madianeautinmes Fudmsulaymimssugieniv

a ad A
UNANTUHA ATAT

a a o g I 1 % @ (= a v oA
'J“VIEHHWHﬁ‘ﬁlﬂuﬁ?uﬁﬁ\‘]ﬂl@\‘]ﬂ'ﬁﬁﬂ‘]ﬂW@l'ﬁJﬁaﬂq@]iﬂiﬂluiy'nﬂEJ'lﬁ'lﬁﬁillWTUm"VWI
a a J o a a a J a a 4
ﬁ'l"ll'l')“])"lﬂﬂ!@]ﬁ'lﬁ@]iﬂi$Qﬂ§l!lﬁ$3ﬂﬂ'lﬂ1‘iﬂmu1 NAIBIAUAFTITATLASINYINTITADUNIAUNDT
a 4 J a @
AUSINYIAAAT JNAINTUUNWIINYIQY
= =
Umsfiny 2555

'd
a a A 4 a @
AUVANTUDIPNIAINTUUNIINYIAY

o

unAntiauazuilndioyaatiufinaednednusastinsdnen 2554 NN lwARSTYYI9Wn (CUIR)
{uuindiayareafi@nidnrasineInusnasinunaingaineae
The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository(CUIR)

are the thesis authors' files submitted through the Graduate School.



COLUMN GENERATION TECHNIQUE FOR CREW PAIRING PROBLEM

Miss Samila Kirisri

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Applied Mathematics and Computational Science
Department of Mathematics and Computer Science
Faculty of Science
Chulalongkorn University
Academic Year 2012

Copyright of Chulalongkorn University



v 9 Aa a

J a [ 4 v o @ [
AUDINYTTUNUD mﬂuﬂﬂ@ﬁhumﬂ!uﬁ]!i%’uﬁWﬁ'ﬁ‘U“ljiy‘l’ﬂﬂ']ﬁﬂ‘Uﬂ

A a
MNYIVU
Ty uRaEaNal Af
a a 4 4 a
T1U1IW ﬂmﬁﬁTﬁﬁ‘iﬂ53@ﬂ@££ﬁ$3ﬂ81ﬂ1iﬂmu1
s a a 4 [ 4 L a a
f’]"ﬁ]ﬁﬂﬂﬂ?ﬂy"l’l‘ﬂmuwu‘ﬁﬁﬁﬂ 019158 AT.YNYYGNT dUNYA
s a a tal Y o a = 4
f’]"liﬂifmﬂ?ﬂ’hl"lﬁﬂfﬂuwu‘ﬁi'm HEIWANTNTI1TY AT.FIAN IUDUUA

v

a 4 4 a @ waq Yo a a 4 d"d U ]
AUSINYIANAAT JWIAINTUNHIING QY aumiwummmwuﬁauumﬂumuwm

YoamsAnImHangasUSyauviiuga

AMUARMZAINIIMEAS

4 4 o
(Man91915¢8 AT. NI HITHUDNUI)

AUZNTIUMTAOUINTNUT

________________________________________________________ 5L IUNTTUNT

1 J a a 3
(Wi}“]ﬂﬁlﬁWﬁﬁ'i'm'liﬂ P3.NIN ﬁuﬂﬂiilﬁlﬁi']iy)

o’d‘ a a 4 [
________________________________________________________ 219138013 nEIINBINUTHED

a A

7 £
(912139 AT.UYUHND DUNYA)

o’d‘ a a J
________________________________________________________ 21915805 nE1IINBTNUT TN

1 4 a v
(Wi}“]ﬂﬁlﬁWﬁﬂi1ﬂTiﬁl A3. IR %u’auuﬂ)

NITUNIT

4 v oA a I o 4
(219138 AT.WUNWT NWYIIAUNIUN)

________________________________________________________ NITUNITAOUDNUHIINGIDY

4 a v A
(219158 AT.YUNITN NHUTUATITY)



a a [ 4 o o o @ VA a
givian AsAI W]ﬂuﬂﬂf]'ﬁ111!!%Luﬁ]!'iﬂfuﬁWﬂﬁ‘UﬂfgﬁWﬂWﬁ%Uﬂl“ﬁfl'JUu. (COLUMN

GENERATION TECHNIQUE FOR CREW PAIRING PROBLEM) 8.711J3 nx3neniinus

]
L a a =

o a a o a v d
Han : 9.A3.JUYNDT dUNYA, @.VllﬁﬂBTUVIEJ1HWHﬁ§’JN D AAL.AT.PI0A ?]1!'8)1!14(5],

50 1.

1% VA a 3 VA a o o { a $ A
Tymmstugierduiludymvesmsadngieniu Taelidiaufieadunizsuag
{ a @ I 4 v o 1 J { o '
wigumsdwdenu uezdlu llamSeulvidy Tagldialdaetosnga Tamainaid
I 1 ~ a v Aa T W 9 [
dudymnsmiauruneigarsanisianivua vy sudeunazeinlunismidiney Tu
a dy 9 o % a d o o @ A a sld'
unanuIvell Igiuduednuuneadiamaasdimsuiyrimsugierdu Taslfaeula
WA uNeINUIZozaIMINOULALNIIWNYINnaILaemItunnusEnmstiuine Tu
o Y a (4 = a Aa a A
MIymmaes duen s lsmaiiaasanimuaissuduiumaianilscansamlums
Y Aa ' Y} ' ' Y ] A
uadyminfivuialvg Tasmsuddgyidesedresiqaunsznldnamasaesfynuauy

9
= o o o a o a J @ ]
u'ﬁ]ﬂﬁ]'lﬂu!,‘i'lEJ\‘lu'l!,’(?fu@Nﬁﬂ'l‘iﬂ'lu')ml‘]ﬂ@nm"lll!ﬁ3ﬂ'l‘i'3!ﬂi'l$1’iNaiﬂﬂi%’ﬁﬁﬂﬂ%ﬂ?ﬂuﬁﬁﬂlﬂﬂ'ﬁ

a I AR
v Inedlunsaidnm

a a J J a y an
NMAINAUAMAATUIZanNALAZININIAUU] ﬁWﬂﬁ@%@uﬁﬂ

_________________________ qoiridbhle JHIL AL IR i AL e e

UNAAAT AN LA INGINIAONNAADS anelie¥e 9. N5 AEMINNTINUS Han

= = A A A a a o
Umsfny__ 2555 AUV @.ﬂﬂ?ﬂ‘]ﬂnﬂﬁﬂuwuﬁi’m



## 5373829723 : MAJOR APPLIED MATHEMATICS AND COMPUTATIONAL SCIENCE
KEYWORDS : CREW PAIRING / PAIRING / COLUMN GENERATION
SAMILA KIRISRI : COLUMN GENERATION TECHNIQUE FOR CREW PAIRING
PROBLEM. ADVISOR : BOONYARIT INTIYOT, Ph.D., CO-ADVISOR : ASST.

PROF. CHAWALIT JEENANUNTA, Ph.D., 50 pp.

A crew pairing problem is a problem of creating the sequences of flights that start and
end at the same crew base under some constraints while minimizing the cost. This is a large-
scaled combinatorial optimization problem and it is complex and difficult to solve. In this paper,
a mathematical model for a crew pairing problem is presented using the working time and rest
time constraints from Thai Airways. We propose a column generation technique, which is a
powerful technique for solving large-scale problems by iteratively solving smaller parts of the
problem until the whole problem is solved. Some numerical results are also presented and

analyzed using the data sample from Thai Airways as a case study.

Academic Year: 2012
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Source code @1%35U IBM ILOG CPLEX Optimization

luautiazuand Source code d1%5U IBM ILOG CPLEX Optimization 1% 143Inenfinusi
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1. Main.mod

//initial value
int NumFlights = .._;
range Flights = 1. _NumFlights;
{float} AllIObj=...;
int Pattern[Flights];
int SumSittime=0;
float MaxDualFlight ;
int MaxDualNumFlight;
float DualsFlights[Flights] = ...;

// tuple Variable

tuple arc {
key int Fromnode;
key int Tonode;
string Arctype;
int Flightnumber;
int Depday;
int Arrivalday;
int Deqtime;
int Arrivaltime;
float Blocktime;
float Resttime;
float Sittime;
string Origin;
string Destination;

}
tuple Tour
.
int TourNum;
int TourPatterns[Flights];
float Sittime;
}

// Create Arcs list (Arc type) and read from excel
{arc} Arcs = _._;

float DualsAll[Arcs];

// Create Tours (Tour type) and read from Data.dat (initial solution)
{Tour} FlightinTour = ._.;



//Define Master Problem

//Decision Variable ( SelectTour 1if =1 -> selected : ifT =0 -> NO
selected )

dvar int+ GenTour[FlightinTour] in 0..1;
//0bjective Function
minimize sum(t in FlightinTour)t.Sittime*GenTour[t];
subject to {
// Flights Constraints
forall (f in Flights )
FlightsConstraints:
sum(t in FlightinTour)t.TourPatterns[f]*GenTour[t]>=1;
tuple s {

Tour t;
int GenTour;

};
{s} Result = {<t,GenTour[t]>]t in FlightinTour:GenTour[t]!=0};

execute RESULT
{

}

//set dual values used to fill in the sub model

write(Result);

execute FillDuals
{ MaxDualFlight = -Infinity;
MaxDualNumFlight = O;

for (var f in Flights)

DualsFlights[f] = FlightsConstraints[f].dual;
}

for (var k = 0 ; k < NumFlights ; k++)
DualsAll[Arcs.get(5+(2*k+1),5+(2*k+2))] = DualsFlights[k+1]

3
main {
var status = 0;

// Master Model

thisOplIModel .generate();

var masterDef = thisOplIModel _modelDefinition;
var masterCplex = cplex;

var masterData = thisOplIModel .dataElements;
// Creating the master-model
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//

var
var
var

var
var
var
var

for

{

masterOpl = new I1loOpIModel (masterDef, masterCplex);
terOpl .addDataSource(masterData);
terOpl.generate();

teQ);

Preparing sub-model source, definition and engine
subSource = new Il1oOpIModelSource(*'Subproblem.mod™);

subDef = new Il1o0OpIModelDefinition(subSource);
subCplex = new I1loCplex();

best;

curr = Infinity;

ObjofInt=Infinity;

count = O;

(var 1 =1 ; 1 <= 120 ;i++)

best = curr;

masterOpl = new Il1oOplIModel (masterDef,masterCplex);
masterOpl .addDataSource(masterData);

masterOpl .generate();

masterOpl .convertAllIntVars(Q);

writeIn('Solve master.");
iT ( masterCplex.solve() )

{
masterOpl .postProcess();
curr = masterCplex.getObjVvalue();
writeln(Q;
writeIn("'"MASTER OBJECTIVE: ",curr);
masterData.AllObj.add(curr);

} else {

writeIn("'No solution to master problem!'™);
masterOpl.end();
break;

}

// Ceating the sub model
var subOpl = new 11o0plIModel (subDef,subCplex);

//Using data elements from the master model.
var subData = new IloOplDataElements();
subData.Arcs = masterOpl.Arcs;
subData.DualsAll = masterOpl._DualsAll;
subData.NumFlights = masterOpl .NumFlights;
subOpl .addDataSource(subData) ;
subOpl .generate();

// Previous master model is not needed anymore.
writeIn("'Solve sub."™);
iT ( subCplex.solve()){

count++;

writeIn("iteration”,count);

writeln(Q);

writeln("'SUB OBJECTIVE: ",subCplex.getObjVvalue());

subOpl .postProcess();
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writeIn('Sum of Sittime",subOpl.SumSittime);

var CJ = (subOpl.SumSittime);
writeln('reduce cost of path",CJ-

(subCplex.getObjValue()));

iT (CI-(subCplex.getObjVvalue())>= 0)

{
writeIn("'The current solution is optimal'™)
subData.end();
subOpl.end();
break;
}
} else {

writeIn("'Don"t new Tour, stop.-");
subData.end();
subOpl.end();
break;
}
// prepare next iteration
writeIn('new pattern tour',subOpl.pat);

masterData.FlightinTour.add(masterData.FlightinTour.size+1,subOpl.pat
,SubOpl .SumSittime);

masterOpl.end();

// End sub model
subData.end();
subOpl.end();
writeIn('best " ,best);
writeIn('curr ",curr);

}

//Check solution value

//
}

masterOpl = new I1o0OpIModel (masterDef,masterCplex);
masterOpl .addDataSource(masterData);

masterOpl .generate();

writeIn("'Solve integer master.™);

iT (masterCplex.solve()){

writeln(Q);

writeln(""OBJECTIVE:" ,masterCplex.getObjValue());
masterOpl .postProcess() -RESULT;

masterOpl .printSolution();

writeIn("All objective solution is ");
writeln(masterOpl.AlIObj);
writeln("iteration',count);

else {write("'no solution')}

subDef.end();

subCplex.end();

subSource.end();
status;



2. Sub-problem.mod

//initial value
int NumFlights = ___;
range Flights = 1. _NumFlights;

int Pattern[Flights];
int SumSittime=0;

// tuple Variable

tuple arc {
key int Fromnode;
key int Tonode;
string Arctype;
int Flightnumber;
int Depday;
int Arrivalday;
int Deptime;
int Arrivaltime;
float Blocktime;
float Resttime;
float Sittime;
string Origin;
string Destination;

}
{arc} Arcs = ...;
float DualsAll[Arcs]=-..;

int pat[Flights];

tuple Tour

{
int  TourNum;
int TourPatterns[Flights];
float Sittime;
}

48

{int} Days = {a.Depday | a 1in Arcs} union {a.Arrivalday| a in Arcs};

{int} Nodes = {a.Fromnode | a 1in Arcs} union
Arcs};

dvar int Flow[Arcs]in 0..1;

{a.Tonode | a

in

maximize sum(<i,j,at,fnum,dday,aday,dtime,atime,bt,rt,st,ori,des> in

Arcs) Flow[<i,j>] * DualsAll[<i,j>];
subject to{

// Flow consevation constraints
// For source node

ctflowconservationsource:
forall (i in Nodes:i==5)
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sum(<i, j,at,fnum,dday,aday,dtime,atime,bt,rt,st,ori,des>
in Arcs) Flow[<i,j>] == 1;

// For sink node

// 1.1==22 if we use Data 08F2D
// 2.i==46 if we use Data 20F2D
// 3.i==86 if we use Data 40F2D
// 4.i==126 if we use Data 60F2D
// 5.i==166 if we use Data 80F2D
// 6.1==206 if we use Data 100F2D
// 7.1==246 i1f we use Data 120F2D
// 8.1==286 i1f we use Data 140F2D
// 9.1==310 if we use Data 152F2D

ctflowconservationsink:
forall (i in Nodes:i ==22)

sum(<k, i,at,fnum2,dday2,aday2,dtime2,atime2,bt2,rt2,st2,0ri2,des2>in
Arcs)Flow[<k,i>] == -1;

// For any nodes

ctflowconservationanynode:

forall (i in Nodes: 1 I=5 && 11=22)

sum(<i,j,at,fnum,dday,aday,dtime,atime,bt,rt,st,ori,des> in Arcs)
Flow[<i,j>]
sum(<k, i,at,fnum2,dday2,aday2,dtime2,atime2,bt2,rt2,st2,0ori2,des2>in
Arcs)Flow[<k, i>] == 0;

forall (d in Days : d-6>=1)
ctHourDaily: sum (a in Arcs, i in d-7..d: a.Depday == 1 )
a.Blocktime*Flow[a] <= 2040;
}

execute test

{

for (var a in Arcs){
SumSittime = SumSittime + Flow[a]*a.Sittime;

it (a.-Arctype == "flight arc'™)
{
pat[a.Flightnumber] = Flow[a];
}
}
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