X))
21 v FORMAT (3A596(3]1191X))
252 CALL SYSTIM
END

$5A95iHPILY
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-

CIOLA
GREEN
WEISBARTH
PETERSON
MITTENDORF
MAYO
HOLLEY
TRACY
POWELL
PENNINGTON
MAHONEY
FAY
KEITH
KEATING
BELL
KUROWSK1!
NICOLOAN
DUQUETTE
ADAMS
DAVIS
ARMSTRONG
WILSON
10
3 04
& 06
% 04
6 03
10 04
12 04
13 o9
14 04
19 064
23 06

VODWBDWDOW WY

002
010
120
000
002
000
00
000
000
000

000

002
000
000
000
000
000
000
000
000
000
000

121
000
000
000
200
200
020
200
000
000
000
000
000
002
000
000
000
000
000
000
000
020

<)

"o Gt ) tud b ) pd s

001
2X0
110
001
001
001
000
100
000
000
000
001
000
001
co02
000
002
000
002
000
002
000

111
000
000
121
o011
112
010
101
110
i19
210
020
211
001
210
020
210
020
210
0o
200
000

oot
110
110
012
001l
pI7N

004J

10¢
120
120
000
001
012
001
001
000
000
002
000
000
000
000

000
000
000
000
000
100
903

000

000
000
100
100
000
200
100
000
000
100
000
200
000
000

67
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PART 2

PILOT PROBLEM AREA

ADANS
CIOIA
MAHONEY
BELL
NICOLOAN

HAS
HAS
HAS
HAS
HAS

NOT BEEN COMPLETELY SCHEDULED
NOT BEEN COMPLETELY SCHEDULED
NOT BEEN COMPLETELY SCHEDULED
NOT BEEN COMPLETELY SCHEDULED
NOT BEEN COMPLETELY SCHEDULED
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PART 3
PILOT
FLIGHT SCHEOULE

CRT JULY AUGUST 64

PILOY

WASSELL

CAREY

BENNETY

CIO0IA

GREEN

WEISBARTH

PETERSON

MITTENDORF

MAYO

DATE PERIOD

~ ~~ DO® NN~ DO NN~N OO N O~N~N~ » -~ 0~~~ W O®d N~ W WMdd~d

14
21
22
10
18
25

e 1) Ve pe s pd NNNNNGY NN NN e NNNN NN =N =W NNONNW
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DUQUETTE

ADAMS

DAVIS

ARMSTRONG

WiLSON

W -~ RO ON~N~ ® -

O~ =~

BO®®~N~N~ WP~~~

15
30
27

16
17

13
20

15
30
20
27

11
18
25

16
23

13
26
14
21

11
18

v ()
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s g gt gt
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PART 4
DAILY
FLIGHT SCHEDULE

CRT JULY AUGUST 64

DATE

MONTH DAY PERICD PILOY
7 7 1 MITTENDORF
7 7 2 HCOLLEY
7 8 1 GREEN
7 8 2 BENNETT
7 9 1 MAHONEY
7 9 2 FAY
1 10 2 POWELL
7 11 1 KEATING
T 13 3 CAREY
T 14 1 ClJIA
7 14 2 HOLLEY
7 14 3 WASSELL
7 15 2 BENNETT
7 15 3 NICOLOAN
7 16 1 BELL
7 16 2 KUROWSKI
7 16 3 MAYO
L4 17 2 POMELL
7 17 3 PETERSON
7 18 | § KEATING
7 21 1 MITTENDORF
7 21 e WASSELL
7 22 1 CAREY
7 22 2 WASSELL
7 23 1 KEITH
7 23 2 PETERSON
7 24 2 POWELL
7 25 1 BELL
7 28 1 MITTENOORF
7 28 2 CAREY
7 30 1 NICOLOAN
7 3¢ 2 FAY
7 31 F PETERSON
8 1 1 KEATING
8 3 2 GREEN
8 4 1 MAYO
8 4 2 HOLLEY
8 S 1 CAREY
8 5 2 BENNETT
8 6 1 MAHONE Y
8 6 2 KUROWSK]
8 7 2 POWELL
8 8 1 KEATING
8 10 2 WASSELL
8 11 1 MITTENDORF
8 11 2 CAREY
~ . t - KEEIEM
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PILOTY

TRACY
WILSON
TRACY

WE I SBARTH
ARMSTRONG
DUQUETTE
PENNINGTON
DAVIS

FAY

TRACY
WILSON
KEATING
GREEN
ADAMS
ARMSTRONG
DUQUETTE
KEITH
PENNINGTON
DUQUETTE
DAVIS

MAYO
WILSON
GREEN
BENNETY
ARMS TRONG
KUROWSK I
PENNINGTON
DAVIS

MAYO
HOLLEY
ADAMS
KUROWSKI
KEITH
DAVIS
WEISBARTH
TRACY
WILSON

000000000000000
000000000000000

ARMSTRONG
DUQUETTE
KEITH

BELL
WEISBARTH
TRACY
WILSON
ARMSTANNG .
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FAY ODUQUETTE

PETERSON KEITH
FAY KEATING
MITTENDORF MAYQ 76
WASSELL WILSON

BELL ADANS

PETERSON  DUQUETTE

CIOIA MITTENDORF
MAYO 000000000000000
WASSELL CAREY
ARMSTRONG 000000000000000
NICOLCAN ADAMS

PETERSON FAY

TRACY BELL
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APPENDIX F '

PREIIMINARY RESEARCH IN THE APPLICATION OF LINEAR
PROGRAMMING APPLIED TO ATTACHED FI'.OT SCHEDULING

Imtroduction

This appendix will present a brief review of the praliminary
remearch ‘undertaken with regard to applying linear programmizg to the
problem of alrorew acheduling and the difilsulbies encennbereds The .
apecitic problem is asm state. under the Statement »i the Froblem pre=
sented in the text of this thesis, If questions arise ss o the ree-
sonm for any courae of action or defindtion of terms, the remder is
reforred again to the text,

Cortaiy baslo assusptions have heen sai» as to the famdliarity
of the resder with the body of the text, It is further uarumed that
the reader has a werkiag kaowledge of linewr programming snd is familiar
vith the senversisy of the tramapertation model to a stwsdard linear
prograpming tormat,

The text listed three basia orgteria which the auther belisves
any practionl scheduling pregram myst sabisfy, Te roview, there is a
definite need for simple fxput, rapid schedule geveration und readily
wasble sutput, In the areas of simple duput and readily yeable output,
thare exists a definite need te deviss computsr programs which will
convert apy iapat to the limsar progras’s faput formet and redyse the
linear gregram's result te u readily usable format, The progranm's
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input and ocutput should not differ greatly from those resulting from
the heuristic program developed in the text. The author has done no
research in the development of these programs, but rather, has limited
his preliminary research to thst of the generation of the linear pro=
gramuing problem. No attempt was made to solve the problem as defimed
in the thesis body by I/P dus to time limitsilons and machine incap-
ability. (Number of restrictions, etc.) These limitations will be
further discussed in this appendix,

The restrictions to the problem which will be discussed here are
thoms explained in the text,

A Number of Pllots Assigned to Each Period.

Bs Total Number of Flights During Scheduling Interval.

Ce Mirdmum Number of Flights Per Mouth.

Do Miniwum Number of Night Flights.

E, Tateger Solution.

Fo  Maximusm Number of Dally Flighta.

Gy Mindimum Time Between Flights,

Ta the attempt to utilise linear yrogramming to matisfy these restrice
tions, many additiexal assumptions were made, These assumptiens #il)
he identitied as the restriction explanstiow pregresses, Tha word rom
striction as used here has a {womfold meaning. (1) The problen restrie-
tiezs are as used in the text of the thesis, (R) The prograg restrics
tlon, as the reslrdubions to the lizear program, The type of restrice
tlon will be ddentifded where confusipn may arise, When considerimg the

applicatien of linear programming to a practical scheduling problem, size
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C))

becomes a major factor.

In conjunction with the large size of this type problem and
the limited size of the linear programming capacity here at the Uni-
versity of Pittsburgh, & very small problem was undertaken. This was
the scheduling of seven pilots for a 45-period month. The linear pro-
gram used for this prelimirnary research was the simplax program developed
by Mr. Wayne Baughman, University of Pittsburgh. This (SOA rastrictions,
99 variable} program was not readily adaptable and some ravisions were
made by the author to achieve problem solution. The simplex progranm,
even after revisions, was still not of sufficient size to satisfy the
problom requirements The ILP 90 (CEIR) program developed for use on the
IBN 7090 (1024 restriotions, irfinite variables) intuitively seemed to
overacie the sise mbhuw ) but due te its unavallabllity here at the
Uzdiversity of Pittsburgh this line of ressarch was discentinued and the
heuristic apprench was devised and daveloped as premented in the main
hody of ¥ais thesis,

Bxplapation of Restriotions as Applied te Linsar Programming

The basic feundation for the yregram was a trenspertation tableaw
vhioch was set up with the pilets as the erigins and the avallable periods
repreasenting the destimations, The tableay was atill much teo large te
be oconsidered, therefore the perieds where less thsn twe pilois were avails
able, were elimimated, thus reduoing the dimensions of the tremsportation
tableau te seven pilots and 19 perieds, This tablesu then hecsme ihs basils
for the formulation of the linear programsiag problesm,
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The ebjeotive funetion used in the linear pregram oan fermally be
stated as;

b §
(a) 151 451 04 %y

Whers gij is the measure of desirability assigned %o the pilet 'i! ia
the peried 'i'., The %4 ef the slack and artificial warisbles were supplied
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a8 required by the programmer.

In the restrictions which the author feels are otvious, minisum
explanation will be presented.

A. Number of Pilots Aseigned to Each Perilod.

There will be as many program restrictions as there are periods,

®) g
I xij S_ 2 1-1,2. seey I

Thus limiting the number of pilots per poi'iod to two or less,

B. Total Number of Flights During Scheduling Interval.

Twe basic types of restrictions are used to satisfy thiz prodblem
requiremsnt. The firstysets the miximum number of periods to be sched~
wled during the tims iaterval, The second, one restriotion for each
pilot, sets the minisum for the imterval,

I B R
ind 3-1'*35

3 = Maximum Votal flights te be soheduled x twe (two

l‘l X - (1Y)
5- ' ' L)

A = Minimun nwaber of flight perieds per pilet



Co Minimua Number of Flights Per Month.

Since the time interval considered was one month this problem
restriction was implicitly satisfied by restriction (d). For a larger
problem, prograw restriction (d) above, could be revised to:

(e) M

ij‘ xij 2 Y i Il. 2. esey I

Where: L = First period of the moath
N = last period of the month
L = Minimum number of flight periods per month

This inequality (e) would set limits for the minimum number of
flights per menth. The addition of another set of restrictions (f) below,

wvould aet the papimum.
) ’I( g i1=,2 b
3-:‘ ﬂ: S 9 Ry oeoy

WVhere: 1L m Firat peried of the menth
N = Iast poried of the menth
& » Nexlavn xwaber of flights per meat)

A et of thess fer sach nenth weuld miiefy this preblen restriction,
]

Do Miniwum Xwnber of Night Flighta,

The satisfying of $his predlem resirictien could be acoomplished
oy selestion of kigh preferezce valuea for night perieds in the ebjective
fncticn, This weuld ssswre aight flight prieriily, The awmber available
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would set the limit for a meximum number utilfzed., This would not assure
that every pilot weuld satisfy individual requirements, and thus, pre~

sents an area for further research.

E. Integer Solution.

This problem restriction was net complately smatisfied in the
author's preliminary reseaxrch. Integer programming cculd be utilized,
although, considerir; the astronomical storsge problsm introduced, this
approach does not 3gsm practical at this time. With the advent of the
IBM 360 smeries, (6) this approach may be feasible,

To Maximum Number of Daily Flights.

To satisfy this problem restriction, problem restrictions were
added to imswre that the summation of the dally flights be less than or
oquAl te omes

(g) z
My
Waerei » n Firat flight of Whe day

g @ Iast flight of the day

!’.‘Sl Lmlg Qe eeeg I

Theue resiristilons noed enly be enfered wasa the pilet has mors than
one flight peried available, Ter mmell yreblems this could be dens
maually, but sheuld be insiuded in $he input progran,
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G Hjnim Time Between Flights.

As stated in iie text, this is required to insure proper crew
rest. This is satist: 3 in conjunction with problem restriction (F).
The only area where rest:iction (F) does not satisfy this coatrition
is when a night periocd is available for utilizationm.

A preliminary inveatigation into the use of liiear programming
irn the scheduling of attached pilots has shown the validity of the use

of the linews progremming approach. However, becsuse of the sizxe of the
linear programming routine reguired and its wnaveilability at the Uni-
veraity of Pittsburgh, receaish was not continued in this area. The
problem definitely requires an input reutine to yroduce the linear pro-
gan input reatrictions and ebjective fwnotiens in appropriate format
befors thim methed of mchesuling oan he ueed eperationally.

Peanidly, vith the adveas of the I 360 series, and the realisa=
tien of input ard entput yrogromn, linear programming will be a fruit-
N1 area Dor further researsh in the gemeral scheduling wrebliea and the
apecifie preblem of ngmt pllot asheduling; In the precess of any
turther researeh ia tho‘ area the auther highly recosmmends referance e
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