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8.1 JAVA i CPLEX API J7¥k:

ESEME MR8 CPLEX 2T %4 . I Ja, 1E eclipse Hfrid—
A java T H, A#di I H, build path, add libraries. #R 5% #¢ user library, K|
FFoh B V& CPLEX &, #4k4E 5 user libraries j % cplex FEGRINEA . %%
SNANE jar, 3EHF cplex 2228 H ) lib 32, K cplex.jar ¥ inik 2 EiwT,
XANTH e T cplex I
8.2 fRAg
82.1 [l —. fn) il —ACAY
/157 LA
class Data{

int flightNum;

int parkNum;

List<Flight> flightList;

List<Deport> deportList;

List<Passenger> passengerlList;

int[][] isTypeMatching;

int[][] isConflict;

int[J[I[1[1[] tranTime =
{{{{{15,0},{20,1}},{{20,1},{15,0}}},{{{35,0},{40,1}},{{40,1},{35,0}}}},{{{{35,0},{40,1}},{{46,1},{45
»2}1},{{{20,0},{30,1}},{{30,1},{20,0}}}}};;}
/7 i3
class Flight{

String name;

int startTime;

int endTime;

int arriveType;

int leaveType;

char planeType;
}
/ /% SEHLH
class Deport{

String name;

char location;

String area;

int arriveType;

int leaveType;

char planeType;
}
/17 L TEAF B
class Passenger{

int passengerNum;

int arriveFlight;
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int leaveFlight;

}

public class AGAPSchedule2 {

Data data;

IloCplex model;

public IloNumVar[][] xVar;

public IloNumVar[] yVar;

/ /7€ X ZDatafx %
//5E Xcplex Nl IEIx] 4
J/x[11[3 1MLk LI

public IloNumVar[] flightLocationil;

public IloNumVar[] flightLocation2;

double cost;

//H¥#Eobject

public AGAPSchedule2(Data data) {

this.data = data;

public void build_model() throws IloException{

//model

model = new IloCplex();

//variables

xVar

yvar

flightLocationl

flightLocation2

= new IloNumVar[data.flightNum][data.parkNum];

= new IloNumVar[data.parkNum];

new IloNumVar[data.flightNum];

new IloNumVar[data.flightNum];

/ /7€ AR RS RMEL{E 5 [

for(int i = @; i < data.flightNum; i++){

}

for(int j

0; j <

xvar[i][]] =

data.parkNum; j++){

"o

model.numVar(®, 1, IloNumVarType.Int, "xVar"+i+","+j);

for(int i = @; i < data.parkNum; i++){

model.numVar(®, 1, IloNumVarType.Int, "yVar'+i);

for(int i = @; i < data.flightNum; i++){

= model.numVar(@, 1, IloNumVarType.Int, "flightALocationl"+i);

for(int i = @; i < data.flightNum; i++){

yvar[i] =
}

flightLocation1[i]
}

flightLocation2[i]
}
/1A H b

= model.numVar(@, 1, IloNumVarType.Int, "flightALocation2"+i);

IloNumExpr objl = model.numExpr();

for(int i = @; i < data.flightNum; i++){

for(int j

0; j <

data.parkNum; j++){
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objl = model.sum(objl, xVar[i][j]);

¥
IloNumExpr obj2 = model.numExpr();
for(int i = @; i < data.parkNum; i++){

obj2 = model.sum(obj2, yvar[i]);

J/einnnn. FAELRAL HAR . oo a

//model.addMaximize(model.sum(objl, model.prod(-0.01, obj2)));

IloNumExpr ob3j3 = model.numExpr();
for(int i = @; i < data.passengerList.size(); i++){
Passenger p = data.passengerList.get(i);
int pArrive = p.arriveFlight;
int pLeave = p.leaveFlight;
I1oNumExpr exp= model.numExpr();
exp = model.sum(exp,model.prod(model.prod(flightLocationl[pArrive],
flightLocationl[pLeave]),data.tranTime[1-data.flightList.get(pArrive).arriveType][1-
data.flightList.get(pLeave).leaveType][@][0][@]));
exp = model.sum(exp,model.prod(model.prod(flightLocationl[pArrive],
flightLocation2[pLeave]),data.tranTime[1-data.flightList.get(pArrive).arriveType][1-
data.flightList.get(pLeave).leaveType][0][1][@]));
exp = model.sum(exp,model.prod(model.prod(flightLocation2[pArrive],
flightlLocationl[pLeave]),data.tranTime[1-data.flightList.get(pArrive).arriveType][1-
data.flightList.get(pLeave).leaveType][1][0][@]));
exp = model.sum(exp,model.prod(model.prod(flightLocation2[pArrive],
flightlLocation2[pLeave]),data.tranTime[1-data.flightList.get(pArrive).arriveType][1-
data.flightList.get(pLeave).leaveType][1][1][@]));

obj3 = model.sum(obj3, model.prod(exp, p.passengerNum));

model.addMinimize (model.sum(model.sum(obj3, model.prod(0.01, obj2)),model.prod(100000,
model.diff(256, obj1))));

/7295 JE IR
for(int i = @; i < data.flightNum; i++){
for(int j = @; j < data.parkNum; j++){
if(data.isTypeMatching[i][]j] == @)
model.addEq(xVar[i][j], @);

}
/12K 2. FARIER Rk N EHLa
for(int i = @; i < data.flightNum; i++){

IloNumExpr expl = model.numExpr();
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for(int j = @; j < data.parkNum; j++){
expl = model.sum(expl, xVar[i][j]);
}
model.addLe(expl, 1);
}
/72933 (B R [R] /N T-45 5 b
for(int i = @; i < data.flightNum; i++){
for(int j = @; j < data.flightNum; j++){
if(i == j)
continue;
for(int k = @; k < data.parkNum; k++){
if(data.isTypeMatching[i][k] == 1 && data.isTypeMatching[j][k] == 1 &&
data.isConflict[i][]] == 1)

model.addLe(model.sum(xVar[i][k], xVar[j][k]), 1);

}
/7484 RBRE PRI Ed H
for(int i = @; i < data.flightNum; i++){
for(int j = @; j < data.parkNum; j++){
model.addLe(xVar[i][j], yVar[jl);

}
/2R ALSRAEEASIEIA A B UL AC S B
for(int i = @; i < data.flightNum; i++){
IloNumExpr exp2 = model.numExpr();
IloNumExpr exp3 = model.numExpr();
for(int j = 0; j < 28; j++){
exp2 = model.sum(exp2, xVar[i][j]);
}
for(int j = 28; j < data.parkNum; j++){
exp3 = model.sum(exp3, xVar[i][j]);
¥
model.addEq(flightLocation1[i], exp2);

model.addEq(flightLocation2[i], exp3);

¥
public static void process_AGAPSchedule(Data data) throws FileNotFoundException{
String line = null;
String[] substr = null;
Scanner cin = new Scanner(new BufferedReader(new
FileReader("D://data//AGAP//flight.csv"))); //1HUCIF
line = cin.nextLine();/ /il —17

/1 WIS E
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data.flightNum = 303;
data.parkNum = 69;
data.deportList = new ArrayList<Deport>();
data.flightList = new ArrayList<Flight>();
data.passengerList = new ArrayList<Passenger>();
data.isTypeMatching = new int[data.flightNum][data.parkNum];
data.isConflict = new int[data.flightNum][data.flightNum];
while(cin.hasNextLine()){
line = cin.nextLine();
substr = line.split((","));
Flight flight = new Flight();
flight.name = substr[e];
if(substr[1].charAt(@) == "-"){
String number = substr[1].substring(1);
flight.startTime = -1 * Integer.parseInt(number);
}
else
flight.startTime = Integer.parseInt(substr[1]);
flight.arriveType = Integer.parseInt(substr[3]);
flight.endTime = Integer.parseInt(substr[5]);
flight.leaveType = Integer.parseInt(substr[7]);
flight.planeType = substr[10].charAt(0);
data.flightlList.add(flight);
}
cin.close();// M
cin = new Scanner(new BufferedReader(new FileReader("D://data//AGAP//InputData.csv")));
cin.nextLine();
while(cin.hasNextLine()){
line = cin.nextLine();
substr = line.split((","));
Deport deport = new Deport();
deport.name = substr[e];
deport.location = substr[1].charAt(e);
deport.area = substr[2];
deport.arriveType = Integer.parseInt(substr[3]);
deport.leaveType = Integer.parseInt(substr[4]);
deport.planeType = substr[5].charAt(9);
data.deportList.add(deport);

}

cin.close();

cin = new Scanner(new BufferedReader(new FileReader("D://data//AGAP//passenger.csv")));

cin.nextLine();

while(cin.hasNextLine()){
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line = cin.nextLine();
substr = line.split((","));
Passenger passenger = new Passenger();
passenger.passengerNum = Integer.parseInt(substr[0]);
passenger.arriveFlight = Integer.parseInt(substr[1]);
passenger.leaveFlight = Integer.parseInt(substr[2]);
data.passengerList.add(passenger);
¥
cin.close();
for(int i = @; i < data.flightList.size(); i++){
for(int j = @; j < data.deportList.size(); j++){
if((data.flightList.get(i).arriveType == data.deportList.get(j).arriveType ||
data.deportList.get(j).arriveType == 2) &&
(data.flightList.get(i).leaveType ==
data.deportList.get(j).leaveType || data.deportList.get(j).leaveType == 2) &&
data.flightList.get(i).planeType ==
data.deportList.get(j).planeType)

data.isTypeMatching[i][j] = 1;

}
for(int i = @; i < data.flightList.size(); i++){
for(int j = @; j < data.flightList.size(); j++){
(i == J)

continue;

Flight flightl = data.flightlList.get(i);

Flight flight2 = data.flightlList.get(j);

data.isConflict[i][]j] = 1;

if(flightl.endTime + 45 <= flight2.startTime)
data.isConflict[i][j] = ©;

if(flightl.startTime - 45 >= flight2.endTime)

data.isConflict[i][j] = ©;

}

public static void main(String[] args) throws Exception {
Data data = new Data();
process_AGAPSchedule(data);
System.out.println("input succesfully");
System.out.println("cplex procedurett#itiHHHHHHEHEH") 5
AGAPSchedule2 cplex = new AGAPSchedule2(data);
cplex.build_model();
double cplex_timel = System.nanoTime();
cplex.solve();

double cplex_time2 = System.nanoTime();
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double cplex_time = (cplex_time2 - cplex_timel) / 1e9;//=Rf#if[al, Hfis

System.out.println("cplex_time " + cplex_time + " bestcost " + cplex.cost);

}
}
822 Al =. HHEAEAL A
/7158 UK

class Data{

int flightNum;

int parkNum;

List<Flight> flightList;

List<Deport> deportList;

List<Passenger> passengerList;

int[][] isTypeMatching;

int[][] isConflict;

int[J[][]1[] tranTime =
{{{{15,28},{28,15}},{{35,48},{48,35}}},{{{35,48},{48,61}},{{20,38},{38,20}}}};;

int[][] tranbTimeArea =
{{1e,15, 20, 25,20, 25,25},{15,10,15,20,15,20,20},{20,15, 10, 25,20, 25,25}, {25, 20, 25,10, 15,20, 20},{20,15,
20,15,10,15,15},

{25,20,25,20,15,10,20},{25,20,25,20,15,20,10}};
int[J[J[]1[] tranTimeSum;

int[][] isAreaMatching;

public void build_model() throws IloException{
//model
model = new IloCplex();
//variables
xVar = new IloNumVar[data.flightNum][data.parkNum];
yVar = new IloNumVar[data.parkNum];
flightArea = new IloNumVar[7][data.flightNum];
flightAreaPassenger = new IloNumVar[data.passengerList.size()][7]1[7];
/ /7€ X BT AU E
for(int i = @; i < data.flightNum; i++){
for(int j = @; j < data.parkNum; j++){

xVar[i][j] = model.numVar(@, 1, IloNumVarType.Int, "xVar"+i+","+j);

}
for(int i = @; i < data.parkNum; i++){
yvar[i] = model.numVar(®, 1, IloNumVarType.Int, "yVar"+i);
}
for(int i = @; 1 < 7; i++){
for(int j = @0; j < data.flightNum; j++){

flightArea[i][j] = model.numVar(®, 1, IloNumVarType.Int, "flightArea"+i+","+j);
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}
for(int p = @; p < data.passengerList.size(); p++){
for(int i = 0; i < 7; i++){
for(int j = 0; j < 7; j++){
flightAreaPassenger[p][i][j] = model.numvar(®, 1, IloNumVarType.Int,
"flightAreaPassenger"+p+","+i+","+j);

}

}
/1A H
IloNumExpr objl = model.numExpr();

for(int i = @; i < data.flightNum; i++){

for(int j = @; j < data.parkNum; j++){

objl = model.sum(objl, xVar[i][j]);

}
IloNumExpr obj2 = model.numExpr();
for(int i = @; i < data.parkNum; i++){

obj2 = model.sum(obj2, yVar[i]);

}
//model.addMaximize(model.sum(objl, model.prod(-0.01, obj2)));

IloNumExpr tranTimeDegreeSum = model.numExpr();

for(int i = @; i < data.passengerList.size(); i++){

Passenger p = data.passengerList.get(i);
int pArrive = p.arriveFlight;
int pLeave = p.leaveFlight;
IloNumExpr exp= model.numExpr();
IloNumExpr expSum= model.numExpr();
for(int m = @; m < 7; m++){
for(int n = @; n < 7; n++){
if(data.isAreaMatching[pArrive][m] == 1 && data.isAreaMatching[plLeave][n]
== 1){
expSum = model.sum(expSum, model.prod(flightAreaPassenger[i][m][n],
data.tranTimeSum[1-data.flightList.get(pArrive).arriveType][1-
data.flightList.get(pLeave).leaveType][m][n]));
}

¥
tranTimeDegreeSum = model.sum(tranTimeDegreeSum, model.prod(model.prod(model.sum(exp,
expSum), 1.0 / p.connectTime), p.passengerNum));

}

model.addMinimize (model.sum(model.sum(model.prod(10,tranTimeDegreeSum), model.prod(0.01,
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obj2)),model.prod (100000, model.diff (256, objl))));

/72 JR VL
for(int i = @; i < data.flightNum; i++){
for(int j = @; j < data.parkNum; j++){
if(data.isTypeMatching[i][j] == @)

model.addEq(xVvar[i][]j], 9);

}

/142 BAMIER Bk BN EHLA

for(int i = @; i < data.flightNum; i++){
IloNumExpr expl = model.numExpr();
for(int j = @; j < data.parkNum; j++){

expl = model.sum(expl, xVar[i][j]);

¥
model.addLe(expl, 1);
}
/2R3 IR [N 45 73
for(int i = @; i < data.flightNum; i++){
for(int j = @; j < data.flightNum; j++){
(i == J)
continue;
for(int k = @; k < data.parkNum; k++){
if(data.isTypeMatching[i][k] == 1 && data.isTypeMatching[j][k] == 1 &&
data.isConflict[i][j] == 1)

model.addLe(model.sum(xVar[i][k], xVar[j][k]), 1);

}

/744 BRI Ed H

for(int i = @; i < data.flightNum; i++){
for(int j = @; j < data.parkNum; j++){

model.addLe(xVar[i][j], yVar[jl);

}

/125 TR X IR UL AL 5

for(int i = @; i < data.flightNum; i++){
IloNumExpr expl = model.numExpr();
IloNumExpr exp2 = model.numExpr();
IloNumExpr exp3 = model.numExpr();
IloNumExpr exp4 = model.numExpr();
IloNumExpr exp5 = model.numExpr();
IloNumExpr exp6 = model.numExpr();

IloNumExpr exp7 = model.numExpr();
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for(int j = 0; j < 9; j++){

expl = model.sum(expl, xVar[i][i1);
¥
for(int j = 9; j < 19; j++){

exp2 = model.sum(exp2, xVar[i][i1);
¥
for(int j = 19; j < 28; j++){

exp3 = model.sum(exp3, xVar[i][i1);
¥
for(int j = 28; j < 38; j++){

exp4 = model.sum(exp4, xVar[i][i]);
}
for(int j = 38; j < 48; j++){

exp5 = model.sum(exp5, xVar[i][j]);
¥
for(int j = 48; j < 58; j++){

exp6 = model.sum(exp6, xVar[i][j]);
¥
for(int j = 58; j < data.parkNum; j++){

exp7 = model.sum(exp7, xVar[i][j]);

model.addEq(flightArea[@][i], expl);

model.addEq(flightArea[1][i], exp2);

model.addEq(flightArea[2][i], exp3);

model.addEq(flightArea[3][i], exp4);

model.addEq(flightArea[4][i], exp5);

model.addEq(flightArea[5][i], exp6);

model.addEq(flightArea[6][i], exp7);
}
/12IR6: T RE REAN IR 1) e 5[]
for(int p = @; p < data.passengerList.size(); p++){

Passenger passenger = data.passengerList.get(p);

int pArrive = passenger.arriveFlight;

int pLeave = passenger.leaveFlight;

for(int i = 0; i < 7; i++){

for(int j = 0; j < 7; j++){
if(data.isAreaMatching[pArrive][i] == 1 && data.isAreaMatching[pLeave][j]
== 1){
model.addLe(model.diff(model.sum(flightArea[i][pArrive],
flightArea[j][pLeave]),flightAreaPassenger[p][i][]j]), 1);
}
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}
823 A= ZEIHREVEIIEL )
public int[] search(int[] solution){
YIATRENIE S5
int[] bestSolution = new int[data.flightNum];
for(int i = @; i < data.flightNum; i++){
bestSolution[i] = solution[i];
}
double bestCost = evaluation(solution);
int iteration = 0;
int[][] tabuList = new int[data.flightNum][data.parkNum];
List<List<Integer>> departList = new ArraylList<List<Integer>>();
for(int i = @; i < data.parkNum; i++){
List<Integer> list = new ArrayList<Integer>();
departList.add(list);
}
for(int i = @; i < data.flightNum; i++){
if(solution[i] >= @)
departList.get(solution[i]).add(i);
}
double cost = bestCost;
while(iteration < 100){
WEE k- I=FN
for(int i = @; i < data.flightNum; i++){
for(int j = @; j < data.parkNum; j++){
if(tabuList[i][]] > @)

tabulList[i][j] = tabuList[i][j] - 1;

¥
| RSN
int exchangeA = 0;
int exchangeB = 0;
int exchangePark = 0;
boolean isinnerExchange = false;
double minCostChange = 1000000000;
Random random = new Random();
for(int i = @; i < data.flightNum; i++){
if(solution[i] < @){
for(int j = @; j < data.parkNum; j++){
if(data.isTypeMatching[i][]j] == @)
continue;
for(int p = @; p < departList.get(j).size(); p++){
int q = departList.get(j).get(p);

solution[q] = -1;
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solution[i] = j;

double costChange = evaluation(solution);

if(costChange - cost < minCostChange){
if((tabuList[i][j] > @) && costChange > bestCost)
continue;
exchangeA = i;
exchangeB = q;
exchangePark = j;

minCostChange = costChange - cost;

X
solution[q] = 3j;
solution[i] = -1;
}
X
}
¥
/1B R A HRAR

for(int i = @; i < data.flightNum; i++){
if(solution[i] >= @){
for(int j = @; j < data.parkNum; j++){
if( solution[i] == j)
continue;
if(data.isTypeMatching[i][j] == @)
continue;
for(int p = @; p < departList.get(j).size(); p++){
int q = departList.get(j).get(p);
if(data.isTypeMatching[q][solution[i]] == 0 )
continue;
solution[q] = solution[i];
solution[i] = j;
double costChange = evaluation(solution);
if(costChange - cost < minCostChange){
if((tabuList[i][j] > @) && costChange > bestCost)
continue;
exchangeA = i;
exchangeB = q;
isinnerExchange = true;

minCostChange = costChange - cost;

¥
solution[i] = solution[q];
solution[q] = j;
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}

¥

if(is

¥

else{

¥

cost

innerExchange){
for(int i = @;i < departList.get(solution[exchangeA]).size();i++){
if(departList.get(solution[exchangeA]).get(i) == exchangeA)
departList.get(solution[exchangeA]).remove(i);
}
departList.get(solution[exchangeA]).add(exchangeB);
for(int i = @;i < departList.get(solution[exchangeB]).size();i++){
if(departList.get(solution[exchangeB]).get(i) == exchangeB)
departList.get(solution[exchangeB]).remove(i);
}
departList.get(solution[exchangeB]).add(exchangeA);
int index = solution[exchangeA];
solution[exchangeA] = solution[exchangeB];

solution[exchangeB] = index;

solution[exchangeB] -1;
solution[exchangeA] = exchangePark;
for(int i = 0;i < departList.get(exchangePark).size();i++){
if(departList.get(exchangePark).get(i) == exchangeB)
departList.get(exchangePark).remove(i);

}
departList.get(exchangePark).add(exchangeA);

= cost + minCostChange;

tabulList[exchangeA][exchangePark] = random.nextInt(10)+10;

//tabulList[exchangeB][exchangePark] = 5;
A (s

if(cost < bestCost){

cost

for(int i = @; i < data.flightNum; i++){
bestSolution[i] = solution[i];

}

bestCost = cost;

= evaluation(solution);

System.out.println(cost);

iteration++;

return bestSolution;
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