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1. B Opdda Aocknoewv "AoyikoU lNMpoypappatiopou™ AKadnuaikou
‘EToug 2011-12
O1 aOKAOE€IG TNG OPABAG AUTAG TTPETTEI VA AVTIMETWTTIOOOUV PE T BorBeia TnG TEXVoAoyiag Tou
TPOYPAUUATIONOU UE TTEPIOPIOUOUS. Eva cUoTNUA AOYIKOU TTPOYPANKATIONOU TTOU UTTOOTNPICEl
TNV TexvoAoyia autr gival n ECL'PS®. Mtopeite va XpnoIPOTIOINCETE £iTe TNV TTAAIOTEPN BIBAIOBNKN
£d €ite TNV vewTepn ic. H BIBAIOBNAKN £4 TEKPNPIWVETAI 0TO KEQPAAaIO 2 Tou “Obsolete Libraries
Manual” kal n ic ota KepaAaia 3 kal 4 Tou “Constraint Library Manual”. Av XpnoIJOTIOINCETE TNV ic,
Ba cag xpelaoTei kal n BIBAIOBAKN branch_and_bound, diairépwg 10 KaTNYépNUa bb_min/3, 1o
OTTOIO TEKUNPIWVETAI, OTTWG Kal OAa Ta KaTnyoprjuaTa Trou Trapéxel n ECL'PS®, ato “Alphabetical
Predicate Index”.

1.1 Aoknon 4

21N OewpnTikA MNMAnpogopikr, To TTPORANUa TNG BEATIOTNG KAAUWNG KopuPwyv (optimal vertex cover)
EVOG YPAPOU ouvioTaTal OTNV EUPECT EVOG OUVOAOU KOPUPWYV, EAaXIOTOU TTABOUG, TETOIOU WOTE YIA
KAGBe akun Tou ypa@ou, TOUAAXIOTOV Hia aTTd TIG KOPUQPEG-AKPA TNG VA AvAKEI GTO GUVOAO auTd. ZT0
OXAMa aploTepd QaiveTal dia KGAUWN KOPUPWYV Tou dedouévou ypdgou (Haupol KOBol), n oTroia
Ouwg dev eival BEATIOTN. MepiAauBavel TEoTEPIG KOPPBOUG, v GTO BEEI0 OXNHUA N KAAUWN KOPUPWV
givar BEATIOTN (ME TPEIG KOUPBOUG), agou dev ival duvaTov va uttdpel kKatola pe dUo KOUBoUG.

. . .
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Mo TRV QVTIHETWTTION TOU TTPORANKATOG QUTOU, TTPETTEI VA XPNOIKOTTOINCETE YPAPOUG TTOU
KATaoKEUAgovTal HEOW TOU KATNYOPNMATOG create graph (N, D, G), OTIWG aQuTO OpPIgeETAl OTO
apxeio http://www.di.uoa.gr/~takis/graph.pl. Karé tnv KAon tou katnyopripatog diveral 1o TTAR6og N
TWV KOUBWYV TOU YPAPouU Kal n TTukvoeTnTé Tou D (0av TTOCO0TO TWV OKKWVY TTOU UTTAPYXOUV OTOV
YPA@Oo 0€ ox€on PE OAEG TIG DUVATEG OKUEG) KAl ETTIOTPEPETAI O YPA®og G oav pia AioTa atmrd akuég
™G Hoperig N1-N2, 6trou N1 kai N2 gival o1 duo k6ol TnG akung (ol kéuBol Tou ypdgou
TTapioTavovTal oav aképaiol atro 10 1 éwg 10 N). ‘Eva TTapddelyua eKTEAEONG TOU KOTNYOPRUATOG
auTou eival To €€ ¢t

?- seed(l), create graph(9, 30, G).

6 -7, 6 -8, 6 - 9]

lMNa TNV doknon auth Ba TTPETTEl va 0pIoETE £va KATNYOPNUa vertexcover/ 3, TO OTT0I0 OTAV KAAEITAI
oav vertexcover (N, D, C), agoU dnuioupynoel éva ypdeo N KOuBwv Kal TTukvoTnTag D,

1 To katnyopnua seed/1 apxIKOTTOIEI TN YEVVATPIA TUXAiWV apiBuwy. H ouykekpipévn ekTéEAean €yive € unxavnua
Linux Tou epyaoTnpiou Tou TuAPATOG.
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http://www.di.uoa.gr/~takis/graph.pl

KaAWVTAG TO KATNYOpnua create graph/3, va emoTpé@el oTo C pia AioTa atrd kOuBoug TTou
atroTeAOUV [ia BEATIOTN KAGAUWN KOPUPWYV Tou ypd@ou. Kdtroia TTapadeiyuata eKTEAEONS ival Ta
egng:?

?- seed(2012), vertexcover (9, 30, C).

?- seed(1000), wvertexcover(l7, 50, C).

?—- seed(12345), vertexcover (33, 65, C).

c=11, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 18,

19, 20, 21, 23, 26, 27, 28, 29, 30, 31, 32, 33]

?- seed(l), vertexcover (100, 70, C), length(C, L).

?- seed(100), vertexcover (100, 35, C), length(C, L).

L

Il
[ee
~J

MapadoTéo yia Tnv Goknon gival éva rnyaio apyxeio Prolog.

1.2 Aoknon>5

2 Y& gnyavnua Linux Tou epyaoTtnpiou Tou TUAPaToG.
>ehida 4



TNV AoKnon auTh, Ba AVTINETWTTIOETE TO ETEPOYEVEC TTPOLBANUA 6p0L0AGYNONS OXNUATWYV IE
xwpntikotntes (heterogeneous capacitated vehicle routing problem). Z1o TTpdBANUa auTd, UTTAPXEI
Mia eTaipeia, n otroia TTPOKEITAI VA DIQVEINEI CUYKEKPIUEVEG TTOOOTNTEG ATTO TO TTPOIOV TTOU TTAPAYEI O€
ouyKekpIpévoug TTeAGTeS. OAo To TTpoidv BpiokeTal apxik& oTnv ammoBbnkn TnG eTaipeiag. MNa
dlavoun TwV TTapayyeAIY 0Toug TTEAATEG, Ba XpnoiuoTroinBei évag oTOAOG atTd oxfpaTa, Toavwg
OIAPOPETIKWV XWPNTIKOTATWY TO KaBEva. Aedopéva evog OTIYUIOTUTTOU TOU TTPORARKATOC yia 8
oxnuata kar 20 TeAdTeG divovtal oTn Yopen Twyv yeyovoTwy Prolog TTou @aivovTal oTn cuvéxeia. Ta
Oedopéva auTd PTTopEiTE va Ta TTAPETE aTTO TO apxeio http://www.di.uoa.gr/~takis/hcvrp data.pl.

vehicles ([35, 40, 55, 15, 45, 25, 85, 55]).

clients([c (15, 77, 97), c(23, -28, 64), c(14, 77, -39),
c(13, 32, 33), c(l8, 32, 8), c(18, -42, 92),
c(1%, -8, -3), c(10, 7, 14), c(18, 82, -17),
c(20, -48, -13), c(l15, 53, 82), c(19, 39, -27),
c(17, -48, -13), c(lz2, 53, 82), c(11, 39, -27),
c(l5, -48, -13), c(25, 53, 82), c(l14, -39, 7),
c(22, 17, 8), c(23, =38, ~-7)1).

H AioTa tTou divetal oav épiopa O0TO KATNYOpNHa vehicles/1 AVTIOTOIXEI OTA QOPTAYA TNG
eTaipeiag. KaBe aToixeio TnNg AioTag gival N xwpenTIKOTNTA TOU AVTIGTOIXOU (pOopPTNYyoU, yia TO TTPOIOV
TTou TTapdyel n etaipeia. H Aiota o1o Katnydépnua clients/1 QavaTTopIoTA T dEdOPEVA TWV
TTeEAATWV TNG €TaIpEiag. Ta oToixeia TNG AioTag gival douEG TNG HOPPAG ¢ (D, X, Y), TIoU KABe pia
avTioToIXei o€ évav TTeAATN, 610U D €ival n TTooATNTA TOU TTPOIOVTOG TTOU £XEI TTAPAYYEIAEI O TTEAATNG
KAl TO X KOl Y €ival Ol CUVTETAYUEVEG TOU.

To ¢nToupevo gival va diavepnBei o KAOe TTEAGTN N TTOCOTATA TOU TTPOIOVTOG TTOU £XEI TTAPAYYEIAEL, HE
Mia atrooToAr. K&Be gpopTtnyo, €@’ 600V XpnoiyoTroindei yia Tn diavour], 8a TTpETTEl va KAveEl éva uovo
OpopoAdyI0, avaAapuBAvovTag va eCUTTNPETOEI CUYKEKPIPMEVOUG TTEAATEG. Oa EeKIVATEI aTTO TNV
atroBnKn, £XovTag QoPTWOEl TTOCOTNTA TOU TTPOIOVTOG i0N PE TO CUVOAO TWV TTAPAYYEAIWV TWV
TTEAQTWYV TTOU Ba EEUTINPETATEL, N OoTToia dEV TTPETTEI VA UTTEPRAivVEl TN XwpeNnTIKOTNTA Tou, Ba
ETMIOKEPOET TOUG TTEAGTEG PE KATTOIA OEIPd, YIO VO TOUG TTApadwaoel TIG TrTapayyeAieg Toug, kal Ba
emoTpEéWel oTNV atmoBnikn. H amodnkn Bpioketal otn 8¢on (0,0). H IkavoTtroinon Twyv TTapayyeAiwy
TIPETTEI VA Yivel PE Tov BEATIOTO yia TnVv €TAIPEia TPOTTO, TTOU CUVIoTATAI OTNV EAQXIOTOTTOINCN TNG
OUVOAIKAG atréoTacng TTou Ba diavioouv Ta @opTnyd. H atroBrkn Kail o1 TTEAGTEG guvdEovTal avd dUo
METa&U TOug Y dPOPOUG TTou gival euBeieg ypappég. AnAadr, oav amméoTacn PeTagu dUo TTEAATWY, N
TNG ammoBnKng Kal evog TTEAATN, Bewpeital n eukAgideIa amdoTacor] Toug. INa Adyoug eTTaABeuong Twv
atmmoTeAeCPATWY TTOU Ba oBoUV 0T cuvéxela, uTTopei va BewpnBei 611 N atrdéoTacn, agou
ToAAatTAaciaoTel ge 1o 1000, oTpoyyuAeleTal aTov TTANCIECTEPO OKEPAIO (OUCIACTIKA, TTPOKEITAI YIA
OTpOyyUAguon oTO TPITO OEKABIKO WnYio).

OpioTe éva katnyépnua hcvrp/ 6, To 0TT0i0 6TAV KAAEiTal oav hevrp (NC1, NVe, Timeout,
Solution, Cost, Time), va €mAUel TO TPORBANUA, AauBavovTag wg dedouéva Toug TTPWTOUG
NCI eAdTeg ard TN AioTa TOU clients/1 Kal TA TTPWTA NVe oxAuata atmd Tn AioTa Tou
vehicles/1. To Katnydpnpa va emMoTpEPEl 0TO Solution pia AioTa KABE oToIXEID TNG OTTOIOG
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avTIOTOIXEI o€ £va @opTNyO Kai gival €1TioNg pia AioTa e Toug augovTeg apiBPoUg Twv TTEAATWY TTOU
Ba egutTnPeTACEl TO €V AGYWw QopTnNyo, Kal JAAIOTA JE TN O€Ipd TTou Ba Toug emmiokeBei. To Cost givai
TO KOOTOG TNG AUoNG (OUuvoAIKA dlavuBeica amméoTacn atd Ta opTnyad). 1davikd, TTPETTEl va BpiokeTal
N BEATIOTN AUGN. Opwg auto dev gival €QIKTO yIa TIG HEYOAUTEPEG €10000UG, OTTOTE UTTOPEl va O00O¢i
KATd TNV KAAGON TOU KaTnyoprpaTog 1o Timeout, TTou gival 0 Xpovog CPU (og deuTePOAETITA) OTOV
oTT0i0 Ba TTPETTEl va TEpUATIOBEL N avalTnon, av dev £xel BpeBei N BEATIOTN AUCH, KAl va ETTICTPOYPE N
KaAUTepN TTOU £x€l BpeOei péxpl ekeivn TN oTiyun. MNa Timeout ico pe 0, dev Ba TTPETTEl va DIAKOTTEI N
avadnTnon PEXP! va Bpebei n BEATIOTN AUon. 210 Time va eTTIoTPEPETAI O XPOVOG ekTENEONG (0 CPU
seconds). Kamola Trapadeiyparta ektéAeong sival Ta €RQ¢:3

?- hcvrp(l, 1, 0, Solution, Cost, Time).

Found a solution with cost 247694

Solution = [[11]
Cost = 247694

Time = 0.0

?- hcvrp(2, 1, 0, Solution, Cost, Time).

Found no solution with cost 0.0 .. 371541.0

?- hcvrp(2, 2, 0, Solution, Cost, Time).
Found a solution with cost 387408

Found a solution with cost 303768

Found no solution with cost 0.0 .. 303767.0
Solution = [[], [2, 1]]

Cost = 303768

Time = 0.0

?- hcvrp(3, 2, 0, Solution, Cost, Time).

Found a solution with cost 485874

3 210 unxavnua linux27 Tou gpyacTtnpiou Tou TUAUOTOG.
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Found a solution with cost

Found no solution with cost

Solution = [[3]1, [2, 111

Cost 476394

Time = 0.01

?- hcvrp(4, 2, 0, Solution,
Found a solution with cost

Found no solution with cost

Solution = [[4, 31, [2, 11]
Cost = 520954
Time = 0.02

?- hcvrp(5, 2, 0, Solution,

Found no solution with cost

?- hcvrp (5, 3, 0, Solution,
Found a solution with cost
Found a solution with cost
Found a solution with cost
Found a solution with cost
Found a solution with cost
Found a solution with cost

Found no solution with cost

Solution = [[5, 31, [1, I[4,
Cost = 488492
Time = 0.31

476394

0.0

Cost,
520954

0.0

Cost,

0.0

Cost,
654901
589826
580346
571261
506186
488492

0.0

476393.0

Time) .

520953.0

Time) .

1718544.0

Time) .

488491.0
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?- hcvrp

(6I 3’ OI

Solution,

Found a solution with cost

Found a

Found a

Found a

Found a

Found a

solution

solution

solution

solution

solution

with

with

with

with

with

cost

cost

cost

cost

cost

Cost, Time).

729877

709946

706149

690760

652408

634714

Found no solution with cost 0.0

Solution

Cost = ©

Time

?- hcvrp
Found a
Found a

Found a

Found a
Found a

Found a

1.

= [[5, 31,

34714

44

(7I 3’ OI
solution
solution

solution

solution
solution

solution

(4, 11,

Solution,

with

with

with

with

with

with

cost

cost

cost

cost

cost

cost

(6, 21]

634713.0

Cost, Time) .

821699

756624

755723

685498

675115

670944

Found no solution with cost 0.0

Solution

Cost = 6

Time = 5.

?- hcvrp

= [[31 l]r (7, 51,
70944

69

(8, 3, 0, Solution,

670943.0

Cost, Time).

Found no solution with cost 0.0

4619061.0
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?- hcvrp(8, 4, 0,

Solution,

Found a solution with cost

Found a

Found a

Found a

Found a

Found a

solution

solution

solution

solution

solution

with

with

with

with

with

cost

cost

cost

cost

cost

Cost, Time).

852176

787101

786200

712619

706419

702248

Found no solution with cost 0.0

Solution = [[3,
Cost = 702248
Time = 65.77

?- hcvrp(9, 4, 0,

17, 1

Solution,

7, 5],

(4, o,

Cost, Time).

Found no solution with cost 0.0

?- hcvrp(9, 5, 300,

Found a

Found a

Found a

Found a

Found a

Found a

Branch-

solution

solution

solution

solution

solution

solution

and-bound

Solution = [[7],

Cost =

696500

with

with

with

with

with

with

cost

cost

cost

cost

cost

cost

timeout!

(4,

Solution, Cost,

1004995

939920

930440

743513

700225

696500

11, [5, 9, 31,

702247.0

6866668.0

Time) .
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Time = 300.03

?- hcvrp(9, 5, 0, Solution, Cost, Time).

Found a solution with cost 1004995

Found a solution with cost 694976
Found a solution with cost 672176
Found a solution with cost 665578

Found no solution with cost 0.0 .. 665577.0

Solution = [[7], [8, 1, 4], [5, 9, 31, [1, [6, 2]]

Cost = 665578

Time 2236.39

?- hcvrp (10, 5, 300, Solution, Cost, Time).
Found a solution with cost 1070882

Found a solution with cost 1025051

Found a solution with cost 959976

Found a solution with cost 851423
Found a solution with cost 825929
Found a solution with cost 782641

Branch-and-bound timeout!

Solution = [[9, 3], [10, 7], [5, 1, 41, [8], [6, 2]]
Cost = 782641

Time = 300.03

?- hcvrp (10, 5, 0, Solution, Cost, Time).

Found a solution with cost 1070882
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Found a solution with cost 782641

Found a solution with cost 778916

Found no solution with cost 0.0

Solution = [[4,
Cost = 778916
Time = 12281.82

?- hcvrp(11l, 5,
Found a solution
Found a solution

Found a solution

Found a solution
Found a solution
Found a solution

Branch-and-bound

Solution = [[11,
Cost = 1101024
Time = 599.68

?- hcvrp(1ll, 5,

Found a solution

Found a solution
Found a solution
Found a solution

Branch-and-bound

600,

with

with

with

with

with

with

Solution,

cost

cost

cost

cost

cost

cost

timeout!

107,

3600,

with

with

with

with

Solution,

cost

cost

cost

cost

timeout!

1227161

1226884

1220306

1121383

1109757

1101024

1227161

1055385

1047698

1043527

778915.0

Cost,

Cost,
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Solution = [[11, 51, [10, 71, [4, 6, 21, [31, [9, 1, 8]]

Cost 1043527

Time 3599.61
?- hcvrp (11, 5, 5400, Solution, Cost, Time).

Found a solution with cost 1227161

Found a solution with cost 1028512
Found a solution with cost 995302
Found a solution with cost 983676

Branch-and-bound timeout!

Solution = [[1l1l, 5], [10, 7], (8, 4, 9, 31, [1], [6, 2]]

Cost 983676

Time = 5399.61

?- hcvrp(11l, 5, 14400, Solution, Cost, Time).

Found a solution with cost 1227161

Found a solution with cost 983676

Branch—-and-bound timeout!

Solution = [[1l1l, 5], [10, 7], (8, 4, 9, 31, [1], [6, 2]]

Cost 983676

Time = 14398.19

?- hcvrp(11l, 5, 0, Solution, Cost, Time).

Found a solution with cost 1227161
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Found a solution with cost 983676
Found a solution with cost 980274

Found no solution with cost 0.0 .. 980273.0

Solution = [[5, 1], [10, 7], [8, 4, 9, 31, [11], [6, 2]]
Cost = 980274

Time = 83603.02

?- hcvrp (12, 5, 900, Solution, Cost, Time).

Branch-and-bound timeout!

?- hcvrp(12, 6, 900, Solution, Cost, Time).
Found a solution with cost 1358715
Found a solution with cost 1314512

Found a solution with cost 1295220

Found a solution with cost 1190030
Found a solution with cost 1139720
Found a solution with cost 1128094

Branch-and-bound timeout!

Solution = [[12, 8], [10, 71, [6, 1, 5], [11], T[4, 9, 31, [2]]
Cost = 1128094
Time = 899.99

?- hcvrp (12, 6, 14400, Solution, Cost, Time).

Found a solution with cost 1358715

Found a solution with cost 1094260

Found a solution with cost 1090535
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Found a solution with cost 1088828

Branch-and-bound timeout!

Solution = [[12, 1],
Cost = 1088828
Time = 14398.64

?- hcvrp (13, 6, 900,

[10,

Branch-and-bound timeout!

?- hcvrp (13, 7, 900,

Found a solution with cost

Found a

Found a

Found a

Found a

Found a

Branch-

solution with

solution with

solution with

solution with

solution with

cost

cost

cost

cost

cost

and-bound timeout!

Solution = [[13, 9],

Cost

Time

?- hcvrp (13, 7, 14400,

1188555

900.0

1501062

1417422

1390636

1205205

1198394

1188555

Solution, Cost,

Found a solution with cost 1501062

Found a solution with cost 1119426

Found a solution with cost 1116990

Solution, Cost, Time).

Solution, Cost, Time).

Time) .
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Found a solution with cost 1089208

Branch-and-bound timeout!

Solution = [[13, 9], (10, 7], (12, 3, 5], (111, (1, [1,

Cost = 1089208

Time = 14398.3

?- hcvrp (14, 7, 900, Solution, Cost, Time).
Found a solution with cost 1668002
Found a solution with cost 1602927

Found a solution with cost 1585510

Found a solution with cost 1262278
Found a solution with cost 1261366
Found a solution with cost 1233584

Branch-and-bound timeout!

Solution = [[14, 13], [12, 10], [9, 3, 51, (111, (71, [I,

Cost 1233584

900.03

Time

?- hcvrp (14, 7, 14400, Solution, Cost, Time).

Found a solution with cost 1668002

Found a solution with cost 1261366
Found a solution with cost 1233584
Found a solution with cost 1226986

Branch-and-bound timeout!
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Solution = [[14,
(8,

Cost = 1226986

Time = 14385.58

?- hcvrp (15, 7,

Found a solution
Found a solution
Found a solution
Found a solution
Found a solution
solution

Found a

Branch-and-bound

Solution = [[15,
(1,

Cost = 1283969

Time = 897.84

?- hcvrp(1l5, 7,

Found a solution

Found a solution

Found a solution

Found a solution

Branch-and-bound

Solution = [[15,

131,

900, Solution, Cost

with cost 1675962

with cost 1610887

with cost 1556658

with cost 1309087

with cost 1296364

with cost 1283969

timeout!

14400, Solution,

with cost 1675962

with cost 1170885
with cost 1169510
with cost 1165339

timeout!

14

Cost,

Time) .

Time) .
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Cost

Time

1165339

14357.16

?- hcvrp(l6, 7,

Found a

Found a

Found a

Found a

Found a

Found a

Branch-

solution

solution

solution

solution

solution

solution

and-bound

Solution = [[1l6,
(51,

Cost = 1404173

Time = 899.15

?- hcvrp(l6, 7,

Found a

Found a

Found a

Found a

Branch-

Solutio

Cost =

solution

solution
solution
solution

and-bound

n = [[1l6,

(1,

1391717

900,

with

with

with

with

with

with

Solution,

cost

cost

cost

cost

cost

cost

timeout!

14400,

with

with

with

with

Sol

cost

cost

cost

cost

timeout!

1832263

1767188

1756286

1443468

1426409

1404173

Cost,

ution, Cost,

1832263

1397307

1395888

1391717

Time) .

Time) .
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Time =

14395.24

?- hcvrp(17, 7,

Found a

Found a

Found a

Found a

Found a

Found a

solution

solution

solution

solution

solution

solution

Branch-and-bound

Solution = [[17,
(4,

Cost = 1553978

Time = 900.1

?- hcvrp (17, 7,

900, Solut
with cost
with cost

with cost

with cost
with cost
with cost

timeout!

14400, Solution,

ion, Cost,

1895802

1830727

1829812

1577313

1564590

1553978

Found a solution with cost 1895802

Found a

Found a

Found a

solution

solution

solution

Branch-and-bound

Solution = [[17,
(51,

Cost = 1347470

Time = 14396.54

with cost

with cost

with cost

timeout!

1374411

1354336

1347470

Cost,

Time) .

Time) .
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?- hcvrp (18, 7,

900,

Branch-and-bound timeout!

?- hcvrp (18, 8,

Found a

Found a

Found a

Found a

Found a

Found a

Branch-

solution

solution

solution

solution

solution

solution

and-bound

Solution = [[18,
(10,

Cost = 1485656

Time = 900.15

?- hcvrp (18, 8,

Found a

Found a

Found a

Found a

solution

solution

solution

solution

Branch-and-bound

Solution = [[18,
(1,

Cost = 1389628

Time = 14398.17

900,

with

with

with

with

with

with

cost

cost

cost

cost

cost

cost

timeout!

14400,

Solution,

Solution, Cost,

Solution, Cost,

1789382

1779902

1759971

1492989

1492254

1485656

with cost 1789382

with cost 1401968

with cost 1395370

with cost 1389628

timeout!

le],

(8, 4,

Cost,

Time) .

Time) .

Time) .
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?- hcvrp (19, 8, 900, Solution, Cost, Time).
Found a solution with cost 2046763
Found a solution with cost 2019977

Found a solution with cost 2002283

Found a solution with cost 1736210
Found a solution with cost 1723815
Found a solution with cost 1717217

Branch-and-bound timeout!

Solution = [[19, 151, [17, 161, [14, 13, 12], [18],
(11, 10, 81, (71, (4, 1, 6, 21, [5, 9, 31]

Cost 1717217

Time 900.11
?- hcvrp(19, 8, 14400, Solution, Cost, Time).

Found a solution with cost 2046763

Found a solution with cost 1703450
Found a solution with cost 1696852
Found a solution with cost 1691110

Branch-and-bound timeout!

Solution = [[19, 15], [17, 16], [14, 13, 12], [18], [11, 101,
(71, (8, 4, 1, 6, 2], [5, 9, 3]]

Cost

1691110

Time 14398.24

?- hcvrp (20, 8, 900, Solution, Cost, Time).
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Found a solution with cost 1909708
Found a solution with cost 1898024

Found a solution with cost 1856292

Found a solution with cost 1634269
Found a solution with cost 1632256
Found a solution with cost 1628450

Branch-and-bound timeout!

Solution = [[20, 151, [19, 161, (17, 14, 131, [18],
(1z, 11, 81, (71, [10, 3, 9, 1, 5], [4,

Cost 1628450

900.22

Time

?- hcvrp (20, 8, 14400, Solution, Cost, Time).

Found a solution with cost 1909708

Found a solution with cost 1628450

Branch—-and-bound timeout!

Solution = [[20, 15], [19, 1e], [17, 14, 13], [18],
(12, 11, 8], [71, (10, 3, 9, 1, 51, [4,

Cost 1628450

14380.4

Time

MapadoTéo yia Tnv doknon gival éva Trnyaio apxeio Prolog.

1.3 Aoknon 6

AVTIUETWTTIOTE TIG TTPONYOUUEVEG OOKNOEIG TNG B™ opddag (4 kai 5) pe 1n BonBeia 1ng BIBAIOBRAKNG
C++ yia Trpoypappatiopd pe Tepiopiopoug, Tov Naxos Solver (http://www.di.uoa.gr/~pothitos/naxos/),
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TToU £X€1 oXeOIATEI Kal avaTITUgEl O UTTOWNPI0G BIBAKTWP Tou TunuaTog pag Nikog MobnTtoég
(pothitos@di.uoa.qgr).

MapadoTéo yia TNV AoKnon cival éva apxeio zip, mou Ba TepIAapBavel 6An Tn douAsid 0ag yia Ta dUO
TpoBAAuaTa, KATAAANAQ opyavwpévn o€ KataAdyoug avd TTpoBAnua. Mnv TrepIAdpBeTe péoa oTo
ApXEIO Zip eKTEAEOIPA ] AVTIKEIMEVIKA TTPOYPAPUATA.
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2NMUEIWMATA
Znueiwpa loTopikou Ekd6ocewv ‘Epyou

To mapoév épyo atroTeAei Tnv €kdoon 1.0.

Znueiwpa Avagopdg

Copyright EBvikév kal KatrodioTpiakov MavemiotApiov ABnvwy, MNavayiwtng ZTapaToTouAod.
«/N\oyIKOG Mpoypauuationog, H yA\wooa mTpoypaupaTtiopou Prology. ‘Ekdoon: 1.0. ABAva 2015.
AlaBéaipo atod 1n dikTuakr dietBuvon: http://opencourses.uoa.gr/courses/DI117/.

Znueiwpa Ad£1066TnONG

To mapdv UAIkO diaTiBeTal pe Toug 6poug TnG adelag xpriong Creative Commons Avagopd, Mn
EutropikA Xprion Mapdpoia Alavoun 4.0 [1] | yetayevéoTepn, AieBviig ‘Exkdoon. Egaipouvtal Ta
AUTOTEAN £PYQ TPITWV TT.X. QWTOYPAPIES, OIAYPAMMATA K.A.TT., TA OTTOIO EPTTEPIEXOVTAI O€ AUTO KAl TA
oTToia ava@épovTal padi Pe Toug 6poug XPRoNG Toug oTo «Znueiwua Xpnong Epywv Tpitwvy.

0G0

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn EpTtropikn opiCeTal n xpron:

e TTOU O¢ev TTEPIANANPBAVEI AUETO I EUPETO OIKOVOMIKS OQEAOG aTTO TNV XPON Tou £pyou, Yia TO
dlavopéa Tou €pyou Kal adelodoxo

e TTOU O¢eVv TTEPIAAPPBAVEI OIKOVOMIKA ouvaAAayr wg TTpouTré0eon yia Tn Xprion f Tpoécacn oTo
épyo

e TTOU dEV TTPOOTTOPICEI GTO dlAVOUED TOU £PYOU Kal OEIODOXO EUPETO OIKOVOMIKO OQENOG (TT.X.
dlagnuioeig) atrdé TNV TTPOROAN Tou £€pyou o€ dIadIKTUOKS TOTTO

O dIkaIoUX0G PTTOPEi va TTapEXEl OTOV AdEINBOXO eXwPIOTH AdeEia va XpnOIUOTTOIET TO £€pYO yia
EMTTOPIKA XPNAON, EPOCOV auTd TOU ¢NTNnOEi.

AlatApnon ZnUEIWPaTWyY

o OTr0100ATTOTE QAvaTTapaywyr f 8Ia0KeUr Tou UAIKOU Ba TTPETTEl va CUPTTEPIAGUBAVEL:
e TO Znueiwpa Avagpopdg

e TO Xnueiwpa AdEI0dOTNONG

o TN dNAwon AlaTApNong ZNUEIWUATWY
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e TO Znueiwpa Xprong Epywv Tpitwv (e@doov UTTAPXEN)

padi he TOUG CUVODEUOUEVOUG UTTEPCUVOETIOUG.

2nueiwpa Xpnong Epywv Tpitwyv
To 'Epyo autd Kavel xprion Twv akOAouBwyv £pywv:

Eikovec/Zxnuata/Alaypauuata/Pwroypagisc
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XpnuatodoTnon

To TTapdv eKTTAIOEUTIKO UAIKO £XEI QVATITUXBOEI OTO TTAQICIO TOU EKTTAIOEUTIKOU £PYOU TOU

O10doKovTa.

To épyo «AvolkTa Akadnuaikd Madiuara oto MavemoTApio ABnvwv» £XEl
XPNUaTodoTACE! HOVO TN avadIapopPwaoT) TOU EKTTAIOEUTIKOU UAIKOU.

To épyo uloTroigital 0T0 TTAQioI0 Tou ETTIXEIpNOIoKoU Mpoypdupatog «EkTTaideuon kai Al
Biou Maénon» kai auyxpnuatodoreital atré Tnv EupwTraiki ‘Evwon (Eupwtraikd Koivwviké
Tapeio) kal atrd €BVIKOUG TTOPOUG.

Evpwmnaikn ‘Evwon
Evpwmnaiké Kowvwviké Tapeio

EMIXEIPHZIAKO NMPOIPAMMA
EKI'IAIAEYZH KAI AIA BIOY MAGHZH

YNOYPTEIO MAIAEIAL KAl OPHIKEYMATQN
EIAIKH YNHPEZIA AIAXEIPIZHZX

Me tn cuyxpnpuarodotnon tng EAAGdag kat tn¢ Evpwnaiknig Evwong

=EXlNA

= 2007-2013
£= | T

EYPQNAIKO KOINQONIKO TAMEIO

2eAida 25



