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1 KNIHOVNA OPERACNIHO VYZKUMU

1.1 Uvod

Knihovna opera¢niho vyzkumu (dale jen knihovna), realizovéna v programovém prostie-
di C++, implementuje vybrané problémy operacniho vyzkumu (dale jen problémy). Na-
vrh a nasledna realizace knihovny vychazi z pozadavki, které jsou na knihovnu kladeny.
Jednotlivé problémy jsou zpracovany ve form¢ hodnotovych (i¢elovych) funkci tak, aby

mohly byt v budoucnu podrobeny testim pomoci riznych algoritmil.

1.2 Obsah knihovny

V této Casti je uveden prehled soubord knihovny. Cela knihovna se nachazi v prostoru

4

jmen operational_research. Podrobnéjsi informace jsou uvedeny v programové doku-
mentaci knihovny.
1.2.1 Hlavi¢kové soubory (C++ Header files)

Piehled hlavi¢kovych souborti knihovny véetné odpovidajiciho popisu je uveden v tabul-

ce (Tab. 1).

Tab. 1. Hlavickové soubory knihovny

Hlavi¢kovy soubor Popis

KnapsackProblem.h hlavickovy soubor problému batohu

) ) hlavickovy soubor problému napliovani
BinPackingProblem.h
zéasobniku

) ) hlavickovy soubor linearniho ptifazova-
LinearAssignmentProblem.h
ciho problému

) ) hlavi¢kovy soubor kvadratického pfifa-
QuadraticAssignmentProblem.h
zovaciho problému

) hlavickovy soubor problému rozvrho-
FlowShopSchedulingProblem.h
vani proudové vyroby

) hlavickovy soubor problému obchodni-
TravellingSalesmanProblem.h '
ho cestujiciho

] ] ] hlavi¢kovy soubor kapacitniho rozvoz-
CapacitatedVehicleRoutingProblem.h
niho problému

CoordinatesHelper.h hlavi¢kovy soubor pomocné tiidy pro




soufadnice

hlavickovy soubor pomocné tiidy pro
ScheduleHelper.h '
praci s planem problému

hlavickovy soubor pomocné ttidy pro
RandomHelper.h
generovani pseudonahodnych hodnot

IData.h hlavickovy soubor rozhrani IData

1.2.2 Zdrojové soubory (C++ Source files)

Ptehled zdrojovych souborii knihovny véetné odpovidajiciho popisu je uveden v tabulce

(Tab. 2).

Tab. 2. Zdrojové soubory knihovny

Zdrojovy soubor Popis

KnapsackProblem.cpp implementace problému batohu

) ) implementace problému napliovani
BinPackingProblem.cpp
zéasobniku

) ) implementace linearniho pfifazovaciho
LinearAssignmentProblem.cpp
problému

_ ] implementace kvadratického pfifazova-
QuadraticAssignmentProblem.cpp
ciho problému

) implementace problému rozvrhovani
FlowShopSchedulingProblem.cpp
proudové vyroby

_ implementace problému obchodniho
TravellingSalesmanProblem.cpp .
cestujiciho

] ] ] implementace kapacitniho rozvozniho
CapacitatedVehicleRoutingProblem.cpp
problému

) implementace pomocné tfidy pro sou-
CoordinatesHelper.cpp ‘
fadnice

implementace pomocné tfidy pro praci s
ScheduleHelper.cpp
planem problému

implementace pomocné tfidy pro gene-
RandomHelper.cpp

rovani pseudonahodnych hodnot




2 POUZITIi PROBLEMU KNIHOVNY OPERACNIHO VYZKUMU

V této casti je uveden zpusob pouziti jednotlivych problémti implementovanych v
knihovn¢. Kromé struéné charakteristiky jednotlivych metod problému je u kazdého pro-

blému uvedena také funkéni ukéazka.

2.1 Problém batohu

Pro vyuziti problému batohu je tieba piidat do projektu hlavickovy soubor KnapsackPro-
blem.h a zdrojovy soubor KnapsackProblem.cpp. Podrobné informace o tfidé Knapsac-

kProblem jsou dostupné v programové dokumentaci knihovny.
V nasledujicim popisu budou uvazovany promeénné
datasetFilename nazev souboru pro import/export dat problému

scheduleFilename nazev souboru pro import/export planu problému

resultFilename nazev souboru pro export vystupu problému
objects pocet objektl

capacity kapacita batohu

minWeight minimalni hmotnost predmétu
maxWeight maximalni hmotnost predmétu
minProfit minimalni cena predmétu
maxProfit maximalni cena pfedmétu
integerValues typ generovanych dat

weights hmotnosti predméth

profits ceny piredméth

schedule plél’l problému

Vytvoreni instance tiidy KnapsackProblem je mozné pomoci konstruktoru, ktery je do-

stupny ve 3 variantach.

// constructors

KnapsackProblem kp (objects, weights, profits, capacity);,
KnapsackProblem kp (objects, capacity, minWeight, maxWeight, min-
Profit, maxProfit, integerValues);

KnapsackProblem kp (datasetFilename) ;



Prvni varianta konstruktoru zajistuje volani metody KnapsackProblem::setData, druha
varianta konstruktoru zajistuje volani metody KnapsackProblem::generateData, tfeti

varianta konstruktoru zajist'uje volani metody KnapsackProblem::readDataFromFile.

Pro nastaveni dat problému je dostupna metoda KnapsackProblem::setData.

// set data
kp.setData (objects, weights, profits, capacity);

Pro generovani dat problému je dostupna metoda KnapsackProblem::generateData.

// generate data
kp.generateData (objects, capacity, minWeight, maxWeight, minPro-
fit, maxProfit, integerValues);

Pro import/export dat problému ze/do souboru jsou dostupné metody KnapsackPro-
blem::readDataFromFile a KnapsackProblem::writeDataToFile.

// read data from file
kp.readDataFromFile (datasetFilename) ;

// write data to file
kp.writeDataToFile (datasetFilename) ;

Pro zobrazeni dat problému do konzole je dostupna metoda KnapsackPro-
blem::showData.

// show data
kp.showData () ;

Pro stanoveni hodnoty ucelové funkce problému batohu slouzi metoda KnapsackPro-

blem::evaluateKP, ktera je dostupna ve 2 variantach.

// evaluate knapsack problem (KP)
std::cout << "KP cost function value: " << kp.evaluateKP (schedule)
<< std::endl;

// evaluate knapsack problem (KP) to file
std::cout << "KP cost function value: " << kp.evaluateKP (schedule,
resultFilename) << std::endl;

Prvni varianta metody slouzi pro stanoveni hodnoty tcelové funkce pro dany plan, druha
varianta je obdoba prvni varianty, kterd navic zajisti uloZeni vystupu (plan + odpovidajici

hodnota tcelové funkce) do souboru.

2.1.1 Ukazka pouziti

1 // knapsack problem header
2 #include "KnapsackProblem.h"



3

4 // schedule helper header

5 #include "ScheduleHelper.h"

6

7 // whole operational research library 1is in namespace operatio-
8 nal research

9 using namespace operational research;

10

11 int main(int argc, char **argv)

12 {

13 // set precision

14 std::cout.precision(std::numeric limits< double >::digitsl0 +
15 2);

16

17 /*********************** KNAPSACK PROBLEM
18 *********************************/

19 // dataset filename

20 std::string datasetFilename = "dataset.txt";
21

22 // schedule filename

23 std::string scheduleFilename = "schedule.txt";
24

25 // result filename

26 std::string resultFilename = "result.txt";
27

28 // number of objects

29 unsigned int objects = 5;

30

31 // knapsack capacity

32 double capacity = 10;

33

34 // minimal and maximal weight of object

35 double minWeight = 1, maxWeight = 5;

36

37 // minimal and maximal profit of object

38 double minProfit = 1, maxProfit = 20;

39

40 // generate integer values?

41 bool integerValues = true;

42

43 // weights of objects

44 std: :vector<double> weights = {1,4,2,3,5};
45

46 // profits of objects

47 std: :vector<double> profits = {3,4,7,1,2};
48

49 // schedule

50 std: :vector<unsigned int> schedule = {1,2};
51

52 try {

53

54 ScheduleHelper scheduleHelper;

55 schedule = scheduleHel-

56 per.generateSelectionSchedule (objects) ;

57 // schedule = scheduleHel-

58 per.readScheduleFromFile (scheduleFilename) ;
59 // scheduleHelper.writeScheduleToFile (schedule, schedule-



60 Filename) ;

61l

62 // constructors

63 // KnapsackProblem kp (objects, weights, profits, capaci-
64 ty);

65 KnapsackProblem kp (objects, capacity, minWeight, ma-
66 xWeight, minProfit, maxProfit, integerValues);

67 // KnapsackProblem kp (datasetFilename) ;

68

69 // set data

70 // kp.setData (objects, weights, profits, capacity);;
71

72 // generate data

73 // kp.generateData (objects, capacity, minWeight, ma-
74 xWeight, minProfit, maxProfit, integerValues),

75

76 // read data from file

77 // kp.readDataFromFile (datasetFilename) ;

78

79 // write data to file

80 // kp.writeDataToFile (datasetFilename) ;

81

82 // show data

83 kp.showData () ;

84

85 // evaluate knapsack problem (KP)

std::cout << "KP cost function value: " <<
kp.evaluateKP (schedule) << std::endl;

// evaluate knapsack problem (KP) to file
// std::cout << "KP cost function value: " <<
kp.evaluateKP (schedule, resultFilename) << std::endl;

} catch (std::exceptioné& e) {
std::cout << e.what();

2.2 Problém napliiovani zasobniku

Pro vyuziti problému napliiovani zasobniku je tfeba piidat do projektu hlavickovy soubor
BinPackingProblem.h a zdrojovy soubor BinPackingProblem.cpp. Podrobné informace o

tiidé BinPackingProblem jsou dostupné v programové dokumentaci knihovny.
V nasledujicim popisu budou uvazovany proménné
datasetFilename  nazev souboru pro import/export dat problému
scheduleFilename nazev souboru pro import/export planu problému
resultFilename nazev souboru pro export vystupu problému

objects pocet objektl



capacity kapacita batohu

minWeight minimalni hmotnost predmétu
maxWeight maximalni hmotnost pfedmétu
integervValues typ generovanych dat
weights hmotnosti predméth
schedule plan problému

Vytvoreni instance tfidy BinPackingProblem je mozné pomoci konstruktoru, ktery je

dostupny ve 3 variantach.

// constructors

BinPackingProblem bpp (objects, weights, capacity),
BinPackingProblem bpp (objects, capacity, minWeight, maxWeight, in-
tegerValues) ;

BinPackingProblem bpp (datasetFilename) ;

Prvni varianta konstruktoru zajist'uje volani metody BinPackingProblem::setData, druha
varianta konstruktoru zajistuje volani metody BinPackingProblem::generateData, tieti

varianta konstruktoru zajist'uje volani metody BinPackingProblem::readDataFromFile.

Pro nastaveni dat problému je dostupna metoda BinPackingProblem::setData.

// set data
bpp.setData (objects, weights, capacity),

Pro generovani dat problému je dostupna metoda BinPackingProblem::generateData.

// generate data
bpp.generateData (objects, capacity, minWeight, maxWeight, integer-
Values) ;

Pro import/export dat problému ze/do souboru jsou dostupné metody BinPackingPro-
blem::readDataFromFile a BinPackingProblem::writeDataToFile.

// read data from file
bpp.readDataFromFile (datasetFilename) ;

// write data to file
bpp.writeDataToFile (datasetFilename) ;

Pro =zobrazeni dat problému do konzole je dostupna metoda BinPackingPro-

blem::showData.

// show data
bpp.showData () ;



Pro stanoveni hodnoty tGcéelové funkce problému batohu slouzi metoda BinPackingPro-

blem::evaluateBPP, ktera je dostupna ve 2 variantach.

// evaluate bin packing problem (BPP)
std::cout << "BPP cost function value: " <<
bpp.evaluateBPP (schedule) << std::endl;

// evaluate bin packing problem (BPP) to file
std::cout << "BPP cost function value: " <<
bpp.evaluateBPP (schedule, resultFilename) << std::endl;

Prvni varianta metody slouzi pro stanoveni hodnoty tcelové funkce pro dany plan, druha
varianta je obdoba prvni varianty, kterd navic zajisti ulozeni vystupu (plan + odpovidajici

hodnota ucelové funkce) do souboru.

2.2.1 Ukazka pouziti

1 // bin packing problem header

2 #include "BinPackingProblem.h"

3

4 // schedule helper header

5 #include "ScheduleHelper.h"

6

7 // whole operational research library 1is in namespace operatio-
8 nal research

9 using namespace operational research;

10

11 int main(int argc, char **argv)

12 {

13 // set precision

14 std::cout.precision(std::numeric limits< double >::digitsl0 +
152);

16

17 /*********************** BIN PACKING PROBLEM
18 ******************************/

19 // dataset filename

20 std::string datasetFilename = "dataset.txt";
21

22 // schedule filename

23 std::string scheduleFilename = "schedule.txt";
24

25 // result filename

26 std::string resultFilename = "result.txt";
27

28 // number of objects

29 unsigned int objects = 5;

30

31 // bin capacity

32 double capacity = 10;

33

34 // minimal and maximal weight of object

35 double minWeight = 1, maxWeight = 10;

36



37 // generate integer values?

38 bool integerValues = true;

39

40 // weights of objects

41 std: :vector<double> weights = {1,4,2,3,5};

42

43 // schedule

44 std::vector<unsigned int> schedule = {1,2,3,4,5};
45

46 try {

47

48 // schedule generate/read/write

49 ScheduleHelper scheduleHelper;

50 schedule = scheduleHel-

51 per.generatePermutationSchedule (objects) ;

52 // schedule = scheduleHel-

53 per.readScheduleFromFile (scheduleFilename) ;

54 // scheduleHelper.writeScheduleToFile (schedule, schedule-
55 Filename) ;

56

57 // constructors

58 // BinPackingProblem bpp (objects, weights, capacity);
59 BinPackingProblem bpp (objects, capacity, minWeight,
60 maxWeight, integerValues);

6l // BinPackingProblem bpp (datasetFilename) ;

62

63 // set data

64 // bpp.setData (objects, weights, capacity);

65

66 // generate data

67 // bpp.generateData (objects, capacity, minWeight, ma-
68 xWeight, integerValues);

69

70 // read data from file

71 // bpp.readDataFromFile (datasetFilename) ;

72

73 // write data to file

4 // bpp.writeDataToFile (datasetFilename) ;

75

76 // show data

77 bpp.showData () ;

78

79 // evaluate bin packing problem (BPP)

80 std::cout << "BPP cost function value: " <<

bpp.evaluateBPP (schedule) << std::endl;

// evaluate bin packing problem (BPP) to file
// std::cout << "BPP cost function value: " <<
bpp.evaluateBPP (schedule, resultFilename) << std::endl;,

} catch (std::exception& e) {
std::cout << e.what();



2.3 Linearni prirazovaci problém

Pro vyuziti linearniho ptifazovaciho problému je tieba piidat do projektu hlavickovy sou-
bor LinearAssignmentProblem.h a zdrojovy soubor LinearAssignmentProblem.cpp.
Podrobné informace o tfidé LinearAssignmentProblem jsou dostupné v programové do-

kumentaci knihovny.
V nasledujicim popisu budou uvazovany promeénné
datasetFilename  nazev souboru pro import/export dat problému

scheduleFilename nazev souboru pro import/export planu problému

resultFilename nazev souboru pro export vystupu problému
objects pocet objektl

minCost minimalni cena pfifazeni

maxCost maximalni cena pfifazeni

integerValues typ generovanych dat

costs ceny pfifazeni

schedule plan problému

Vytvofeni instance tfidy LinearAssignmentProblem je mozné pomoci konstruktoru, ktery

je dostupny ve 3 variantach.

// constructors

LinearAssignmentProblem lap (objects, costs);
LinearAssignmentProblem lap (objects, minCost, maxCost, integerVa-
lues) ;

LinearAssignmentProblem lap (datasetFilename) ;

Prvni varianta konstruktoru zajistuje volani metody LinearAssignmentProblem::setData,
druha varianta konstruktoru zajituje volani metody LinearAssignmentPro-
blem::generateData, tfeti varianta konstruktoru zajistuje volani metody LinearAssign-

mentProblem::readDataFromFile.

Pro nastaveni dat problému je dostupna metoda LinearAssignmentProblem::setData.

// set data
lap.setDhata (objects, costs);

Pro generovani dat problému je dostupna metoda LinearAssignmentPro-

blem::generateData.



// generate data
lap.generateData (objects, minCost, maxCost, integerValues);

Pro import/export dat problému ze/do souboru jsou dostupné metody LinearAssignment-

Problem::readDataFromFile a LinearAssignmentProblem::writeDataToFile.

// read data from file
lap.readDataFromFile (datasetFilename) ;

// write data to file
lap.writeDataToFile (datasetFilename) ;

Pro zobrazeni dat problému do konzole je dostupna metoda LinearAssignmentPro-

blem::showData.

// show data
lap.showData () ;

Pro stanoveni hodnoty ucelové funkce linedarniho souc¢tového piitazovaciho problému

slouzi metoda LinearAssignmentProblem::evaluateLSAP, ktera je dostupna ve 2 varian-

tach.

// evaluate linear sum assignment problem (LSAP)
std::cout << "LSAP cost function value: " <<
lap.evaluateLSAP (schedule) << std::endl;

// evaluate linear sum assignment problem (LSAP) to file
std::cout << "LSAP cost function wvalue: " <<
lap.evaluateLSAP (schedule, resultFilename) << std::endl;

Pro stanoveni hodnoty ucelové funkce linedrniho uzkoprofilového ptitfazovaciho problé-

mu slouzi metoda LinearAssignmentProblem::evaluateLBAP, ktera je dostupna ve 2 va-

riantach.

// evaluate linear bottleneck assignment problem (LBAP)
std::cout << "LBAP cost function value: " <<
lap.evaluatelBAP (schedule) << std::endl;

// evaluate linear bottleneck assignment problem (LBAP) to file
std::cout << "LBAP cost function wvalue: " <<
lap.evaluateLBAP (schedule, resultFilename) << std::endl;

Prvni varianty metody slouzi pro stanoveni hodnoty téelové funkce pro dany plan, druhé

varianty jsou obdobou prvni varianty, které navic zajisti ulozeni vystupu (plan + odpovi-

dajici hodnota ti¢elové funkce) do souboru.



2.3.1 Ukazka pouziti

1 // linear assignment problem header

2 #include "LinearAssignmentProblem.h"

3

4 // schedule helper header

5 #include "ScheduleHelper.h"

6

7 // whole operational research library 1is in namespace operatio-
8 nal research

9 using namespace operational research;

10

11 int main(int argc, char **argv)

12 {

13 // set precision

14 std::cout.precision(std::numeric limits< double >::digitsl0 +
152);

16

17 JRXAKKAL A A KA A kKA Ak, * % [TNEAR ASSIGNMENT PROBLEM
18 **************************/

19 // dataset filename

20 std::string datasetFilename = "dataset.txt";
21

22 // schedule filename

23 std::string scheduleFilename = "schedule.txt";
24

25 // result filename

26 std::string resultFilename = "result.txt";

27

28 // number of objects

29 unsigned int objects = 3;

30

31 // minimal and maximal cost

32 double minCost = 1, maxCost = 10;

33

34 // generate integer values?

35 bool integerValues = true;

36

37 // costs

38 std: :vector<std::vector<double> > costs =

39 {{1,3,4},{3,5,2},{4,1,1}};

40

41 // schedule

42 std: :vector<unsigned int> schedule = {1,2,3};
43

44 try {

45

46 ScheduleHelper scheduleHelper;

47 schedule = scheduleHel-

48 per.generatePermutationSchedule (objects) ;

49 // schedule = scheduleHel-

50 per.readScheduleFromFile (scheduleFilename) ;

51 // scheduleHelper.writeScheduleToFile (schedule, schedule-
52 Filename) ;

53

54 // constructors



55 // LinearAssignmentProblem lap (objects, costs);

56 LinearAssignmentProblem lap (objects, minCost, maxCost,
57 integerValues) ;

58 // LinearAssignmentProblem lap (datasetFilename) ;

59

60 // set data

6l // lap.setData (objects, costs);

62

63 // generate data

o4 // lap.generateData (objects, minCost, maxCost, integerVa-
65 lues) ;

66

67 // read data from file

68 // lap.readDataFromFile (datasetFilename) ;

69

70 // write data to file

71 // lap.writeDataToFile (datasetFilename) ;

72

73 // show data

74 lap.showData () ;

75

76 // evaluate linear sum assignment problem (LSAP)

77 std::cout << "LSAP cost function wvalue: " <<

78 lap.evaluateLSAP (schedule) << std::endl;

79

80 // evaluate linear sum assignment problem (LSAP) to
81 file

82 // std::cout << "LSAP cost function value: " <<

lap.evaluateLSAP (schedule, resultFilename) << std::endl;

// evaluate linear bottleneck assignment problem
(LBAP)

std::cout << "LBAP cost function value: " <<
lap.evaluatelLBAP (schedule) << std::endl;

// evaluate linear bottleneck assignment problem
(LBAP) to file
// std::cout << "LBAP cost function value: " <<
lap.evaluateLBAP (schedule, resultFilename) << std::endl;

} catch (std::exceptioné& e) {
std::cout << e.what();

2.4 Kvadraticky prirazovaci problém

Pro vyuziti kvadratického ptifazovaciho problému je tieba ptidat do projektu hlavickovy
soubor QuadraticAssignmentProblem.h a zdrojovy soubor QuadraticAssignmentPro-
blem.cpp. Podrobné informace o tfidé QuadraticAssignmentProblem jsou dostupné v

programové dokumentaci knihovny.

V nasledujicim popisu budou uvazovany proménné



datasetFilename nazev souboru pro import/export dat problému

scheduleFilename nazev souboru pro import/export planu problému

resultFilename nazev souboru pro export vystupu problému
objects pocet objektl

minFlow minimalni tok

maxFlow maximalni tok
minDistance minimalni vzdalenost
maxDistance maximalni vzdalenost
minCost minimalni cena pfifazeni
maxCost maximalni cena piifazeni
integerValues typ generovanych dat
costs ceny piifazeni

schedule plan problému

Vytvoreni instance tiidy QuadraticAssignmentProblem je mozné pomoci konstruktoru,

ktery je dostupny ve 3 variantach.

// constructors

QuadraticAssignmentProblem gap (objects, flows, distances, costs);
QuadraticAssignmentProblem gap (objects, minFlow, maxFlow, min-
Distance, maxDistance, minCost, maxCost, integerValues);
QuadraticAssignmentProblem gap (datasetFilename) ;

Prvni varianta konstruktoru zajistuje volani metody QuadraticAssignmentPro-
blem::setData, druha varianta konstruktoru zajistuje volani metody QuadraticAssign-
mentProblem::generateData, tfeti varianta konstruktoru zajist'uje volani metody Quadra-

ticAssignmentProblem::readDataFromFile.

Pro nastaveni dat problému je dostupna metoda QuadraticAssignmentProblem::setData.

// set data
gap.setbata (objects, flows, distances, costs);

Pro generovani dat problému je dostupnda metoda QuadraticAssignmentPro-
blem::generateData.

// generate data



gap.generateData (objects, minFlow, maxFlow, minDistance, max-
Distance, minCost, maxCost, integerValues),

Pro import/export dat problému ze/do souboru jsou dostupné metody QuadraticAssign-
mentProblem::readDataFromFile a QuadraticAssignmentProblem::writeDataToFile.

// read data from file
gap.readDataFromFile (datasetFilename) ;

// write data to file
gap.writeDataToFile (datasetFilename) ;

Pro zobrazeni dat problému do konzole je dostupna metoda QuadraticAssignmentPro-

blem::showData.

// show data
gap.showData () ;

Pro stanoveni hodnoty ucelové funkce kvadratického ptirazovaciho problému slouzi me-

toda QuadraticAssignmentProblem::evaluateQAP, ktera je dostupna ve 2 variantach.

// evaluate quadratic assignment problem (QAP)
std::cout << "QAP cost function value: " <<
gap.evaluateQAP (schedule) << std::endl;

// evaluate quadratic assignment problem (QAP) to file
std::cout << "QAP cost function value: " <<
gap.evaluateQAP (schedule, resultFilename) << std::endl;

Pro stanoveni hodnoty tcelové funkce kvadratického uzkoprofilového ptitazovaciho pro-
blému slouzi metoda QuadraticAssignmentProblem::evaluateQBAP, ktera je dostupna ve

2 variantach.

// evaluate quadratic bottleneck assignment problem (QBAP)
std::cout << "QBAP cost function value: " <<
gap.evaluateQBAP (schedule) << std::endl;

// evaluate quadratic bottleneck assignment problem (QBAP) to file
std::cout << "QBAP cost function wvalue: " <<
gap.evaluateQBAP (schedule, resultFilename) << std::endl;

Prvni varianty metody slouZzi pro stanoveni hodnoty ucelové funkce pro dany plan, druhé
varianty jsou obdobou prvni varianty, které navic zajisti ulozeni vystupu (plan + odpovi-

dajici hodnota ucelové funkce) do souboru.

2.4.1 Ukazka pouZiti

1 // quadratic assignment problem header
2 #include "QuadraticAssignmentProblem.h"



3

4 // schedule helper header

5 #include "ScheduleHelper.h"

6

7 // whole operational research library 1is in namespace operatio-
8 nal research

9 using namespace operational research;

10

11 int main(int argc, char **argv)

12 {

13 // set precision

14 std::cout.precision(std::numeric limits< double >::digitsl0 +
152);

16

17 JHHEAAA KA KA KA KA A A Ak Ak QUADRATIC ASSIGNMENT PROBLEM
18 ***********************/

19 // dataset filename

20 std::string datasetFilename = "dataset.txt";
21

22 // schedule filename

23 std::string scheduleFilename = "schedule.txt";
24

25 // result filename

26 std::string resultFilename = "result.txt";

27

28 // number of objects

29 unsigned int objects = 3;

30

31 // minimal and maximal flow

32 double minFlow = 1, maxFlow = 10;

33

34 // minimal and maximal distance

35 double minDistance = 1, maxDistance = 10;

36

37 // minimal and maximal cost

38 double minCost = 1, maxCost = 10;

39

40 // generate integer values?

41 bool integerValues = true;

42

43 // flows

44 std::vector<std::vector<double> > flows =

45 {{1,3,4},1{3,5,2},{4,1,1}};

46

47 // distances

48 std::vector<std::vector<double> > distances =
49 {{1,3,4},1{3,5,2},{4,1,1}};

50

51 // costs

52 std::vector<std::vector<double> > costs =

53 {{1,3,4},{3,5,2},{4,1,1}};

54

55 // schedule

56 std: :vector<unsigned int> schedule = {1,2,3};
57

58 try {

59



60 ScheduleHelper scheduleHelper;

6l schedule = scheduleHel-

62 per.generatePermutationSchedule (objects) ;

63 // schedule = scheduleHel-

64 per.readScheduleFromFile (scheduleFilename) ;

65 // scheduleHelper.writeScheduleToFile (schedule, schedule-
66 Filename) ;

67

68 // constructors

69 // QuadraticAssignmentProblem gap (objects, flows, distan-
70 ces, costs);

71 QuadraticAssignmentProblem gap (objects, minFlow,

72 maxFlow, minDistance, maxDistance, minCost, maxCost, integerValues);
3 // QuadraticAssignmentProblem qgap (datasetFilename) ;

74

75 // set data

76 // gap.setbData (objects, flows, distances, costs);

77

78 // generate data

79 // gap.generateData (objects, minFlow, maxFlow, minDistan-
80 ce, maxDistance, minCost, maxCost, integerValues);

81

82 // read data from file

83 // gap.readDataFromFile (datasetFilename) ;

84

85 // write data to file

86 // gap.writeDataToFile (datasetFilename) ;

87

88 // show data

89 gap.showData () ;

90

91 // evaluate quadratic assignment problem (QAP)

92 std::cout << "QAP cost function value: " <<

93 gap.evaluateQAP (schedule) << std::endl;

94

// evaluate quadratic assignment problem (QAP) to file
// std::cout << "QAP cost function value: " <<
gap.evaluateQAP (schedule, resultFilename) << std::endl;

// evaluate quadratic bottleneck assignment problem
(OBAP)

std::cout << "QBAP cost function value: " <<
gap.evaluateQBAP (schedule) << std::endl;

// evaluate quadratic bottleneck assignment problem
(OBAP) to file
// std::cout << "QBAP cost function value: " <<
gap.evaluateQBAP (schedule, resultFilename) << std::endl;

} catch (std::exceptioné& e) {
std::cout << e.what();



2.5 Problém rozvrhovani proudové vyroby

Pro vyuziti problému rozvrhovani proudové vyroby je tieba ptidat do projektu hlavickovy
soubor FlowShopSchedulingProblem.h a zdrojovy soubor FlowShopSchedulingPro-
blem.cpp. Podrobné informace o tfidé FlowShopSchedulingProblem jsou dostupné v pro-

gramové dokumentaci knihovny.
V nasledujicim popisu budou uvazovany promeénné
datasetFilename  nazev souboru pro import/export dat problému

scheduleFilename nazev souboru pro import/export planu problému

resultFilename nazev souboru pro export vystupu problému
jobs pocet uloh
machines pocet stroju

minProcessingTime minimalni doba zpracovani ulohy na stroji
maxProcessingTime maximalni doba zpracovani tlohy na stroji
integerValues typ generovanych dat

processingTimes  doby zpracovani uloh na strojich
schedule plan problému

Vytvoreni instance tiidy FlowShopSchedulingProblem je mozné pomoci konstruktoru,

ktery je dostupny ve 3 variantach.

// constructors

FlowShopSchedulingProblem fssp(jobs, machines, processingTimes) ;
FlowShopSchedulingProblem fssp(jobs, machines, minProcessingTime,
maxProcessingTime, integerValues);

FlowShopSchedulingProblem fssp (datasetFilename) ;

Prvni varianta konstruktoru zajistuje volani metody FlowShopSchedulingPro-
blem::setData, druha varianta konstruktoru zajistuje volani metody FlowShopSchedu-
lingProblem::generateData, tfeti varianta konstruktoru =zajistuje volani metody

FlowShopSchedulingProblem::readDataFromFile.

Pro nastaveni dat problému je dostupna metoda FlowShopSchedulingProblem::setData.

// set data
fssp.setData (jobs, machines, processingTimes) ;



Pro generovani dat problému je dostupnda metoda FlowShopSchedulingPro-
blem::generateData.

// generate data
fssp.generateData (jobs, machines, minProcessingTime, maxProces-
singTime, integerValues);

Pro import/export dat problému ze/do souboru jsou dostupné metody FlowShopSchedu-

lingProblem::readDataFromFile a FlowShopSchedulingProblem::writeDataToFile.

// read data from file
fssp.readDataFromFile (datasetFilename) ;

// write data to file
fssp.writeDataToFile (datasetFilename) ;

Pro zobrazeni dat problému do konzole je dostupna metoda FlowShopSchedulingPro-
blem::showData.

// show data
fssp.showData () ;

Pro stanoveni hodnoty ucelové funkce permuta¢niho problému rozvrhovani proudové
vyroby s neomezenym skladem slouzi metoda FlowShopSchedulingPro-

blem::evaluatePFSSP, ktera je dostupna ve 2 variantach.

// evaluate permutative flow shop scheduling problem (PFSSP)
std::cout << "PFSSP cost function value: " <<
fssp.evaluatePFSSP (schedule) << std::endl;

// evaluate permutative flow shop scheduling problem (PFSSP) to
file

std::cout << "PFSSP cost function value: " <<
fssp.evaluatePFSSP(schedule, resultFilename) << std::endl;

Pro stanoveni hodnoty t¢elové funkce problému rozvrhovani proudové vyroby s omeze-
nym skladem slouzi metoda FlowShopSchedulingProblem::evaluateFSSPB, ktera je do-

stupna ve 2 variantach.

// evaluate flow shop scheduling problem with blocking (FSSPB)
std::cout << "FSSPB cost function value: " <<
fssp.evaluateFSSPB (schedule) << std::endl;

// evaluate flow shop scheduling problem with blocking (FSSPB) to
file

std::cout << "FSSPB cost function value: " <<

fssp.evaluateFSSPB (schedule, resultFilename) << std::endl;



Pro stanoveni hodnoty ucelové funkce problému rozvrhovéani proudové vyroby s nulo-

vym zpozdénim slouzi metoda FlowShopSchedulingProblem::evaluateFSSPNW, ktera je

dostupna ve 2 variantach.

// evaluate flow shop scheduling problem with no-wait (FSSPNW)
std::cout << "FSSPNW cost function value: " <<
fssp.evaluateFSSPNW (schedule) << std::endl;

// evaluate flow shop scheduling problem with no-wait (FSSPNW) to
file

std::cout << "FSSPNW cost function value: " <<
fssp.evaluateFSSPNW (schedule, resultFilename) << std::endl;

Prvni varianty metody slouZzi pro stanoveni hodnoty ucelové funkce pro dany plan, druhé

varianty jsou obdobou prvni varianty, které navic zajisti ulozeni vystupu (plan + odpovi-

dajici hodnota ticelové funkce) do souboru.

2.5.1 Ukazka pouziti

1 // flow shop scheduling problem header
2 #include "FlowShopSchedulingProblem.h"

3

4 // schedule helper header
5 #include "ScheduleHelper.h"

6
5
8

// whole operational research library 1s 1n namespace operatio-
nal research

9 using namespace operational research;

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

int main(int argc, char **argv)

// set precision
std::cout.precision(std::numeric limits< double >::digitsl0 +

JRAAAAA A KA AA A S A A AL A XA FPT,OW SHOP SCHEDULING PROBLEM

************************/

// dataset filename
std::string datasetFilename = "dataset.txt";

// schedule filename
std::string scheduleFilename = "schedule.txt";

// result filename
std::string resultFilename = "result.txt";

// number of jobs
unsigned int jobs = 3;

// number of machines
unsigned int machines = 4;

// minimal and maximal processing time



35 double minProcessingTime = 1, maxProcessingTime = 10;
36

37 // generate integer values?

38 bool integerValues = true;

39

40 // processing times

41 std: :vector<std::vector<double> > processingTimes =

42 {{1,3,4},{3,5,2},{4,2,1},{2,2,3}};

43

44 // schedule

45 std::vector<unsigned int> schedule = {1,2,3};

46

47 try {

48

49 ScheduleHelper scheduleHelper;

50 schedule = scheduleHel-

51 per.generatePermutationSchedule (jobs) ;

52 // schedule = scheduleHel-

53 per.readScheduleFromFile (scheduleFilename) ;

54 // scheduleHelper.writeScheduleToFile (schedule, schedule-
55 Filename) ;

56

57 // constructors

58 // FlowShopSchedulingProblem fssp(jobs, machines, proces-
59 singTimes) ;

60 FlowShopSchedulingProblem fssp(jobs, machines, minPro-
61 cessingTime, maxProcessingTime, integerValues) ;

62 // FlowShopSchedulingProblem fssp (datasetFilename) ;

63

64 // set data

65 // fssp.setData (jobs, machines, processingTimes) ;

66

67 // generate data

68 // fssp.generateData (jobs, machines, minProcessingTime,
69 maxProcessingTime, integerValues) ;

70

71 // read data from file

2 // fssp.readDataFromFile (datasetFilename) ;

73

74 // write data to file

75 // fssp.writeDataToFile (datasetFilename) ;

76

77 // show data

78 fssp.showData () ;

79

80 // evaluate permutative flow shop scheduling problem
81 (PFSSP)

82 std::cout << "PFSSP cost function value: " <<

83 fssp.evaluatePFSSP (schedule) << std::endl;

84

85 // evaluate permutative flow shop scheduling problem
86 (PFSSP) to file

87 // std::cout << "PFSSP cost function value: " <<

88 fssp.evaluatePFSSP(schedule, resultFilename) << std::endl;

89

90 // evaluate flow shop scheduling problem with blocking
91 (FSSPB)



std::cout << "FSSPB cost function value: " <<
fssp.evaluateFSSPB (schedule) << std::endl;

// evaluate flow shop scheduling problem with blocking
(FSSPB) to file
// std::cout << "FSSPB cost function value: " <<
fssp.evaluateFSSPB(schedule, resultFilename) << std::endl;

// evaluate flow shop scheduling problem with no-wait
(FSSPNW)

std::cout << "FSSPNW cost function value: " <<
fssp.evaluateFSSPNW (schedule) << std::endl;

// evaluate flow shop scheduling problem with no-wait
(FSSPNW) to file
// std::cout << "FSSPNW cost function value: " <<

fssp.evaluateFSSPNW (schedule, resultFilename) << std::endl;

} catch (std::exception& e) {
std: :cout << e.what () ;

2.6 Problém obchodniho cestujiciho

Pro vyuziti problému obchodniho cestujiciho je tfeba ptidat do projektu hlavickovy sou-
bor TravellingSalesmanProblem.h a zdrojovy soubor TravellingSalesmanProblem.cpp.
Podrobné informace o tiidé TravellingSalesmanProblem jsou dostupné v programové

dokumentaci knihovny.
V nasledujicim popisu budou uvazovany promeénné
datasetFilename  nazev souboru pro import/export dat problému

scheduleFilename mnazev souboru pro import/export planu problému

resultFilename nazev souboru pro export vystupu problému
cities pocet mest

minCoordinate minimalni soufadnice mésta
maxCoordinate maximalni soufadnice mésta
integerValues typ generovanych dat

coordinates soufadnice mést

schedule plan problému



Vytvofeni instance tfidy TravellingSalesmanProblem je mozné pomoci konstruktoru,
ktery je dostupny ve 3 variantach.

// constructors

TravellingSalesmanProblem tsp(cities, coordinates);
TravellingSalesmanProblem tsp(cities, minCoordinate, maxCoordina-
te, integerValues);

TravellingSalesmanProblem tsp (datasetFilename) ;

Prvni varianta Kkonstruktoru zajiStuje volani metody TravellingSalesmanPro-
blem::setData, druha varianta konstruktoru zajistuje volani metody TravellingSalesman-
Problem::generateData, tfeti varianta konstruktoru zajistuje volani metody Travel-

lingSalesmanProblem::readDataFromFile.

Pro nastaveni dat problému je dostupna metoda TravellingSalesmanProblem::setData.

// set data
tsp.setData(cities, coordinates);

Pro generovani dat problému je dostupna metoda TravellingSalesmanPro-
blem::generateData.

// generate data
tsp.generateData (cities, minCoordinate, maxCoordinate, integerVa-
lues) ;

Pro import/export dat problému ze/do souboru jsou dostupné metody TravellingSalesma-
nProblem::readDataFromFile a TravellingSalesmanProblem::writeDataToFile.

// read data from file
tsp.readDataFromFile (datasetFilename) ;

// write data to file
tsp.writeDataToFile (datasetFilename) ;

Pro zobrazeni dat problému do konzole je dostupna metoda TravellingSalesmanPro-
blem::showData.

// show data
tsp.showData () ;

Pro stanoveni hodnoty ucelové funkce symetrického problému obchodniho cestujiciho
slouzi metoda TravellingSalesmanProblem::evaluateSTSP, ktera je dostupna ve 2 varian-

tach.

// evaluate symmetric travelling salesman problem (STSP)
std::cout << "STSP cost function value: " <<
tsp.evaluateSTSP (schedule) << std::endl;



// evaluate symmetric travelling salesman problem (STSP) to file
std::cout << "STSP cost function value: " <<
tsp.evaluateSTSP(schedule, resultFilename) << std::endl;

Prvni varianta metody slouzi pro stanoveni hodnoty ucelové funkce pro dany plan, druha
varianta je obdobou prvni varianty, ktera navic zajisti ulozeni vystupu (plan + odpovida-

jici hodnota tcelové funkce) do souboru.

2.6.1 Ukazka pouziti

1 // travelling salesman problem header

2 #include "TravellingSalesmanProblem.h"

3

4 // schedule helper header

5 #include "ScheduleHelper.h"

6

7 // whole operational research library 1is in namespace operatio-
8 nal research

9 using namespace operational research;

10

11 int main(int argc, char **argv)

12 {

13 // set precision

14 std::cout.precision(std::numeric limits< double >::digitsl0 +
152);

16

17 JEXAKKAE A A KA A KK A A hkx* % TRAVELLING SALESMAN PROBLEM
18 ************************/

19 // dataset filename

20 std::string datasetFilename = "dataset.txt";

21

22 // schedule filename

23 std::string scheduleFilename = "schedule.txt";

24

25 // result filename

26 std::string resultFilename = "result.txt";

27

28 // number of cities

29 unsigned int cities = 3;

30

31 // minimal and maximal coordinates of cities

32 double minCoordinate = -10, maxCoordinate = 10;

33

34 // generate integer values?

35 bool integerValues = true;

36

37 // coordinates

38 std: :vector<CoordinatesHelper> cooordinates = {Coordinate-

39 sHelper (-5,2), CoordinatesHelper(l,3), CoordinatesHelper(6,9)};
40

41 // schedule
42 std: :vector<unsigned int> schedule = {1,2,3};
43

44 try {



45

46 // schedule generate/read/write
47 ScheduleHelper scheduleHelper;
48 schedule = scheduleHel-
49 per.generatePermutationSchedule (cities);
50 // schedule = scheduleHel-
51 per.readScheduleFromFile (scheduleFilename) ;
52 // scheduleHelper.writeScheduleToFile (schedule, schedule-
53 Filename) ;
54
55 // constructors
56 // TravellingSalesmanProblem tsp(cities, coordinates);;
57 TravellingSalesmanProblem tsp(cities, minCoordinate,
58 maxCoordinate, integerValues);
59 // TravellingSalesmanProblem tsp(datasetFilename) ;
60
61 // set data
62 // tsp.setData (cities, coordinates);
63
64 // generate data
65 // tsp.generateData (cities, minCoordinate, maxCoordinate,
66 integerValues) ;
67
68 // read data from file
69 // tsp.readDataFromFile (datasetFilename) ;
70
71 // write data to file
72 // tsp.writeDataToFile (datasetFilename) ;
73
74 // show data
75 tsp.showData () ;
76
77 // evaluate symmetric travelling salesman problem
(STSP)
std::cout << "STSP cost function value: " <<

tsp.evaluateSTSP (schedule) << std::endl;

// evaluate symmetric travelling salesman problem
(STSP) to file
// std::cout << "STSP cost function value: " <<
tsp.evaluateSTSP(schedule, resultFilename) << std::endl;

} catch (std::exception& e) {
std: :cout << e.what () ;

2.7 Kapacitni rozvozni problém

Pro vyuziti kapacitniho rozvozniho problému je tieba ptidat do projektu hlavickovy sou-
bor CapacitatedVehicleRoutingProblem.h a zdrojovy soubor CapacitatedVehicleRou-
tingProblem.cpp. Podrobné informace o tiidé CapacitatedVehicleRoutingProblem jsou

dostupné v programové dokumentaci knihovny.



V nasledujicim popisu budou uvazovany promeénné
datasetFilename nazev souboru pro import/export dat problému
scheduleFilename nazev souboru pro import/export planu problému
resultFilename nazev souboru pro export vystupu problému
customers pocet zakaznikl

vehicleCapacity  kapacita vozidla

minCoordinate minimalni soufadnice zakaznika
maxCoordinate maximalni soufadnice zakaznika
minDemand minimalni pozadavek zdkaznika
maxDemand maximalni pozadavek zakaznika
integerValues typ generovanych dat
coordinates soufadnice zakaznik(

demands pozadavky zakaznikl

schedule plan problému

Vytvofeni instance tfidy CapacitatedVehicleRoutingProblem je mozné pomoci konstruk-
toru, ktery je dostupny ve 3 variantach.

// constructors

CapacitatedVehicleRoutingProblem cvrp (customers, demands, coordi-
nates, capacity);

CapacitatedVehicleRoutingProblem cvrp (customers, capacity, minDe-
mand, maxDemand, minCoordinate, maxCoordinate, integerValues);
CapacitatedVehicleRoutingProblem cvrp (datasetFilename) ;

Prvni varianta konstruktoru zajistuje volani metody CapacitatedVehicleRoutingPro-
blem::setData, druha varianta konstruktoru zajistuje volani metody CapacitatedVehicle-
RoutingProblem::generateData, tfeti varianta konstruktoru zajist'uje volani metody Ca-

pacitatedVehicleRoutingProblem::readDataFromFile.

Pro nastaveni dat problému je dostupnd metoda CapacitatedVehicleRoutingPro-

blem::setData.

// set data
cvrp.setData (customers, demands, coordinates, capacity);



Pro generovani dat problému je dostupna metoda CapacitatedVehicleRoutingPro-
blem::generateData.

// generate data
cvrp.generateData (customers, capacity, minDemand, maxDemand, min-
Coordinate, maxCoordinate, integerValues),

Pro import/export dat problému ze/do souboru jsou dostupné metody Capacitated-
VehicleRoutingProblem::readDataFromFile a CapacitatedVehicleRoutingPro-
blem::writeDataToFile.

// read data from file
cvrp.readDataFromFile (datasetFilename) ;

// write data to file
cvrp.writeDataToFile (datasetFilename) ;

Pro zobrazeni dat problému do konzole je dostupna metoda CapacitatedVehicleRouting-
Problem::showData.

// show data
cvrp.showData () ;

Pro stanoveni hodnoty tcelové funkce kapacitniho rozvozniho problému slouzi metoda

CapacitatedVehicleRoutingProblem::evaluateCVRP, ktera je dostupna ve 2 variantach.

// evaluate capacitated vehicle routing problem problem (CVRP)
std::cout << "CVRP cost function value: " <<
cvrp.evaluateCVRP (schedule) << std::endl;

// evaluate capacitated vehicle routing problem problem (CVRP) to
file

std::cout << "CVRP cost function wvalue: " <<

cvrp.evaluateCVRP (schedule, resultFilename) << std::endl;

Prvni varianta metody slouzi pro stanoveni hodnoty ucelové funkce pro dany plan, druha
varianta je obdobou prvni varianty, ktera navic zajisti ulozeni vystupu (plan + odpovida-

jici hodnota ucelové funkce) do souboru.

2.7.1 Ukazka pouZiti

1 // capacitated vehicle routing problem header
2 #include "CapacitatedvVehicleRoutingProblem.h"
3
4 // schedule helper header
5 #include "ScheduleHelper.h"
6
7 // whole operational research library 1is in namespace operatio-
8 nal research



9 using namespace operational research;

10

11 int main(int argc, char **argv)

12 {

13 // set precision

14 std::cout.precision(std::numeric limits< double >::digitsl0 +
152);

16

17 JFHEAAEAK A kA kA kA A%+ CAPACITATED VEHICLE ROUTING PROBLEM
18 ********************/

19 // dataset filename

20 std::string datasetFilename =

21 "C:\\Users\\Milan\\Desktop\\test\\dataset.txt";

22

23 // schedule filename

24 std::string scheduleFilename =

25 "C:\\Users\\Milan\\Desktop\\test\\schedule.txt";

26

27 // result filename

28 std::string resultFilename =

29 "C:\\Users\\Milan\\Desktop\\test\\result.txt";

30

31 // number of cities

32 unsigned int customers = 3;

33

34 // vehicle capacity

35 double capacity = 10;

36

37 // minimal and maximal coordinates of customers
38 double minCoordinate = -10, maxCoordinate = 10;
39

40 // minimal and maximal demands of customers

41 double minDemand = 1, maxDemand = 10;

42

43 // generate integer values?

44 bool integerValues = true;

45

46 // coordinates

47 std: :vector<CoordinatesHelper> cooordinates = {Coordinate-

48 sHelper (-5,2), CoordinatesHelper(l,3), CoordinatesHelper(6,9)};
49

50 // demands

51 std: :vector<double> demands = {3,5,4};

52

53 // schedule

54 std: :vector<unsigned int> schedule = {1,2,3};
55

56 try {

57

58 // schedule generate/read/write

59 ScheduleHelper scheduleHelper;

60 schedule = scheduleHel-

6l per.generatePermutationSchedule (customers) ;

62 // schedule = scheduleHel-

63 per.readScheduleFromFile (scheduleFilename) ;

o4 // scheduleHelper.writeScheduleToFile (schedule, schedule-

65 Filename) ;



66

67 // constructors

68 // CapacitatedVehicleRoutingProblem cvrp (customers, de-
69 mands, coordinates, capacity);

70 CapacitatedvVehicleRoutingProblem cvrp (customers, capa-

71 city, minDemand, maxDemand, minCoordinate, maxCoordinate, integerVa-
72 lues) ;

73 // CapacitatedVehicleRoutingProblem

74 cvrp (datasetFilename) ;

75

76 // set data

77/ cvrp.setData (customers, demands, coordinates, capaci-
78 ty) s

79

80 // generate data

81 // cvrp.generateData (customers, capacity, minDemand, max-

82 Demand, minCoordinate, maxCoordinate, integerValues),
83

84 // read data from file
85 // cvrp.readDataFromFile (datasetFilename) ;
86

// write data to file
// cvrp.writeDataToFile (datasetFilename) ;

// show data
cvrp.showData () ;

// evaluate capacitated vehicle routing problem pro-
blem (CVRP)

std::cout << "CVRP cost function value: " <<
cvrp.evaluateCVRP (schedule) << std::endl;

// evaluate capacitated vehicle routing problem pro-
blem (CVRP) to file
// std::cout << "CVRP cost function value: " <<
cvrp.evaluateCVRP (schedule, resultFilename) << std::endl;

} catch (std::exceptioné& e) {
std::cout << e.what();



