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##5373872623 : MAJOR APPLIED MATHEMATICS AND COMPUTATIONAL SCIENCE

KEYWORDS : CREW ROSTERING/ COLUMN GENERATION/ SET PARTITIONING

SUPPHAKORN SUMETTHAPIWAT : COLUMN GENERATION TECHNIQUE FOR
CREW ROSTERING PROBLEM WITH WORKLOAD AND EARNINGS BALANCING.
ADVISOR : BOONYARIT INTIYOT, Ph.D. CO-ADVISOR : ASST. PROF. CHAWALIT

JEENANUNTA, Ph.D., 94 pp.

A crew rostering problem in the airline industry is the problem of constructing a crew schedule
which consists of flights, pairings, training activities, and days off for each crew member under some
certain constraints while minimizing the cost. The size of this problem is usually huge since number of
flights, pairings and crews are large; and the constraints are complex. In this paper, we present
an approach for solving a crew rostering problem whose objective is to balance workload and earnings
among crew members. The problem is modeled as a set partitioning problem and solved using a column
generation technique. Some numerical results are presented and analyzed using the data from Thai

airways as a case study.
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MANUIN V. Source code 1451 IBM ILOG CPLEX Optimization

v { o [ .. . { a a c{y
Tudauilazuaas Source code @115 IBM ILOG CPLEX Optimization N luIneniinusi
= ] ~ ' o A
Fa1lsznouliMessazidenn1anfeil

1. Main.mod

/,/**********initiﬂl Value*********************
int NumPairs = ...;

int NumCrews = ...;

int NumRosterCrew = ...;

int DutyNode=...;

{float} AllObj=...;

float sumwork=0;

float sumper=0;

float avgwork=0;

float avgper=0;

float sumsdwork=0;

float sumsdper=0;

range Pairs = 1..NumPairs;
range Crews= 1..NumCrews;
range RosterCrew = 1..NumRosterCrew;
float totalPerdiem[Crews];
float totalWorkload[Crews];
float MaxDualCrew ;

int MaxDualNumCrew;

int Pattern[Pairs];

float DualsPair[Pairs] = ...;
float DualsCrew[Crews]=...;
float AvgWorkload = ... ;
float AvgPerdiom = ... ;

float Weight = ...;

// tuple Variable
tuple arc {
key int fromnode;
key int tonode;
string arcType;
int pairNum;
int DepDay;
int arrivalday;
float blockTime;
float flighDutyPeriod;
float restTime;
float sitTime;
float perdiem;

float workload;
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string zone;

string station;

int NumRequiredCrew; // arc lower capacity
int UpperCapacity;

}

tuple Roster
{
int CrewNumber;
int CrewRosterNum;
float Workload;
float Perdiom;
int RosterPatterns[Pairs];
}
// Create Arcs list (Arc type) and read from excel
{arc} Arcs = ...;
float DualsAll[Arcs];
// Create Rosters (Roster type) and read from Data.dat (initial solution)
{Roster} CrewRosters = ...;
//Define Master Problem

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

dvar int+ GenRoster[CrewRosters] in 0..1;
// ****************Master Problem
//Objective Function
minimize

sum(r in CrewRosters)

(Weight*abs(r.Workload-AvgWorkload)+abs(r.Perdiom - AvgPerdiom))* GenRoster[r];
subject to
{
/I Assignment Constraints
forall(m in Crews){
ctAssignmentConstraints:
sum(r in CrewRosters:r.CrewNumber == m)GenRoster[r]== 1;
}
/I Activity Constraints
forall(i in Pairs){
ctActivityConstraints:

sum(r in CrewRosters)r.RosterPatterns[i] * GenRoster[r] == 1;

}

tuple s {
int cr;
float wo;
float pe;
b

{s} Result = {<p.CrewNumber,p.Workload,p.Perdiom>| p in CrewRosters : GenRoster[p] !=0};



execute DISPLAY_RESULT
{
writeln(Result);
}
// set dual values used to fill in the sub model.
execute FillDuals
{
for(var i in Pairs)
{
DualsPair[i] = ctActivityConstraints[i].dual;
}
for(var j in Crews)
{
DualsCrew[j] = ctAssignmentConstraints[j].dual;
}
for (var 1= 0 ; 1 < NumPairs; ++)
{
DualsAll[Arcs.get(DutyNode+(2*1+1),DutyNode+(2*1)+2)] = DualsPair{1+1];

for (var r in CrewRosters){
sumwork = sumwork+(r. Workload*GenRoster[r]);
sumper =sumper + (r.Perdiom*GenRoster{r]);

}

// calculate average and SD workload/perdiem

avgwork = sumwork/NumCrews;

avgper = sumper/NumCrews;

writeln("Avg Work = ",sumwork/NumCrews )

writeln("Avg per =", sumper/NumCrews)

for (var s in CrewRosters){
sumsdwork = sumsdwork+Math.pow(((s. Workload*GenRoster[s])-avgwork),2);
sumsdper =sumsdper + Math.pow(((s.Perdiom*GenRoster[s])-avgper),2);
}
writeln("SD Work = ",sumsdwork/NumCrews)
writeln("SD per = ", sumsdper/NumCrews)
}
// Output the current result
main {
var it =0;
var status = 0;
// Master Model
thisOpIModel.generate();
var masterDef = thisOpIModel.modelDefinition;
var masterCplex = cplex;
var masterData = thisOplModel.dataElements;
// Creating the master-model

var masterOpl = new IloOpIModel(masterDef, masterCplex);
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masterOpl.addDataSource(masterData);
masterOpl.generate();

write();

// Find initial solution from (multi-commodity.mod) (multi-commodity flow)
var initialSource = new IloOpIModelSource("multi-commodity.mod ");
var initialDef = new IloOplModelDefinition(initialSource);

var initialCplex = new IloCplex();

// Ceating the initial model

var initialOpl = new IloOpIModel(initialDef, initial Cplex);

//Using data elements from the master model.

var initialData = new I[loOplDataElements();

initialData.Arcs = masterOpl.Arcs;

initialData.NumCrews = masterOpl. NumCrews;

initialData.NumPairs = masterOpl.NumPairs;
initialData.NumRosterCrew = masterOpl.NumRosterCrew;
initialData.CrewRosters = masterOpl.CrewRosters;

initialOpl.addDataSource(initialData);

initialOpl.generate();
initialCplex.solve();
initialCplex.populate();
for (var s=0; s<20; s++) // set alternative solution
{
initialOpl.setPoolSolution(s);
//writeln(initial Cplex.getObjValue(s), initialOpl. Flow.solutionValue);
for(var r in masterOpl.RosterCrew)
{
for(var ¢ in masterOpl.Crews)
{
masterOpl.totalPerdiem[c] = 0;
masterOpl.totalWorkload[c] = 0;

for(var p in masterOpl.Pairs) // Clear Pattern

masterOpl.Pattern[p]=0; }

for (var a in masterOpl.Arcs)

¢
if(a.arcType =="duty" && initialOpl.Flow[a][c][r]>0)
{
masterOpl.totalPerdiem[c] = masterOpl.totalPerdiem[c]+a.perdiem;
masterOpl.totalWorkload[c] = masterOpl.totalWorkload[c]+a.workload;
masterOpl.Pattern[a.pairNum]=initialOpl.Flow[a][c][r];
}
}

writeln("'solution",c ,"work ",masterOpl.totalWorkload[c], "per

', masterOpl.totalPerdiem[c],masterOpl.Pattern)

masterData.CrewRosters.add(c,masterData.CrewRosters.size,masterOpl.totalWorkload[c],masterOpl.totalPerdiem[c],masterOpl.Pattern);

}



}
//initialOpl.postProcess();
writeln("initial complete");
initialData.end();
initialOpl.end();

masterOpl.end();

// Preparing sub-model source, definition and engine
var subSource = new IloOpIModelSource("ShortestPathModel.mod");
var subDef = new IloOpIModelDefinition(subSource);

var subCplex = new IloCplex();

var best;
var curr = Infinity;

var ObjofInt = Infinity;

while (best !=curr ) {
best = curr;
masterOpl = new IloOpIModel(masterDef,masterCplex);
masterOpl.addDataSource(masterData);
masterOpl.generate();

masterOpl.convertAlllntVars();

writeln("'Solve master.");

if (masterCplex.solve() )

{

masterOpl.postProcess();

curr = masterCplex.getObjValue();
writeln();
writeln("MASTER OBJECTIVE: ",curr);
masterData.AllObj.add(curr);

}else {
writeln("No solution to master problem!");
masterOpl.end();

break;

// Ceating the sub model
var subOpl = new IloOpIModel(subDef,subCplex);
//Using data elements from the master model.
var subData = new [loOplDataElements();
subData.Arcs = masterOpl.Arcs;
subData.DualsAll = masterOpl.DualsAll;
subData.NumPairs = masterOpl.NumPairs;
subOpl.addDataSource(subData);

subOpl.generate();

// Previous master model is not needed anymore.



// masterOpl.end();

writeln("'Solve sub.");

if (subCplex.solve()){ //&& subCplex.getObjValue() <= -RC_EPS) {

writeln();

writeln("SUB OBJECTIVE: ",subCplex.getObjValue());
subOpl.postProcess();

writeln("'sum of work",subOpl.SumWork);

writeln("'sum of perdiom",subOpl.SumPerdiom);

var CJ = (masterOpl. Weight*Opl.abs(subOpl.Sum Work-masterOpl. AvgWorkload)+Opl.abs(subOpl.SumPerdiom -
masterOpl.AvgPerdiom))
//writeln("reduce cost of path",CJ-(masterOpl.MaxDualCrew+(subCplex.getObjValue())));
if (subCplex.getObjValue()>0)
{
for (var t in masterOpl.Crews)
¢
if (CJ-(masterOpl.DualsCrew[t]+(subCplex.getObjValue()))< 0)
{
//masterData.NumCol.add(1);
it=it+1;
//write("Enter Column ")
//writeln("new pattern roster","Crew ",t,subOpl.pat);

/Iwriteln("reduce cost of path",CJ-(masterOpl.DualsCrew[t]+(subCplex.getObjValue())));

masterData.CrewRosters.add(t,masterData.CrewRosters.size,subOpl.Sum Work,subOpl.SumPerdiom,subOpl.pat);

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

writeln("No new good Roster, stop.");
subData.end();
subOpl.end();
break;
}
// prepare next iteration

masterOpl.end();

// End sub model
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subData.end();
subOpl.end();
}
// Check solution value
masterOpl = new IloOpIModel(masterDef,masterCplex);
masterOpl.addDataSource(masterData);
masterOpl.generate();
writeln("Solve integer master.");
if ( masterCplex.solve() ) {
writeln();
writeln("OBJECTIVE: ",masterCplex.getObjValue());
masterOpl.postProcess().DISPLAY RESULT;
masterOpl.printSolution();
writeln("The current solution is optimal (No Column To enter)");
writeln(masterOpl.AlIObj);
writeln("[teration = ",masterOpl. AllObj.size)
writeln("Number of Columns = ",it)
}
else{writeln("no solution")}
subDef.end();
subCplex.end();
subSource.end();

}

2. Sub-problem.mod
int NumPairs = ...;
float SumPerdiom = 0;
float SumWork = 0;
range Pairs = 1..NumPairs;

tuple arc {

key int fromnode;

key int tonode;

string arcType;

int pairNum;

int DepDay;

int arrivalday;

float blockTime;

float flighDutyPeriod;

float restTime;

float sitTime;

float perdiem;

float workload;

string zone;

string station;

int NumRequiredCrew; // arc lower capacity

int UpperCapacity;

}

{arc} Arcs = ...;
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float DualsAll[Arcs]=...;
int pat[Pairs];
{int} Nodes = {a.fromnodel|a in Arcs} union {a.tonode|a in Arcs};
dvar int+ Flow[Arcs] in 0..1;
maximize sum(<i,j,at,pn,ldayij,adayij, bt,fdp,rt,st,pd,wl,z,s,L,u> in Arcs) Flow[<i,j>] * DualsAll[<i,j>];
subject to{

// Flow consevation constraints

// For source node

ctflowconservationsource:

forall (i in Nodes:i==1)

sum(<i,j,at,pn,ldayij,adayij, bt,fdp,rt,st,pd,wl,z,s,l,u> in Arcs) Flow[<i,j>] == 1;

// For sink node

ctflowconservationsink:

forall (i in Nodes:i==16) - sum(<k,i,at,pn,ldayij,adayij, bt,fdp,rt,st,pd,wl,z,s,l,u>in Arcs)Flow[<k,i>] =

// For any nodes
ctflowconservationanynode:
forall (i in Nodes: i !=1 && i!=16)
sum(<i,j,at,pn,ldayij,adayij, bt,fdp,rt,st,pd,wl,z,s,l,u> in Arcs) Flow[<i,j>]
- sum(<k,i,at2,pn2,ldayij2,adayij2, bt2,fdp2,rt2,st2,pd2,wl2,22,52,12,u2>in Arcs)Flow[<k,i>] == 0;
// ctflightdutypriod:
ctflightdutyperiod:

0<=sum(a in Arcs)Flow[a]*a.flighDutyPeriod<=2040;

3.  Multi-commodity.mod

int NumCrews = ...;
int NumPairs=...;
int NumRosterCrew = ...;
range RosterCrew = 1..NumRosterCrew;
range Crews = 1..NumCrews;
range Pairs = 1..NumPairs;
int Pattern[Pairs];
float totalPerdiem[Crews];
float totalWorkload[Crews];
// information about arcs
tuple arc {

key int fromnode;

key int tonode;

string arcType;

int pairNum;

int DepDay;

int arrivalday;

float blockTime;

float flighDutyPeriod;

float restTime;

float sitTime;

float perdiem;

float workload;

5
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string zone;
string station;
int NumRequiredCrew; // arc lower capacity
int UpperCapacity;
}
{arc} Arcs = ...;
tuple Roster
{
int CrewNumber;
int CrewRosterNum;
float Workload;
float Perdiom;
int RosterPatterns[Pairs];
}
{Roster} CrewRosters = ...;
{int} Days = {a.DepDay | a in Arcs};
{int} Nodes = {a.fromnode | a in Arcs} union {a.tonode|a in Arcs};
dvar int Flow[Arcs][Crews][RosterCrew] in 0..1;
minimize sum(a in Arcs,c in Crews,r in RosterCrew )Flow([a][c][r] ;

subject to {

//Flow conservation constraint

forall (i in Nodes, ¢ in Crews,r in RosterCrew)
ctNodeFlowConservation:
sum (<i,j,at,pn,ldayij,adayij, bt,fdp,rt,st,pd,wl,z,s,l,u> in Arcs)Flow[<i,j>][c][r]
- sum (<k,i,at2,pn2, ldayki, adayki, bt2,fdp2,rt2,st2,pd2,wl2,72,s2,12,u2>in Arcs)Flow[<k,i>][c][r] == 0;
forall (a in Arcs,r in RosterCrew)
ctNumCrewReq: a.NumRequiredCrew <= sum(c in Crews) Flow[a][c][r]<= a.UpperCapacity;
// each crew can flow once in each arc
forall (a in Arcs,c in Crews,r in RosterCrew) ctEachCrewUpReq: 0 <= Flow[a][c][r] <= 1;
// each crew must flow once in start arc
forall (a in Arcs,c in Crews,r in RosterCrew: a.arcType == "cyclic") ctEachCrewReq: Flow[a][c][r] == 1;
forall (r in RosterCrew,c in Crews ,d in Days : d-6>=1)

ctHourDaily: sum (a in Arcs, i in d-7..d: a.DepDay == i ) a.block Time*Flow[a][c][r] <= 2040;
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