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Abstract. This paperdiscusse the cockpit crew rostering problem at Garuda
Indonesia, taking into accoura number of internal cockpit crew labor
regulations. These internal labor regulations argyéneral more restrictive
Garuda Indonesia than at other airlines, so thatlety the cockpit cre\
rostering problem for Garuda Indonesia is challeggiWe hve derived
mathematical expressions for the cockpit crew labegulations and son
technical matters. Wmode a non-linear integer programming for the rostering
problem, using the average relative deviation ¢éltélight time to the idea
flight time a the objective functiorThe optimization model have been tested
for all classes of cockpit crews of Garuda Indomgessing a simulated anneal
method for solving the problem. We obtained satisfiey rcsters for all crew
members in a short amount of computing time. Thisas that the optimizatio
problem is well-defined.

Keywords: crew pairing; crew labor regulation; crew rostering; crew scheduling;
optimization; simulated annealing.

1 Introduction

We have considered a problem faced by Garuda Irsilnnene flag carrier ¢
Indonesia, in expanding their busin Although global economic conditiol
are still unfavorable, the market for the airlimaustry in Indonesiis still
expanding. Garuda Indonesia has responded to @hiducive environment b
expanding its fleet, increasing flight frequenai@sspecificroutes andpening
several new routes for both domestic and internatiflights

A larger flight network leads to a more complex crewstering problem.
Rostering means assigning each cockpit crew pi* which is an element ¢

! A pairing is a sequence of flights startin ending at the cockpit crew base.
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the minimum set of pairingsto a group of cockpit crews in such a way that no
labor regulations are violated when the cockpitwcrens their assignments.
Over time, cockpit crew rostering in the airlinglistry has become a slightly
cumbersome process, being carried out semi-mantgllexperienced staff
members. This approach is surely inefficient andhrmore we may find
unfair assignments to cockpit crew. A roster care giome cockpit crews a very
tight schedule, while others get a much less tighiedule. The rostering needs
to be carried out in such a way that it resulta irelatively equal workload for
each crew member in an efficient way.

The crew rostering problem at Garuda Indonesixtimeomplex because of a
number of internal crew labor regulations on the @6 crew labor regulations
issued by international, regional and nationalireriregulators. These internal
regulations represent the wish of the cockpit creesavoid exhausting

assignments. It is clear that they are more rdisteichan the other regulations,
otherwise it would not have been necessary to igwra.

In our study we have developed an optimization rhdoiethe cockpit crew
rostering problem at Garuda Indonesia. We have vel@rimathematical
expressions for the cockpit crew labor regulatiand a number of technical
matters’ Some are corrected expressions for similar canssrproposed by
Lucic and Teodorovic [1]. Using the expressionsrfifd] may lead to errors in
counting the working time of the cockpit crews (§merth paragraph of Section
3 for details) that result in incompact rosters. rétiver, in the case of a
rostering problem where the number of cockpit cresweery restricted, the use
of the expressions from [1] leads to an infeasjmeblem. The expressions
become the constraints of the optimization modet Neve used the average
relative deviation of the monthly flight time frothe average ideal monthly
flight time as the objective function. We think thainimization of this
objective function, while respecting all other cwamts, will result in a roster
in which the workloads of the cockpit crews areatigkly equal.

An enormous amount of papers on airline crew rogjeproblems has been
published. Studies by Chang [2], Gamaadtieal. [3], Kovari [4], Lederer and
Nambimadom [5], Medard and Sawhney [6], Varatel. [7], Yan and Tu [8]
are concerned with the modeling of airline crewtedag problems. Many
solution methods for crew rostering problems hasenbproposed, for example
in AhmadBeygi, et al. [9], Barnhart, et al. [10], Deng and Lin [11],
Goumopoulos and Housos [12], Gamache [13], Hoffraad Padberg, [14].

2 The minimum set of pairings covers all flightstire schedule and is constructed by solving the-cre
pairing problem.

3 The presence of internal labor regulations createse constraints in the present optimization maklah
there are in cockpit crew rostering models froneottudies.
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Like we have done in this paper, most of them constthe roster in two
stages: first solve the crew-pairing problem anehtBolve the crew rostering
problem. A new approach where the crew pairing lgroband the crew
rostering problem are solved simultaneously has hgeposed in Souai and
Teghem [15].

We still rely on the two-stage approach becaus@avwe developed an efficient
algorithm for constructing the minimum set of crpairings in a short amount
of time. The second reason is, as stated befoat,Ghruda Indonesia has a
number of internal crew labor regulations which aegy restricting so that
deriving mathematical expressions for these reguiatis very challenging. The
derivation of the proper mathematical expressioasd (the optimization
problem as a whole) is the subject of this papee. M#ed to ensure that the
mathematical expressions result in a satisfactaster before we proceed to the
process of simultaneously constructing crew pagriagd crew roster.

We can apply the simulated annealing method asogezpin [1] for solving the

optimization. An initial feasible solution for th@mulated annealing method
can be obtained by applying a pairing-by-pairingoathm that mimics the

pilot-by-pilot method from [1], whereby we exchangjee position of the

pairings and the cockpit crews from the pilot-biepmethod. We have applied
the pairing-by-pairing method and the simulatedeating method to all classes
of cockpit crews of Garuda Indonesia and obtairsidfactory rosters in a short
amount of time. We checked that all cockpit crewolaregulations were

satisfied, so that we can say that our optimizatiwdel is well-defined and

ready for application in day-to-day operation bg #irline.

This paper is organized as follows. After this dawction, in Section 2, we
present the labor regulations whose mathematicatesgions are part of the
constraints of the optimization problem. The matagéoal model will be
presented in Section 3. In Section 4 we presenpé#eng-by-pairing method
that was used for determining feasible pairingsSéttion 5, we present the
implementation of the optimization model to a claggockpit crew, including
the numerical results. This paper ends with theclesion in Section 6. The
nomenclature is given in Section 7.

2 Cockpit Crew Labor Regulations

Altogether, the cockpit crew regulations of Garudonesia can be classified
as the regulations for one day, two days, threes,dsgven days, one month,
three months, and one year of working time; redutat for two consecutive
pairings run by the same crew; and regulations M&dical examinations,
training, and annual leave. The regulations for @eye and two days of working
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time have been considered in the constructionek gairings. In the following
we only consider the remaining regulations, for ckhithe mathematical
expressions are presented in Section 3.

a.

Flight time

If an airline has a number of aircrafts with diéfat licenses for flying them,
we have a number of classes of crews, consistitigeofrews with the same
license. The maximum cumulative flight time durimgime period depends
on the class of crew. For example, for one classrew the maximum

cumulative flight time can be 24 hours for evernsecutive three calendar
days, 30 hours for every seven consecutive day8, Hdurs for every

calendar month, 300 hours for every three calenttarths, and 1050 hours
for one calendar year.

Days off

(i) One day off will be given to a cockpit crew follawg six consecutive
days of assignment. Every cockpit crew has a nurabdays off after
assignment to a pairing which takes the cockpivceavay from base’
(AFB). The amount of days off is described in Table

Tablel Number of days off according to length of AFB.

Length of Minimum Days  Length of Minimum Days
AFB (days) Off (days) AFB (days) Off (days)
2 6

5 13-15
6-8 3 16 - 18 7
9-1C 4 19-20 8
11-12 5

(i) One or more days off will be given to a cockpitverafter attending a
training, course, seminar or activity other thaghft duty. The amount
of days off depends on the length of the activaty,described in Table
2.

Table2 Number of days off according to length of activity.

Length of Activity (days)  Days Off (days)
3-6 1

7-14 2
15-22 3
23-30 5
> 3C 7

(iii) Every cockpit crew has a minimum of (in total) diglays off in one
calendar month.
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c. Rest Period

A minimum rest period of nine hours will be givend crew member who
has finished performing an assignment prior toriegt assignment. This
rest period is calculated from 180 minutes aftee #nd of the last
assignment. In total, this type of rest period $ak® hours and is called ‘lay
over time’. A minimum rest period of 18 hours vélko be given if during a
72-hour period a cockpit crew has reached 24 flighirs or more.

These regulations are some of the internal reguistive have mentioned
before.

d. Annual Leave

Every cockpit crew is entitled to annual leave, kel its length depends
on the aggregate working period at the airline.

e. Training

Every cockpit crew has to attend training twiceeurery calendar year. The
length of the training is five days in one calengear.

f. Medical Examination

Every cockpit crew has to attend a one-day medizamination once in
every six calendar months.

3 Mathematical Model

In this section, we derive an optimization model thee cockpit crew rostering

problem at Garuda Indonesia. The constraints ofofitenization model are a

representation of the labor regulations that haaenkdescribed in the previous
section and some technical constraints. We asshatehe number of cockpit

crews is sufficient for running the flight scheduleater in this section we

discuss how to choose the objective function tlgiresents a measure of
fairness for all cockpit crews.

We assume that each cockpit crew member alwayssawith the same group
of cockpit crew members. We also assume that eackpit crew member in
the same group has the same schedule for trainmiedjcal examination, and
annual leave. Relaxation of these assumptionsnetlichange the optimization
model, but in the more general model we have teiden individual cockpit
crew members instead of groups of cockpit crew memld~or brevity, we call
a group of cockpit crew members asoakpit crew.

Given the minimum set of cockpit crew pairings dhd set of cockpit crews,
with cardinalityn andm, respectively, we assume that there@ké days in the
month to consider. We define the decision variablg which has value 1 if
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pairing i is served by cockpit crewj, and 0 otherwise. We define some

parameters, listed in Section 7 (Nomenclature).rEadability, we also define
the following functions of some constraints.

Fori =1,..,nandj =1, ..., m, define

nt; () =t — Xi . Xiyj Piy. 1)

The value ofnt; (j) counts the number of working days that cockpitacye
takes if it is assigned to pairingexcluding the (possible) overlapping working
day due to assignment to another pairing. As austithtion, suppose that
cockpit crewj is assigned to pairing 1, which starts on dayd emds on day 2;
and pairing 4, which starts on day 2 and ends grbd8oth pairings overlap on
day 2. We getit; (j) = 2 —1 = 1. The number of working days on day 2 is
calculated imt, (j) where its value can be established once we knevotther
pairings assigned to cockpit crgwWith this function, we can avoid the double
counting-error regarding working day 2 that we fdun [1]. This parameter
will be used later for calculating the (net) numlzérworking days of the
cockpit crews.

In order to obtain a feasible roster, the followaumstraints must be satisfied.

a. Each pairing must be served by exactly one codkpits

Fori=1,..,n

m
E ] xi‘j =1. (2)
Jj=1

b. No-overlap constraint between two pairings assigoezhe cockpit crew

Fori=1,..,(n—1andj=1,..,m,

n
Xij Z X5 Sii, = 0. 3)
ii=i+1

c. For each cockpit crew, the accumulative flight tichging a certain time
period may not exceed the maximum accumulativétfliopne

Forj=1,..,mandd =1,..,DM,

n d+6
Zi_lxi,j Yeg ftin <My (4)
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n

_ 1ffixi,j <M. %)
i=
n

Z‘ 1ftl~xi_j < M,. (6)
i=
n

Z. 1ftl~xi_j < M4 - aftj'y. (7)
i=

Constraint (4) expresses the flight time limitation seven consecutive
days, constraint (5) expresses the monthly flighetlimitation, while (6)
and (7) ensure that the assignment in the montberuswhsideration will not
violate flight time limitations in three consecwgicalendar months and in
one calendar year, respectively.

d. One day off after an assignment in the last sixseontive working days
Forj=1,..,m,andd =1,..,DM — 6,

n d+6 . ,
Do Fu Sing G min{at ()p+6- (- D}<6. ()

This expression is a correction of a similar caistrin [1], which for the
Garuda Indonesia case will be given by:

n
Zi—lxi'j z;i:; qi,l tj <6. (9)
We usemin {nt; (j),p + 6 — (l — 1)} instead oft;, for the following two
reasons. Firstly, the use of will lead to a double-counting error in the
calculating process of the cockpit crews’ workiraysl This can occur on a
certain day when a cockpit crew is assigned todifferent pairings on that
same day, as illustrated in the example right dfterdefinition ofnt;(j).
Secondly, we need to use the minimurmgf(j) and the number of days to
go to the end of the time period under considenasie the net number of
working days cockpit crewy takes if it carries out pairing

e. Minimum of eight days off in one month

Forj=1,..,m,

n
Z xi,j Tlti(j) < DM - 8. (10)
i=1
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Note that the functiont;(j) is used in the expression above for the reason
explained in(d).

18 hours of rest time after a minimum of 24 flyifgurs in three
consecutive days

Forj=1,..,m andd=1,..,DM -2,

d+2

n n n
in,j Z ftig — 24 Z Xi,,j(Giasz) — Dwy, —1) | =0,
i-1 I=d i

i=1 i1€]q
(11)

where J; is the set of pairings that starts on day- 3 or later. For
j=1,..,m, the first term of the left-hand side of (11) l@ason-negative
value if during three consecutive days startingdapd, the cockpit crevy

each have an accumulative flight time of more tBdrhours. If this is the
case, we have to make sure that they take a miniafukB8 hours rest time.
Since the maximal flight time in one day is nineirs) they had a maximum
of 18 hours flight time on days 1 and 2, thereforethe third day the
cockpit crews have flown at least six hours. Takimg minimum 18 hours
of rest time means that the next pairing assigoethém will start on the
fourth day. This is why in the second term of tef-hand side of (11) we
only consider the pairings that start on the fowldly, which is denoted by

Ja-
Each cockpit crew get:i;dl days off after assignment to a long AFB pairing

Fori=1,..,nandj=1,..,m
dytlg, 1
DM 1tla _
X;,jt0ia, Xi=1 i1 Biy_pyy Dpyma, Dit+ly Xiyj =0, (12)

li=i+1

whered, is the length of the AFB pairing. Its value aneé tength of the
days off following the pairing are described in Teab.

d1+ld1—1
li=1
d1+ld1—
li=1

DM _
X jtoia, Xi=19i1 X me;j 4, =0, (13)

DM 1 _
X, jtoia, Xi=19i1 X trjie, = 0. (14)
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h. Each cockpit crew getsl, day-off after attending training, courses,
seminars or activities other than flight duty

Forj=1,..ml=1,..,DM,

l+dy—1 L
<Z (mej, + try,) —dy + 1)( i=1 2,21 X1 j Qi,l+d2+11) <0, (15

li=

whered, is the length of the activity.

i. No assignment on days of training

Fori=1,..,n and j=1,..,m,

DM
Zl_l xi,j tr)’,lci,l =0. (16)

j- No assignment on days of medical examination
Fori=1,..,n andj=1,..,m,

DM

Z xi,j mej‘lci_l =0. (17)

=1
k. No assignment on days of annual leave
Fori=1,..,n and j=1,..,m,
DM
Zz=1 x;;aljcip = 0. (18)

The input parameters; ;, me;; andal;,, for j =1,..,m , must satisfy the
following conditions:

DM

- me;; < me; — ame;, (29)
DM

2121 trj; <trj — atr, (20)
DM

Zlﬂalj_, <al; - aal, (21)
bM

=

mej; + trj; + al;; = (22)

=1
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Satisfaction of constraints (19), (20), and (21)an®ethat a cockpit crew’s
planned medical examination, training and annualvdedo not violate

regulations. Constraint (22) ensures that in oryeadeockpit crew can only
be at a training or a medical examination or oruahteave. We can check
the satisfaction of these constraints before wecqg®d to solve the

optimization model that will be presented in thidwing, to that ensure we
have proper input for the optimization model.

The ideal average monthly flight time of each cotckpew is

2t
W= lm : (23)

The average relative deviation of the monthly flilme from the ideal average
flight time is then given by

_ Z;n=1|(2?=1 ftixij - W)| (24)

m

D(x)
where X is a vector with elements ;, i =1,..,n,j=1,..,m
The crew rostering problem can then be written as

minimize D(x)

subject to (2) - (22),

xl']:00r 1,1.: 1, ...,Tl,j:l’ "_’m (25)

whereD(X) is given in (24). Note that the deviati@{x) is only one of many
measures of fairness among cockpit crews. We caosehother measures, such
as the deviations proposed [ih], as the objective function without loss of
generality. We can also choose the deviation ard dtews’ cost as the
objective functions, so that the optimization modetomes a multi-objective
optimization model.

4  Solution Method

The optimization problem (25) can be solved withesal solution methods. We
have used simulated annealing, because we thirtkhénaristic methods are
more efficient compared to exact methods and becausulated annealing is
very easy to apply to our optimization problem.
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Each iteration of the simulated annealing algorithas to produce a feasible
roster. For constructing a feasible roster, wethsepairing-by-pairing method
as described in the following. This algorithm mimibe pilot-by-pilot method
in [1], whereby we exchange the position of theipgs and the cockpit crews
from the pilot-by-pilot method. We think the paghby-pairing method can be
used to determine a feasible roster more effigleotimpared to the pilot-by-
pilot method if the set of cockpit crew pairingssiarted with respect to the
departure times from the earliest to the latest.tky¢o assign the first pairing
to a certain cockpit crew that is available, thea ty to assign the second
pairing to another cockpit crew, and so on. Witis #pproach, the sequence of
pairings that is assigned to a certain cockpit onélvbe a sequence of pairings
sorted with respect to departure time. Thereforeerwattempting to assign
another pairing to the candidate cockpit crew, kimgrsatisfaction of a number
of constraints related to labor regulations on @age number of consecutive
days does not have to happen from the first dajp@fmonth, but only from a
specific day prior to the last pairing that hasrbassigned to the candidate
cockpit crew. The efficiency of our method comesrirthis process.

The pairing-by-pairing method comprises of thedaiihg steps:

Algorithm Pairing-by-Pairing

Stepl. k=1.

Step 2. Assign pairingk to a specific cockpit crew randomly chosen from
the list of cockpit crew except the cockpit crevgigsed to pairing
k — 1, such that all constraints are satisfied.

Step3. k=k+1.

Step4. If k> n, stop. Otherwise go to Step 2.

We can refer to [1ffor a brief explanation of the application of simied
annealing for the optimization of rostering probtem

5 Numerical Results

We have tested the optimization problem for allsss of cockpit crews of
Garuda Indonesia and obtained satisfactory rosteasshort amount of time.
Here, we present the results of the applicatioowfmodel to an Airbus 330
cockpit crew for the winter 2010 schedule. Theensy of this class of cockpit
crew is challenging since most of the pairings rmmdti-day pairings. In the
instant month, there are 287 cockpit crew pairirgge of them is a six-day
pairing in which the cockpit crews assigned to saghairing must have three
days off after the assignment, and 21 of themige=day pairings in which the
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cockpit crews assigned to such a pairing must hexe days off after the
assignment.

The total flight time of all pairings is 3012.5 heuThere are 43 cockpit crews
to carry out all pairings. The ideal average manfhight time is 70.05 hours,
which is less than the maximum accumulative fliyinie for one month.

We are given the cockpit crew’s plans for medicargination, training, annual
leave and (mandatory) days off as described in€rabdt, and 5.

Table3 Cockpit crew’s plans for medical examination.

Crew Start Day of Lengt.h of
Number Meglma! Me@ca!
Examination Examination
8 11 1
12 16 1
16 23 1
20 31 1
26 9 1
33 17 1

Table4 Cockpit crew’s plan for training.

Crew Start Day of Length of
Number Training Training
3 23 2
16 5 3
29 23 2
39 5 3

Table5 Cockpit crew’s plans for annual leave.

Crew Start Day of Length of Anual
Number Annual Leave L eave
1 8 1
2 26 1
3 29 1
4 19 1
5 12 1

The total flight time and days off in the instanbmth are shown in Table 6 and
day-to-day assignments are shown in Figure 1.
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Crew Day

Number| ;|2 |3 |4|5|6|7|8|9|t|n|n|3]14/15]16/17]18]19] 20|21 22|23 |24]25]26]27[28/20]30 |m
E 39139 (39|39 AL |AL [AL |117)117|117 164|164 ) 164|164 213 239(239{239)239|239
% 40 40 70({70| 70 127]127|151{151 151 183 235|235(235 AL | AL
3 #4888 96 96 {121{121]121 156|156 199(199]199 T | T |269(269(269 AL [AL
4 1 5353|5389 8989 132}132|132| 165|165 | 165 AL [AL | AL | AL |245|245]265|265
5 23(B|B 8484 ALJAL |AL 171 171|171 172 {171 237(237(267|267) 267
] 2626262626 100{100]100] 100 100 190)190) 190 233|233 (250{250)250
7 34343434 105]105] 103 149/149|149| 149|149 234 258|258(258
8 17 5454545495 (95 |ME|129]129(129|129 179(179|179|212|212(212 253(253
9 1515 5715757 93193 |9 136]136| 136 180{180)180|180 227)227(259(259|259|259
10 2902929 | 666666 109]109|109]138|138 12(12)172|172 224|124 (22422424
11 §|8[8 50050 ]74) 74|74 115] 115143 | 143]159]15¢ 188 188|207 |207|207 251351 2841284
12 51515 3959 91 121211 ME 194]194]194 A7 (47|27 2186|286 286|286 | 286
13 13|13]13|13 789797 |97 140 140| 140|140 | 140 216{216{216 264|264(287)287 287|287
14 2| | 102|102{102|102§102 175]175|175 {12202 280 280|280 280|280 | 280
15 2|2 49149 82| 82|82 1231123 169|169 | 169 204|204(230{230)230 275|215
16 Z5(B(2B|T|T|T 98|98 |98 147|147 174{174 214[214| ME | 254|254 254
17 bl 61 | 61|61 101|101 134]134 167) 167189 |189[209 209 240)240{240 185|285 | 285|285
18 18] 18 48|48 8399999 1421142 177{177|201]201 | 201 242(242{242)273|273[273
19 28|18 62 | 62 | 62 [103] 108|108 146/ 146|146 184)184 219(2191219|219)219
20 35035]35 80 | 80 111111111 144[157|157| 157 211211211 {211 211 281281281 ME
il 11717 56 | 36 | 56 9292 |118[118]118|118 186186| 186 226|226 (226|226 282|282 282|282
2 919 60 60)79)79|79 133|133|133[133 187)187) 187187 243 (243243283
k] 2P| L NN |12 124]124)124[124 170|170 170
4 3636|3636 87 | 87 |110|110/110{110 158|158 | 158158
25 2N 6375|7518 116]116/116 154]154) 154154
26 6|6 44 555 114]125)125 161]161] 161 197(197 231|231 (231263263
u 37[55|55(55|55 126§ 126|126| 160 | 160 | 160 220{2201220|220) 220
B |nrmn 65 | 63 | 65 6565 137]137]137 178{178|178| 206 249(249[ 240240249
29 |01 46|46 | 46 | 69| 69 | 69 131}131[131] 162|162 200[{200/200)1200) T | T [266]266)266
30 303030 in{n 107]107{130]130(130{130 182{182|182| 182 208|228 (261|261 261|261
3 A4 |H 67 [ 81| 81|81 ([119{119 150| 150{150 205|205 246 (246|246
kY] 3131|5858 58|58 106]106|106]139139/139 203|203 | 203|203 [241 241 Pl vk vl
n 32325252 68|68 112]112] 112112 ME 195[195]195 244 [244{262|262| 262
k] 20({20(20]20 i e M 168|168 192(208 208|208 256|256|279|279(279
3 4144|454 7676|7676 1281128128 173{173 218|218|218|218 1112
36 4114141 86 | 86 | 86 | 86 |135]135 163|163 | 163|185 |185(183 225|225 270{270{270)270
kil 38 85 85|85 145/145|145 198(1981221)221|221 168 [268(2683 283|283
38 AN 64 | 64| 64 113]113 141]141] 141 196(196| 196|196 255{255|255
3 19IB|B|T|T|T 90:) 90 | 90 | 90 148/148|148 191)191)191 2231223 (223(223 283
0 |ujnjnj47ie ey 88 | B3 | 8B | 88 | 88 166|166 | 166|166 |193(193 236)236(236/236)|276| 176
41 14 5115151 94194 |94 | 152)152(152|152 202{2021202 238 274|274{274 274|274
4 161616 | 16| 16 104]120{120 155 176{176|176 217(217]248 248|248
4 3303333 BIB BB 153]153 181]181]181 215|215]215 | 260|260 | 260

ME : Medical examination T: Training AL: Annual leave + Five -days pairing :|: Six -days pairing

Figure 1l Day-to-day assignment.
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We can see in Figure 1 that every cockpit crew thatssigned to a five-day
pairing (pairings no. 3, 16, 23, 65, 73, 77, 88),102, 140, 149, 158, 171, 211,
219, 220, 223, 224, 239, 249, 274, 288) has twa ddfyafter the assignment.
In the next month, two days off must be given tokgit crew 11 and three days
off must be given to cockpit crew 14 after assigntrte pairings 286 and 280,

respectively. These mandatory days off must beidered as input for the next
month’s rostering.

Table6  The total flight time and days off.

Crew I;I]Sfﬁjg Total Crew ;3:.?9 Total
Number Time Days Off  Number Time Days Off

1 45, 11 23 80,2 12

2 59,¢ 15 24 54,5 10

3 73,3 10 25 77,6 10
4 52,3 10 26 49,7 13

5 53,2 13 27 66,4 15

6 54,1 13 28 64,€ 10

7 67,4 14 29 79,5 9
8 66,1 11 30 75,0 10
9 91,¢ 10 31 77,C 14
10 60,C 14 32 80,¢€ 10
11 78,4 8 33 58,4 12
12 84,1 10 34 71,6 11
13 80,C 9 35 68,k 11
14 48,2 8 36 77,4 10
15 78,5 12 37 78,9 13
16 61,0 12 38 76,7 14
17 78, 10 39 52,C 10
18 88,F 10 40 70,7 8
19 72,9 13 41 92,9 9
20 68,4 10 42 58,7 14
21 80,5 8 43 83, 12
22 74,4 13

If we use the expressions [d] for constraints (8) and (9), instant testing
becomes infeasible. This means that the scheduleotde carried out by 43

cockpit crews. This proves that the mathematicgressions (8) and (9) are
correct and with these expressions we can obtaipaot rosters.

6 Conclusion

In this paper, an optimization model for the cotlquew rostering problem at
Garuda Indonesia was presented. The optimizatioblgm has a large number
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of constraints that represent international, regjiomational and internal cockpit
crew labor regulations. Some of the constraintehr@awnon-linear form, so that
the optimization problem is a large-size non-lingiaiary problem that needs an
appropriate solution method. We have applied alsitad annealing method for
solving the problem, where feasible rosters arestwaoted by applying a
random method called pairing-by-pairing. The sati&fry roster presented in
Figure 1 was obtained in a short amount of compuiiime, although we realize
that some techniques can be added in order to rrekepairing-by-pairing
method run more efficiently. For example, makingstof constraints from the
hardest to the easiest (in satisfying), and periognthe pairing-by-pairing
method in such a way that in assigning a cockg@tvcpairing to a candidate
cockpit crew we check satisfaction of the hardeststraint first, then if it is
satisfied we proceed to checking satisfaction ef nlext constraint in the list,
and so on.

Nomenclature

Forj=1,..,m,
al {1, if cockpit crew j starts annual leave on day [,
2 0, otherwise
aal; = The accumulative number of days of annual leave tihae been
taken by cockpit crewy
aft, = The accumulative flight time of cockpit crejvduring the two
previous months
aft, = The accumulative flight time of cockpit crewduring the current
yeal
amg = The accumulative days of medical examination thavehbeen
taken by cockpit crewy
atr; = The accumulative days of training that have bekertay cockpit
crewj
_ {1, if pairing i covers on day [,
Gi) = .
0, otherwise
ft; = The total flight time of pairing
fti = The net flight time of pairingon itslth day
me. = {1, if cockpit crew j starts medical examination on day [,
st 0, otherwise
M; = The maximum accumulative flight time in seven causiwe days
M, = The maximum accumulative flight time in one calena@nth
Ms = The maximum accumulative flight time in three cangee
calendar months
M4 = The maximum accumulative flight time in one calengkea
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1,if pairing i; and i, have a common working day,

0, otherwise

1,if pairing i is started on day [,

0, otherwise

1,if pairing i, starts earlier than the end of pairing i; plus
= the lay over time,

0, otherwise

= The number of days covered by pairing

1, if cockpit crew j starts training on day !,

0, otherwise

1, if pairing i covers d working days

0, otherwise

1,if pairing i, starts earlier than the end of pairing i; plus

= the lay over time,

0, otherwise
1, if the time difference between the end of pairing i; and

= the beginning of pairing i, at least 18 hours,
0, otherwise

Acknowledgements

This

research was funded by Hibah DesentralisaBi D13 and Garuda

Indonesia. The authors thank to Garuda Indonediatla® research assistants
that were involved for their committed work duritinge research.

References

[1]

(2]
[3]

[4]
[5]
[6]

Lucic, P. & Teodorovic, D.Smulated Annealing for Multi-objective
Aircrew Rostering Problem, Transportation Research, Part33, pp. 19-
45, 1999.

Chang, S.C.A New Aircrew-Scheduling Model for Short-Haul Routes,
Journal of Transport Manageme8t pp. 249-260, 2002.

Gamache, M., Hertz, A. & Oullet, JA Graph Coloring Model for a
Feasbility Problem in Monthly Crew Scheduling with Preferential
Bidding, Computer and Operations Resear84(8), pp. 2384-2395,
2007.

Kovari, B., Modern Crew Management Methods in Air Transport,
Transportation. Engineering1(I-2), pp. 3-16, 2003.

Lederer, P.J. & Nambimadom, R.8irline Network Design, Operations
Research46, pp.785-804, 1999.

Medard, C.P.A. & Sawhney, NAirline Crew Scheduling from Planning
to Operations, European Journal of Operational Resead@3(3), pp.
1013-1027, 2007.



234

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Rieske Hadianti, et al.

Vance, P.H., Barnhart, C., Johnson, E.L. & Nemhau&el., Airline
Crew Scheduling: A New Formulation and Decompotition Algorithm,
Operations Researc#(2), pp. 188-200, 1997.

Yan, S. & Tu, Y., A Network Model for Airline Cabin Crew
Scheduling,European Journal of Operational Reseadel®, pp. 53-540,
2002.

AhmadBeygi, S., Cohn, A. & Weir, M.An Integer Programming
Approach to Generating Airline Crew Pairings, Computer and
Operations ResearcB6(4), pp. 1284-1298, 2009.

Barnhart, C., Johnson, E.L., Nemhauser, G.L., Saeegh, M.\W.P. &
Vance, P.H.Branch-and-Price: Column Generation for Solving Huge
Integer Programs, Operations Researchf(3), pp. 316-328, 1999.
Deng, G. & Lin, W.,Ant Colony Optimization-Base Algorithm for Airline
Crew Scheduling Problem, Expert System with Application88(5), pp.
5787-5793, 2011.

Goumopoulos, C. & Housos, Efficients Trip Generation with a Rule
Modeling System for Crew Scheduling Problems, Journal of System and
Software,69(1-2), pp. 43-56, 2004.

Gamache, M., Soumis, F., Marquis, G. & Desrosidrs,A Column
Generation Approach for Large-Scale Aircrew Rostering Problems,
Operations Research?(2), pp. 247-260, 1999.

Hoffman, K.L. & Padberg, M.Solving Airline Crew Scheduling Problem
by Branch-and-Cut, Management Sciencg9(6), pp. 657-682, 1993.
Souai, N. & Teghem, J.Genetic Algorithm Based Approach for
Integrated Airline Crew-Pairing/CROPA and Rostering Problem,
European Journal of Operational Reseat®B(3), pp. 674-683, 2009.



