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Santrauka

Sio darbo metu buvo sukurtas keliaujan¢io prekeivio problemos sintetiniy duomeny rinkiniy su
Zinomu optimaliu sprendimu generavimo jrankis bei sprendimo algoritmy testavimo sistema.
Naudojantis S§iais jrankiais buvo tiriami keturi keliaujan¢io prekeivio problemos sprendimo
algoritmai: genetinis algoritmas, skruzdziy kolonijos optimizavimo algoritmas, Lin-Kernighan-
Helsgaun algoritmas, Google OR-Tools algoritmas. Visy pirma atlikta literatiiros analize, kuri buvo
skirta surinkti informacijg apie keliaujancio prekeivio problemos sprendimo algoritmus, jy veikimo
principus, privalumus ir trikumus. Toliau buvo pasirinkti 4 metodai minimi pastaryjy mety
literatiiroje kaip tinkamiausi dirbant su dideliais duomeny rinkiniais. Eksperimentiné dalis buvo
pradéta pasinaudojant duomeny generavimo jrankiu ir sukuriant 120 duomeny rinkiniy su skirtingu
tasky skai¢iumi (100, 1000, 10000) bei masteliu (nuo miesto iki zemyno). Tuomet buvo atlikti 480
eksperimenty (bendras laikas — 9 h 53 min 14 s) su pradiniais parametrais, kurie rasti literattiroje —
OR-Tools rado daugiausiai optimaliy sprendimy (92,50 %), tac¢iau buvo léciausias (vidutinisSkai 118,8
s vienam eksperimentui), o LKH metodas pasiZyméjo geriausiu kokybes (77,50 %) bei greicio (45,9
s) santykiu. ACO metodas tikslumo prasme buvo artimas LKH (75,80 %), taciau Siek tiek létesnis
(68,7 s), o genetinis algoritmas su 1000 ir 10000 taSky duomeny rinkiniais pasirod¢ itin blogai dél
laiko limito (46,7 % optimaliy sprendimy ir vidutiniSkai 63,3 s vienam eksperimentui). Véliau buvo
atliktas metody stabilumo tyrimas atliekant 480 eksperimenty (12 duomeny rinkiniy po 10
pakartojimy visiems 4 metodams, bendras laikas — 7 h 34 min 21 s) su tais paciais parametrais, kuris
parod¢, jog atsitiktinio skai¢iaus pradiné verté neturi reikSmingos jtakos sprendimo paieskos kokybei
bei laikui.
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Summary

During this study, a synthetic dataset generation tool for the Travelling Salesman Problem with
known optimal solutions, as well as a benchmarking system for evaluating solution algorithms, was
developed. Using these tools, four algorithms for solving the Travelling Salesman Problem were
investigated: the Genetic Algorithm, Ant Colony Optimization algorithm, Lin—Kernighan—Helsgaun
algorithm, and Google OR-Tools algorithm. First, a literature review was conducted to gather
information about Travelling Salesman Problem solution algorithms, including their operating
principles, advantages, and disadvantages. Subsequently, four methods frequently identified in recent
literature as the most suitable for handling large-scale datasets were selected for further analysis. The
experimental phase began with the use of the dataset generation tool to create 120 datasets with
varying numbers of nodes (100, 1000, and 10000) and different spatial scales (from city-level to
continent-level). Afterwards, 480 experiments were carried out (total execution time — 9 h 53 min 14
s) using the initial parameter configurations identified in the literature. The OR-Tools method found
the highest number of optimal solutions (92.50 %) but was also the slowest, requiring an average of
118.8 s per experiment. Meanwhile, the LKH method demonstrated the best balance between solution
quality (77.50 %) and execution speed (45.9 s). The ACO method achieved accuracy results close to
LKH (75.80 %) but was slightly slower (68.7 s). The Genetic Algorithm performed particularly
poorly on datasets containing 1000 and 10000 nodes due to the imposed time limit, achieving only
46.70 % optimal solutions with an average execution time of 63.3 s per experiment. Finally, a stability
analysis of the methods was performed by conducting 480 additional experiments (12 datasets with
10 repetitions for all 4 methods, total execution time — 7 h 34 min 21 s) using the same parameter
settings. The results demonstrated that the initial random seed had no significant impact on either the
solution quality or the execution time.
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Santrumpy ir terminy sarasas
Santrumpos:
TSP — keliaujancio prekeivio problema (angl. Travelling Salesman Problem);
GA — genetinis algoritmas (angl. Genetic Algorithm);
ACO - skruzdziy kolonijos optimizavimas (angl. Ant Colony Optimization);
LKH — Lin-Kernighan-Helsgaun algoritmas;
CPU - centrinis procesorius (angl. central processing unit);
GPU - grafinis procesorius (angl. graphics processing unit);
Terminai:
Atsitiktinis skaiius — pradiné reikSmé, naudojama skaiciy generatoriui inicializuoti.

Hamiltono ciklas — uzdaras marsrutas, kurio kiekviena virsiiné aplankoma tik vieng karta ir grjiztama
] pradinj taska.

Heuristika — metodas, skirtas greitai rasti pakankamai gera problemos sprendimg, taciau
negarantuojantis optimalaus rezultato.

Metaheuristika — aukstesnio lygio optimizavimo strategija, naudojama sudétingy problemy
sprendiniy paieskai didel¢je sprendimy erdvéje.

Optimizavimas — procesas, kurio metu ieSkoma geriausio galimo sprendimo pagal pasirinktus
kriterijus.

Lokalus minimumas — sprendinys, kuris yra geresnis uZ artimus sprendinius, taciau néra geriausias
visoje sprendimy erdvéje.

Konvergencija — algoritmo artéjimas prie stabilaus arba optimalaus sprendimo.
Atstumy matrica — duomeny struktiira, kurioje saugomi atstumai tarp visy tasky pory.
Iteracija — vienas algoritmo vykdymo ciklas, kurio metu atliekami sprendinio gerinimo veiksmai.

Sintetiniai duomenys — dirbtinai sugeneruoti duomenys, naudojami algoritmy testavimui.
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Ivadas

Technologijy pazanga skatina procesy spartéjimg ir efektyvumo augimg. Nepaisant jvairiy tvarumo
iniciatyvy, vartojimas nuolat did¢ja. Tai gamintojams, paslaugy tiekéjams atnesSa ne tik pelna, taciau
bei pristatyti arba suteikti paslauga greiciau, tiksliau ir kokybiSkiau. Tam tenka optimizuoti savo
veikla. Vienas i§ pavyzdziy — keliaujancio prekeivio problemos (angl. Travelling Salesman Problem,
TSP) sprendimo paieska. Tai placiai zinoma kombinatorinés optimizacijos problema. Jos tikslas yra
rasti minimaly marSrutg, kurio metu prekeivis aplanko kiekvieng taSka po vieng kartg ir grjzta |
pradinj taska [1, 2]. Si problema gali biti pladiai pritaikoma mikroschemy projektavime, duomeny
tinklais perdavime, tiekimo grandiniy planavime — marSruty planavime [3, 4]. Nors panaudojimo
galimybiy yra kur kas daugiau, Siame darbe bus iSsamiau panagrinéta pastaroji — marSruty
planavimas. Norint paslaugas ar prekes pristatyti, suteikti kuo greiciau tenka optimizuoti pristatymo
marsrutg. Nepaisant, atrodyty, paprasto apraSymo, TSP yra sudétinga problema [5], todél priskiriama
NP-sunkiy (angl. NP-hard) problemy klasei, kas reiskia, jog Siuo metu néra zZinomas joks algoritmas,
galintis polinominio sudétingumo ribose surasti optimaly sprendima, kuris tikty visiems atvejams.
Nors mazam taSky skaiciui problema gali biiti iSspresta iSbandant visas ijmanomas kombinacijas,
didesniems duomeny masyvams toks sprendimo budas tampa neefektyvus. Praktikoje dazniausiai
taikomi kiti metodai, kuriy tyrimas ir bus atlieckamas Siame darbe.

Darbo tikslas — keliaujanc¢io prekeivio uzdaviniy generavimas su Zinomu optimaliu sprendimu ir jy
sprendimo algoritmy tyrimas.

I$sikelti uzdaviniai:

1. sukurti keliaujan¢io prekeivio uzdaviniy generavimo jrankj, leidZiant] generuoti duomeny
rinkinius su Zinomu optimaliu sprendimu bei sprendimo algoritmy testavimo sistemg ir
sugeneruoti daugiau nei 100 sintetiniy duomeny rinkiniy su skirtingais dydZiais ir masteliais;

2. atlikti bent 3 keliaujancio prekeivio problemos sprendimo algoritmy tyrimg su literatiiroje rastais
pradiniais ty sprendimo algoritmy parametrais ir palyginti juos tarpusavyje;

3. atlikti bent 3 keliaujancio prekeivio problemos sprendimo algoritmy stabilumo tyrimg ir palyginti
juos tarpusavyje.
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1. Literaturos apZvalga

Siame skyriuje bus apzvelgti kai kurie metodai naudojami spresti optimizavimo uzdavinius. Toliau
galima matyti bendrg algoritmy ir metody klasifikavima (1 pav.).
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1 pav. Optimizavimo metody klasifikacija [6]

Egzistuoja ir daugiau metody, kurie Siame paveiksle (1 pav.) paminéti néra, taciau jy visy apzvelgti
néra jmanoma. Remiantis naujausiais Saltiniais ir surinkta informacija, bus apzvelgti metodai, kurie
yra arba naudojami kaip atskaitos taskas (angl. ground truth) arba yra dazniausiai naudojami

keliaujancio prekeivio uzduociai spresti.
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Pasirinkti buvo Sie metodai:

Tikslieji (angl. exact methods):
a. Grubiosios jégos algoritmas (angl. Brute Force);
b. Saky ir riby algoritmas (angl. Branch & Bound);

Il. Heuristiniai (angl. heuristic):
a. Artimiausio kaimyno algoritmas (angl. Nearest Neighbour);
Pigiausio jterpimo algoritmas (angl. Cheapest Insertion);

=

II1. Metaheuristiniai (angl. metaheuristic):

o

Gamtos jkvépti (angl. Bio-inspired):

1. Genetinis algoritmas (angl. Genetic algorithm);
2. Skruzdziy kolonijos optimizavimo algoritmas (angl. Ant Colony Optimization);
b

Neuroniniais tinklais gristy (angl. Neural Network Based):

1. Grafy neuroninis tinklas (angl. Graph Neural Network);
2. Rodykliy tinklai (angl. Pointer Networks).

1.1. Tikslieji metodai (angl. exact methods)

Tai optimizavimo metodai, kurie garantuoja optimalaus sprendimo suradima, jeigu turime
pakankamai laiko ir skai¢iavimo resursy. Sie metodai gali bati naudojami su nedideliu tasky
skai¢iumi ir puikiai tinka patikrinti, ar apytiksliai metodai grazina panasSius rezultatus su mazu tasky
skai¢iumi, prie§ generuojant dideliy tasky skaiciaus sprendimus.

1.1.1. Grubiosios jégos algoritmas (angl. Brute Force, BF)

Grubiosios jégos algoritmas yra vienas i§ pagrindiniy metody, naudojamy optimizavimo problemoms
spresti [7], ne isimtis ir keliaujanio prekeivio problema. Sio metodo veikimo principas — kiekvieno
galimo sprendimo tikrinimas [1]. Tai reiskia, jog algoritmas apskai€iuoja atstumg kiekvienai galimai
tasky kombinacijai. Devyniy tasky aplankymo atveju grubiosios jégos metodas turéty apskaiciuoti 40
320 galimy marsruty bendrag atstumg. Todel, dé¢l faktorialu didé¢jancio kombinacijy skai¢iaus augant
tasky skaiciui §is sprendimo metodas nors ir tikslus, taciau labai létas — tinkamas tik mazai tasky
apimanciy problemy sprendimy paieskai.

Atliekant tyrima su devyniais prekybos centrais Bandar Lampung mieste [1] grubiosios jeégos
algoritmas gavo optimaly sprendimg 32,80 km. Kiti du lyginti metodai: artimiausio kaimyno bei
pigiausio jterpimo rado tik artimus optimaliam sprendimus (atitinkamai 33,20 km ir 33,35 km).
Grubiosios jégos algoritmas dar geba veikti su devyniais taskais, taciau padidinus bent vienu tasku
Sig aibe, skai¢iavimo resursy reikéty beveik 10 karty daugiau — 362 880 galimos kombinacijos. Taigi,
jei tokia salyginai nedidelé paklaida (atitinkamai 1,22 % ir 1,68 %) nuo optimalaus sprendimo
tenkina, tuomet tikrai verc¢iau biity rinktis kurj nors i§ anks¢iau paminéty heuristiniy metody.

1.1.2. Sakuy ir riby algoritmas (angl. Branch & Bound, BB)

Saky ir riby algoritmas yra dar vienas tikslusis metodas, naudojamas optimizavimo problemoms
spresti [7]. Tai jau labiau sistemiSkas sprendimo ieSkojimas nei pries tai aprasyto grubiosios jégos,
kur tikrinamos visos imanomos kombinacijos. Siuo atveju, geriausias sprendimas yra ieSkomas
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kartojant tris veiksmus: iSsiSakojimas (angl. branching), ribojimas (angl. delimiting), genéjimas
(angl. pruning) [8]. ISsiSakojimas — visy galimy sprendimy padalijimas | mazesnius poaibius.
Ribojimas —apatinés ribos (angl. lower-bound, LB) bei su kai kuriomis metodo atmainomis virSutinés
ribos (angl. upper-bound, UB) skai¢iavimas kiekvienam naujam taskui, po to kai jie yra surandami.
Genéjimas — Sakos atmetimas (angl. elimination), jei prisijungus taska ir paskai¢iavus apating riba
vert¢ yra didesné nei jau esantis tarpinis optimalus sprendimas. Tokiu biidu, siauré¢ja sprendimo
paieskos laukas ir mazéja jmanomy, tikrinamy kombinacijy skaiCius. Nors S§is metodas ir
negarantuoja, jog visuomet bus rastas optimalus sprendimas, taciau vis tiek laikomas tiesiniu metodu,
kadangi jj nesunkiai galima tokiu paversti: iSbandyti visus pradinius taSkus ar nustatyti, jog genéjant
bty palikta ne viena, bet, pavyzdziui, dvi geriausios $akos ir tolimesnius skai¢iavimus atlikti su jomis

(2 pav.).

Sakninis mazgas

Atranka
Ribojimas g 10 6
Sakojimas ,i \

9 Eliminavi 9 @
I
®
1 7

Optimalus sprendinys

IO

2 pav. Nuosekliojo Saky ir riby algoritmo principiné schema [6]

Sie trys veiksmai yra kartojami tol, kol nebelieka nepasirinkty tasky. Tuomet i§ paskutinio tasko yra
griztama | pradinj taska taip uzdarant pilng Hamiltono ciklg. Gautas bendras atstumas ir yra marSruto
ilgis. Sprendziant optimizavimo uzdavin] Siuo metodu egzistuoja galimybé¢ skaiCiavimus atlikti
paraleliai, skirtinguose centrinio procesoriaus branduoliuose (angl. multi-core CPUs) [8] taip ji
pagreitinant ar iSpleciant ir priartinant prie grubiosios jégos metodo.

Viename i$ cituojamy Saltiniy [8], Saky ir riby algoritmas buvo lyginimas su kitais trejais: gobsus
algoritmas, dinaminio programavimo algoritmas, genetinis algoritmas. Kadangi vélesniuose
skyriuose bus aprasomas tik genetinis algoritmas, tad ir ¢ia lyginama tik su juo. Remiantis rezultatais,
padavus tris skirtingus rinkinius po 10 tasky (miesty), visuose trijuose rinkiniuose abu algoritmai
sugebg¢jo surasti optimaly sprendima, taciau skyresi sprendimo paieskos laikas. Genetinis algoritmas
visus kartus sugebéjo sprendima rasti greiciau. Riby ir Saky metodas uztruko: 2,77 s, 13,16 s, 1,52 s,
kur genetinis algoritmas atitinkamai: 0,025 s, 0,021 s, 0,032 s. Galima daryti i§vada, jog, nors Saky ir
riby metodas su uzduotimi susitvarke taip pat gerai (100 % optimalaus sprendimo radimas), taciau jis
buvo imlesnis laikui — keliasdeSimt karty ilgiau truko nei genetinis algoritmas.
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1.2. Heuristiniai metodai (angl. heuristic methods)

Tai optimizavimo metodai, kurie negarantuoja optimalaus sprendimo, bet randa artimg jam per
pakankamai maZg arba nustatytg laika. Sie metodai jau geba ieskoti sprendimo esant dideliam kiekiui
tasky, todél labai tinkami keliaujancio prekeivio problemos sprendimo paieskoms.

1.2.1. Artimiausio kaimyno algoritmas (angl. Nearest Neighbour, NN)

Artimiausio kaimyno algoritmas yra vienas i§ heuristiniy metody, naudojamas optimizavimo
uzdaviniy, tokiy kaip keliaujanéio prekeivio, sprendimui. Sio metodo veikimo principas — pradedant
kuriame nors taske, kiekvienoje iteracijoje rinktis artimiausig neaplankyta taska, tol, kol bus pasirinkti
visi taskai [3]. Didziausias $io metodo trikumas, jog jo rezultatas labai priklausomas nuo pradinio
tasko pasirinkimo, tad norint gauti tikslesnius rezultatus, reikéty metoda panaudoti kelis kartus.

Tam buvo sukurtas kartotinio artimiausio kaimyno metodas (angl. Repetitive Nearest Neighbour,
RNN). Jo veikimo principas labai panaSus j jau aprasyto artimiausio kaimyno, taciau skiriasi tuo, jog
yra sudaromas rinkinys galimy mar$ruty — tai padidina tikimybe gauti geresnj sprendima. Sis metodas
buvo aprasSytas ir palygintas su paprastu artimiausio kaimyno metodu ir kitame tyrime [10].
Testavimas buvo atliktas su 6 skirtingais duomeny rinkiniais i§ TSPLIB (http://comopt.ifi.uni-
heidelberg.de/software/TSPLIB95/), kurie yra laisvai prieinami optimizavimo uzdaviniams skirti
skirtingo dydzio duomeny rinkiniai su pateiktu Zinomu optimaliu sprendimu. Palyginus artimiausio
kaimyno ir kartotinio artimiausio kaimyno metodus galima teigti, jog RNN metodas su keliaujanc¢io
prekeivio problema susitvarko geriau: i§ 6 testy, keturiuose pasirodé geriau, viename prasciau ir
viename taip pat. Testuose, kuriuose pasirodé¢ geriau, rasdavo vidutiniskai 3 % geresnj sprendima, tai
yra artimesnj zinomam optimaliam (3 pav.).

NN
HybridNN
RNN
HybridRNN

20

Paklaida (%)

Beriin52 bier127

Uzdavinys

3 pav. Heuristiniy metody palyginimo tyrimas [10]

Taigi, kadangi paprasto NN metodo patobulinimas iki kartotinio NN metodo néra sudétingas ir
reikalaujantis sudétingy architektiiros pokyc€iy, bty verta jtraukti ji i savo sprendimg. Kaip jau
ankscCiau aptarta, Sis metodas — tai keletg karty leidziamas paprastas artimiausio kaimyno metodas,
tad reikia turéti omenyje, jog ir skaiCiavimo laikas iSauga. Aptartame tyrime, | laiko resursa
atsizvelgta nebuvo.
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1.2.2. Pigiausio jterpimo algoritmas (angl. Cheapest Insertion, CI)

Pigiausio jterpimo algoritmas arba pigiausio jterpimo heuristika, tai dar vienas heuristiniy metody
pavyzdys. Jo veikimo principas: sudaromas pradinis marSrutas (angl. sub-tour) bent i§ dviejy tasky
(artimiausio kaimyno metode pradinis marSrutas buvo vienas taskas, todél kaip atskiras punktas
iSskirtas nebuvo), ieSkomas taSkas, kuri jterpus tarp dviejy bet kuriy tasky marSrute (pirmoje
iteracijoje marSrutg sudaro tie du pasirinkti pradiniai taskai), bendras atstumas arba kitais Zodziais
»kaina“ (angl. ,,cost“) padidéja maziausiai. Tuomet tas taskas yra jterpiamas j tg atkarpg ir veiksmas
kartojamas su visais likusiais nepanaudotais taskais. Pasibaigus iteracijoms gaunamas bendras
marsruto ilgis [1].

Kaip jau apraSyta anksciau, Sis metodas buvo palygintas su grubiosios jégos metodu ir rezultatai
parode, jog pastarasis susitvarke Siek tiek geriau —rado 1,68 % ilgesnj nei optimalus marsrutg. Kitame
tyrime [11], TSP uzdavinys buvo sprendziamas jvairiais metodais klasterizavimo btdu (4 pav.).
Klasterizavimas leidzia didelio tasky skai¢iaus optimizavimo uzduotj paversti j kelis smulkesnius,
maziau skaiciavimo resursy reikalaujancius uzdavinius. Tokios metodikos tritkumas toks, jog tokiu
atveju sumazgja tikimybé gauti kuo artimesnj optimaliam marsruta, kadangi skirtingy klasteriy taskai
vienas apie kitg neturi informacijos. Be to, po atskiry klasteriy optimaliy keliy radimo reikia dar ir
klasteriy eilés tvarkos optimizavimo. Tai dar vienas papildomas uzdavinys.
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4 pav. Keturi optimalis klasteriai naudoti tyrime [11]

Taciau Siame darbe klasterizavimas, dél pries tai iSvardinty priezas¢iy atlikinéjamas nebus. IS 13
rezultaty lenteléje esanciy algoritmy [11], buvo palyginti keli aptariami Siame darbe: NN, NNR
(RNN) ir CL.

Pirmame klasteryje maziausig vidutinj bendrg atstumg rado kartotinis artimiausio kaimyno metodas
(51,01 km). Artimiausio kaimyno bei pigiausio jterpimo atitinkamai 56,21 km ir 52,75 km. Kalbant
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apie rezultaty pastovuma, Siy trijy metody 95 % suskaiciuoty ilgiy tilpo § NN — 0,16 km, NNR — 0
km, CI - 0,05 km rézius atitinkamai. Taigi stabiliausiai veiké NNR.

Kituose klasteriuose geriausius marsrutus rado kiti algoritmai, taciau bendra tendencija iSliko panasi:
C2 (antrasis klasteris) — CI trumpiausias vidurkis (23,94 km, NN — 24,93 km, NNR — 24,27 km), 95
% verciy tokiuose réziuose: NN — 0,06 km, NNR — 0 km, CI — 0 km; C3 — NNR trumpiausias vidurkis
(37,06 km, NN — 41,07 km, CI — 43,37 km), 95 % verciy tokiuose réziuose: NN — 0,19 km, NNR — 0
km, CI - 0,08 km; C4 — CI trumpiausias vidurkis (58,25 km, NN — 63,96 km, NNR — 59,57 km), 95
% verciy tokiuose réziuose: NN — 0,14 km, NNR — 0 km, CI — 0,06 km.

Taip pat vertéty pazymeéti, jog tyrimas buvo atliktas ir be klasteriy. Rezultatai parod¢, jog trumpiausia
vidurkj pavyko pasiekti su NNR algoritmu (168,02 km, NN — 185,60 km CI — 185,96 km). Kadangi
buvo matuojamas bendras, o ne klasterizuotas atstumas, tai ir 95 % verciy talpinantys réziai prasipléte
(NN - 0,57 km, NNR — 0,00 km, CI — 0,10 km).

Taigi 1§ tokiy rezultaty galima teigti, jog NNR arba kitaip RNN — kartotinis artimiausio kaimyno
algoritmas, rodo geresnius rezultatus nei paprastas artimiausio kaimyno algoritmas (NN). Tai tik
irodo anksc¢iau apraSyta teiginj, jog norint gauti tikslesnius rezultatus, NN algoritma reikéty panaudoti
kelis kartus, pradiniu tasku pasirenkant vis kitg taskg. O lyginant NNR ir CI algoritmus, didelio
skirtumo néra — abu dviejuose klasteriuose rado geriausius marsrutus, o didZiosios dalies verciy réziai
buvo lygus 0,00 km arba nevir$ijo 0,10 km.

1.3. Metaheuristiniai metodai (angl. metaheuristic methods)

Tai aukstesnio lygio, nuo problemos nepriklausomi metodai, kurie sprendimy paieskai naudoja visa
duomeny (keliaujancio prekeivio problemos atveju — tasky) imtj, o ne artimiausig aplinka, kaip kad
pries§ tai skyriuje apraSyti heuristiniai metodai [8]. Taciau Sie metodai taip pat tinka dideliy tasky
skaiCiy problemoms spresti.

Toliau bus nagriné¢jama tik metaheuristiniy metody Saka — populiacija gristos paieSkos algoritmai
(angl. population based search).

1.3.1. Genetinis algoritmas (angl. Genetic Algorithm, GA)

Genetinis algoritmas — natiiralios atrankos jkvéptas metaheuristinis optimizavimo mechanizmas. Sis
algoritmas geba rasti optimalius arba pakankamai gerus sprendimus per salyginai trumpa laika, netgi
ir dideliems duomeny kiekiams [12].

Jo veikimo principas gali biiti paaiskintas SeSiais etapais. Algoritmas prasideda nuo pradinés galimy
sprendimy populiacijos (inicializavimas, angl. initialization), kurios vienetai gamtoje vadinami
individais. Paprastai pradinés populiacijos yra sudaromos atsitiktiniu biidu. Toliau, tinkamumo
funkcijos pagalba (angl. individual evaluation) yra ivertinamas sprendimas, TSP atveju — atvirkstine
marsruto ilgio verté. Tuomet, treciame etape atrenkami (angl. selection) geriausi individai (taskai
sekoje), kurie simbolizuoja tévus naujai individy (taSky) kartai. Pasirinkty tévy informacija (gamtoje
genai) yra kei¢iama kryzmiskai (angl. crossover), siekiant sukurti nauja kartg (TSP atveju — nauja
sprendima). Penktajame etape, mutacijos (angl. mutation) operatorius atsitiktinai pakeicia dalj naujos
kartos geny (tasky sekos eiliSkuma), siekiant jvesti variacijy arba kitais Zodziais tariant — mutacijy
tam, kad biity i§vengta uZstrigimo lokaliame minimume [13,15] Sie penki etapai kartojami tol, kol
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pasiekiama nutraukimo salyga (angl. fermination condition), pavyzdziui, maksimalus iteracijy
skaiCius ar pakankamai geras sprendimas.

Genetinio algoritmo pritaikymo keliaujancio prekeivio problemai tyrimas buvo atliktas lyginant jj su
skruzdziy kolonijos metodu (apie ji bus kalbama tolimesniame skyriuje) [16]. Atlikus tris bandymus
su 13, 25 ir 35 atsitiktine tvarka iSsidésCiusiais miestais, padaryta iSvada, jog laiko atzvilgiu abu
metodai veikia labai panaSiai: 13 miesty sprendima abu rado per 1 laiko vieneta, 25 miesty per 3 laiko
vienetus, o 35 per 8 (GA) ir 16 (ACO) laiko vienetus. Taciau kalbant apie rastag bendrag marsruto
atstuma, tai Sis skyrési itin zymiai. Genetinio algoritmo rasti atstumai buvo kur kas prastesni (ilgesni)
nei skruzdziy kolonijos: 13 miesty marSrute GA rado 15 % ilgesnj atstuma, 25 miesty marSrute tas
pats genetinis algoritmas rado 83 % prastesnj sprendimg, o 35 miesty — jau net 156 % ilgesnj marSruta
kaip geriausig (1 278,64 pries 499,98 ilgio vienetus). Galima daryti i§vadg — skruzdziy kolonijos
algoritmas pasirodé¢ kur kas geriau sprendziant §ig optimizavimo uzduotj.

Taip pat verta paZyméti ir tai, jog kaip galima matyti tyrimo grafike (5 pav.), genetinio algoritmo
sprendimo kokyb¢ didéjant iteracijy skaiciui did¢ja 1éciau nei skruzdziy kolonijos algoritmo ar ¢ia
neaptarto, bet tyrime tirto $iy dviejy metody hibrido (GACO).
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5 pav. Geriausiy tyrimo sprendimy palyginimas su skirtingomis duomeny imtimis [16]
1.3.2. Skruzdziy kolonijos optimizavimo algoritmas (angl. Ant Colony Optimization, ACO)

SkruzdZiy kolonijos optimizavimas — tai dar vienas metaheuristinis algoritmas ir taip pat atrastas
stebint gamta, taciau Sjkart — konkreciai skruzdes. Skruzdés geba rasti trumpiausius kelius tarp lizdo
ir maisto (6 pav.). Tai daro palikdamos chemines medZiagas, vadinamas feromonais. Kitos skruzdés
pagal feromonus gali nustatyti maisto Saltinio kokyb¢ ir atstuma. Kuo didesné¢ feromony
koncentracija kelyje, tuo didesné tikimybé, jog skruzdé pasirinks biitent ta kelig [17]. Zinoma,
feromonai per laikg i§garuoja, todél maZiau naudojami keliai yra eliminuojami ir lieka tik pagrindiniai
[18].
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Skruzdziy kolonijos optimizavimas
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6 pav. Principiné skruzdziy elgesio ACO algoritme schema [20]

Nuo to laiko kai buvo sukurtas skruzdZiy sistemos (angl. Ant System, AS), algoritmas 1996 m., tyré¢jai

sukiiré ne vieng atmaing ar patobulinta Sio algoritmo modifikacijg. Toliau pateikiami keletas jy:

1. Skruzdziy kolonijos sistema (angl. Ant Colony System, ACS) — tai algoritmas, kuriame feromony
lygis yra pastoviai sumazinus prie tam tikry salygy tam, kad biity iSvengiama jstrigimo lokaliuose
minimumuose [19];

2. MAX-MIN skruzdziy sistema (angl. MIN-MAX Ant System, MMAS) — tai ACO algoritmas,
kuriame yra nustatomos ieSkomy taky ribos su tikslu skatinti platesne paieska ir neapsistoti ties
pirmaisiais sprendimais [20]. Sis metodas yra pagrindas FACO algoritmui [20].

3. Sufokusuotas ACO algoritmas (angl. Focused ACO, FACO) — dar viena ACO atmaina, kurioje
yra kontroliuojamas skirtumas tarp sprendimy taip jgalinant algoritma rasti geresnius sprendimus
mazose viso sprendimo dalyse [20].

Kaip buvo galima suprasti 1§ sukurty skruzdziy kolonijos optimizavimo algoritmo modifikacijy
aprasymuy, vienas i§ $io metodo triikumy — rizika patekti j vietinio optimumo scenarijy [21].

SkruzdZiy kolonijos optimizavimo metodas buvo palygintas su kitas penkiais metodais: genetiniu
algoritmu (GA), imitacinio atSildymo algoritmu (SA), dirbtiniy bic¢iy kolonijos algoritmu (angl.
Artificial Bee Colony, ABC), salpiy spieciaus algoritmu (angl. Salp Swarm Algorithm, SSA), pilkyjy
vilky optimizacijos algoritmu (angl. Grey Wolf Optimization Algorithm, GWO) [22].

Tyrime buvo atlikti T-testai — testai padedantys i$siaiskinti, ar yra dideliy skirtumy tarp analizuojamy
algoritmy. Testai buvo atlikti su mazo (burmal4, berlin52 kroA100) dydzio duomeny rinkiniais,
vidutinio (5225, att532) dydzio duomeny rinkiniais ir didelio (rat783, dsj1000) dydzio duomeny
rinkiniais. Sios duomeny imtys ir vél buvo paimtos i§ viesai prieinamos TSPLIB bibliotekos, o imties
pavadinime esantis skaiCius reiSkia tasky skaiciy.

Remiantis rezultatais, P-verté¢ mazZesné nei 0,05 (kas reiskia, jog skirtumas tarp statistiniy reikSmiy
nebuvo atsitiktinis) buvo tik prie vidutinio bei didelio dydZio duomeny rinkiniy. Labiausiai
dominancios poros, Zinoma, buvo tos, kuriose bent vienas i§ lyginamy metody yra apraSytas Siame
darbe:
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1. Genetinis algoritmas (GA) vidutinio ir didelio dydZzio atvejais pasieké panasSius rezultatus kaip
ir imitacinio atkaitinimo (SA) ar dirbtiniy bic¢iy kolonijy algoritmai (ABC);

2. Skruzdziy kolonijos algoritmas (ACO) savo rezultatais aplenké daugelj kity algoritmy, kurie
buvo tikrinti. Nusileido tik vieninteliam hibridiniam IGSAA algoritmui (angl. Improved
Genetic Simulated Annealing Algorithm), kuris tinka tik mazo skaifiaus taSky TSP
uzdaviniams spresti.

Palyginus genetinj algoritmg su skruzdziy kolonijos algoritmu paaiskéjo, jog ACO yra pranasesnis
uz GA pagal nuosekluma, taciau nusileidzia greiciu.

1.4. Neuroniniy tinkly metodai (angl. Neural Network methods)

Neuroniniy tinkly metodai tai dar viena metaheuristiniy metody atSaka, kuri vis dazniau naudojama
TSP uzdaviniui spresti [8]. Jy pagrindinis iSskirtinumas nuo visy likusiy metody yra tas, jog jie
keliaujancio prekeivio uzdavinj i§ paieSkos uzdavinio pavercia ] mokymosi uzduot; ir vietoj to, jog i8
anksto nustatytomis strategijomis ar metodais ieSkoty geriausio sprendimo, ty strategijy iesko patys.

1.4.1. Grafy neuroninis tinklas (angl. Graph Neural Network, GNN)

Grafy neuroninis tinklas yra skirtas apdoroti duomenis, kurie turi grafy struktiirg [22] ir 1§ jy mokytis
problemos struktiiriniy savybiy. Nors GNN algoritmas susitvarko su dideliais kiekiais duomeny,
taCiau jis néra tinkamas labai tankiems grafams, kokie daznai biina keliaujancio prekeivio uzdavinio
grafai, kadangi juose visi taskai yra susijunge tarpusavyje. Tam buvo sukurti iSankstinio apdorojimo
(angl. preprocessing) metodai, kurie iSretina tuos grafus (angl. sparse). Retinimas vyksta pasalinant
maziausiai perspektyvius kelius.

Grafy neuroninis tinklas buvo tirtas lyginant ji su imitacinio atSildymo (SA) ir artimiausio kaimyno
(NN) algoritmais [23]. Buvo sudarytas grafikas (7 pav.), kuriame matomas optimaliy marSruty
sugeneravimo daznis su leidZziamu nuokrypiu kiekvienam i§ metody. Pateikti duomenys leidzia
matyti, jog GNN metodas jau su 5 % leidziamu nuokrypiu pasieké beveik 100 % teisingy marsruty
generavimo daZnj, kur SA ir NN metodai net ir su 10 % leidZiamu nuokrypiu pasiekeé tik 70 % ir 15
% atitinkamai.
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7 pav. NN, SA ir GNN metody palyginimo tyrimo rezultatas [23]
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1.4.2. Rodykliniai tinklai (angl. Pointer Networks, PtrNets)

Rodykliniai tinklai buvo sukurti spresti problemas, kuriose iSvestis yra tiesiogiai susijusi su jvestimi.
Keliaujancio prekeivio uzduoties atveju, tai reiskia, jog modelis kiekvienoje iteracijoje nurodo (angl.
points to) kita taska, kurj reikia aplankyti. PtrNets naudoja démesio (angl. attention) mechanizma,
leidziant] modeliui dinamiskai nuspresti, kuriems taskams skirti daugiau démesio ir pagal tai
nuspresti kuris taSkas turi biiti kitas marSrute.

Keliaujancio prekeivio uzdavinio atveju PtrNets algoritmas yra apmokomas prognozuoti trumpiausio
marsruto seka. Dazniausiai tai atliekama naudojant prizitirimg mokyma (angl. supervised learning,
SL) arba pastiprinamaji mokyma (angl. reinforcement learning, RL). Pastarasis yra naudojamas
dazniau, kadangi SL reikalauja didziuliy sukaupty duomeny kiekio, yra brangus ir neefektyvus, bei
tinka tik problemoms su jau Zinomais rezultatais ir optimaliais sprendimais. AtvirkS¢iai yra su RL,
kuris leidzia mokytis be i§ anksto apskaiciuoty optimaliy sprendimy.

Buvo atliktas tyrimas [24], kuriame PtrNets algoritmas palygintas su keliais kitais metodais. Tyrime
buvo ieSkomas trumpiausias kelias arbaty lapy nurinkimui po robotu. Kaip galima matyti i$ tyrimo
rezultaty lentelés (8 pav.), pasitlytas metodas (PtrNets su savaiminio démesio, angl. self-attention,
moduliu) nenusileido ir net aplenké kai kuriuos anks¢iau aprasytus metodus. Pavyzdziui, genetinis
algoritmas pasirod¢ prasciau tiek atstumu, tiek laiko prasme prie§ tyrime pasiiilyta metoda. Imitacinis
atSildymas taip pat stipriai nusileido tyrime pasitlytam metodui, ypac greitaveikos klausimu —
uztrukdavo po kelias ar keliolika sekundziy (priklausomai nuo tasky skaiciaus), kur pasiilytas
metodas PtrNets + self-attention modulis daugiausiai (su 100 tasky uzduotimi) uztruko tik 62,58 ms.

Metodas n=20 n =250 n =100

llgis Laikas Ilgis Laikas Ilgis Laikas
Ours 3.96 0.42 5.99 2.34(ms) 8.40 9.26(ms)

(greedy) (ms)
Ours (BS10) 3.89 2.72 5.91 15.77 8.29 62.58
(ms) (ms) (ms)

GA 3.91 1.24(s) 6.49 2.19(s) 17.09 3.81(s)
SA 6.57 1.53(s) 19.47 5.31(s) 42.14 16.51(s)
IA 3.93 25.59(s) 6.32 53.35(s) 10.36 100.81(s)
ACA 3.86 8.38(s) 6.00 24.03(s) 8.47 54.43(s)

8 pav. Vidutinis marSruto ilgis ir skai¢iavimo laikas tyrime tirty metody [24]
1.5. Lin—Kernighan—Helsgaun heuristika (angl. Lin-Kernighan-Helsgaun heuristic, LKH)

Lin-Kernighan-Helsgaun yra viena populiariausiy pasitilyto Lin-Kernighan algoritmo atmainy [25].
Si heuristika taip pat naudojama keliaujanéio prekeivio problemos sprendimy paieskai. Ji remiasi k-
opt vietine paieSka (angl. k-opt local search), kurios veikimo pagrindas yra iteracinis marSruto
gerinimas. PradZioje yra sudaromas pradinis marSrutas. Tuomet yra taikoma k-opt paieska —
pasalinamos tam tikros marsSruto jungtys ir pakei¢iamos kitomis. Taip kei¢iant siekiama gauti maZesnj
bendra marSruto atstumga. Kitaip nei paprastesni 2-opt ar 3-opt metodai, $i heuristika dinamiSkai keicia
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k reikSme paieskos metu. Tokiu biidu yra efektyviau tyrin¢jama sprendimy erdvé ir atrenkami tik
perspektyviausi kandidatai tolimesnéms iteracijoms.

Lin-Kernighan-Helsgaun heuristika pastaraisiais metais mokslinéje literatiiroje minima kaip vienas
efektyviausiy metody spresti keliaujancio prekeivio problemg dél gebéjimo generuoti itin auksStos
kokybés sprendimus per palyginti trumpa laikg. Taip pat verta pazymeéti, jog literatiiroje
akcentuojamas ir dar vienas $io metodo privalumas — geb¢jimas spresti ypa¢ dideles keliaujancio
prekeivio problemas, kuriose btina keli ar net keliasdeSimt tiikstanciy tasky [25].

Vienas 1§ naujausiy darby [26] panaudojo Lin-Kernighan-Helsgaun algoritma kaip pagrindinj
heuristinj sprendimo komponentg ir band¢ pagerinti jo veikima, jj kombinuojant su pastiprintojo
mokymosi metodais (angl. reinforcement learning) (Q-Learning, Sarsa, Monte Carlo). Tyrimas buvo
atliktas su 111 skirtingy TSPLIB bibliotekos pavyzdziy, tarp kuriy buvo ir 85 900 tasky turintis
rinkinys. Tai parodé, jog Sis metodas tinkamas labai dideliy duomeny rinkiniy keliaujancio prekeivio
problemos sprendimo paieskai.

Lin-Kernighan-Helsgaun metodas buvo palygintas ir su pries tai minétu genetinio algoritmo metodu
[27], tiksliau jo atmaina — briauny surinkimo kryZminimo genetinis algoritmas (angl. Edge Assembly
Crossover Genetic Algorithm, EAX-GA). Tyrimas parod¢, jog genetinio algoritmo atmainos metodas
pasizymejo labai gerais rezultatais didZiajai daliai keliaujancio prekeivio problemos duomeny
rinkiniy, taciau Lin-Kernighan-Helsgaun metodas pasirodé efektyvesnis kai kuriais specifiniais
atvejais, o likusiuose neparod¢ itin prastesniy rezultaty bei laiko prasme zymiai ilgesniy skaiciavimy,
tad galima teigti, jog metodai gali biiti naudojami papildant vieng kitu.

1.6. Metrikos

Siekiant kokybiSkai jvertinti anks¢iau iSvardinty optimizavimo metody sprendimus, bus naudojamos

Sios metrikos:

1. MarsSruto ilgis (kuo maZesnis) — visy marsruto briauny suma;

2. Santykiné paklaida (kuo mazesné) — lyginamas algoritmo gautas rezultatas su Zinomu optimaliu
sprendimu;

3. Laiko sanaudos (kuo maZesnés) — bendras sprendimo paieskos laikas. Si metrika bus naudojama
tik iki tam tikros vertés, kadangi ilgiau nei nustatyta trunkancio sprendimo paieSkos bus
nutrauktos;

4. ISple¢iamumas (kuo didesnis) — bus vertinama, ar metodas veikia su didesniu tasSky skai¢iumi ir
ar nuo to per daug nenukencia sprendimo kokybé bei laikas;

5. Stabilumas (kuo didesnis) — bus vertinama, kiek svyruoja rezultatai leidziant tuos pacius
algoritmus po kelis kartus.
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2. Metodologiné dalis

Siame skyriuje bus plagiau apzvelgtas keliaujancio prekeivio optimizavimo uzdavinio metody tyrimo
tikslas, duomenys, metodai, kriterijai, eiga ir apribojimai.

2.1. Tyrimo tikslas

Keliaujancio prekeivio optimizavimo uzdavinio metody tyrimo tikslas yra nustatyti, kurie metodai i$
pasirinkty randa artimiausig optimaliam keliui, palyginti juos pasinaudojant metrikomis ir padaryti
1Svadas.

2.2. Tyrimo duomenys

Siame tyrime naudojami sintetiniai duomenys buvo generuojami specialiai §iam darbui sukurta
programa. Tai interaktyvus marSruty generavimo jrankis, leidziantis vartotojui braizyti bazinj
marsrutg zemélapyje (sudéti atraminius taskus) arba jkelti anksc¢iau i§saugota marSruto failg. Pagal
bazinj marSrutg, vartotojas gali pasirinkti norimag miesty skaiciy ir vieng 1§ keliy sintetinio marSruto
generavimo rezimy: splaino metodg (angl. spline), vienody atstumy metodg (angl. equal-distance),
vienody atstumy su triukSmais metoda (angl. equal-distance + jitter), segmenty tankinimo metoda
(angl. densify segments). Visy Siy metody tikslas yra generuoti tasky aibe taip, kad optimali lankymo
seka biity Zinoma i§ anksto ir galéty biiti naudojama optimizavimo metody tikslumui vertinti.

Praktinis programos veikimo pavyzdys: pirmiausia buvo nubraizytas bazinis marsrutas, tai yra sudéti
atraminiai taskai, kurie apibrézia generuojamo marsruto forma (9 pav.). Toliau buvo pasirinkti
generavimo parametrai: metodas (splaino funkcija), tasky (miesty) skaic¢ius (100, 1000 ir 10000).
Paspaudus ,,Generuoti“ mygtuka buvo sugeneruoti atitinkamy dydziy marSrutai.

9 pav. Bazinio marsruto pavyzdys

Toliau galite matyti pavyzdj (10 pav.), kuriame sugeneruotas 100 tasky marsrutas (geltona spalva —
bazinis marSrutas, raudona spalva — su splaino funkcija sugeneruotas marsrutas). Kaip galima matyti
pavyzdyje, irankio deSin€je puséje prie marSruto yra paraSomas optimalaus marSruto ilgis. Nors
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vartotojo nubrézto bazinio marsruto ilgis buvo 18,36 km, taciau po sintetinio marsruto sukiirimo Sis
ilgis padidéjo iki 19,22 km, kadangi atsirado daugiau nuklydimy, nuo pries tai buvusiy tiesiy linijy.

10 pav. Bazinis marSrutas ir 100 tasky pavyzdinis marsSrutas sugeneruotas su splaino funkcija

Tarp Siame pavyzdyje nenaudoty, tac¢iau galimy marSruto generavimo parametry yra ir triukSmo
jvertis, kuris kontroliuoja generuojamy tasky nuokrypi nuo idealios splaino kreivés. Kai triuk§Smo
jvertis yra labai mazas arba artimas nuliui, generuojamas marsrutas lieka artimas tikrai splaino
funkecijai, kuri nesant susikirtimy yra optimalus marsrutas. Jei triuk§mo jvertis yra padidinamas per
daug (11 pav., ¢ia raudona spalva — 100 tasky marSrutas apraSytas prie§ tai, violetin¢ spalva —
sugeneruotas marsrutas su 100 metry galimos maksimalios paklaidos triuk§mo jvercio), yra sukuriami
natiiralesni iSsibarstymo duomeny rinkiniai, taciau atsiranda rizika, jog gautas marSrutas nebéra
optimalus, dél ko sukurti duomeny rinkiniai prarasty prasme.

11 pav. Triuk§mo jvercio pavyzdys generuojant marSrutus
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Galiausiai spustelint iSsaugojimo ikong prie kiekvieno i§ sugeneruoty marSruty, yra iSsaugomi
sugeneruoti marsrutai JSON formatu. ISsaugotuose failuose yra pateikiamos marSruto tasky
koordinatés, duomeny rinkinio tasky skaicius, generavimo metodas bei optimalaus marsruto ilgis.
Tokiu budu, pasirinkus duomeny rinkinio failg eksperimenty fazéje, galima palyginti, kokia buvo
padaryta paklaida ieSkant optimalaus marsruto.

Svarbu pazyméti, jog atliekant bandymus su Siuo jrankiu, buvo jtrauktas ir dar vienas marSruty
generavimo metodas — pritaikymas prie keliy. Véliau pateiktame pavyzdyje (12 pav.) galite matyti
tokio metodo bandyma (zalia spalva — bazinis marSrutas, raudona spalva — pritaikymas péstiesiems,
melyna spalva — pritaikymas automobiliams) su jjungtu palydovinés nuotraukos vaizdu. Toks
metodas eksperimenty duomeny rinkiniui rinkti naudojamas nebuvo, kadangi kaip galima matyti 1§
pavyzdzio, kreipiant démes;j | keliy eismo taisykles ir jmanomus bei nejmanomus kelius ar pra¢jimus
atsiranda labai daug susikirtimy, persidengianciy keliy. Tai neleidZia uZtikrinti marSruto optimalaus
kelio apskai¢iavimo prie§ iSsaugant tokj duomeny rinkinj eksperimentams.

12 pav. Marsruto generavimo pasinaudojant pritaikymo prie keliy pavyzdys
2.3. Tyrimo metodai

Kaip jau buvo apzvelgta literatiiros apZvalgos skyriuje, egzistuoja tikrai ne vienas metodas, kuris gali
biiti taikomas optimizavimo uzdaviniams spresti. Dél Sio darbo laiko apribojimy, buvo nuspresta
pasirinkti tris pastaraisiais metais labiausiai tiriamus metodus, skirtus dideliy taSky skaiciaus
keliaujancio prekeivio uzduotims bei palyginti juos tarpusavyje ir su ,,Google” kompanijos vystomu
OR-Tools metodika.

2.3.1. Genetinis algoritmas

Genetinis algoritmas (angl. Genetic Algorithm, GA) — tai evoliuciné metaheuristika, kuri remiasi
biologinés evoliucijos principais: natiiralia atranka, paveldimumu, mutacijomis. Toliau (13 pav.)
galima matyti genetiniy algoritmy veikimo principing schema.
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13 pav. Genetiniy algoritmy veikimo principiné schema [28]

Kaip matoma paveiksle, Sio algoritmo veikimas pradedamas nuo pradinés, atsitiktinai sugeneruotos
sprendiniy populiacijos, kurioje kiekvienas individas (Siame darbe — marSrutas) yra galimas
problemos sprendimas. Tuomet, paeiliui, kol atitiks nustatyta kriterijy, yra kuriamos evoliucinés
kartos, kurios vertinamos pagal tinkamumo funkcijg. Jos yra atrenkamos pagal pasirinkta metodika,
kryzminamos tarpusavyje ir yra paveikiamos mutacijy, siekiant palaipsniui gerinti sprendimo kokybe.
Tokia metodika leidzia algoritmui spresti dideles ir sudétingas keliaujancio prekeivio problemos
uzduotis, su kuriomis tikslieji metodai yra netinkami, o kiti uZstringa lokaliuose minimumuose [28].

Vienas i§ pagrindiniy genetinio algoritmo pranaSumy lyginant su kitais optimizavimo metodais, yra
gebéjimas palaikyti sprendiniy jvairove visos paieSkos metu (jau minétas neuzstrigimas lokaliuose
minimumuose). Be to, genetinius algoritmus paprasta konfigtiruoti. Be kity parametry juose taip pat
naudojami skirtingi operatoriai [29]:

1. Sifravimo (angl. encoding): dvejatainis (angl. binary), astuntainis (angl. octal), $eSioliktainis
(angl. hexadecimal), kombinatorinis (angl. permutation), reikSminis (angl. value), Saky (angl.
tree);

2. Atrankos (angl. selection): ruletés (angl. roulette wheel), rango (angl. rank), turnyro (angl.
tournament), Bolcmano (angl. Boltzmann), stochastiné universalios atrankos (angl. stochastic
universal sampling);

3. Kryzminimo (angl. crossover): vieno tasko (angl. single point crossover), k tasky (angl. k-point
crossover), tolygusis (angl. uniform), dalinio atvaizdavimo (angl. partially mapped crossover,
PMX), tvarkos (angl. order, OX), pirmenybés iSsaugojimo (angl. precedence preserving
crossover, PPX), maiSymo (angl. shuffle crossover), sumazintas pakaitinis (angl. reduced
surrogate crossover), ciklinis (angl. cycle crossover);

4. Mutacijos (angl. mutation): perstimimo (angl. displacement mutation), inversiné (angl. inversion
mutation), atiktinio maiSymo (angl. scramble mutation), bito pakeitimo (angl. bit flipping
mutation), apvertimo (angl. reversing mutation).
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Eksperimentiniai tyrimai rodo, jog genetinio algoritmo efektyvumas labai priklauso nuo pries tai
iSvardinty operatoriy parinkimo pagal uzdavinj. Viename tyrime [30] buvo atlikta genetinio
algoritmo, skirto keliaujancio prekeivio problemai, parametry analizé. Tyrime buvo keiciamas
populiacijos dydis, kryZzminimo tikimybé (konkretus Sio operatoriaus variantas Saltinyje
nenurodytas), mutacijos tikimybé (konkretus Sio operatoriaus variantas Saltinyje nenurodytas) ir
iteracijy skaicius. Eksperimenty rezultatai parodé, jog Sie parametrai ir jy tarpusavio sgveika turi
didele jtakg sprendimo kokybei. Pasak tyrimo autoriy, per maza populiacija arba netinkamai parinktos
kryzminimo ir mutacijos tikimybés lemia didesnes sprendimy variacijas.

Jau minétame Saltinyje [28] taip pat buvo atlikta kryzminimo ir mutacijos tikimybiy jtaka algoritmo
efektyvumui. Sio tyrimo [28] autoriai patvirtina prie§ tai minéto 3altinio [30] tyréjy teiginius, kad
esant per dideléms mutacijy ar kryzminimo tikimybéms, genetinj algoritmg gali paversti chaotisku,
atsitiktiniu sprendimo paieskos atzvilgiu. Ta¢iau per mazos Siy operatoriy tikimybés gali sumazinti
gery sprendimy informacijos perdavima naujoms sprendimy kartoms.

Taip pat verta paminéti, jog atrankos mechanizmo ir anksciau iSvardinty genetinio algoritmo
operatoriy pasirinkimas turi tiesioging jtaka algoritmo artéjimo prie optimalaus sprendinio greiciui ir
pastovumui [21]. Autoriai nurodo, jog stipresn¢ atrankg sukuriantys mechanizmai, pavyzdziui
turnyriné atranka su didesniu turnyro dydziu, paspartina algoritma, taciau kartu kelia rizika per anksti
istrigti lokaliame minimume. Tyrimo i§vadose taip pat teigiama, jog tam tikri kryZminimo operatoriai
(priklausomai nuo uzduoties) efektyviau iSsaugo gery sprendiniy struktiiras (keliaujancio prekeivio
problemos atveju — gretimy miesty sekas), todél Sios yra lengviau perduodamos naujoms kartoms.
Netinkamai parinkti kryZzminimo operatoriy tipai kaip tik ardo efektyvias struktiiras ir blogina
optimalaus sprendimo paieSkas. Dar autoriai uzsimena apie mutacijos operatoriy vaidmenj
kontroliuojant populiacijos jvairove. Per silpna mutacija lemia sprendimy stagnacija, o per stipri —
paieskos atsitiktinumg ir sprendimy tarpusavio stabilumo sumaz¢jima.

2.3.2. SkruzdZziy kolonijos optimizacija

SkruzdZiy kolonijos optimizacija (angl. Ant Colony Optimization, ACO) — tai biologijos jkvépta
metaheuristika, kuri imituoja skruzdziy kolektyvinio elgesio modelj. Si metaheuristika sprendimus
kuria iteracijomis, naudojant skruzdziy feromony pédsaky imitacija. Feromonai naudojami kaip
geresniy sprendiniy (geresniy marSruty) zymés (skruzdziy patirtis) ir taip leidzia sustiprinti
potencialiai perspektyvesniy marSruto daliy svorj lyginant su kitomis. Tokia metodika leidZia iSlaikyti
balansg tarp eksploracijos (naujy marsruty paieska) ir eksploatacijos (esamy marsruty gerinimas), kas
yra itin aktualu sprendziant didelio masto optimizavimo uZzdavinius, tokius kaip keliaujancio
prekeivio problema. Vis délto, naujausi tyrimai §] metoda papildo jvairiais mechanizmais, kurie
padeda mazinti stagnacijg ir didelj skai¢iavimy kieki (pavyzdziui klasterizavimas, adaptyviis
parametrai, vietiné paieska) [21].

Egzistuoja skruzdziy kolonijos optimizacijos algoritmo modifikacijos, turin¢ios savo pavadinimus ir

i§skirtinius bruozus. Toliau pateikiamos pagrindinés literatiiroje randamos rusys:

1. AS (angl. Ant System) — bazinis variantas, kur visi agentai (skruzdés) prisideda prie feromony
atnaujinimo. Létesnis, labiau linkes i stagnacijg [32];

2. ACS (angl. Ant Colony System) — modifikuota sprendinio konstravimo ir atnaujinimo taisykle. I$
esmes tai — patobulintas AS variantas [32];
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3. MMAS (angl. Max-Min Ant System) — feromonai ribojami tam tikrame intervale, kas leidzia
apriboti paieskg ir mazina degeneracija (per didelj feromono poveikj sprendimams) [32];

4. ASRank (angl. Rank-based Ant System) — taip pat AS varianto atmaina, kuri jtraukia ir rangus.
Tai leidzia feromonus naudoti tik geriausiai pasirodancioms skruzdéms — agentams [32];

5. P-ACO (angl. Population-based Ant Colony Optimization) — naudojama populiaciné atmintis
iSsaugant geriausiy sprendiniy informacija [33];

6. Adaptyviis ACO (angl. Adaptive Ant Colony Optimization) — taisyklés kei¢iamos iteracijy metu
[34];

7. Hibridiniai ACO (angl. Hybrid Ant Colony Optimization) — ACO padeda sugeneruoti bazinj
sprendimg, o jo kokybé gerinama lokalios paieskos metodais (2-opt, 3-opt) ar imitacinio
atkaitinimo (angl. Simulated Annealing, SA) mechanizmu [35].

Naujausiuose tyrimuose dazniausiai minimi tie patys parametrai, kuriy kombinacija ir daro jtakg

skruzdziy kolonijos sprendimams:

1. o— feromono jtaka. Per didelé Sio parametro verté skating greitg stagnacija (susikoncentravima j
vieng trajektorijg), o per maza pavercia algoritmg atsitiktiniy marsruty generatoriumi [36];

2. B — atstumo jtaka. Didesnis Sio parametro jvertis padeda greitai pasiekti gana nebloga sprendima,
taciau d¢l tos priezasties pasidaro nepajégus iSeiti i§ lokalaus minimumo [36];

3. p — garavimo greitis. Sis parametras yra atsakingas uz feromono nykimo greitj. Cituojamame
Saltinyje uZsimenama ir apie galimybe¢ §] parametra padaryti adaptyviu [36];

4. Agenty (skruzdziy) skaicius — Sis parametras lemia, kiek agenty bus naudojama marSruto paieskai.
Didesnis skaiCius paprastai reiskia geresnio sprendimo suradima, taciau tam reikalingi didesni
skai¢iavimo resursai ir laikas [37];

5. Iteracijy / laiko limitas — kaip ir kituose metoduose, galima valdyti ir apriboti skai¢iavimo laika
[35];

6. Feromony atnaujinimo politika — i§ esmés §is parametras nurodo anksciau iSvardinty skruzdziy
kolonijos optimizavimo metodo atmainy tipg ir kaip jis atrenka feromonus [32].

Viename naujausiy tyrimy atlikty 2022 m. [37], buvo analizuojamas skruzdziy kolonijos
optimizavimo algoritmo pritaikymas keliaujancio prekeivio problemos sprendimo paieSkai taikant
tasky klasterizavima ir adaptyvius algoritmo elementus (Siuo atveju konkreciai feromony garavimo
greitis). Toks sprendimo biidas buvo pasiiilytas, nes, pasak tyrimo autoriaus, klasikinis ACO yra labai
priklausomas nuo kontroliniy parametry ir yra linkes jstrigti lokaliuose minimumuose. Straipsnyje
taip pat teigiama, jog nuo skruzdziy (agenty) skaiCiaus, iteracijy skai¢iaus bei feromono garavimo
grei€io parametro tiesiogiai priklauso skaiciavimo laikas bei sprendimo kokybé. Kaip ir galima spéti,
didesnis skai¢iavimo resursy kiekis daZniausiai padeda pasiekti geresniy sprendimy, taciau tas
pager¢jimas ne visada prasmingas — priklauso nuo sprendziamo uzdavinio tikslumo reikalavimy.
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14 pav. Skruzdziy kolonijos optimizavimo algoritmo veikimo principiné schema [37]

Skruzdziy kolonijos optimizacijos algoritmo parametry analizé buvo atlikta ir kitame tyrime [36].
Siame tyrime labiau buvo démesys skiriamas p parametro jtakos algoritmo elgsenai issiaiskinti. Anot
autoriaus, tarp p jvercio ir konvergencijai (priartéjimo prie optimalaus marsruto) reikalingo iteracijy
skaiCiaus egzistuoja funkciné priklausomybé. Darbe pristatomi rezultatai parodé¢, jog netinkamai
parinktas p parametras gali salygoti arba per greita feromony augima ir dél to stagnacija, arba per léta
informacijos kaupimg — neefektyvia paieSka. Siekiant iSspresti §ig parametro problemg, buvo
iSbandytas dinaminis tokio parametro reguliavimas, kuris pagerino konvergencija ir sumazino
priklausomybe nuo fiksuoty parametry, kurie turi biti labai gerai suderinti kiekvienam uzdaviniui
atskirai, norint jog algoritmas veikty sklandziai ir efektyviai.

Hibridinj skruzdziy kolonijos optimizavimo metodg iSbandé tyré¢jai dviejuose darbuose [21, 35]. Tik
vienu atveju pridédami lokalig paieska 2-opt, o kitu atveju lokalig paieska 3-opt. PaZzymeétina, pirmasis
1§ Siy dviejy mini ir kitus hibridinius mechanizmus (klasterizavimg, imitacinj atkaitinimg), taciau
abiejy darby autoriai sutaria, jog tokie patobulinimai padeda paSalinti pagrindinj klasikiniy ACO
algoritmy triikuma — polinkj jstrigti lokaliuose minimumuose, kartu padidinant konvergencijos greit}
ir sprendimo kokybe.
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2.3.3. Lin-Kernighan-Helsgaun

Lin-Kernighan-Helsgaun (toliau — LKH) heuristika — tai vietinés paieskos (angl. Local Search)
metodika, skirta keliaujan¢io prekeivio problemos sprendiniams optimizuoti. Sis metodas yra
klasikinio Lin-Kernighan algoritmo patobulinimas, pasizymintis efektyvesniu sprendimy erdvés
tyrinéjimu bei geb¢jimu rasti labai aukStos kokybés sprendinius net ir labai didelio masto
uzdaviniuose [26]. Skirtingai nei, pavyzdziui, genetiniai algoritmai, kuriy veikimo principas paremtas
vis naujy populiacijy sudarymu, LKH metodas veikia su vienu sprendiniu, kuris iteraciniu principu
gerinamas taikant sudétingas vietinés paieskos transformacijas.

Algoritmo veikimas pradedamas nuo pradinio marSruto sudarymo. Pradinis sprendinys gali buti
sugeneruojamas atsitiktinai arba naudojant kitus heuristinius metodus (pavyzdziui, artimiausio
kaimyno metoda, paminétg 1.2.1 skyriuje). Sudarius pradinj sprendinj, toliau vykdoma iteraciné
vietiné paieSka, kuri paremta k-opt operacijomis. K-opt operacijy principas — k (tam tikro skaiciaus)
marsruto jungciy pasalinimas ir jy pakeitimas kitomis taip, jog biity gaunamas trumpesnis bendras
marsrutas.

Kaip matyti principinéje schemoje (15 pav.), nagrin¢jama situacija, kai marSrute egzistuoja dvi
krastinés, jungiancios tasky poras (p2i, p2i+1) it (p2i-1, p2i+2). Atliekant k-opt operacija, Sios krastinés
paSalinamos ir pakei¢iamos jungtimis, taip pakeiciant dalies marSruto seka. Toks pakeitimas suteikia
galimybe rasti mazesnj bendrg ilgj nei buvo prie§ operacija.

x, Pzi-

Pai
15 pav. k-opt tipo vietinés paieskos Lin-Kernighan-Helsgaun algoritme principiné schema [25]

Skirtingai nei paprasti 2-opt ar 3-opt (pakeiciamos atitinkamai 2 arba 3 kras$tinés), kuriuose & reikSmeé
yra fiksuota, Lin-Kernighan-Helsgaun heuristika leidzZia k reikSme keisti dinamiskai vykdant paieska.
Tai leidzia algoritmui adaptuotis prie sprendinio struktiiros ir pritaikyti tiek mazus, tiek didelius
marSruto pakeitimus.

Siekiant sumazinti sprendimy erdve ir tokiu biidu pagreitinti skaic¢iavimus, pritaikant LKH heuristikg
naudojami jung€iy rinkiniai [26]. Kitaip tariant, vietoj to, jog biity nagriné¢jamos visos galimos
jungciy kombinacijos (kaip jau minétame grubiosios jégos algoritme), LKH algoritmas apsiriboja tik
tomis jungtimis, kurios laikomos perspektyviomis. Bitent toks sprendiniy erdvés apribojimas
literatiroje jvardijamas, kaip vienas i$ didziausiy Lin-Kernighan-Helsgaun algoritmo privalumy,
leidziancCiy iSspresti net ir labai dideles keliaujancio prekeivio problemas.

Toks teiginys lengvai pagrindziamas i§ eksperimentiniy duomeny, kuriuose LKH metodas
naudojamas kaip bazinis kuriant jvairias §io metodo atmainas. Pavyzdziui, jau cituotame tyrime [26]
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pateikiamas klasikinio LKH ir pastiprinto mokymosi LKH (VSR-LKH) palyginimas su jvairaus
dydzio TSPLIB pavyzdziais. Nagrin¢jamame Saltinyje, antroje lenteléje, galima matyti, jog klasikinis
LKH metodas kai kuriuose rinkiniuose nepasieké zinomo optimalaus sprendinio, kai tuo metu
sustiprintas variantas jj pasieke stabiliai beveik su visais duomeny rinkiniy pavyzdziais. Kalbant apie
skai¢iavimo laikg, LKH metodo modifikacija skaiciavo grei¢iau nuo beveik 2 iki 48 karty
(vidutiniskai 16).

Naujesniame tyrime [38], buvo pristatytas NeuroLKH metodas, kuriame gilaus mokymosi modelis
naudojamas LKH kandidatiniy jungc¢iy rinkiniy generavimui, paliekant pacia k-opt vietinés paieskos
schemg be pakeitimy. Tyrimo, kurio metu buvo naudojami TSPLIB dideli duomeny rinkiniai,
rezultatai parodé, jog sprendinio kokybés atzvilgiu NeuroLKH pasieké labai panaSius arba identiSkus
rezultatus kaip klasikiné Lin-Kernighan-Helsgaun heuristika, taciau laiko atzvilgiu skirtumai tapo
rySkesni esant dideliems duomeny rinkiniams. Pavyzdziui, 5 000 tasky keliaujanc¢io prekeivio
uzdavinyje, klasikinio LKH algoritme kandidatiniy jung¢iy paruoSimas vidutiniskai uztruko apie 38
970 sekundes, kai tuo tarpu NeuroL KH tam paciam tikslui pasiekti prireike tik apie 208 sekundziy.

2.3.4. Google OR-Tools

Google OR-Tools - tai atvirojo kodo kombinatorinio optimizavimo programiné biblioteka, sukurta
»Google”“. Viena i§ bibliotekos daliy, marSruty planavimo (angl. routing library), naudojama
keliaujangio prekeivio problemos uzdaviniui spresti [40]. Sioje bibliotekoje uzdavinys formuojamas
kaip vienos transporto priemonés marsrutas, su sutampanciu pradzios ir pabaigos tasku. Sprendimo
procesas susideda i§ dviejy pagrindiniy etapy. Pirmiausia yra sugeneruojamas pradinis sprendimas
naudojant vieng i§ konstravimo heuristiky: automatiné (angl. automatic), pigiausio segmento (angl.
path cheapest arc), labiausiai apriboto segmento (angl. path most constrained arc), taupymo (angl.
savings), Christofides algoritmo (angl. Christofides), lygiagretaus pigiausio jterpimo (angl. parallel
cheapest insertion), nuoseklaus pigiausio jterpimo (angl. local cheapest insertion), globalaus
pigiausio jterpimo (angl. global cheapest insertion), vietinio pigiausio jterpimo (angl. local cheapest
arc), maZziausios nepriskirtos reikSmés (angl. first unbound min value).

Toliau pradinis sprendimas yra tobulinamas taikant vieting paieskg metaheuristinio metodo pagalba.
Sioje vietoje taip pat yra galimybe pasirinkti i§ keliy skirtingy metody: automatiné (angl. automatic),

v —

GLYS), imitacinis atkaitinimas (angl. simulated annealing), tabu paieska (angl. tabu search).

OR-Tools pasizymi ir tuo, jog jau minéta marSruty biblioteka skai¢iavimuose naudoja sveikuosius
skaicius, todel norint naudoti atstumus, kurie turi skaitmeny po kablelio (koordinatés biitent tokios ir
yra), turi biiti perskaic¢iuojami juos padauginant i§ mastelio (angl. scale). Per maZas mastelio skaicius
gali lemti didZiules apvalinimo paklaidas, taciau per didelis skaiius iSaugina reikalingus skai¢iavimo
resursus. Siame darbe buvo pasirinktas didesnio tikslumo variantas — 10 000 mastelio koeficientas.
Kita Sios metodikos ypatybé yra ta, jog nenustacius sprendimo paieskos laiko limito, biity vykdoma
nesibaigianti paieska ir nebiity gragzinamas rezultatas.

Nors OR-Tools néra tradicinis metodas pagal apibrézima, kadangi tai yra metody kombinacija, taiau
jis buvo pasirinktas kaip papildomas palyginimo jrankis Siame tyrime, kadangi jis puikiai tinka
didelio skaic¢iaus keliaujancio prekeivio problemos uzdaviniams spresti.
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2.3.5. Pasirinkti metodai

Tyrimas bus atliekamas su Siais metodais:

e Genetinis algoritmas (angl. Genetic Algorithm, GA);

e Skruzdziy kolonijos optimizacija (angl. Ant Colony Optimization, ACO);

o Lin—Kernighan—Helsgaun heuristika (angl. Lin—Kernighan—Helsgaun, LKH);
e Google OR-Tools.

2.4. Vertinimo Kkriterijai

Kaip jau buvo paminéta 1.5 skyriuje, metody vertinimas bus atliktas pasitelkiant metrikomis. Zinoma,
metriky svoris priklauso nuo uzduoties j kurig orientuojamasi kuriant sprendima, taciau Siame tyrime
didziausias svoris suteikiamas marsruto ilgiui, kadangi bus Zinomas optimalus marsrutas ir jo ilgis;
bei laiko sanaudos, kadangi dél Sio darbo laiko apribojimy svarbu gauti greitus ir gerus sprendimus.

2.5. Eksperimento metody parametrai

Kadangi bus atliekami keturiy algoritmy tyrimai (GA, ACO, LKH, OR-Tools), reikalingas
eksperimenty vykdymo planas. Pirmiausia, pasinaudojant literatiira [19, 38, 39, 41] buvo iSrinktos
pradinés eksperimenty parametry konfigtiracijos kaip atskaitos taskai.

2.5.1. Genetinio algoritmo pradiné parametry konfigiiracija

Genetiniam algoritmui pradiné parametry konfigiiracija buvo nustatyta pasirémus viename i$ Saltiniy
[38] atliktu tyrimu, kuriame buvo naudojama genetinio algoritmo atmaina, skirta spresti ypac
dideléms keliaujancio prekeivio problemos uzduotims. Joje minimi parametrai iSvardinti toliau
esancioje lenteléje (1 lentele):

1 lentelé. Genetinio algoritmo pradiné parametry konfigiiracija

Parametras Reik§mé Pastabos

Permutaciné koduoté (angl.

Koduoté (angl. encoding) permutation encoding)

Selekcijos metodas (angl. selection Ruletés (angl. roulette wheel)

method)

Kryzminimo operatorius (angl. Nuoseklus kryzminimas (angl. order | Suteikia stabilumo dideliems
crossover operator) crossover, OX) duomeny rinkiniams

Kryzminimo tikimybé (angl. 0.75 (3altinyje: 0.7 — 0.8) Dydis, kuris uztikrina balansg tarp
crossover probability) eksploracijos ir eksploatacijos
Mutacijos operatorius (angl. Sukeitimo (angl. swap) ir inversijos

mutation operator) (angl. inversion)

Mutacijos tikimybé (angl. mutation 0.1 (Saltinyje: 0.05—0.1) Dydis, kuris valdo, kiek greitai yra
probability) leidZiama atrasti lokaly minimuma

Iteracijy skaiCius (angl. number of 500 (Saltinyje: 500 — 1 000)
generations)
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2.5.2. SkruzdZziy kolonijos optimizavimo algoritmo pradiné parametry konfigiiracija

Skruzdziy kolonijos optimizavimo algoritmo tyrimas pradedamas su parametrais pateiktais kitame
Saltinyje [19]. Jie iSvardyti toliau esancioje lenteléje (2 lentelé).

2 lentelé. Skruzdziy kolonijos optimizavimo algoritmo pradiné parametry konfigiiracija

Parametras

Reik§mé

Pastabos

Skruzdziy skaiius (angl. number of
ants)

Lygus miesty skaiéiui

Dazniausiai naudojama keliaujancio
prekeivio problemos sprendimui

Feromono svarbos koeficientas

Apibrézia feromono jtaka sprendimo

(angl. pheromone influence, o) 1.0 konstravimui

Heuristikos svarbos koeficientas 20 Sustiprina trumpy krastiniy
(angl. heuristic influence, ) ' pasirinkimag

Feromono garavimo koeficientas 01 Padeda iSvengti per greitos
(angl. evaporation rate, p) ' konvergencijos

Pradiné feromono reik§mé (angl. 1 Inicializacija pagal artimiausio
initial pheromone value, 1)) n-l, kaimyno heuristika

Feromono atnaujinimo strategija
(angl. pheromone update rule)

Tik globaliai geriausiam sprendimui

Mazina triuk$ma ir stabilizuoja
paieska

2.5.3. Lin-Kernighan-Helsgaun heuristikos pradiné parametry konfigiiracija

3 lentel¢je galite matyti Lin-Kernighan-Helsgaun heuristikos tyrimui parinkty parametry
konfigitiracija, kuri buvo sudaryta remiantis 39 Saltiniu, kuris yra parasytas paties metodo kiir¢jo Keld

Helsgaun.

3 lentelé. Lin-Kernighan-Helsgaun heuristikos pradiné parametry konfigiiracija

Parametras

Reik§mé

Pastabos

Pradinio sprendinio generavimo
algoritmas (angl. initial tour
algorithm)

Artimiausio kaimyno algoritmas
(angl. Nearest Neighbour)

Numatytoji LKH inicializacija,
naudojama pradiniam marsrutui
generuoti

Kandidatiniy krastiniy skaicius

Ribojamas galimy krastiniy rinkinys,

runs)

(angl. maximum number of 15-20 S v

candidate edges) siekiant sumazinti paieskos erdve

Kandidatinio rinkinio tipas (angl. Delaunay Dazniausiai naudojamas

candidate set type) kandidatinio grafo tipas Euklidinéms
keliaujancio prekeivio uzduotims

Paieskos judesio tipas (angl. move 5-opt Apibrézia maksimaly k-opt paieskos

type) gyli

Grjzimo lygis (angl. backtracking) 5 Leidzia grjzti prie ankstesniy biiseny,
jei rezultatas nepageréja

Bandymy skaicius (angl. number of | 10 Nepriklausomy paieskos paleidimy

skaicius

2.5.4. Google OR-Tools metodo pradiné parametry konfigiiracija

Toliau esancioje lenteléje (4 lentel¢), galima matyti, kokie parametrai buvo parinkti pradiniams
eksperimentams. Ji buvo sudaryta pasinaudojant Google OR-Tools dokumentacija [41].
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4 lentelé. Google OR-Tools metodo pradiné parametry konfigtracija

Parametras

Reik§mé

Pastabos

Pradinio sprendimo formavimas
(angl. first solution strategy)

PATH_CHEAPEST ARC

Marsrutg plecia su kiekviena
iteracija pridédamas po pigiausia
lanka

Vietinés paieSkos metaheuristika
(angl. local search metaheuristic)

GUIDED LOCAL SEARCH

Google OR-Tools dokumentacijoje
tai efektyviausia metaheuristika
marsruty uzdaviniams

Mastelio koeficientas (angl. scale)

10 000

2.6. Eksperimenty vykdymo eiga

Pirmiausia bus atliekami skirtingo dydzio duomeny rinkiniy eksperimentai su ankstesniame skyriuje
paminétais pradiniais parametrais. Taip pat, nekeiCiant parametry ir tasky skaiCiaus, bus atliktas
pakartotinis bandymas po kelis kartus, kei¢iant tik tasky iSsidéstyma. Kitaip tariant, bus panaudoti

skirtingi sintetiniai Zem¢lapiai tam, kad bty patikrintas metody veikimo stabilumas, iSpleCiamumas

bei atkartojamumas.

2.7. Tyrimo aplinka

Tyrimai bus atliekami naudojant asmeninj kompiuterj, kurio pagrindiniai parametrai pateikiami 5

lenteléje:

5 lentelé. Tyrimo aplinka

Eil. | Parametras ReikSmé

nr.

1. Operaciné sistema Windows 11 Home (25H2)

2 Centrinis procesorius 12th Gen Intel® Core™ i5-12450H (2.00GHz)

3 RAM 16GB

4. Sistema 64-bit

5 Vaizdo ploksté Intel® UHD Graphics ir NVIDIA GeForce RTX 4050 Laptop GPU
6 Programavimo aplinka | Visual Studio Code (1.108.1)

7 Programavimo kalba Python 3.8.3
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3. Eksperimentiné dalis

Siame skyriuje bus pristatomi atlikti eksperimentai, apzvelgiami jy rezultatai ir pateikiami jvairiy
metriky rodikliai, leidziantys daryti iSvadas apie parametry bei duomeny rinkiniy jtakg skirtingiems
keliaujancio prekeivio problemos sprendimo algoritmams.

3.1. Sintetiniy duomeny generavimas

Pries atliekant bet kokius eksperimentus buvo sugeneruoti sintetiniai duomeny rinkiniai su jau
metodologiniame skyriuje minétu jrankiu. Jame ranka buvo nubraizoma atskaitiné kreivé (sudedami
atraminiai taskai), kurios pagrindu buvo sugeneruojamas norimas tasky skaicius su zinomu optimaliu
marsrutu tarp jy.

Generuojami buvo trijy skirtingy dydziy duomeny rinkiniai:
1. 100 tasky;

2. 1000 tasky;

3. 10000 tasky.

Taip pat svarbu pazyméti, jog kiekvienam i skirtingy dydziy duomenys buvo generuojami skirtingais
marsruto ilgiais (masteliais):

1. Iki 100 kilometry (miesto ribos) — S;

2. 100-1000 kilometry (rajono ribos) — M;

3. 1000-10000 kilometry (keliy valstybiy ribos) — L;

4. 10000-100000 kilometry (zemyno ribos) — XL.

IS viso buvo sugeneruota 120 duomeny rinkiniy (3 skirtingi dydziai, po 10 kiekvienam marsruto ilgio
réziui).

3.2. Eksperimentai su pradiniais parametry rinkiniais

Kaip ir buvo minéta 2.5.4 skyriuje, pirmiausia sukiirus sprendimo algoritmy testavimo jrankj buvo
atlikti eksperimentai su jvairaus dydZio ir mastelio duomeny rinkiniais parametrus parenkant pagal
literatiiroje rastus tyrimus, kurie paminéti 2.5 skyriuje. Sie pradiniai eksperimentai buvo atlikti su 120
duomeny rinkiniu, j testavimo plang kiekvieng metoda jtraukiant tik po vieng kartg. Kitaip tariant
Sioje vietoje metody stabilumo analizé atlikta nebuvo. Apie tai bus raSoma kitame skyriuje.

IS viso buvo atlikta 480 eksperimenty (4 metodai, su visais 120 duomeny rinkiniy), kuriy bendras
laikas buvo 9 h 53 min 14 s. Atlikus Siuos pradinius eksperimentus gauta rezultaty lentelé, kurig
galima matyti toliau (6 lentele).

6 lentelé. Tyrimo su pradiniais parametrais rezultatai

Metodo Bendras Vidutini$kai uZtrukta Optimaliy Vidutiné paklaida
pavadinimas | uZtruktas laikas vienam eksperimentui, s sprendimy (i§ 120) | nesékmingais atvejais
GA 2 h 6 min 34s 63,30 56 (46,70 %) 31321,20 %

ACO 2h17min 19 s 68,70 91 (75,80 %) 1,37 %

LKH 1h3l min42s 45,90 93 (77,50 %) 1,41 %

OR-Tools 3h57min37s 118,80 111 (92,50 %) 2,97 %
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3.2.1. OR-Tools eksperimentai su pradiniais parametrais

Siems eksperimentams buvo nustatytas maksimaliy 60 sekundziy limitas, kadangi jo nenustacius kaip
jau minéta OR-Tools i§vis negrazinty rezultato ir nuolatos stengtysi patobulinti turimg. Kaip galima
matyti i$ rezultaty (6 lentel¢), daugiausiai skai¢iavimo laiko pareikalavo bitent Sis metodas — i§ viso
3 h 57 min 37 s. Svarbu pazyméti, jog OR-Tools pateikiama implementacija yra tokia, jog 60
sekundziy limitas yra skirtas tik marSruto paieskai. Kitaip tariant, laikas skirtas sudaryti atstumy
matricai nejskai¢iuojamas. Pazvelgus konkreciau (7 lentel¢), tai esant 100 ir 1000 tasky duomeny
rinkiniams matrica buvo sudaryta ganétinai greitai (0,19 ir 1,60 sekundés atitinkamai). Taciau
atstumy matricos sudarymo laikas esant 10000 tasky iSauga itin ryskiai — vidutinis viso sprendimo
laikas padidéja iki 235 sekundziy (su maksimalia verte net 322 sekund¢) i$ kuriy tik 60 sekundziy
skiriama sprendinio paieskai, o likusios vidutiniSkai 175 sekundés sunaudojamos sudarant atstumy
matrica.

7 lentelé. Google OR-Tools algoritmo tyrimo su pradiniais parametrais rezultatai

Duomeny rinkinys ll?ietl:'(lill;(iis Vi.dutinis g)[:‘tellllr;?::ll; Vid‘u tin.é pal.(laida. .
laikas laikas, s (10) nesékmingais atvejais

100 tasky (S) 10min1s 60,19 10 (100 %) -

100 tasky (M) 10min1s 60,15 10 (100 %) -

100 tasky (L) 10min 1s 60,14 8 (80 %) -0,27 %

100 tasky (XL) 10min1s 60,16 7 (70 %) -0,07 %

1000 tasky (S) 10min 11 s 61,17 10 (100 %) -

1000 tasky (M) 10 min 13 s 61,38 10 (100 %) -

1000 tasky (L) 10 min 15 s 61,60 10 (100 %) -

1000 tasky (XL) 10 min 12 s 61,25 10 (100 %) -

10000 tasky (S) 39min 6 s 234,62 10 (100 %) -

10000 tasky (M) 44 min 37 s 267,74 9 (90 %) 24,40 %

10000 tasky (L) 27 min 20 s 164,04 9 (90 %) 0,03 %

10000 tasky (XL) 45min 32 s 273,27 8 (80 %) 1,50 %

Taip pat buvo gautas grafikas (16 pav.), kuriame dél didelio vidutinés paklaidos procento nebuvo
jtrauktas genetinis algoritmas — §io metodo rezultatai esant didesniems nei iki 100 km (M, L, XL)
duomeny rinkiniams buvo tukstanciais karty didesni nei kity metody. Like metodai Siame grafike
rodo, jog didZiausias paklaidos buvo gautos su 100-1000 km mastelio (M) duomeny rinkiniais (2,44
% LKH ir OR-Tools metodai). Jei paanalizavus kitg gauta grafika (17 pav.), kuriame vaizduojamas
optimaliy sprendimy skaicius kiekvienam metodui ir esant skirtingam masteliui, tai matome, jog nors
paklaidos buvo didziausios su 100-1000 km (M) duomeny rinkiniais, taciau optimaliy sprendimy
visgi pavyko rasti daugiau (36 optimalils sprendiniai i§ 40) nei 1000-10000 km (L) (27 optimaliis
sprendiniai 1§ 40) ar 10000-100000 km (XL) (31 optimalus sprendimas i§ 40). IS to galima daryti
1Svada, jog net ir esant didesnei variacijai, gebama rasti daugiau optimaliy sprendimy su mazesnio
mastelio duomeny rinkiniais, kai tuo tarpu didesnio mastelio duomeny rinkiniai koreliuoja su
mazesniu optimaliy sprendimy skaic¢iumi.
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17 pav. Optimaliy sprendimy skai¢ius pagal metodg ir mastelj su 10000 tasky duomeny rinkiniais

3.2.2. Skruzdziy kolonijos optimizavimo algoritmo eksperimentai su pradiniais parametrais

Skruzdziy kolonijos optimizavimo (angl. Ant Colony Optimization, ACO) algoritmo bendras
suvartotas laikas buvo lygus 2 h 17 min 19 s (vidutiniskai 68,7 sekundés vienam eksperimentui) — tai

antras ilgiausiai uztrukes metodas. Sis metodas iSsiskyré tuo, jog buvo vienintelis, kuriame buvo
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galima pritaikyti grafinio procesoriaus (angl. graphics processing unit, GPU) spartinimg. GPU esant
10000 tasky duomeny rinkiniams vidutiniskai suvartojo 2769 MB vaizdo atminties. Su 100 tasSky
duomeny rinkiniais visi eksperimentai iSskyrus vieng sugebéjo sprendimg rasti greifiau nei per
nustatytg laikg — 60 sekundziy (vidutiniskai 35,7 sekundés). Reikia pazyméti, jog su Siais duomeny
rinkiniais ] laika jtilpo net pracidami visas 200 iteracijy. Taciau su 1000 ir 10000 taskais laiko
atzvilgiu situacija buvo prastesné — su $iais duomeny rinkiniais laikas buvo iSnaudotas maksimaliai,
o su didziausiais duomeny rinkiniais net ir virSytas, kadangi, kaip jau minéta 60 sekundziy limitas
buvo naudojamas tik sprendinio paieskai, taciau pries tai tur¢jo biiti sudaryti atstumy matrica. Toliau
galima matyti detalesne¢ Sio metodo eksperimenty su pradiniais parametrais iSkloting (8 lentel¢).

8 lentelé. Skruzdziy kolonijos optimizavimo algoritmo tyrimo su pradiniais parametrais rezultatai

Duomeny rinkinys l;;:::;;is Vi.dutinis ::)I:'z::(l:::::; Vid,u tin.é P a%daida . .
Jaikas laikas, s (10) nesékmingais atvejais

100 tasku (S) 6 min 40 s 40,00 10 (100 %) -

100 tasky (M) Sminlls 31,17 5 (50 %) 0,53 %

100 tasky (L) 6min4s 36,42 5 (50 %) 0,51 %

100 tasky (XL) 5min 50 s 35,09 4 (40 %) 0,69 %

1000 tasky (S) 10 min 11 s 61,12 10 (100 %) -

1000 tasky (M) 10 min 21 s 62,11 8 (80 %) 0,31 %

1000 tasky (L) 10 min 36 s 63,62 8 (80 %) 0,63 %

1000 tasky (XL) 10 min 12 s 61,26 5 (50 %) 0,23 %

10000 tasku (S) 17 min 45 s 106,50 10 (100 %) -

10000 tasky (M) 22min 8 s 132,85 9 (90 %) 24,40 %

10000 tasky (L) 12min9s 72,91 9 (90 %) 0,04 %

10000 tasky (XL) 20min 8 s 120,88 8 (80 %) 1,51 %

Si detalesné isklotiné rodo kelis dalykus. Pirmiausia, aiskiai matomas bendro uZtrukto laiko didéjimas
didéjant tasky duomeny rinkinyje skaiciui. Taip yra todél, jog gaiStamas laikas atstumy matricos
sudarymui ir tik véliau ieSkomas optimalus sprendimas. Kalbant apie optimalaus sprendimo radima,
tai iSanalizavus lentelés duomenis galima pastebéti jdomig koreliacijg — kuo didesnis tasky skaicius
marsrute, tuo daugiau optimaliy sprendimy buvo rasta, nepriklausomai nuo marsruto mastelio. Tiesa,
10000 tasky duomeny rinkiniy eksperimentai nustatyta laiko limitg kai kuriais atvejais vir$ijo netgi 2
kartus, taciau kaip ir minéta, skaic¢iavimui buvo skirta vis tiek tos pacios 60 sekundZiy. Optimalaus
sprendimo radimas labiau priklausé nuo to, jog atstumai tarp gretimy taSky buvo tokie mazi, jog
metodams nekildavo klausimy, kokius taskus jungti j sekg ieSkant optimalaus kelio. Analizés poziiiriu
Jdomus scenarijus buvo pastebétas 10000 tasky vidutinio mastelio (M) viename 1§ eksperimenty,
kuriame vieninteliame optimalus sprendimas rastas nebuvo, o paklaida sieké netgi 24,40 %. Kaip
galima matyti i§ toliau esancio paveikslo (18 pav.), skruzdziy kolonijos optimizavimo algoritmas
padare akivaizdy kelio prailginimg. Taip galéjo atsitikti dél rasto lokalaus minimumo.
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18 pav. Skruzdziy kolonijos optimizavimo algoritmo rastas sprendimas su 10000 tasky (M) duomeny
rinkiniu. Zalia spalva — originalus marsrutas, oranziné — pasiiilytas ACO

Toliau galima matyti priartintus ir iSdidintus skirtumus tarp originalaus marsruto ir ACO metodo
pasiiilyto sprendimo (19 pav.). Svarbu tai, jog atsitiktiniu budu déliojant taskus duomeny generavimo
etape bei veliau pasinaudojant minéta splaino funkcija gautas marSrutas nebitinai yra tikrai
optimalus, kadangi dél per siaury ruozy, generuojant optimaly marsrutg jvyko sankirta. Toks tasky
1§sidéstymas nebegarantuoja optimalumo. Be to, sankirty susidarymas leidZia algoritmams pasirinkti
Jvairias, gerai skaiiavimuose atrodancias taSky sekas ir tokiu budu lengvai patekti | lokalius
minimumus.

19 pav. Skirtumai tarp originalaus marsruto ir ACO pasiiilyto. Zalia spalva — originalus marsrutas,
oranziné — pasiiilytas ACO
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3.2.3. Genetinio algoritmo eksperimentai su pradiniais parametrais

Genetinio algoritmo eksperimenty bendras laikas buvo 2 h 6 min 34 s (vidutiniskai 63,3 sekundés
vienam eksperimentui). Nors didziojoje dalyje eksperimenty algoritmas laiko limito nevirsijo, taciau
rezultatai buvo ryskiai prastesni nei likusiy trijy tirty metody (9 lentelé).

9 lentelé. Genetinio algoritmo tyrimo su pradiniais parametrais rezultatai

Duomeny rinkinys lj;::ll:;is Vi.dutinis ::)I:i:l:(llﬁ:::ll; Vid,u tin.é P a%(laida. .
Jaikas laikas, s (10) nesékmingais atvejais

100 tasky (S) 10 min2 s 60,22 10 (100 %) -

100 tasky (M) 8 min 19 s 50,00 10 (100 %) -

100 tasky (L) 7 min 40 s 46,05 8 (80 %) -0,27 %

100 tasky (XL) 7 min 42 s 46,27 7 (70 %) -0,07 %

1000 tasky (S) 10 min2 s 60,20 0 (0 %) 3 679,69 %

1000 tasky (M) 10 min3 s 60,32 0 (0 %) 3812,82%

1000 tasky (L) 10 min3 s 60,36 0 (0 %) 3 588,46 %

1000 tasky (XL) 10 min2 s 60,28 0 (0 %) 2 693,61 %

10000 tasku (S) 12 min 58 s 77,89 5 (50 %) 99 960,62 %

10000 tasku (M) 15min21 s 92,12 9 (90 %) 96 497,70 %

10000 tasku (L) 10 min 14 s 61,48 0 (0 %) 96 869,47 %

10000 tasku (XL) 14min2s 84,26 7 (70 %) 100 605,31 %

Paanalizavus gautg rezultaty lentelg detaliau, galima matyti, jog su 100 tasky algoritmas veiké puikiai
— 35 18 40 testuoty duomeny rinkiniy buvo rasti optimaliis sprendimai. Matomas nedidelis procentas
su neigiamu paklaidos Zenklu reiSkia, jog buvo rastas vos geresnis sprendimas nei pradinis
nubraizytas marsrutas (kas galéjo atsitikti dél sankirty sugeneruotame marsrute) arba tai skai¢iavimy
apvalinimo klaidos, atsirandancios dél atstumy matricos sudarymo tikslumo.
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Su 1000 ir 10000 tasky duomeny rinkiniais jau nepriklausomai nuo mastelio buvo kur kas
problematiskiau — 1000 taSky duomeny rinkiniy eksperimentuose genetinis algoritmas nesugebe¢jo
nei karto rasti optimalaus sprendimo, o 10000 taSky duomeny rinkiniy eksperimentuose buvo rasta
tik 21 1§ 40 optimaliy sprendimy (20 pav.). Be to, minéty eksperimenty vidutinés paklaidos buvo nuo
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trijy tikstanciy iki Simto tiikstan¢iy procenty, kas rodo netinkama algoritmo elgesj bei visiSkai menka
patikimuma. J[domu pazyméti tai, jog 10000 tasky duomeny rinkiniy eksperimenty metu buvo rastas
21 optimalus sprendimas, kai tuo tarpu mazesni duomeny rinkiniai (su 1000 tasky) nerado nei
viename i§ 40 vykusiy eksperimenty. Kaip jau buvo galima jzvelgti visi metodai susitvarké Siek tiek
grei¢iau su didelio mastelio duomeny rinkiniais nei su kitais. Genetinio algoritmo eksperimenty
atveju vidutinis laikas buvo vos didesnis nei nustatytas (61,48 sekundés), taciau atvirksciai nei kiti
metodai, genetinis algoritmas visiSkai nesusitvarké su Siais duomeny rinkiniais ir nerado nei vieno
optimalaus sprendimo.

3.2.4. Lin-Kernighan-Helsgaun algoritmo eksperimentai su pradiniais parametrais

Lin-Kernighan-Helsgaun algoritmo eksperimenty bendras uZztruktas laikas buvo 1 h 31 min 42 s.
Vidutinis laikas — 45,9 sekundés. Tai greiCiausias tirtas metodas. IS 120 atlikty eksperimenty 93
atvejus (77,5 %) buvo rastas optimalus sprendimas. Galima teigti, jog LKH algoritmas pasizymi
aukstesniu stabilumu bei efektyvumu randant optimalius sprendimus jvairiy dydziy ir masteliy
duomeny rinkiniuose. Nesé¢kmingais atvejais, kuomet nebiidavo randamas optimalus sprendimas,
vidutiné paklaida sieké tik 1,41 %, kas buvo tik vos pras¢iau uz ACO metoda (1,37 %). Tai rodo, jog
net ir radus neoptimaly sprendima, jis vis tiek yra artimas optimaliam.

10 lentelé. Lin-Kernighan-Helsgaun algoritmo tyrimo su pradiniais parametrais rezultatai

Duomeny rinkinys f;;‘::‘;s l\;ii:l;?nsis g;?::;?::i :eiz(siéul::lliénzz(slzitizj ais
laikas ’ (10)

100 tasky (S) Omin 2 s 0,21 10 (100 %) -

100 tasky (M) Omin 2 s 0,21 9 (90 %) 0,82 %

100 tasky (L) Omin 2 s 0,21 3 (30 %) 0,95 %

100 tasky (XL) Omin 2 s 0,21 2 (20 %) 1,20 %

1000 tasky (S) Omin 19's 1,94 10 (100 %) -

1000 tasky (M) O min 22 s 2,28 8 (80 %) 0,17 %

1000 tasky (L) 0 min 26 s 2,63 9 (90 %) 1,06 %

1000 tasky (XL) Omin 19's 1,93 6 (60 %) 0,21 %

10000 tasku (S) 22 min 19 s 133,95 10 (100 %) -

10000 tasku (M) 26 min 13 s 157,37 9 (90 %) 15,60 %

10000 tasku (L) 18 min 11s 109,16 9 (90 %) 0,02 %

10000 tasku (XL) 23 min 21 s 140,17 8 (80 %) 1,50 %

Paanalizavus LKH metodo eksperimenty su pradiniais parametrais lentele (10 lentel¢) pastebima, jog
esant skirtingiems duomeny rinkiniy dydziams, bet mazam masteliui (bendras marsruto ilgis iki 100
kilometry — S), visais atvejais buvo rastas optimalus marSrutas. Tiesa, sprendimo laikas skyrési itin
zymiai — su 100 ir 1000 tasky duomeny rinkiniais buvo jtilpta i kelias sekundes (atitinkamai 0,21 s ir
1,94 s), taciau su 10000 tasky buvo uztrukta vidutiniSkai 133,95 s. Remiantis anksciau iSsakyta
mintim, laiko sgnaudos iSauga daugiausia dé¢l atstumy matricos sudarymo. Skai¢iuojama yra tik pusé
matricos, kadangi ji yra simetriné, taciau didinant tasky skaiciy ji vis tiek did¢ja kvadratiskai. Tode¢l,
esant 100 tasky, turime apskaiciuoti 4 950 atstumus, esant 1000 — 499 500, o 10000 tasky rinkiniui
net 49 995 000 atstumus. Be to, darbe yra naudojama ir Haversine formulé, kuri jvertina ir zemes
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pavirSiaus kreivuma, skai¢iuoja lanka, todél vietoj paprasty euklidinio atstumo skai¢iavimy atsiranda
resursams reiklesni trigonometriniai skai¢iavimai.

ISskirtinis atvejis ir vel su 10000 tasky vidutinio mastelio (M) eksperimentais, kur nerastas tik vienas
optimalus marsrutas su 15,6 % paklaida. Taciau Sis atvejis yra analogiSkas analizuotam skruzdziy
kolonijos optimizavimo algoritmo pradiniy eksperimenty skyriuje (3.2.2 skyrius). Jame taip pat buvo
klaidingai iSspresta marSruto susikirtimo problema tik pasirinkta kita marSruto kirtimo skersai taSky
pora. Todél verciau buvo pasirinktas paanalizuoti kitas pras¢iausias rezultatas — vienas nerastas
optimalus sprendimas su 1,06 % paklaida (originaliai — 1 870,19 km, LKH pasitlytas — 1 890,09 km).
Toliau galite matyti tokio eksperimento rezultatg (21 pav., kuriame zalia spalva — originalus
marsrutas, geltona — pasitilytas LKH metodo). Sis atvejis taip pat jrodo, jog ir LKH metodas negeba
susitvarkyti su duomeny rinkiniais, kuriuose marsrutas turi sankirty.

21 pav. LKH metodo 1000 tasky (L) eksperimento rezultatas. Kairéje visas marsSrutas, desingje —
priartintas skirtumo regionas

3.3. Metody stabilumo analizé

Tam, jog biity patikrintas praeitame skyriuje (3.2 skyrius) gauty rezultaty stabilumas, buvo atlikti
pakartotiniai tyrimai, ta¢iau su mazesniu kiekiu duomeny rinkiniy, kadangi Sjkart démesys buvo
skiriamas atkartojamumui — keiciant atsitiktinio skai€iaus generatoriaus prading reikSme (angl. seed)
buvo atlikti pakartotiniai eksperimentai iSrinkus po 1 skirtingo dydZio, kiekvieno marSruto ilgio réZiy
duomeny rinkinius ir su visais metodais atlikus po 10 pakartotiniy bandymy. Bendras eksperimenty
Sioje dalyje skaicius buvo 480 (12 duomeny rinkiniy, visi 4 metodai po 10 pakartojimy). Bendras
skaiCiavimo laikas buvo 7 h 34 min 21 s. Atlikus Siuos eksperimentus gauta rezultaty lentelé, kurig
galite matyti pateikta toliau (11 lentel¢).

11 lentelé. Metody stabilumo analizés rezultatai

Metodo Identiskai rasty rinkiniy Optimaliy Vid. paklaidos | Vid. laiko

pavadinimas rezultaty visus sprendimy (i§ 120) diapazonas, % | standartinis
pakartojimus (i§ 12) nuokrypis, s

GA 4 (33,3 %) 42 (35,0 %) 111 817,17 3,77

ACO 10 (83,3 %) 111 (92,5 %) 0,7 0,69

LKH 11 (91,7 %) 112 (93,3 %) 1,65 0,81

OR-Tools 12 (100 %) 120 (100 %) 0,00 0,30
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Lenteléje pateikiami keturi stabilumo rodikliai: pirmas stulpelis rodo, keliuose i§ 12 eksperimentams
naudoty duomeny rinkiniy visus 10 pakartojimy grazino tiksliai ta pat] marSruta (tokj patj bendra
marsruto ilgj). Antrame stulpelyje pavadinimu ,,Optimaliy sprendimy (i§ 120)“ matoma, kiek
eksperimenty 1§ 120 (12 duomeny rinkiniy po 10 pakartojimy) buvo rastas optimalus sprendimas.
Kitame stulpelyje kiekvienam duomeny rinkiniui buvo apskaiciuotas skirtumas tarp blogiausio ir
geriausio rasto sprendimo paklaidos ir i§vestas vidurkis i§ 12 duomeny rinkiniy. Si metrika aigkiai
parodo, koks buvo didziausias skirtumas tarp skirtingy paleidimy. Galiausiai, paskutiniame stulpelyje
vaizduojamas kiekvieno duomeny rinkinio 10 pakartojimy vykdymo laiky standartinio nuokrypio
vidurkis. Pastarasis rodiklis yra ganétinai zemas (iki 4 sekundziy), taciau lyginant metodus
tarpusavyje paaiskéja, jog to priezastys yra skirtingos. OR-Tools, ACO ir GA (iSskyrus su 100 tasky
duomeny rinkiniais) metodai tokj stabiluma sugebéjo iSlaikyti tik del laiko limito jvedimo. Kitaip
tariant, Sie metodai iSnaudojo visg jmanoma skaic¢iavimo laika (60 s) ir tuomet nutrauké sprendinio
paieska. Nedidelis standartinis laiko nuokrypis Siuo atveju simbolizuoja tik skirtumus tarp likusio
duomeny apdorojimo grei¢io. Vienintelis LKH metodas nepasiekia skaiciavimo laiko limito,
nutraukia paieskg anksciau ir iSlaiko laiko rodiklj panasy.

Taip pat analizés poziiiriu jdomus ir gautas grafikas (22 pav.), kuriame vaizduojama stabilumo
eksperimenty rezultaty (identisky sprendimy skaicius) priklausomybé nuo metody bei naudoto
atsitiktinio skaiciaus.
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22 pav. Stabilumo eksperimenty rezultaty priklausomybé nuo metody ir atsitiktinio skaiciaus

IS to galima daryti iSvada, jog atsitiktinio skaiciaus (angl. seed) reikSme netur¢jo beveik jokios jtakos
tiek kalbant apie sprendimy kokybe, tiek kalbant apie laiko sagnaudas. OR-Tools su visais duomeny
rinkiniais (12) ir su visomis atsitiktinio skai¢iaus vertémis (10), i§ viso 120 eksperimenty, grazino
identiska optimaliam rezultaty. Lin-Kernighan-Helsgaun metodas buvo nestabilus tik su vienu
duomeny rinkiniu (100 tasky, labai didelio mastelio). Toliau pateikiami paveikslai (23 pav., 24 pav.,
ir 25 pav.) yra bitent to vieno marSruto eksperimenty rezultatas. I$ tyrime gauty duomeny yra aisku,
jog optimaly sprendimg LKH metodas rado tik 2 kartus 1§ 10 (atsitiktinis skai¢ius buvo lygus 1042 ir
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3016). Penkis kartus buvo padaryta 1,65 % paklaida (atsitiktinis skai¢ius buvo lygus 4003, 4990,
6964, 8938 ir 9925), kurios skirtuma nuo optimalaus marSruto galima pastebéti viduriniame paveiksle
(24 pav., ¢ia raudona spalva — originalus marSrutas, zalia spalva — LKH pasiiilytas). Du kartus
(atsitiktinis skai¢ius buvo lygus 2029 ir 5977) buvo padaryta perpus mazesné paklaida — 0,8 %, o
vieng kartg (atsitiktinis skai¢ius — 7951) buvo padaryta vos 0,45 % paklaida. 25 paveiksle galima
matyti priartintg 0,8 % paklaidos skirtumg nuo optimalaus marSruto (raudona spalva — originalus
marSrutas, zalia spalva — LKH pasitlytas). Remiantis rezultatais, LKH metodas su skirtingomis
atsitiktinio skaiciaus pradinémis reikSmémis yra linkes nueiti j skirtingus lokalius minimumus, kai
duomeny rinkinys turi mazai tasky ir didelj mastel;.

23 pav. LKH metodo 24 pav. LKH metodo stabilumo 25 pav. LKH metodo stabilumo
stabilumo tyrimo 100 tasky  tyrimo su 100 tasky (XL) marSrutu  tyrimo su 100 tasky (XL) marSrutu
(XL) optimalus marsrutas rezultatas su priartinta 1,65 % rezultatas su priartinta 0,8 %
paklaidos vieta paklaidos vieta

Apie skruzdziy kolonijos optimizavimo algoritmo identiSky sprendimy radima taip pat néra prasmés
daug kalbeéti, kadangi su 1000 ir 10000 tasky Sis metodas buvo visiSkai stabilus — visus 80
eksperimenty buvo rasti optimaliis marSrutai. Tiesa, su 100 tasky (M) ir 100 tasky (XL) mastelio
duomeny rinkiniais buvo problematiskiau, atitinkamai 6 i§ 10 ir 5 i§ 10 optimaliis sprendimai.

Visiskai kitokj vaizdg matome jau apraSytame grafike (22 pav.) genetinio algoritmo atzvilgiu. Kitaip
nei ACO ir LKH metodai, genetinis algoritmas 100 taSky duomeny rinkiniy eksperimentuose rado
visus optimalius sprendimus (40 i§ 40). Su 1000 taSky duomeny rinkiniais $is metodas buvo visiskai
nes¢kmingas (0 1§ 40), didZiausias paklaidos diapazonas buvo daugiau nei 3 000 % (didelio mastelio)
—nuo 1 140 % iki 4 086 %. Su 10000 tasky duomeny rinkiniais taip pat beveik visi eksperimentai
buvo nes¢kmingi ieSkant optimalaus sprendimo (2 1§ 40). Nors Siuo atveju paklaidos buvo didziulés
(104 875 % — 121 262 %), taciau jy diapazonas buvo tik 1 — 3 % bendros paklaidos vertés, tad
santykinai mazesnis nei 1000 tasky eksperimenty metu. Tai galima paaiSkinti tuo, jog esant
nustatytam 60 sekundziy limitui, 10000 tasky duomeny rinkiniy eksperimentuose genetinis
algoritmas nespéja net inicializuoti pradinés populiacijos, todél grazinamas praktiSkai atsitiktinis
marsrutas, kurio kokybé mazai priklauso nuo atsitiktinio skaiciaus reikSmes. Taip pat, skyriuje,
kuriame buvo aprasyti GA eksperimentai su pradiniais parametrais, buvo minima, jog 10000 tasky
duomeny rinkiniy eksperimentuose 21 i§ 40 atvejy buvo rastas optimalus sprendimas, nors stabilumo
tyrimo rezultatuose matome 2 sékmingus atvejus (tik su vienu rinkiniu i§ 4). Tai paaiSkinama tuo, jog
stabilumo tyrime buvo naudojami pirmieji kiekvieno mastelio marSrutai, kurie pradiniy eksperimenty
metu su atsitiktiniu skai¢iumi lygiu 42 taip pat buvo nes¢kmingi. Kitaip tariant, GA sékmé arba
nesé¢kmé $iy tyrimy metu labiau remiasi ne atsitiktinio skaiciaus reikSme, taciau konkre¢ia duomeny
rinkinio geometrija.
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1.

ISvados ir rezultatai

Sukurtas sintetiniy duomeny generavimo jrankis, leidziantis kurti duomeny rinkinius su
garantuotu ir zinomu optimaliu sprendimu bei keliaujancio prekeivio problemos sprendimo
algoritmy testavimo sistema bei sugeneruota 120 sintetiniy duomeny rinkiniy.

IS viso atlikta 480 pradiniy parametry eksperimenty. Geriausig grei€io ir kokybeés santykj iSlaiko
LKH (77,50 % optimaliy sprendimy, vidutinis sprendimo laikas — 45,9 s), ACO pasirodé panasiai
(75,80 %, 68,7 s), OR-Tools rado daugiausiai optimaliy (92,50 %), taciau buvo léciausias (118,8
s), genetinis algoritmas parod¢ labai blogus rezultatus (46,70 %, 63,3 s). MarSruto mastelis turéjo
jtakos sprendimo tikslumui, taciau ne laikui ar skaiciavimo resursams;

IS viso atlikta 480 stabilumo eksperimenty. Jy metu nustatyta, jog atsitiktinio skaiciaus pradiné
reikSme, neturi pastebimos jtakos sprendimo kokybei bei laikui, nepriklausomai nuo metodo,
duomeny rinkinio dydzio bei mastelio.
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Priedai

Eksperimenty su pradiniais parametrais rezultatai

peak_gpu_

e cpu_| peak_m: u: memory m optimal relative.
ol menos oot Blepsedll e Elorsmo B Bds Bl os B or peroehd params

spline_10000_001, 10000 Ant ColonyOptimizatic 1738707416 75294222 7246675 2396.19M05 TRUE 276862733  IM3S7.074E 0 {'ants" 0, “iterations” 200, "alpha™ 10, "beta”: 2.0, "rho: 01, "sandidate_K': 25, "ants_oap” 100, "use_gpu true, “seed": 42, "time_limit_ses": 50}

spline_10000_001, 10000 Genetic Algorithm TPIRTOTAE  BG.9864279 92328125 2684390625 TRUE 0 173707416 0 {"populstion_size". 200, “generations™: 500, "crossover_rate”: 0.75, "mutstion_rate”: 0.1, "selection”: “roulette”, “taurmament_k": 5, "mutstion_typs": “mixed", "use_local_search” true, "ls_on_init": true, "ls_rate": 0.3, "ls_max_swaps": 200, "Is_slite_only": fzlse, “seed"™ 42, "time_limit_sec": 60}
spline_10000_001, 10000 LKH TFRTOTHE  BBI0TOES  MATBIZD 2687476863 TRUE 0 IT37.0THE AIZBE-I3 ['runs” 10, "andidate_edges": 20, “candidate_set_type” "DELAUNAY", "move_tupe™: "5", "backiracking": 5. "lkh_exe™, ™", "seed": 42, "time_limit_ses": 50}

spline_10000_001. 10000 OR-Tools [Routing TS 17387.0783 2912302643 26290625 2806324219 TAUE 0 17367.07416 230E-05 {"first_solution_strstequ”: "PATH_CHEAPEST_&RC", “lacal_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "seale™ 10000, "log_search" False, "seed”: 42, “time_limit_sec": 60}

spline_10000_002 10000 Ant Colony Oiptimizatic 2463160389 1326273018 128471875 275325 TRUE 276862733 2463150338 AGZEA3 ["ants" 0, "terations": 200, "alphat 11, "beta™: 20, "tha": 0.1, "candidate_k": 25, "ants_oap": 100, "use_gpu® true, “seed”: 42, "time_limit_sec": 60}

spline_10000_002 10000 Genetic Algorithm 2745799021 GLTMGSET  GO.SBGTS 2397824219 TAUE 0 2463150989 TM375.0531 |"papulation_size”: 200, “generations”: 500, "crossaver_rate™: 0.75, “mutation_rate”: 01, "selection”: “raulette”, “tournament_k": 5, “mutation_type". “mired”, "use_local_search™ true, “ls_on_init" true, “s_rate”: 0.3, "Is_max_swaps™ 200, "Is_elite_only" false, “seed”: 42, "time_limit_sec": 60}
spline_10000_002 10000 LKH 24EG0988 09797623 10A8G126 2622503906 TRUE 0 2463150959 -BABE-13 ['runs”: 10, "oandidate_edges": 20, "oandidate_set_type™ "DELAUNAY", "move_type™: "5 "backtracking": 5, "lkh_ene™ ™", "seed": 42, "time_limit_sec": 60}

spline_0000_002 10000 OF-Tools (Fowing TS 246315126 1519708467 16240625 2645.400453 TRUE 0 2463150983 I0E-05 {'first_solution_strsteqy”: "PATH_CHEAPEST_ARC", “local_search_metsheuristic”: “GUIDED_LOCAL_SEARCH", "scale™: 10000, "log_search”: false, “seed”. 42, "time_limit_sec": 60}

spline_10000_003 10000 Ant ColonyOptimizatic 1533216475 639953908 BO.84375 29158433 TRUE 276862733 1531816475 0 {"ants" 0, “iterations" 200, "alpha": 10, "beta": 2.0, "tho": 01, "candidate_K": 25, "ants_cap" 100, "use_gpu true, "seed": 42, "time_limil_sec": 50}

spline_10000_003 10000 Genetic Algorithm THIZIO78  BI4GTINS  G1453125 255480071 TAUE 0 1533816475 THS12.0087 |"population_size": 200, "generations”: 500, "crossover_rate™: 0.7F, “mutation_rate”: 01, "selection”: “raulette”, “tournament_k": 5, “mutation_type". “mired”, "use_local_search” true, “ls_on_init" true, “s_rate”: 0.3, "ls_max_swaps™ 200, "Is_elite_only" false, “seed”: 42, "time_limit_sec": 60}
spline_10000_003 10000 LKH 1633216475 106.906041 10363125 2531132813 TRUE 0 1533818475 0 {'runs": 10, "candidate_edges": 20, "candidate_set_type”: "DELAUNAT", "move_type” "5", "backtracking”: 5, "Ikh_exe" ™", "seed": 42, "time_limit_sec": 60}

spline_0000_003 10000 OF:-Tools (Rowing TS 15338195 1679336854 156.890625 2646023438 TRUE 0 IG33816475  D.OOOIT2E |'first_solution_strateqy”: "PATH CHEAPEST_ARC, “lacal_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "seale™ 10000, "log_search’: False, “seed”: 42, “time_limit_sec": 60}

spline_10000_004 10000 Ant ColonyOptimizatic 25850.28459 715692884 7LITISTS 2327 TRUE 276852793 2585028459 -29BE-13 {'ants™; 0, "erations": 200, "alpha”; 10, "beta": 2.0, “tha": 0.1, "candidate_k": 25, "ants_cap®: 100, "use_gpu”: true, “seed”: 42, “time_limit_sec": 60}

spline_10000_004 10000 Genetic Algorithm JEIIEETS  BLMATIEl  GO421675  JBEGETEIE TRUE 0 2BEG028453 974525615 |"population_size”: 200, “generations”: 500, "crossaver_rate™: 076, “mutation_rate”: 01, "selection”: “raulette”, “tournament_k": 5, “mutation_type": “mired”, "use_local_search” true, “Is_on_init" true, “s_rate": 0.3, "ls_may_swaps™ 200, "Is_elite_only" false, “seed”: 42, "time_limit_sec": 60}
spline_10000_004 10000 LKH 2595020459 1139541992 113484375 2544.867199 TRUE 0 25850.28459 -450E-13 {'runs”; 10, "eandidate_sdges": 20, "candidate_sst_type" "DELAUNAY", "move_type”: "5", "backiracking” eed": 42, "time_limit_sec": 50}

spline_10000_004_ 10000 OF-Tools (Rowing TS 26850.2786  1SLOM0ZES 16059375 2643980463 TRUE 0 ZBESOZG45S 232605 |'first_soluwion_stratequ’: "FATH CHEAPEST ARG lacal_search_metaheuristic” "GUIDED LOCAL_SEARCH", "soale™ 10000, "log_search’: False, "seed™: 42, “time_limit_sec": 60}

spline_10000_005 10000 Ant ColonyOptimizatic  28059.38016 73804751 7353125 246.753905 TAUE 276862793 2905939006 -40E-13 {'ants™; 0, "ierstions": 200, "alpha” 110, "bets": 20, “tha’: 0.1, "candidate_k': 25, "ants_cp”: 100, "use_gpu”: tru, "seed”: 42, “time_limit_sec": 60}

spline_10000_005 10000 Genetio Algorithm 2436639395 BITESRIZ  BIEGTH 24838125 TRUE 0 280G3.38016 3573867604 |'population_size”: 200, "generations™: 600, "orossover_rate™: .75, "mutation_rat ‘miked”, "use_looal_searoh” true, "Is_on_init": ls_man_swaps" 200, "Is_elite_only": fals: 2, "time_limit_sec": 60}
spline_10000_005 10000 LKH 280593806 1060831638 106359375 254148875 TAUE 0 2805338016 -480E-13 {'runs”: 10, "candidate_edges": 20, "candidste_set_type”: "DELALINA eed": 42, "time_limit_sec": 60}

spline_10000_005 10000 OF-Tools (Routing TS 28069.3787  167.0033628 1676975 2642.800438 TRUE 0 2806335016 -BAGE-DE {'First_solution_strateqy”: "PATH_CHEAPEST_ARC, "local_search_metaheuristio”: "GUIDED_LOCAL_SEARCH”, "seale™: 10000, "log_search”: False, "seed": 42, "time_limil_ses": 50}

spline_10000_006 10000 Ant ColonyOptimizatic 2656651379 718858322 7LITIGTS 2330499213 TAUE  276G62733 2658651373 -2G0E-13 {'ants™;0, "ierations": 200, "alpha” 1.0, "beta™: 2.0, “tha’ 0.1, “candidate_k": 25, "ants_cap™: 100, "use_gpu" eed”. 42, "time_limit_sec": 60}

spline_10000_006 10000 Genetic Algorithm 4ETRITHFE  BIBOSI4II  BLZ03125 256648875 TRUE 0 ZEGEEEI7H S27IB7ETEE |"population_size": 200, "generations™: 500, "crossover_rate™ 0,75, "mutation_rate” 011, "selection”: “roulette” wtation_type": “mised", "use_local_search”: true, "ls_on_init": "ls_mas_swaps": 200, "ls_elite_only": flss 2, "time_limit_sec": 60}
spline_10000_006 10000 LKH 2650651373 109.3902943 0375 2547.007613 TRUE 0 2658651379 -267E-13 {'runs”: 10, "eandidate_edges": 20, “candidate_set_type” "DELALNAY", "move_type’ acktracking” time_limit_sec": 50}

spline_10000_006 10000 OR-Tools (Routing TS 265865216 243.8399258 238 2648.298875 TRUE 0 2658851379 29405 |"first_solution_strategy”: "PATH CHEAPEST_ARC", “local_search_metaheuristis “seed" 42, "time_limit_sec": 60}

spline_10000_007 10000 Ant ColonyOptimizatic 1932944619 ME734026F 104375 2775539063 TRUE 276862733 1332844518

spline_10000_007 10000 Genetic &lgorithm TZIMET  SEIIEE 930315 ZIEIEA06 TRUE 0 1932344619 -5.65E-14 {'population_size": 200, “generations™ 500, "crossover_rate”: 0,75, “mutation_rate”: 0 " “mised”, "use_local_search”:true, "ls_on_init": true, "ls_rate" 0.3, "le_mas_swaps": 200, "ls_elite_only": Flse, “seed”: 42, "time_imit_sec": 60}
spline_10000_007 10000 LKH 1932344618 B6IERR002 152421875 2622773438 TRUE 0 193234461 -488E-13 {'runs”: 10, "eandidate_edges": 20, "candidate_set_type”: "DELAUNAY", "move_type”: "5, "hacktracking": 5, "lkh_eve™ ™", "seed": 42, "time._limit_sec": 60}

spline_10000_007 10000 OR-Tools [Routing TS 193204479 IN3047814 3025625 2644.300594 TAUE 0 1932944619 BEFEDE |'first_salution_strstequ”: "PATH_CHEAPEST_ARC", lacal_search_metsheuristi”: "GUIDED LOCAL_SEARCH", "seale™ 10000, "log_search’: False, "seed”: 42, “time_limit_ses": 60}

spline_10000_008 10000 Ant Colony Optimizatic 2193660837 M3.MSTI26 13840625 2720.359375 TRUE 276862733 210650337 -BAZE-M4 ['ans™: 0, "herations": 200, "alpha™s 10, "beta": 2.0, “tho’: 0.1, "andidate_k': 25, "ants_oap”: 100, "use_gpu”: true, “seed”: 42, “time_limi_sex": 60}

spline_10000_008 10000 Genetic Algorithm 2199650037 9E05I91  SIVIGTS 2390425791 TAUE 0 2193650837 -4.98E-14 {'population_size": 200, “generstions™: 500, "erossover_rate”: 0,75, "mutation_rate” 01, “selection”: “roulette”, “tournament_k":5, "mutation_type”: “mised", "use_local_search”: true, "ls_on_init"; true, "ls_rate" 0.3, "le_mas_swaps”: 200, "ls_elite_only" Fslse, “seed”: 42, "time_limit_ses" 50}
spline_10000_008 10000 LKH 2133650837 BIGBMIT  6R.00126  2548.892138 TRUE 0 2193650837 AHEAS ['runs” 10, "candidate_edges": 20, "candidate_set_type”: "DELAUNAT", "move_type”: "5", "backtracking": 5. "lkh_ene": ™", "seed": 42, "time_limit_sec": 80}

spline_10000_008 10000 OR-Tools [Fouting TS 219365019 260.0111844 246796875 2654 B60T66 TAUE 0 2193650837 -295E-05 |'first_solution_strstequ”: "PATH_CHEAPEST_&RC", “lacal_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "seale™ 10000, "log_search": False, "seed”: 42, “time_limit_sec": 60}

spline_10000_003 10000 Ant ColonyOptimizatic 28176208 184797623 13265625 2960707031 TRUE 276862733 218176208 -BIBE-M ['ants"; 0, "erations": 200, "alpha 1.0, "beta": 2.0, "tha": 0.1, "candidate_k": 25, "ants_oap": 100, "use_gpu": true, "seed”: 42, "time_limit_sec": 60}

spline_10000_003 10000 Genetic Algorithm 21176206 SB2636962 945315 2369003905 TRUE 0 eMime206 -17E-13 {"papulation_size”: 200, “generations”: 500, "crassaver_rate™: 0.75, “mutation_rate”; 01, “selection”: “raulette”, “tournament_k" 5, “mutation_type". “mired”, “use_local_search” true, “Is_on_init" true, “Is_rate": 0.3, "ls_max_swaps™: 200, "ls_elite_only" false, “seed”: 42, "time_limit_sec": 60}
spline_10000_003 10000 LKH 21317.6206 1593558352 154265625  ZGI47E7EI3 TRUE 0 EMa7e20g -3A7E-A3 {'runs” 10, "candidate_edges": 20, "candidate_set_type": "DELAURAT", "move_type”: "5", "backtracking": 5. "lkh_exe"; ™", "seed": 42, "time_limit_sec": 80}

spline_0000_003 10000 OF-Tools (Fowing TS 21617.6249 306127163 290390625 2634.402344 TRUE 0 eMime206 197E-05 {'first_solution_strateqy”: "PATH_CHEAPEST_ARC, "local_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "scale™: 10000, "lag_search™: false, “seed". 42, time_limit_sec": 60}

spline_10000_010 10000 Ant Colony Optimizatic 23557.77383  M24999658 19759075 2795433594 TRUE 276862733 2365777963 -2FSEAY {'ants™; 0, "erations": 200, "alpha 1.0, "beta": 2.0, "tha": 0.1, "candidate_k": 25, "ants_cap": 100, "use_gpu": true, “seed”; 42, "time_limit_sec": 60}

spline_10000_010 10000 Genetic Algorithm IEETIIIE  954IIE  WAETEIZE 2382375 TRUE 0 2365777963 18E-13 |'papulation_size": 200, “generations": 500, "erossover_rate": 0.7, “mutation_rate”: 11, “selection”: “roulette”, “tournament_k":5, “mutation_type": "mised”, "Use_local_search” true, "ls_on_init"s true, "ls_rate": 0.3, "ls_mas_swaps": 200, "ls_elite_only" false, “seed": 42, "time_limit_sec™ 60}
spline_10000_010_ 10000 LKH 2365777983 1B0M27254 165670 2554589344 TRUE 0 23557.77963 -38BE-13 {'runs™; 10, "candidate_edges": 20, "candidate_set_type": "DELAUNAT", "move_type™: "5, "backiracking: 5, "Ikh_sse" ™", "seed": 42, "time._limit_sec": 60}

spline_0000_010 10000 OF:-Tools (Rouing TS 23657.7765 043023878 29821876 J865.71876 TRUE 0 2365777963 -L33E05 {'frst_solution_strateqy”: "PATH_CHEAPEST_ARC, "local_search_metaheuristic™: "GUIDED_LOCAL_SEARCH”, "scale”: 10000, "lag_search™: False, “seed": 42, time_limit_ses" 60}

pline_10000_011 10000 Ant ColonyOptimizatic 1341132129 1407683258 197.53125 2927.140625 TRUE 276862793 1341132129 -195E-13 {'ants". 0, “erations": 200, “alpha”; 10, "beta™: 2.0, “tho’: 0.1, "candidste_k': 25, "ants_cap”: 100, "use_gpu”: trug, “seed™: 42, "time._limit_sec": 60}
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spline_10000_011 10000 Genetic Algorithm 1341132129 947845246 92265625 2525304688 TRUE 0 sz 3.04E-13 {"population_size™: 200, "generations™ 500, "srossover_rate™ 0.75, "mutation_rate™ 0.1, "selection”: “roulette”, "tournament_k": 5, “mutation_type": "mized”, "use_local_search” true, “I_on_init": true, “Is_rate™: 0.3, "ls_max_swaps™: 200, "Is_elite_only”: false, "seed™: 42, "time_limit_sec” 60}
£pline_10000_011 10000 LEH 138113.2129  157.4032913 154765625 2553578125 TRUE 1341132129 -195E-13 {'runs": 10, "candidate_edges": 20, "candidate_set_type™ "DELAUNAT", "move_type™: 5", "backtracking: 5, “lkh_exe™: ™, "seed" 42, "time_limit_sec™: 60}

spline_10000_0N 10000 OF:-Tools (Rowting TS 1341132152 3055622614 30040625 2646.835938 TRUE 134132129 163E-06 {'first_solution_strateqy™: "FaTH_CHEAPEST_ARC, "lncal_search_metaheuristic™. "GUIDED_LOCAL_SEARCH", "scale”: 10000, log_search™ false, "seed": 42, "time_limit_sec™ 60}

spline_10000_012 10000 Ant Colony Optimizatic  171655.7568 13656301 1331375 2889296675 TRUE 276862793  171655.7568 -339E-13 {"ants": 0, “iterations™: 200, “alpha™ 1.0, "beta": 2.0, "rho": 0.1, "candidate_k': 25, “ants_cap”: 100, "use_gpu’: true, “seed": 42, “time_limit_sec™: 60}

spline_t0000_012 10000 Genetic Algorithm PIESSTTEN  S5.2534243  9I.0TBIG 2485335338 TRUE 171655.7560 -339E-13 {'population_size": 200, “generations": 500, "erossover_rate”: 0.75, “mutation_rate”: 01, "selection”: “roulette”, “tournament_k": 5, “mutation_type" “mized”, "use_local_search: true, “ls_on_init" true, *Is_rate”: 0.3, "ls_max_swaps": 200, Is_elite_only". izlse, "seed"” 42, "time_limit_sec": 50}
spline_10000_012 10000 LKH PIES5.7568  EE299514 152335 266141018 TRUE 171655.7568 -3:39E-13 {'runs"; 10, "candidate_edges": 20, "candidate_set_type™ "DELAUNAY", "move_type": "5, "backiracking": 5, "lkh_exe": ™, "seed™ 42, "time._limit_sec": 60}

spline_i0000_012 10000 OF-Tools (Routing TS 1TIES5.7601 2062121707 290376 2653.698438 TRUE 171655.7560 133E-06 {first_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metshevristic™. "GUIDED_LOCAL_SEARCH", "scale”: 10000, "log_search false, "seed": 42, "time_limit_sec": 60}

spline_10000_013 10000 AntColony Optimizatic 193557.1885  M4.5632485  M0234375 284553125 TRUE 278862793 1655901318 2440196965 {'ants™:(, “iterations": 200, "alpha”: 10, "beta": 2.0, "tho": 0.1, "candidate_k": 25, "ants_cap™: 100, "use_gpu": true, “seed": 42, "time_limit_sec" 60}

spline_t0000_013 10000 Genetic Algorithm 1555301310 954831724 S4.015625  2445.308504 TRUE 1555301315 1ATE-14 {'population_size": 200, “generations": 500, "erossover_rate”: 0.75, “mutation_rate™: 01, "selection”: “roulett”, “tournament_k": 5, “mutation_type" “mized”, "use_local_search” true, “ls_on_init" true, *Is_rate”: 0.3, "ls_max_swaps": 200, "Is_elite_only". islse, "seed" 42, "time_limit_sec": 50}
spline_10000_013 10000 LKH WIEE32008 1641498729 15959IVE 2536992188 TRUE 1555901318 1560065138 {'runs": 10, “candidate_edges": 20, “candidate_set_type”: "DELAUNAY", “move_type": "5", "backtracking: 5, "Ikh_ex " 42, "time_imit_sec" 60}

spline_10000_013 10000 OF:-Tools (Routing TS 1936571289 239745762 23671876 2652171875 TRUE IB5ES0.131E 24 40196986 | First_solution_strateq: . log_search false, "seed": 42, "time_limit_sec™ 60}

L FATH_CHEAPEST_ARC™, “local_search_metsheuristic™: "GLIDED_LOCAL_SEARCH",

spline_10000_014 10000 Ant Colony Optimizatic 1983122392 69.5030593 7071875 2951783063 TRUE 276862793  199912.2392 410E-13 {'ants™: 0, "iterations": 200, "alpha": 10, "beta": 2.0, “rho" candidate_k": 25, "ants_cap™: 100, "use_gpu’: true, “see “time_limit_sec": 60}

=pline_10000_014 10000 Genetic Algorithm 192M4E38T7  GL7ES1686  B2MOEX6  2560.803534 TRUE 1999122392 SE487.68541 { population_size”: 200, "generations™ 600, "erossaver_rate™ 0,75, "mutation_rate™ (.1, "selestior ournament_k™ 5, “mutation_type”: “mised”, "use_loeal_search’: true, "ls_on_init*: true, "Is_rate™ 0.3, "ls_man_swaps™ 200, "Is_elite_only™: false, "seed™: 42, "time_limit_sec": 60}
spline_10000_014 10000 LEH 1939122392 1516894093 147390625 2572527344 TRUE 198912.2392 -B.78E-14 {'run=" 10, "candidate_edges": 20, "candidate_set_type”: "DELAUNAT", "move_type” “backtracking 2, "time_limit_sec"; 60}

spline_10000_014 10000 OF:-Tools (Routing TS 1989123412 30L0S6571 293369376 2868527344 TRUE 199912.2392 UE-06 {First_solution_strateqy”: "PATH_CHEAPEST_ARC™, "local_search_metsheuristic™ "SUIDED_LOCAL_SEARCH, “soale” 10000, "loq_search™ false, "seed": 42, "time_limit_sec": 60}

spline_10000_015 10000 Ant Colony Optimizatic  176356.2318  142,3933861 139390625 2952777344 TRUE 276862793  176356.2318 -347E-13 {"ants": 0, "iterations™: 200, "alpha” , “time_limit_sec™ 80}

spline_i0000_015 10000 Genetic Algorithm FEIGE231E  SGI7I0824 9316626 26R4.28616E TRUE 173662318 4.78E-13 {'population_size": 200, "generations": 500, "erossover_rate”: 0.75, "mutation_rate”: 0.1 ise_lncal_search” true, "ls_on_init": true, “ls_rate” 0.3, "ls_man_syaps" 200, "Is_elite_only" false, “seed": 42, “time_limit_sec": 60}
spline_10000_015 10000 LKH 7EIGE2318 1579121655 154328125 2577570313 TRUE PEI56.2318 -B.E-13 {runs": 10, 0, "candidate_set_type”: "DELAURLAT", "move_tupe"

spline_i0000_015 10000 OF:-Tools (Routing TS 176366.2332 3124866086 30675 2689.066408 TRUE 173662318 8.04E-07 {'first_solution_strategy”: "PATH_CHEAPEST_ARC", "local_search_metaheLristic

spline_10000_016 10000 Ant Colony Optimizatic 1800998702 137.2581433 134828125 2959269501 TRUE 276862793 1800398702 T45E-13 {"ants" 10, “terations": 200, “alpha”

spline_t0000_016 10000 Genetic Algorithm 800395702 950842644 S04EETE 2654503308 TRUE 180038.6702 146E-13 {'population_size": 200, “generations" 500, "erossover_rat ise_lncal_search” true, "ls_on_init": true, “ls_rate” 0.3, "ls_man_syaps" 200, "Is_elite_only" false, “seed": 42, “time_limit_sec": 60}
spline_10000_016 10000 LKH 100395702 1532184594 15540625 2577109375 TRUE 180099.5702 -4.85E-1 {'runs”; 10, "candidate_edges": 20, "candidate_set_type”
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spline_i0000_016 10000 OF:-Tools (Routing TS 180099.8674  297.1115673 2922816 26660625 TRUE 180038.6702 seed": 42, "time_limit_sec" 50}
spline_10000_017 10000 Ant Colony Optimizatic 2395198406 1369672284 13446875 2958675 TRUE 276862793 2395198408

spline_i0000_017 10000 Genetic Algorithm 236198406 948300412 8334376 2666339844 TRUE 233613.8406 ", “use_loeal_search” true, "ls_on_init": true, “Is_rate™: 0.3, "ls_may_swaps": 200,"Is_elite_only": false, "seed": 42, "time_limit_sec": 0}
spline_10000_017 10000 LKH 2395195406 IGE.5883165 163875 2576957031 TRUE 233519.8406 2, "time._limit_sec" 60}

spline_i0000_017 10000 OF:-Tools (Routing TS 239519.8332 2873362219 230296476 2670926781 TRUE 233613.8406 , "seale” 10000, "log_search’ false, "seed”: 42, “lime_limit_sec": 60}

spline_10000_018 10000 Ant Colony Optimizatic 199997.4821  W3.0475914  137.796875 294996281 TRUE  Z76G62793 1899974821 2, "time_limit_sec": 60}

spline_i0000_018 10000 Genetic Algorithm 1533974821 964529163 82875 2EEN320313 TRUE 1833874821 " “tournament_k": B, “mutation_type": “mised”, "use_local_search” true, "ls_on_init" true, "Is_rate”: 0.3, "ls_max_swaps": 200, "Is_elite_only": false, "seed 42, "time_limit_sec": 0}
spline_10000_018 10000 LKH 1939974821 GEIG07425  MAO4EETE 2573324219 TRUE 183397.4821 -245E-13 {'runs”; 10, "candidate_edges": 20, "candidate_set_type™ "DELAUNAY", "move_type": "5, "backiracking’: 5, "lkh_exe": ™, "seed™ 42, "time._limit_sec": 60}

spline_i0000_018 10000 OF:-Tools (Routing TS 189997.4815 3130472821 MG 2612648438 TRUE 1833974621 -324E-D7 {'first_solution_strateqy”: "FATH_CHEAPEST_ARC”, “Incal_search_metsheuristie”: "SUIDED_LOCAL_SEARCH", “scale”: 10000, "log_search” false, "seed": 42, "time._limit_sec": 60}

spline_10000_013 10000 Ant Colony Optimizatic 1932797988 W5.223549  MO.0J125 2803571094 TRUE 276662793 1982797388 234E-13 {"ants"; 0, "terations": 200, "alpha”; 10, "beta": 2.0, "tho": 0.1, "candidate_k":25, "ants_cap” 100, "use_gpu’: true, “seed": 42, "time_limit_sec": 60}

spline_i0000_013 10000 Genetic Algorithm 1932797983 961308635 92363376 2637390625 TRUE 198278.7988 383613 {'population_size": 200, "generations": 500, "erossover_rate”: 0.75, "mutation_rate”: 01, "selection”: “roulette”, “tournament_k": 5, "mutation_type”: “mized”, "use_lncal_search": true, “ls_on_init" true, “Is_rate”: 0.3, "ls_may_swaps" 200, "Is_elite_only" false, “seed": 42, “time_limit_sec": 60}
spline_10000_013 10000 LKH 1932797988 IGATE7HG73  MOTONZG  Z5E4SI7IEI TRUE 198279.7988 TATE-M {'runs” 10, "candidate_edges": 20, "candidate_set_type” "DELAURAT", "move_tupe™: "5", "backiracking”: 5, "lkh_sxe™: ™, "seed": 42, "time_imit_sec": 60}

spline_i0000_013 10000 OF:-Tools (Routing TS 198274804 1630820821 16340626 2634.203125 TRUE 198278.7988 2B5E-06 {'first_solution_strategy”: "FATH_CHEAPEST_ARC", "lncal_search_metaheuristic”: "GLIDED_LOCAL_SEARCH", “soale”: 10000, “log_search”: false, "seed": 42, "time_limit_sec" 60}

spline_10000_020 10000 Ant Colony Optimizatic 2439623857 1318228973 1236875 2816361563 TRUE 276862793 2439829857 3FOE-13 {"ants;0, "iterations": 200, "alpha™; 10, "beta": 2.0, "tho": 0.1, "candidate_k":25, "ants_cap™ 100" , “time_limit_sec”: 0}

spline_10000_020 10000 Genetic Algorithm 2438629657 96.2358276 94375 2661467031 TRUE 243962 3657 -143E-13 {'population_size": 200, “generations™: 500, "erossaver_rate": 0.76, "mutation_rate™: 01, "selection’ ourament_k": B, “mutation_type": “mised”, “use_local_search” true, “ls_on_init" true, *Is_rate”: 0.3, "ls_max_swaps": 200, "Is_elite_only": false, "seed 42, "time_limit_sec": 0}
spline_10000_020 10000 LKH 2439629657 1599919052 1G7.4375 2579335938 TRUE 243952.9657 -954E-14 {'runs"; 10, "candidate_edges": 20, "candidate_set_type™ "DELAUNAY", "move_type": " 42, "time._imit_sec": 60}

spline_i0000_020 10000 OF:-Tools (Routing TS 2439623693 161676863 160816 2671676781 TRUE 243962 3657 143E-06 {¥irst_solution_strateqy”: . "log_search’ false, “seed": 42, “ime_limit_sec": 60}

spline_10000_021 10000 Ant Colony Optimizatic 1530592.847 738363825 73875 2965632813 TRUE 276852793 1580592847 “time_limit_sec™: 60}

spline_10000_021 10000 Genetic Algorithm GEATT0460  GL7483532  BISERTE 2608053534 TRUE 0 1580582847 ournament_k": B, “mutation_type": “mised”, “use_local_search” true, "ls_on_init" true, *Is_rate”: 0.3, "ls_may_swaps": 200, "Is_elite_only": false, "seed" 42, "time_limit_sec": 50}
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spline_10000_021 10000 LKH 1580532 847 1051482353 108.328125 2587 640625 TRUE 0 1530532 847 -5 45E-13 {'runs™ 10, "candidate_edges™: 20, "candidate_set_type": "DELAUNAY", “move_type™ \"backrracking”: 5, "lkh_eze": "™ “seed™ 42, "time_limit_sec™ 60}

spline_1000D_0Z1 10000 OF-Tools (Fouing TS 1530592841 166341759 166.840625 2676699219 TRUE 0 530532847 BS0E-07 ['first_solution_strateqy’: "PATH_CHEAPEST_ARIC", "local_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "scale”: 10000, "log_search" false. "seed" 42, "time_limil_sec": 60}

spline_10000_022 10000 Ant Colony Optimizatic 2021372 51 733821433 7325 2840054685 TRUE 276862733 202137251 4 BIE-14 {"ants™ 0, "iterations": 200, "alpha”: 10, "beta™ 2.0, "tha™: 0.1, "candidate_k™ 25, “ants_cap™ 100, "use_gpu'™ true, “seed™ 42, “time_limit_sec": 60}

spline_0000_022 10000 Genetic Algorithm 1913425192 GLZ74TZE1 BLMDGIS 2605364844 TRUE 0 20237251 8961256321 ['population_size" 200, "generations": 50, "crossover_rate" 0.75, "mutation_rate”; 01, "selection": "rouletts”, "tournament_k": 5. "mutation_type": "mized", "use_loval_search"true, "ls_on_init": true. "Is_rate": 1.3, "s_mas_swaps": 200, "ls_elite_only": False, "seed® 42, "time_limit_sec": 60}
spline_10000_022 10000 LKH 2021372 51 1046437 110825125 2586 066406 TRUE ] 202137251 -2 30E-# {'runs™ 10, "candidate_edges™: 20, "candidate_set_type": "DELAUNAY" “move_type \"backrracking”: 5, "lkh_exe": "™ “seed™ 42, "time_limit_sec™ 60}

spline_0000_022 10000 OF-Tools (Fouing TS 2021372614 165.1446769  165.M0625 2677011719 TRUE 0 202ETEs 1BIEDT ['first_solution_strateqy": "PATH_CHEAPEST_ARC", "looal_search_metaheuristic': "GUIDEC_LOCAL_SEARCH", "Soale: 10000, "log_search": False. "seed": 42, "time_limi_sec": 50}

spline_10000_023 10000 Ant Colony Optimizatic 1872334521 T33256M45 72265625 295565625 TRUE 276862733 1871678581  0.035045523 {"ants™ 0,"iterations™ 200, “alpha™ 10, "bets™ 2.0, "tho™ 0.1, "candidate_k": 25, "ants_cap™: 100, "uze_gpu™: true, “seed": 42, "time_limit_sec"™ 60}

spline_0000_023 10000 Genetis Algorithm 1943441377 BLZEBMS1 B1343TH 2608527344 TRUE 0 BTEPEES! 1037341 ['population_sice" 200, "generations": B0, "crossover_rate™ 0.75, "mutation_rate”: 0.1, "selection" "roulette", "tournament_k" 5. "mutation_type": "mised”, "use_loval_search® true, "ls_on_init": true, "ls_rate": 1.3, "ls_ma_swaps": 200, "ls_elte_only": False, " . "time_limit_seq": 60}
spline_10000_023 10000 LKH 1|7212203  N2E0TEISS 112421875 2588609375 TRUE 0 187E78581 0023692576 {'runs™ 10, "candidate_sdges™ 20, "candidate_set_type”:"DELAURAY", “move_type \"backtracking”: 5, "lkh_exe": "™ “seed™ 42, "time_limit_sec™ B0}

spline_000D_02% 10000 OF-Tools (Fouing TS 1972260865 163572655 160.206625  2677.214844 TRUE 0 BTETEES! 00327813 [fist_solution_strateqy’: "PATH_CHEAPEST_ARIC", "loval_search_metaheuristic": "GUIDED_LOCAL_SEARCH", "scale”: 10000, "log_search" false, "seed": 42, "time_limit_sec": 60}

spline_10000_024 10000 Ant Colony Optimizatic 2223060 569 703792 B99375 29737E5625 TRUE  27BBE2793 2223060563 -10SE-13 {"ants™: 0, "iterations™ 200, “alpha™ 1.0, “beta™ 2.0, "tho™: 0.1, "candidate_k™ 25, "ants_cap™ 100, "use_apu"™ true, “seed"™: 42, "time_limit_sec™ 60}

spline_0000_024 10000 Genetis Algorithm 22173325 BA2729395  GLOMBRTS 261065625 TRUE 0 2223060569 1005PLETEY ['population_sice" 200, "generations": B0, "crossover_rate .75, "mutation_rate”; 01, "selection" "roulette", "tournament_k" 5. "mutation_tupe"; "mised”, "use_local_search” true, "ls_on_ . "s_rate": 13, "ls_ma_swaps": 200, "ks_elte_only":False., . "time_limit_seq": 60}
spline_10000_024 10000 LKH 2223060563 110.5892896 108125 259159375 TRUE 0 2223060569 -3.35E-13 {'runs™ 10, “candidate_edges™: 20, "candidate_set_type": "DELAUNAY" “move_type™ "backtracking™: 5, “lkh_exe" eed™: 42, "time_limit_sec™ B0}

spline_0000_024 10000 OF-Tools (Fouing TS 222306057 162.3633965  100.828125 2878.960469 TRUE 0 2223080869 407E-08 ['fiist_solution_strateqy’: "PATH_CHEAPEST_ARIC", "loval_search_metaheuristic": "GUIDED_ LOCAL_SEARCH", "scale”: 10000, "log_search" false, "seed" 42, "ime_limil_sec": 60}

spline_10000_025 10000 Ant Colony Optimizatic 317170433 702520314 7034375 2563292969 TRUE  27EBE2793 37170433 -39BE-13 {"ants™ 0, "iterstions™: 200, “alpha": 10, "beta™ 2.0, “tha™: 0.1, "candidate_k" 25, “ants_cap™ 100, "use_gpu'™ true, “seed™ 42, “time_limit_sec": 60}

spline_0000_025 10000 Genetis Algorithm IIMBIE0  GLIGEZST  BIADGE  ZEMISI534 TRUE 0 BIPIP04.53  $8E2B.44977 ['population_sice 200, "generations": B0, "orossover_rate 0.75, "mutation_rat “seleotion”: roulette". "tourmament_k": £, "mutation_type" "mised", "use_loval_search” true. "Is_on_i 0.3, "ls_mas_swaps": 200, "Is_elite_only": False, . "time_limit_seq": 60}
spline_10000_025 10000 LKH 170433 107221013 06421875 2594519531 TRUE 0 ITIF04.32 -29BE-12 {'runz" 10, “candidate_edges™: 20, "candidate set type’ .t ackbracking” “lkh_gxze" eed”: 42, "time_limit_sec”; B0}

spline_000D_025 10000 OF-Tools (Fowing TS 3171704333 1633083744 I66.766625 2682472656 TRUE 0 BPIT04EE ZB4ET GUIDEC_LOCAL_SEARCH',"soale” 10000, "log_search: false, "seed": 42, "time_limit_ses": 60}

spline_10000_026 10000 Ant Colony Optimizatic 221287074 T4 4168957 V434375 2026977594 TRUE  27ER.E2793 2812870.74 2Z48E-12 eed”: 42, time_limit_se: 0}

spline_0000_02E 10000 Genetis Algorithm 2GI4O7ET  BLZTOIG03  B1203125  ZEIZITION TRUE 0 281287074 1030016 ['population_sic utation_type" "mised", "use_local_search™ true. ,"Is_Man_swaps™: 200, "ls_elive_only’: ime_limit_ses™: 60}
spline_10000_026 10000 LKH 291287074 091281913 1086875 2592371094 TRUE 0 2812870.74 -199E-12 {'runs": 10, “candidate_edges™ 20, "candidate_set_type’ .t 5, " ™ ime_limit_sec”; B0}

spline_I000D_02E 10000 OF-Tools (Fowing TS 2612670733 186753372 166.03375 2684609375 TRUE 0 2BIZETOTY  ABZE0E [first_solution_stateqy’: "PATH_CHEAPEST_ARIC", "local_search_metaheuristic . "Soale”: 10000, "log_searsh”: False. “seed": 42, "time_limit_sec”: 60}

spline_10000_027 10000 Ant Colony Optimizatic 2730981251 T1E81215 V134375 2979220469 TRUE  27E2.62793 2790991251 -2.84E-12 {"ants™ 0, "iterstions™; 200, "slpha": 1.0, "beta™ 2.0, “tha™: 0.1, "candidate k" 25, “ants_cap™ 100, "use_gpu'™ trug, “seed™ 42, "time_limit_sec": 60}

spline_000D_027 10000 Genetis Algorithm 062363 BL4936777 132816 261535936 TRUE 0 2790951251 1080179733 ['population_sice™: 200, "generations": B0, "crossover_rate™ .76, "muration_rate”: 01, "selection”: rouletts”. "tournament_k": B, "muration_tupe": "mised”, "use_local_search” true, . ls_rate": 0.3, "s_mas_swaps": 200, "ks_elite_only' False, "seed™ 42, "time_limit_seo™: 60}
spline_10000_027 10000 LKH 2790981251 1020329326 102452126 2996925791 TRUE 0 2790981281 SSAFE-12 {'runs": 10, “candidate_edges™ 20, "candidate_set_type”:"DELAURMAY", “mowve_type” "5", "backtracking”: & "lkh_exe™ ™ “seed" 42, "time_limit_s=c™ 60}

spline_10000_027 10000 OR-Tools (Routing TS 2730381263 1612087336 161616626 2633367138 TRUE 0 2730331261 4.3BE-02 {'first_salution_strateqy™: "PATH_CHEAFEST_ARC", "looal_search_metaheuristic™: "GUIDED_LOCAL_SEARCH", "scale™ 10000, “log_search™ false, "seed": 42, “time_limit_sec": 60}

spline_10000_022 10000 Ant Colony Optimizatic  2726179.349 740813366 FHON2S 293240625 TRUE  2FE2.62793 2706179349 SUPE-2 {Mants™ 0, iberstions"; 200, “alpha®: 1.0, "beta”™: 2.0, "tha™: 0.1, "candidate_k": 25, “ants_cap™ 100, "use gpu' trus, “seed™ 42, "time_limit_sec": 60}

spline_10000_02& 10000 Genetic Algorithm J0ZIEITIBE 624243333 B226  ZE13THE44 TRUE 0 278BI73.343 1083630732 {'population_size™ 200, “generations": 600, “srossover_rate™ 0.76, "mutation_rate™: 01, “selection™ "rauletre”, “tournament_k": B, “mutation_type”: “mized", "use_local_search™: true, "Is_on_init": true, “ks_rate:0.3,"1s_man_swaps™ 200, "ls_elite_only": False, “seed™ 42, "time_limit_sec™ 80}
spline_10000_02% 10000 LKH ZTEEITI349 1093693661 10946575 2997.996034 TRUE 0 2786179349 B.9ZE-13 {'runs™ 10, "candidate_edges™ 20, "candidate_set_type”:"DELAUNAT" “move_type™: \"backtracking”: 5, "lkh_exe”: ™ “seed™ 42, "time_limit_sec": B0}

spline_10000_02& 10000 OR-Tools (Routing TS 2726173364 16T 4269147 167 E6E2E 2637332031 TRUE 0 278EI73.343 1ETE-O7 ['first_solution_strategy”: "PATH_CHEAPEST_ARC", "local_search_metaheuristic™. "GUIDED_LOCAL_SEARCH", “scale”. 10000, "log_search™ false, "seed”: 42, “time_limit_ses" 60}

spline_10000_029 10000 Ant Colony Optimizatic 3003213927 738665052 VIEETD 2983.847EDE TRUE  ZFES.EZFI3 3003213927 -155E-14 {"ants™: 0, "iterations": 200, “alpha™: 1.0, “beta™ 2.0, "tho™: 0.1, "candidate_k™ 25, "ants_cap™ 100, "use_gpu": true, “seed": 42, "time_limit_sec": 60}

spline_10000_023 10000 Genetic Algorithm 22EB137404 B12413744 BOTEI26 2820636156 TRUE 0 3003213827 7632677681 {'population_size™ 200, “generations": 600, “srossover_rate™ 0.76, "mutation_rate™: 01, “selection™ "rauletre”, “tournament_k": B, “mutation_type”: “miged”, "use_local_search®: true, "Is_on_init": true, “ks_rate:0.3,"1s_man_swaps™ 200, "ls_elite_only": False, “seed™ 42, "time_limit_sec™ B0}
spline_10000_029 10000 LKH F003213.927  109.9343697  M0.07H125 ZE01.3125 TRUE 0 3003213927 “543E-13 {'runs™ 10, "candidate_edges™ 20, "candidate_set_type”:"DELAUNAT" “move_type™: \"backtracking”: 5, "lkh_exe”: ™ “seed™ 42, "time_limit_sec": B0}

spline_10000_023 10000 OR-Tools (Routing TS 3003213323 1653331283 1EB.0626 26830 BETAEA TRUE 0 3003213327 B.3BE-02 {'first_salution_strateqy™: "PATH_CHEAFEST_ARC", "looal_search_metaheuristic™: "GUIDED_LOCAL_SEARCH", "scale™ 10000, “log_search™ false, "seed": 42, “time_limit_sec": 60}

spline_10000_030 10000 Ant Colony Optimizatic 3690438 73 THONZ451 FIBEZG  298B2VVI44 TRUE  ZFESEZVII JEI04S4TI ZEOE-13 {"ants™: 0, “iterations": 200, “alpha™: 1.0, "beta™ 2.0, "tho™: 0.1, "candidate_k'": 25, “ants_cap™ 100, "use_gpu': true, “seed™: 42, “time_limit_sec": 60}

spline_10000_00 10000 Genetic Algarithm 2743660738 GI4B2864  BIMOEZE 2623207031 TRUE 0 IEA04B4TI 742412723 ['population_size” 200, “generations": B0, "srassover_rate™ 076, "mutation_rate” 01, “selection”: "roulette”, “tournament_k": B, "mutation_type™: “mised”, "use_losal_search™ true, "ls_on_init": true, "ls_rate": 0.3, "ls_man_swaps": 200, "Is_elite_anly":False, "seed™ 42, "time_limit_sec": 50}
spline_10000_030 10000 LKH IEINGILTI  N0B4BZ213 NDBHIFVE  ZEOIFIVIsE TRUE 0 369043473 -B1E-13 {"runs™: 10, “candidate_edges": 20, "candidate_set_type": "DELALNAT", "move_type™ \"backtracking”: 5, "lkh_exe": "™, “seed™ 42, "time_limit_sec": B0}

spline_10000_030 10000 OR-Tools (Routing TS 3630434 723 BT 342 16746276 2692388281 TRUE 0 363043473 -B.T2E-08 ['first_solution_strategy”: "PATH_CHEAPEST_ARC", "local_search_metaheuristic™ "GUIDED_LOCAL_SEARCH", “scale”: 10000, “log_search™ false, "seed”: 42, “time_limit_ses": B0}

spline_10000_0F1 10000 Ant Colony Optimizatic 1378502883 FIAMA51 FHOMZG 2989535156 TRUE  ZFES.62793 1378002863 ZF0E-13 {"ants™ 0, “iterations": 200, “alpha™: 1.0, "beta™ 2.0, "tho™; 0.1, "candidate_k": 25, “ants_cap™ 100, "use_gpu': true, “seed": 42, “time_limit_sec": 60}

spline_10000_031 10000 Genetic Algorithm 15214536542 613344313 B0A53126 2625136713 TRUE 0 1378502863 102721735 {"population_size™: 200, “generations": 500, "crossover_rate™ 0.75, “mutation_rate™ 0.1, "zelection’: "roulette”, “tournament_k" utation_type": “mized”, "use_local_search™ trug, “ls_on_init": true, “Is_rate”: 0.3, "Is_max_swaps": 200, "ls_elite_only": Falze, “zead™ 42, "time_limit_sec™: 60}
spline_10000_031 10000 LKH 13TER02EE3  109.391M097 10946575 2608804688 TRUE 0 1378502867 -Z.03E-13 {'runs™ 10, “candidate_edges™: 20, "candidate_set_type”: "DELAUNAT", “move_type™: "backtracking” “lkh_exe" eed™: 42, "time_limit_sec”: B0}
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spline_10000_031 10000 OR-Tools (Routing TS 13736028.64 1663126893 165869376 2635.054688 TRUE 13785028.63 2.22E-08 {“first_solution_strategy"™: "PATH_CHEAPEST_ARC", "local_search_metaheuristic": "GUIDED_LOCAL_SEARCH", "seale™: 10000, "log_search”: false, "seed":
zpline_10000_032 10000 AntColony Optimizatic  22212577.06 71059699 V0921875 2991054688 TRUE  27GR.E27I3 2220495163 0.034341156 {"ant=": 0, “iterations" 200, "alpha™: 10, "beta™ 2.0, "rha™ 0.1, "candidate_k'™ 25, "ants_cap”: 100, "use_gpu™ true, “seed™ 42, "time_limit_sec": G0}

=

2. "time_limit_seq™: 60}

spline_1D000_032 10000 Genetic Algarithm 07599040 B16394992  G1B033T6 2E28.7ITS TRUE 0 ZEEMSFLES  $M48.32381 {"population_size": 200, "generations"; BN, "orossover_rate™ .76, "mutation_rate": 0., "selection”: "roulette”, “tournament_k" 5. "mutation_type": "mived”, "use_looal_search": true, "ls_on_init": true, "Is_rate": 0.3, "s_mar_swaps": 200, "ls_elte_only" false, "seed": 42, "ime_limit_sec": 60}
spline_10000_032 10000 LKH 2220904833 109591964 030625 2606633213 TRUE 0 222495163 ODIB4EZZN {'runs’: 10, “candidate_edges”: 20, "candidate_set_type": "DELAUNAYT", "move._type”: "5", "backtracking™: 5, "lkh_exe": ™", "seed": 42, "time_limit_sec": 60}

spline_1D000_032 10000 OF: Tools (Fouting TS Z2210040.08 1554346654 168.609575 2680503908 TRUE 0 ZEEMSFLES 0022316843 {"ist_solution_strateny”: "PATH CHEAPEST_ARC". "lncal_search_metaheuristio”: "GUIDED_LOCAL_SEARCH"."seale" 10000, "log_search: False, "seed": 42, "time_limit_sec": 50}

spline_10000_033 10000 AntColony Optimizatic 22830586.24 741332038 7384375 2983289063 TRUE 276862733 22830586.24 195E-13 {"ants": 0, "iterations": 200, "alpha': 10, "beta”: 20, "tha": 0.1, "candidate_k": 25, "ants_cap’: 100, "Use_gpu” true, "seed"; 42, "time._limit_sec" 60}

spline_1D000_033 10000 Gienetic Mlgorithm 25224743748 614592599 61421875 2624878308 TRUE 0 2283058624 00948323 {"population_size": 200, "gener ations" 50, "crossover_rate”: 0,75, "mutation_rate": 0.1, "selection”: "roulette”, “tournament_k" 5, "mutation_type": "mired”, "use_local_search": true, "ls_on_init": true, "ls_rate": 0.3, "s_mas_swaps": 200, "ls_elie_only" false. "seed"; 42, "time_limit_sec": 60}
spline_10000_033 10000 LKH 22090536.24 1098883135  1036TISTS  2606.07125 TRUE 0 22830586.24 14BE-13 {'runs": 10, "candidate_edges": 20, "candidate._set_type”: "DELALMAY", “move._type": "5", "backiracking”: 5,"Ikh_eve™s ™", "seed": 42, "time._limit_sec": 50}

spline_1D000_033 10000 OF Tools (Rouwting TS 22630586.24  ZPR04N78 270875 2634.3125 TRUE 0 2289058624 \Z3E-03 {"ist_solution_strateny”: "PATH CHEAPEST_ARC". "lncal_search_metaheuristic": "GUIDED_LOCAL_SEARCH"."seale" 10000, "log_search: False, "seed": 42 "time_limit_sec": 5}

spline_10000_034 10000 AntColony Optimizatic 120164175 176345523 14403375 2821530063 TRUE 276862733 20184175 -L83E-13 {"ants":0, “Iterations": 200, "alpha": 10, "beta’: 20, "tha": 0.1, "candidate_k": 25, "ants_cap’: 100, "Use_gpu” trus, "seed"; 42, "ime._limit_sec" 60}

spline_1D000_034 10000 Gienetic Algarithm 20184175 49947753 92875 2427914063 TRUE 0 H204T5 143E-13 {"population_size": 200, "gener ations" 501, "crossover_rate": .75, "mutation_rate": 0.1, "selection": "roulstte”, "tournament_k" 5. “mutation_tupe": "mired”, "use_local_search" true, "ls_on_init": true, "ls_rate": 0.3, "ls_max_swaps": 200, "ls_elite_only": false, "seed": 42, "time_limit_sec": 60}
spline_10000_034 10000 LKH 1120164175 1605657039 155765625 2574011719 TRUE 0 H0NB4LT5  -233E-3 {'runs’:10, “candidate_edges”: 20, "candidate_set_type": "DELAUNAT", "move._type”: 5", "backtracking™: 5, "lkh_exe": ™", "seed": 42, "time_limit_sec": 60}

spline_10000_034 10000 OFi-Tools (Routing TS 1120184175 321.9535615 125 ZESETTTI44 TRUE 0 nzomsrs 1.22E-08 {"first_solution_strategy”: "PATH_CHEAPEST_ARC", "locl_search_metaheuristic": "GUIDED_LOCAL_SEARCH", "scale”: 10000, "log_search’: False, "seed™ 42, "time_limit_sec"; 60}

spline_10000_035 10000 Ant Colony Optimizatic 177334638  W9.6472626  ME265625 2833542960 TRUE  276B62793 177384638 <2A0E-1 {"ants":0, “Iterations": 200, "alpha": 10, "beta’: 2.0, "tha": 0.1, "candidate_k": 26, "ants_oap": 100, "Use_gpu”: true, “seed"; 42, "ime._limit_sec" 60}

spline_10000_035 10000 Gienetic Algarithm TPIMENE  9E.4445723  G4MDEZS 243648438 TRUE U PEIEEas 5.04E-13 {"population_size": 200, "gener ations"; 501, "crossover_rate": .75, “mutation_rate": 1.1, “selection": "roulette”, "tournament_k": 5, “mutation_type": “mised", "use_local_search true, “ls_on_init" true, "Is_rate": 0.3, "Is_max_swaps": 200, "ls_elite_only": false, "seed": 42, "time_limit_sec": 60}
spline_10000_035 10000 LKH 177334698 167.6203373  16ATEIZE 2603742188 TRUE 0 1773s4EaB -231E-13 {'runs": 10, "sandidate_edges": 20, "oandidate.set_types "DELALMAT", “move_tupe": "5, "backtracking": 6,"Ikh_ewe™ ™", "seed": 42, "ime,_limit_sec": 60}

spline_10000_035 10000 OF-Tools (Routing TS 1773846979 JIG1257669 311234375 2693.372696 TRUE U PIMERS  -36ZE-03 {'iist_solution strateny”: "PATH CHEAPEST_ARC","lncal search_metaheuristic": "GUIDED_LOCAL SEARCH, "seale 10000, “log_search: False, “seed": 42, "time_limi_sec": 50}

spline_10000_036 10000 Ant Colony Optimizatic  18086766.56  ME7860287  M363376 2973062594 TRUE  2768E27S3  I7B62462.27  2.8TSETEE07 {"ants’: 0, “iterations™ 200, "alpha’: 10, "heta™ 2.0, "tha 0.1, "oandidate_k" 26, "ants_cap”: 100, "use_gpu™s true, “seed™ 42, "time._limit_sec": 0}

spline_10000_036 10000 Genetic Algorithm WEE24E227 94429907 92765625 2570503908 TRUE 01756245227 -297E-13 {"populstion_size": 200, “generstions" 500, "erossover_rste”: 1.7, "mutation_rate": 0], “selection”: "roulette”, “tournament_k":5, "mutation_type": “mised", "use_local_search true, “ls_on_init"; rue, "ls_rate”: 0.3, "l_mas_swaps™ 200, "ls_elite_only”: falze, "seed”: 42, "ime_limit_sec": 60}
spline_10000_036 10000 LKH 1903676665 1669616725 154234375 26115 TRUE 0 1756245227 28THETEE0T {'runs’: 10, “oandidate_edges” 20, "oandidate_set_type” "DELAUNAY", “move_type™: "5, "backiracking”: 5, "kh_exe™: ™, "seed": 42, "time_limit_ses": 60}

spline_10000_036 10000 OR-Tools (Routing TS 18095756.55 2411916855 236475 2700529063 TRUE 0 1756245227 2979676624 {first_solution_strateqy”: "PATH_CHEAPEST_ARC", “local_search_metsheuristic”: "GUIDED. LOCAL_SEARCH", "seale™ 10000, "log_search’ False, “seed”: 42, "time_limit_sec"; 60}

spline_10000_037 10000 AntColony Optimizatic 2227477994 MTA008854  M426125 2996710008 TRUE 276862733 22274778.84 -26IE-13 {"ants": 0, "iterationg" 200, "alpha’: 10, "beta’ 210, “tha" 0.1, “oandidate_k": 28, "ants_oap” 100, "use_gpu” true, “seed”: 42, “time_limit_sex: 60}

spline_10000_037 10000 Genetic Algorithm 2227477994 93999251 92375 2532304588 TRUE 0 2227477994 I34E-M {"populstion_size" 200, “generstions": 500, "erossover_rate”: 0,75, "mutation_rate": 0, “selection”: “roulette”, "toumament_ ", *use_local_search”: true, “ls_on_init" 0.3, "Is_max_swaps": 200, "Is_elite_only": false, "seed”. 42, "time._limit_sec": 60}
spline_0000_037 10000 LKH 22274TTHSY 1695289928 IGGESTH 261330625 TRUE 0 222T47TEM 26113 {'runs’ 10, “andidate_edges™ 20, “oandidate_set_type ackiracking”

spline_10000_037 10000 OR-Tools (Routing TS 22274779.94  MGISE705 3109375 2699.222656 TRUE 0 2227477994 -7.BOE- {First_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metshsuristi d”: 42, "time_limit_ses": 60}

spline_10000_038 10000 Ant Colony ptimizatic  3098313.84 1412932071 133016625 2007460038 TRUE 276862733 30883584 0 {"ants": 0, "iterations": 200, "alpha’: 10, "beta™ 20, "tho" 0.1, "oandidate_k": 25, "ants_oap": 100, "use_gpu”

spline_10000_038 10000 Genetic Algorithm J096IME4 919306834 G0OEIE 2491200125 TRUE 0 30983864 0 {"population_size": 200, “generstions". 500, "erossover_rate”: 0,75, “mutation_rate”: L1, “selectian”: “roulette" use_local_search” true, “Is_on_init" 0.3, "I5_max_swaps": 200, "Is_elite_only” false, "seed”. 42, "time._limit_sec": 60}
spline_10000_038 10000 LKH AL RISTETH 12052176 2600070313 TRUE 0 H08EMNEEY 0 {'runs"; 0, "candidate_edges": 20, "oandidate_set_type": "DELAUNAT", "move,_type ", "seed”; 42, "time,_limit_sec": 60}

spline_10000_038 10000 OR-Tools (Routing TS 3098311884 302858618 2908126 2631734375 TRUE 0 30983864 129E-09 {first_solution_strateqy”: "PATH_ CHEAPEST_ARC", "lacal_search_metaheuristi | _ cale”: 10000, "lag_search False, “seed”: 42, "time_limit_sec": 60}

spline_10000_038 10000 Ant Colony Oiptimizatic 2872206851 1128632178 075 2650060781 TRUE  276GEZ783 2872206551 0E-13 {"ants": 0, "iterations": 200, "alpha’: 10, "beta™ 210, "tho" 0.1, "oandidate_k": 25 "ants_oap": 100, "use_gpu® true, “seed”: 42, "time_limit_sec": 60}

spline_10000_033 10000 Genetic Algorithm 20TZFOGES1 9436933 SUTITE 24178125 TRUE 0 28TZREGS! 3TBE- {"population_size" 200, “generations" 500, "erossover_rate™: 0.75, "mutation_rate”: 0L, “selection”: "roulette”, “tournament_k":5, "mutation_type": “mised", "use_local_search true, “ls_an_init"; true, "ls_rate": 0.3, "ls_may_swaps" 200, "ls_elite_anly": false, "seed”: 42, “time_limit_sec": 60}
spline_10000_03§ 10000 LKH 24TENEEE 1687961521 15225 268653125 TRUE 0 237ER0EES! -30E-13 {'runs” 10, "candidate_edges": 20, "candidate_set_type": "DELAURAY", "move_type”: "5", "backtracking": 5. "lkh_exe"; ™", "seed": 42, "time_limit_sec": 60}

spline_10000_033 10000 OF-Tools (Fouing TS 2672206652 303160118 30203125 270346675 TRUE 0 28TZREGS! 631E-03 {first_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metsheuristic”: "GUIDED_LOCAL_SEARCH", "scale”: 10000, "lag_search” False, “seed”: 42, "time_limit_sec™ 60}

spline_10000_040 10000 AntColony Optimizatic 3420722113 M4.2633868  W0S125 2097097344 TRUE 276862733 20722119 -2BEM {"ants": 0, "iterations": 200, "3lpha’: 10, "beta™ 21, "tho" 0.1, "candidate_k": 25, "ants_cap": 100, "use_gpu® true, “seed”: 42, "time_limit_sec": 60}

spline_10000_040_ 10000 Genetic Algorithm 20722113 91320572 0982B15 2883385719 TRUE 0 M7 240E-13 {"population_size" 200, "generations" 500, "erossover_rate™: 0.75, "mutation_rate”: 0L, “selection”: "roulette”, “tournament_k":5, "mutation_type": “mised", "use_local_search true, “ls_an_init"; true, "ls_rate": 0.3, "ls_may_swaps" 200, "ls_elite_anly":false, "seed”: 42, “time_limit_sec": 60}
spline_10000_040 10000 LKH 07N BT2127723 15325 262238871 TRUE 0 3420722113 -2IBE-M {'runs": 10, "candidate_edges": 20, "candidate_set_type": "DELAURAT", "move_type”: "5", "backiracking": 5. "lh_exe": ™", "seed": 42, "time_limit_sec": 60}

spline_10000_040 10000 OF:-Tools [Fouting TS 3420722119 3205237442 308.953125 2877 TRUE 0 20721 10E-03 {First_solution_strateqy”: "PATH_CHEAPEST_ARC, "local_search_metsheuristic”: "GUIDED_LOCAL_SEARCH", "scale”: 10000, "log_search” False, “seed": 42, "time_limit_ses™ 60}

spline_1000_001j 1000 AntColony Optimizatic 1738563477 F18243089  GO.046575 1645761719 TRUE 2765478516 1738563642 -952E-06 {"ants:0, “iterations" 200, "3ipha’: 10, "beta™ 210, "tho" 0.1, "candidate_k": 25, "ants_cap" 100, "use_gpu™ true, “seed”: 42, "lime_limit_sec": 60}

spline_1000_001j: 1000 Genetiz Algorithm S2EIE3MFT GOB3I6ET  G16AE  1EB9.TINY TRUE 0 1733653642 B202631985 |population_size": 200, "generations": 600, "crossover_rate" 076, "mutation_rate": 0.1, “selection”: ‘roulette”, "tournament_k": 5, "mutation_type”: "mived”, "use_local_search”: true, "ls_on_init": true, “ls_rate": 0.3, "ls_may_swaps": 200, "ls_elite_only": false, "seed": 42, "time_limit_sec": 50}
spline_1000_001j: 1000 LKH 7I8EEIG4Z 18117372 175 1572265625 TRUE 0 1733563642 -IBTE-T3 {'runs”: 10, "candidate_edges": 20, "candidate_set_type”: "DELAURIAT", "move_type”: "5", "backtracking": 5, "lh_exe"; ™", "seed": 42, "time_limit_sec": 60}

spline_000_001js 1000 OF:-Tools (Rowing TS 173856374 612360608 BBEST6  15P4.667963 TRUE 0 1733663642 BESE-08 {"first_solution_strategy”: "FATH_CHEAPEST_ARC", “local_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "scale”: 10000, "log_search”: False, “seed": 42, "time_limit_sec": 60}
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spline_1000_002 1000 Ant Colony Optimizatic 246284668 BO0766 5665625 1502000781 TRUE 27.65478516 2462846877 -BE-06 {"ants": 0, iterations" 200, "slpha®: 10, “heta". 2.0, rho: 01, "candidste_k" 25, "ants_cap”: 100, "use_gpu” true, "seed" 42, "time_limit_sec": 60}
spline_{000_002j 1000 Geneti Algorithm 3544174 BOMPS4EI  GTARETE 022171876 TRLUE 0 2462046577 3389228842 {"population_size": 200, "generations" 500, "orossover_rate™: 0,75, "mutation_rate”: 01, "seleation™: "roulette”, “toumament_k" 5, "mutation_tupe": "mined", "use_looal_search: true, "ls_on_init": true, "Is_rate": 0.3, "ls_max_swaps": 200, "Is_elite_only": False, "seed" 42, "time_limit_sec": 60}
spline_{000_002] 1000 LKH 2462846077 1a7HEI2  174O7S 6222734375 TAUE 0 2462046677 -UB2E-13 {'runs": 10, "candidate_edges”: 20, “candidate_set_type” "DELALUNAY", "move_type”: "5", "backiracking™: 5, "kh_exe":"", “seed": 42, "time_limit_sec": 60}

spline_{000_002 1000 OR-Tools (Routing TS 246284882 BL2038976  GR7RNGI5 5224570313 TRUE 0 2462646577 -2HE-08 {first_solution_strategy” "PATH_CHEAPEST_ARC", "local_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "scale™ 10000, "log_search" false, “seed": 42, "time_limit_sec": 60}

spline_{000_003 1000 Ant Colony Optimizatic 1533764341 G1838607  BL8R9375 8276210938 TRUE 276478616 153378501 -4B3E-0 {"ants":0,ierations™: 200, “alpha™ 10, "heta”s 2.0, “tho": 01, “candidate_k": 26, "ants_cap”: 100, "use_gpu” true, "seed": 42, "time_limit_sec" 60}

spline_1000_003 1000 Genetic Algorithm EZ7EANS7E  GO.33THM4 57890825 827767815 TRUE 0 15II7EG0M 399183919 {'population_size”: 200, "generations™ 500, “crossover_rate”: 0.75, "mutation_rate”: 0, “selection”; “roulette”, "toumament_k": 5, "mutstion_type”: “mixed", “use_local_search: true, "ls_on_init": true, "ls_ 3, "t_man_swaps": 200, "ls_elite_only": False, “seed": 42, "time_limit_sec": 80}
spline_{000_003] 1000 LKH 63376601 20286883 1321875 2201332188 TRUE 0 163376601 B4E-13 {"runs": 10, "eandidate_edges”: 20, “sandidate_set_type": "DELALUNAY", “move_type”: "6", "backtracking™: 5, "kh_ete":"", “seed": 42, "time_limit_ses": 60}

spline_1000_003 1000 OR-Tools (Routing TS 163376492 GLIPSS405 59296075 2203203125 TRULE 0 5IEEON -5SIE-06 {first_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metsheuristic”: "GUIDED_LOCAL_SEARCH", “scale” 10000, “log_sesrch™ fslse, "seed" 42, "time._limit_sec": 60}

spline_{000_004 1000 Ant Colony Optimizatic  2GS4968018  B14032687 688075 2005625 TRUE 2760476516 26349.66207 PAE-08 {"ants": 0, "iterations" 200, "alpha® 10, "beta" 2.0, "rho": 01, "sandidate_k" 25, "ants_oap": 10, "use_gpu®;true, "seed": 42, "time_limit_sec": 80}

spline_1000_004] 1000 Genetic Algorithm 9346180553 GO.OS96524  GBIGGS 2206445113 TRUE 0 254966207  37484TE056 {'population_size": 200, "generations™ 500, “erassover_rate”: 0.75, “mutation_rate”: L1, “selection”: “roulette”, "toumament_k": 5, "mutatian_type": ‘mixed", "use_local_search”: true, "ls_an_init": true, "Is_rate": 0.3, "ls_max_swaps": 200, "Is_elite_only": False, "seed". 42, "time._limit_sec": 60}
spline_{000_004j 1000 LKH GG4966207 19915973 1858375 2207070313 TRUE 0 2554986207 AH1E-W {"runs": 10, "candidate_edges" 20, "candidate_set_type”: "DELAUNAY", "move_type”: "5", "backracking": 5. "kh_exe": ™, "seed": 42, "time._limit_sec": 60}

spline_{000_004 1000 OF-Tools (Fouting TS 258436618 105323 59453125 2208007813 TRUE 0 254956207 -LOSE-6 {first_solution_strategy” "PATH_CHEAPEST_ARC", "local_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", “scale” 10000, "log_search" false, “seed”: 42, "time_limit_sec": 60}

spline_{000_005 1000 AntColony Optimizatic 2805175391 613922194 BONGZ5 2248046575 TRUE 2760478506  280517552¢  -477E-0 {"ants":0iterations™: 200, “slphs" 10, "beta” 2.0, “tho": 0, "candidate_k": 26, "ants_cap”: 100, "use_gpu” true, "seed": 42, "time_limit_sec" 60}

spline_{000_005 1000 Genetic Algorithm SE34IR5I02 BOJE2STTI  BAJ03125 190273438 TRUE 0 28017EG24 2999319464 |"population_size": 200, "generations" 500, “erassover_rate”: 0.75, "mutation_rate”: L1, “seleation”: “roulette”, “toumament_k": 5, "mutatian_type": ‘mised", “use_looal_search”:true, "ls_an_in . "ls_rate": 033, "ls_man_swaps": 200, "Is_elite_only": False, "seed" 42, "time_limit_sec": 60}
spline_1000_005 1000 LKH 2005175524 17787535 16875 2191464375 TRUE 0 2005175524 -6ABE-M {"runs”: 10, "candidate_sdges™: 20, “candidate_set_tupe”: "DELAUNAT", “move._type”: "5", "backiracking”: 5, "kh_exe":"", "seed": 42, "time_limit_ses": 50}

spline_I000_005 1000 OR-Tools (Routing TS 280617638 611533782 BS73125 2192269628 TRUE 0 2805178524 -BIGE-06 {first_solution_strategy” "PATH_CHEAPEST_ARC", "local_search_metaheuristio”: "GUIDED_LOCAL_SEARCH", “soale™ 10000, "log_search™ false, “seed™: 42, "time_limit_sex™: 60}

spline_{000_006 1000 Ant Colony Optimizatic  26590.25391  GO.7919184 5090625 219517198 TRUE 27.65476516 2658025645 -9BIE-06 {"ants": 0, “iterations" 200, "slpha”: 10, “beta": 2.0, “rho: 01, "candidste_k" 25, “ants_cap”: 100, "use_gpu”; true, "seed": 42, "time_limit_sec”: 50}

spline_{000_00§ 1000 Genetic Algorithm FOTITAEE2  BDETON41  D334376 2195351663 TRUE 0 2EGQ0ZGE4E  2BRNSTHRN4 {"population_size" 200, "generations": 500, "orossover_rate™: 0,75, "mutation_rate”: 01, "seleation™: "roulette”, toumament_k": 5, "mutation_tupe": "mined", "use_looal_search: true, "ls_on_init": true, "Is_rate ls_man_swaps": 200, "ls_elite_only": False, "seed": 42, "time_limit_sec": 60}
spline_{000_006 1000 LKH 2650025645 19515313 1786675 2120273438 TAUE 0 2650025646 -958E-14 {"runs": 10, "candidate_sdges™: 20, “candidate_set_type”: "DELAUNAT", “move_type”. "5", "backiracking”: 5, "kh_exe":"", "seed": 42, "time_limit_sec": 60}

spline_{000_006 1000 OR-Tools (Routing TS 285802574 GLOG0SHIE  G2859075 2121019625 TRUE 0 2658025646 3EIE-06 {"first_solution_strategy” "FATH_CHEAPEST_ARC", "local_search_metaheuristic”: "GUIDECL LOCAL_SEARCH", "scale” 10000, "log_search” false, "seed": 42, "time_imil_sec": 60}

spline_{000_007 1000 Ant Colony Optimizatic 1332605078 BO.E0ZN01 52375 216076125 TRUE 275473606 19326.05334 133606 {"ants": 0, “iterations" 200, "alpha® 10, "heta"; 2.0, rho: 01, "sandidate_k" 25, “ants_eap": 100, "use_gpu™ true, "seed": 42, "time_limit_sec": 60}

spline_1000_007 1000 Genetic Algorithm 199132453 62999128 OBS4EETD 7122929688 TRUE 0 1932605334 4137353746 {"population_size”: 200, "generations™ 500, “crossouver_rate”: 0.75, "mutation_rate": 0, “selection”; “roulette”, " utation_type": “mised”, "use_local_search true, "ls_on_in “Is_rate": 0.3, "ls_max_swaps": 200, Is_elite_only": False, "seed": 42, "time._limit_sec": 60}
spline_{000_007 1000 LKH 1932605334 17800666 16875 212363376 TRUE 0 1932605334 LB8E-M {"runs": 10, "candidate_edges": 20, "sandidate_set_type ackiracking”

spline_1000_007 1000 OR-Tools (Routing TS 19326.055  G11036674 50890625 3542070313 TALE 01932605304 GS6E-0 {"first_solution_strategy’: "PATH_CHEAPEST_&RC", “lacal_search_metsheuristic”: "GUIDED._LOCAL_SEARCH 2, "time._limit_sec"; 60}

spline_{000_00% 1000 Ant Colony Optimizatic 2133649805 60838127 59 3543632613 TRUE 2760474616 2190649541 -B20E-06 {"ants"(, "iterations" 200, "alpha® 10, "beta": 2. “candidate_k": 26, "ants_cap": 100, "use_gpu® true, "seed": 42,

spline_1000_008 1000 Genetic Algorithm FE4IPEG26  GO.2TAIEI5 5034375 M4GEIE4063 TRUE 0 2193549941 336660EI76 {'population_size”: 200, "generations™ 500, “erassover_rate”: 0,75, “mutation_rate”: L1, “selectian”: “raulette" use_local_search’ true, "ls_an_in 03, "ls_max_swaps” - elite_only”: False, "seed”: 42, "time_limit_sec": 60}
spline_{000_00% 1000 LKH 21540641 2ABOTAT 2006625 26076 TRUE 0 2133548841 -248E-13 {"runs": 10, "oandidate_edges™ 20, "sandidate_set_type’

spline_{000_008 1000 OF-Tools (Fouting TS 219354392 612973384 B9.03125  267.046475 TRUE 0 2193549941 -B4GE-07 {irst_solution_strateqy”. "PATH_CHEAPEST_ARC “seed”: 42, "time_limit_sec": 60}

spline_{000_0039 1000 Ant Colony Optimizatic 2191502148 B03044741 5876125 2301679633 TRUE Z7.60478516 2181502347 -9.09E-06 {"ants":(0,“iterations™ 200, "slpha

spline_{000_003 1000 Genetic Algorithm TH0STITIED  GOIGEGIEE  G7.7SEETS 1973125 TRUE 0 21816.02347 3526821157 {"population_size": 200, "generations" 500, “erassover_rate”: 0.7, “mutation_rate”: L1, “seleatian”: “roulette”, “toumament_k": 5, "mutatian_type": ‘mised", "use_lonal_search”: true, "ls_an_init": true, "Is_rate": 0.3, "ls_max_swaps": 200, "Is_elite_only": False, "seed": 42, "time._limit_sec": 60}
spline_1000_003 1000 LKH 21602347 1958247 1798875 1974603375 TRUE 0 21815.02347 -250E-13 {"runs": 10, "candidate_edges™: 20, “candidate_set_type”: "DELAUNAT", “move_type”: "5", "backiracking”: 5, "kh_exe": ", "seed": 42, "time_limil_sec": 60}

spline_I000_00% 1000 OR-Tools (Rowing TS 219160228 12007167 68A976 1975351563 TRUE 0 20237 -R0GE-06 {first_solution_strateqy’: "PATH_CHEAPEST_ARC, "local_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "seale™ 10000, “log_search™ fzlse, "seed™ 42, "time_limit_sec" 60}

spline_{000_010 1000 Ant Colony Optimizatic 2355463477 BOGTIE531 50734075 2018164063 TRUE 2765476516 2055453619 -GOME-D {"ants’:0,"iRerations™: 200, “slphs™ 10, "heta™ 2.0, “tho": 0, "candidste_k": 25, "snts_cap”: 100, "use_gpu” true, "seed": 42, "time_limit_sec" 60}

spline_{000_040 1000 Genetic Algorithm SHOZT0PE GOZ02HS2  GRIEVD 1983048876 TRUE 0 2365463619 3895.082193 f"population_size": 200, "generations" 500, "orossover_rate™: 0.75, "mutation_rate”: 01, "selestion™: "roulette”, “toumament_k" 5, "mutation_tupe": "mined", "use_looal_search: true, "ls_on_init": true, "Is_rate": 0.3, "ls_man_swaps": 200, "Is_elite_only": False, "seed" 42, "time_limit_sec": 60}
spline_{000_010 1000 LKH 2365463613 20010754 16125 1974257613 TRUE 0 2385463619 -BIBE-M4 {"runs": 10, "candidate_edges”: 20, “candidate_set_type": "DELALUNAY", “move_type”: "5", "backiracking™: 5, "kh_exe":"", “seed": 42, "time_limit_sec": 60}

spline_{000_00 1000 OR-Tools (Routing TS 235545383 G1LI3G4616  GA.MG6Z5  197.5390625 TRUE 0 2365453619 8.9BE-0 {"first_solution_strategy” "FATH_CHEAPEST_ARC", "local_search_metaheuristic”: "GUIDED, LOCAL_SEARCH", "scale” 10000, "log_search” false, "seed": 42, time_imil_sec": 60}

spline_{000_011 1000 Ant Colony Optimizatic 1340823125 G18271204  GO.659075 2028154063 TRUE 27.6H478516 1340823185 -222E-06 {"ants”:0,iterations™: 200, “slphs™ 10, "heta” 2.0, “tho": 01, "candidate_k": 25, "ants_cap”: 100, "use_gpu” true, "seed": 42, "time_limit_sec" 60}

spline_1000_011 1000 Genetic Algorithm GOZEMESES  GO.0732903 53421875 1960625 TRUE 0 1340823155 4394288725 {"population_size”: 200, "generations™ 500, “crossover_rate”: 0.75, "mutation_rate”: 0, “selection”; “roulette”, "toumament_k": 5, “mutstion_type”: “mixed", “use_local_search”: true, "ls_on_init": true, "ls_ 3, "t_man_swaps": 200, "ls_elite_only": False, “seed": 42, "time_limit_sec": 80}
spline_{000_011 1000 LKH 1340823155 1934065 1328135 1963242188 TRUE 0 1340823155 -38E-M {"runs": 10, "candidate_sdges": 20, “candidate_set_type”: "DELAUNAYT", “move_type": "5", "backtracking™: 5, "kh_exe":"", "seed": 42, "time_limit_ses": 60}

spline_1000_011 1000 OR-Tools (Routing TS 134092.3183  GILM77527  59.016625  196.7890625 TRLE 0 1340823155 EIBE-07 {first_solution_strategy”: "PATH_CHEAPEST_ARC", “lacal_search_metsheuristic”: "GUIDED_LOCAL_SEARCH", "seals". 10000, "log_search” false, "seed”: 42, "time_limit_ses" 60}

spline_{000_02 1000 Ant Colony Optimizatic  171629.3281  G0272967 68703125 2066445313 TRUE 276478616 171629.0454 -LE-05 {ants" 0, “terations” 200, "alpha™ 10, "beta 2.0, "tho': 01, "sandidate_k" 25, "ants_oap”: 100, "use_gpu™; true, "seed": 42, "time_limit_sec™: 60}
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spline_1000_012 1000 Genetic Algorithm BTO4ETEZE  B0Z237M3  GR.734376 201609375 TRUE 0 176293454 4835.325895 {'population_size”: 200, "generations": 500, “crossover_rate": 0.75, "mutation_rate”: 1.1, "selection”: “roulette”, "tounament_k":5, "mutation_type”: "mised", "use_loval_search”: true, "ls_on_init": trug, "ls_rate”; 0.3, "ls_mas_seaps”: 200, "ls_elite_only": false, "seed": 42, "time_limit_sec": 0}
spline_1000_012 1000 LKH 716203454 13663082 1766625 2017851663 TRUE 171623.3454 -BTBE-M. {'runs”: 10, "candidate_sdges™: 20, “candidate_set_type": "DELALUNA'
spline_1000_012 1000 OR-Tools(Fouting TS 1716203452 B1O0728385 589975 201867175 TRUE 1716293454 -LI2E-07 {first_solution_strategy”: "PATH_CHEAPEST_ARC", "local_search_metaheuristic™: “GUIDED_LOCAL_SEARCH
spline_1000_013 1000 AntColony Optimizatic 1662145313 607400303 686876 2031328125 TRUE O76G47EGI  IGEG447095 0430628647 {"ants":0,"iterations™: 200, “alpha™ 10, "heta” 2.0, “tho": 01, "candidate_k": 26, "ants_oap”: 100, "use_gpu” true, "seed" 42, "time._limit_sec": 60}

=

\“moue_type”: "5, “backtracking”: 5, “lkh_sue™ ™", "seed": 42, “time_limit_sec": 60}

=

\“seale": 10000, "log_search: false, “seed": 42, "time._limit_sec": 60}

spline_1000_013 1000 Genetic Algarithm BIZZIIRET  GO2240264 58329126 2035625 TRUE 0 1555447096 3964589321 {'population_size”: 200, "generations": 500, “crossover_rate": 0.7, "mutation_rate” 11, "selection”: "roulette”, "tournament_k":5, "mutation_type”: "mised", "use_local_search”: trus, "ks_on_init": true, "ls_rate”: 0.3, "ls_mas_swaps”: 200, "ls_elite_anly": false, "seed" 42, “time_limit_sec": 50}
spline_1000_013 1000 LKH WE4TITIE 21985326 2 2023554658 TRUE 0 1555447096 0323552981 {'muns™ 10, “oandidate_edges” 20, “candidate_set_typ \"backiracking': 5. "lkh_exe™; ™, "seed": 42, "time_limit_se": 50}

spline_1000_013 1000 OR-Tools[Routing TS 1665445723 GLIG50079  B0.603375 2006484375 TRUE 0 1555447096 -B8IE-05 {first_solition_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metsheuristic™: "GUIDED_LOCAL_SEARCH", "scale”: 10000, "lag_search”: False, “seed": 42, “time_limit_sec": 60}

spline_1000_01¢ 1000 AntColony Optimieatic 1986613438 611663805 696625 207.8476663 TRUE 2760478616 198961083 -GEVE-0E {"ants"0"ierations™ 200, “alpha™ 10, "heta” 2.0, "tho™ 0, "sandidate_k": 26, "ants_oap”: 100, "use_gpu™: true, "seed” 42, "time_limit_ses": 60}

spline_1000_014 1000 Genetic Algarithm TIE4E43132  GO299TETS 5009376 203017HE TRUE 0 138861363 3546.030822 {'population_size": 200, "generations": 500, “crossover_rate”: 0.75, “mutation_rate”: 11, "selection”: "raulette”, “tournament_k":5, "mutation_type”: "mised", "use_local_search”: true, "ks_on_init": true, "ls_rate". 0.3, "ls_maz_swaps”: 200, "ls_elite_anly": false, "seed" 42, “time_limit_sec": 50}
spline_1000_01¢ 1000 LKH 19861963 2043901 184376 2030625 TRUE 0 138861363 -ADZE-T3 {'runs": 10, "candidate_edges": 20, "eandidate_set_type" "DELAUNAY", "move_type": "5 "backtracking: 5, "lkh_ese™ ™", "seed": 42, "time_limit_sec": 60}

spline_1000_014 1000 OF-Tools(Fowing TS 1966613633 GLNG043S 68653376 2033203125 TRUE 0 138851363 1B4E-0T {first_solution_strategy”: "PATH_CHEAPEST_ARC", "local_search_metaheuristic™. "SUIDED_LOCAL_SEARCH", "scale” 10000, "log_search": False, "seed" 42, "time_limit_sec": 60}

=spline_1000_015 1000 Ant Colony Optimizatic  76558.07%1 604290145 53.765625 2071640625 TRUE 27.65478516  176233.5431  (0.180173435 {'ants™:0, “iterations": 200, "alpha”: 10, "beta™ 2.0, tho™ 0], "candidate_k":25, "ants_cap™ 100, "use_gpu: true, "seed™ 42, "time._limit_sec": E0}

spline_1000_015 1000 Gienetio Algarithrm 193687843 6043324 6209375 2038664063 TRUE 0 1762385431 2282389101 {'population_size™: 200, "generations": 50D, “orossover_rate”: 0.7, "mutation_rate" 0.1, "selection": "raulette”, "tournament_k':5, “mutation_tupe": "mied", "use_losal_searh®: tiue, "ls_on_init" true, "ls_rate™ 0.3, "ls_man_swaps" 200, ls_elite_only": false, “seed": 42, "time_limit_sec": 50}
spline_1000_015 1000 LKH 762790031 22067084 2015625 353.9960936 TRUE 0 17E2I85431 00230128 {'runs’: 10, "candidate_edges”: 20, “sandidate_set_type”: "DELAUNAY", "mave_tup: “backtracking’: 5, ", seed": 42, "ime_limit_sec': 60}

spline_100_DI 1000 OR-Tools (Rowing TS TF6238.6433 613832424 54525 3523296475 TRUE 0 (PEEEEE431 120E-07 {'first_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metaheuristic”: "GUIDED LOCAL_SEARCH ' 42, " it_sec": 60}

spline_1000_01E 1000 Ant Colony Optimizatic 180075125 607012629 58.90625 3530546875 TRUE 2765478516 1900751302 -291E-06 {"ants':0,“erations™ 200, "alpha 20, "tho": 0, “candidate ks 25, "ants_cap": 100, "use_gpu

spline_1000_D1E 1000 Genetio Algorithm  B638762495  B0.S091221  GAIPGPE  35S.07HZE TRUE 0 1900751302 3564443668 {'population_size™ 200, "generations": 500, "orossover_rate”: 0.75. "mutation_rate": 0.1, "selection": "roulette”, "tournament_k":5. mised”, "use_loval_search®: true. "ls_on_init" true, "ls_rate™ 0.3, "l_mar_swaps"; 200, "ls_elite_only": alse. "seed": 42, "ime_limit_sec": 80}
spline_1000_01E 1000 LKH 1BO0751302  1S4BET03 1734375 3530859375 TRUE 0 B007E302 -L29E-12 {'runs": 10, "candidate_edges": 20, "sandidate_set_type”: "DELAUNAY", "mave_tup: backtracking": 5, "Ikh_exe ™", "seed": 42, "ime._limit_sec": 50}

spline_100_01E 1000 OF Tools(Fiouting TS 1500751302 BLIGISES 5959376 8554601563 TRUE 0 1B00PEANZ  ASEE-03 {'irst_solution_strategy”: "PATH_CHEAPEST_ARC". "local_search_metaheuristic" "GUIDED_LOCAL_SEARCH". "scale": 10000, "log_search': False. "Seed"; 42, "time_limit_sec": 60}

spline_1000_017 1000 Ant Colony Optimizatic 233475125 603833018 56203125 357.2773436 TRUE 27T6S4TESIS 239475120 -16TE-D6 {"antsD,erations™ 200, "alpha’: 10, "beta® 20, "tho: 0., "candidate_k':25, "ants_cap" 100, "use_gpu’: true, "seed”: 42, "time_limit_sec":60}

spline_1000_017 1000 Genetic Algarithm 050270952 BDE426463  BOPIBTS 2003046875 TRUE 0 2375029 42657205 {"population_size" 200, "generations" 500, "crossover_rate": 0.75. "mutation_rate" 0.1, "selection": "roulstte”, "tournament_k":5, "mutation_tupe"; "mised", "use_local_search® trus. "ls_on_init" true, "ls_rate™ 0.3, "l_mas_swaps"; 200, "ls_elite_only": False. "seed": 42, "ime._limit_sec": 50}
spline_1000_017 1000 LKH 239476123 2853504 2670875 16690625 TRUE 0 237528 L22E-12 {'runs": 10, "candidate_sdges": 20, "sandidate_set_type”: "DELAUNAY", "move_type': "5", "backiracking: 5, "Ikh_ene” ", "seed": 42, "time_limit_sec": 60}

spiine_1000_017 1000 OF-Tools (Routing TS 23947515 BL9IE3763 55453125 190.2734375 TRUE U EIMTETS 4I9E-07 {'first_solution_strateqy’: "PATH_CHEAPEST_ARC", "loval_search_metaheuristic”: "GUIDED LOCAL_SEARCH", "scals": 10000, "lng_search”:False, "seed": 42, "time_limit_sec": 60}

spline_1000_DIE 1000 Ant Colony Optimizatic  133965,0938 652663642 635 2003710935 TRUE 276B4TSSIE 199561025 -4.63E-D6 {"ants":D,“erations": 200, "alpha’: 10, "beta® 20, "rhos 0, "candidate ks 25, "ants_oap" 100, "use_gpu: true, "seed”: 42, "time_limit_sec":60}

spline_100_01E 1000 Genetic Algorithm  TEBEBI254E  BU.293NM47 55659375 2844179686 TRUE 0 189956025 4041426594 {'population_size”: 200, "generations": 500, “crossover_rate”: 075, "mutation_rate": 0., "selection”: "raulstte”, "kournament ks, “mutation_type"; "mited", "use_local_search® tius, "ls_on_init" true, "ls_rate” 0.3, "ls_max_swaps": 200, lz_elite_only’; False, “seed": 42, "ime._limit_sec": 50}
spline_1000_01E 1000 LKH 1599561026 26043018 24375 2546601663 TRUE 0 188986025 -Z30E43 {'runs’: 10, "candidate_edges” 20 "sandidate_set_tip . "seed": 42, "time_limit_sec": 60}

spline_100_01E 1000 OF-Taols (Rouwting TS 1899561026 615705949 57.40625 2683242186 TRUE U 1B995E10Z5 1407 {'first_salution_strateqy': "PATH_CHEAPEST_ARC", "local_search_metaheuristic”: "GUIDED LOCAL_SEARCH", "scale”: 10000, "lag_search’: False, "seed": 42, "time_limit_sec": 60}

spline_1000_018 1000 AntColony Optimizatic 13828525 616376208 5965625  C82MPOTGI3 TRUE 2TEG4TE515 19B08B2667 -OAME-0E {"ants':0."Rerations" 200, "alpha”: 10, "beta® 2.0, "tho"s 0, "eandidate_K": 25, "ants_oap" 100, "use_gpu": true, "seed": 42, "time_limit_sec": 50}

spline_1000_013 1000 Genetic Algarithm T2SS0ST.AFE  GDAS9944E  GRIESE25 1959375 TRUE 0 1982652687 3574399062 {'population_size™: 200, "generations" 500, "crossover_rate”: 0.75, "mutation_rate" 0., "selection": "roulette”, "tournament_k':5, “mutation_tupe": "mised", "use_local_search® tiue, "ls_on_init* true, "ls_rate™ 0.3, "ls_max_swaps" 200, Is_elite_only": alse, “seed": 42, "ime._limit_sec": 50}
spline_1000_013 1000 LKH 192650687 22439937 2040825 2374835338 TRUE 0 138265.2687 ATEE-1% {'runs": 10, "candidate_sdges": 20, "candidate_set_type": "DELAUNAY", "move_type": "5"."backiracking": 5. "Ikh_ewe" ™", "seed": 42, "time_limit_sec": 60}

spline_1000_D13 1000 OF-Tools (Routing TS 195265.2692 618143163 5325 2488571675 TRUE 0 1382652667 247E-07 {'frst_solution_strateqy’: "PATH_CHEAPEST_ARC", "local_search_metaheurlstic™: "SUIDED_LOCAL_SEARCH","ssale’ 10000, "log_search':False, "seed": 42, "time_limit_sec": 50}

spline_1000_020 1000 AntColony Optimizatic 2439306719 607388324 63578125 254.B40625 TRUE 2765478516 2439306841 -5.0IE-DE {"ants':0."erations": 200, "alpha’: 10, "beta®: 2.0, "tho"s 0.1 "candidate_k": 25, "ants_cap" 100, "use_gpu: trus, "seed": 42, "time_limit_sec": 50}

spline_1000_020 1000 Gienetio Algarithrm SI70EDS52 60245379 EG.96ET6 268554657 TRUE 0 2438308841 3637570321 {'population_size™: 200, "generations": 50D, “orossover_rate”: 0.7, "mutation_rate" 0.1, "selection": "raulette”, "tournament_k':5, “mutation_tupe": "mised”, "use_losal_searh®: tiue, "ls_on_init" true, "ls_rate™ 0.3, "l_man_swaps" 200, ls_elite_only": false, “seed": 42, "time._limit_sec": 50}
spline_1000_020 1000 LKH 2439306841 28159962 2519625 2493320313 TRUE 0 2439306041 -954E-M {'runs’: 10, "candidate_edges”; 20, “candidate_set_type": “backiracking”: 5, "lkh_sve": ™", "seed": 42, "time_limit_sec": 60}

spline_100_020 1000 OR-Tools(Riowting TS 2433306943 616030683 675625 260.9904656 TRUE 0 2439306041 8.84E-08 ['first_solution_stratequ; "PATH_CHEAPEST_ARC". "loval_search_metaheurlstis™ "GUIDED_LOCAL_SEARCH"."seale 10000, log_search’: False. "seed": 42, "time,_limit_sec": 60}

spline_1000_021 1000 AntColony Optimizatic  1580438.248 648235935 624375 204046875 TRUE 2765478516 1580438248 -B84E-M {'ants:0,"Rerations™ 200, "alpha’: 10, "beta® 2.0, "tho’s 0, "candidate ks 25, "ants_cap" 100, "use_gpu'; trug, "sesd": 42, "time_limit_sec":50}

spline_1000_021 1000 Genetic Algarithm 6202427591 BOJ051827  GE.EDE25  1ST.ATIETS TRUE 0 1580435248 3824438637 {"population_size™ 200, "generations": 500, "orossover_rate": 0.75. "mutation_rate" 0.1, "selection": "roulette”, "tournament_k":5, "mutation_tupe"; "mised", "use_loval_search® true. "ls_on_init" true, "ls_rate™ 0.3, "l_mar_swaps"; 200, "ls_elite_only": alse. "seed": 42, “ime_limit_sec": 80}
spline_1000_021 1000 LKH 1580438248 27540408 265625  IBIS0VEIZS TRUE 0 1580438.248 -L03E-12 {'runs": 10, "candidate_sdges": 20, "candidate_set_type”: "DELAUNAY", "move_type': "5", "backiracking': 5, "Ikh_ene™ ", "seed": 42, "time_limit_sec": 60}

spline_1000_021 1000 OF Tools(Fiouting TS 1630438.245  B1320313 5940625 1805203125 TRUE 0 IGB045E248 -SS1E-03 {'irst_solution_strategy”: "PATH_CHEAPEST_ARC". "local_search_metaheuristic": "GUIDED_LOCAL_SEARCH". "scale": 10000, "log_search': False. "Seed" 42, "time_limit_sec": 60}

spline_1000_022 1000 Ant Colony Optimizatic 202114475 66750855 649375 345890625 TRUE 276S4TESIS 2021144543 -431E-06 {"ants™:0,"erations™ 200, "alpha’: 10, "beta” 20, "tho: 0., "candidate_k':25, "ants_cap" 100, "use_gpu: true, "seed”: 42, "time_limit_sec":60}

spline_1000_022 1000 Genetic Algarithm 6900196319 BO9BI52 56125 3424809375 TRUE 0 20MM4E4S 4343118623 {'population_size" 200, "generations" 500, "crossover_rate": 0.75. "mutation_rate" 0.1, "selection": "roulstte”, "tournament_k":5, "mutation_tupe"; "mised”, "use_local_search® trus. "ls_on_init" true, "ls_rate™ 0.3, "l_mas_swaps": 200, "ls_elite_only": False. "seed": 42, "ime._limit_sec": 80}
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spline_1000_022 1000 LKH 2021144.543 26540433 24375 232.0976563 TRUE 2021144.543 -3.2ZE-14 {"runs"; 10, "candidate_edges": 20, "candidate_set_type": "DELAUNAY", "move_tups

spline_1000_022 1000 OF-Tools (Routing TS 202144851 619326319 S767IS7S  206.2382813 TRUE 2021144.543 9.95E-06 {"first_solution_strateqy”: "PATH_CHEAPEST_SRC",
=spline_1000_023 1000 Ant Colony Optimizatic  1592602.25  G1.2680225  59.984375 2483335938 TRUE 2765478518 1870191257 1198326284 {"ants™:0, “iterations™: 200, "alpha’: 10, "beta™ 2.1, "tha™; 0,

" 6", "backtracking;
GUIDED_LOCAL_SEARCH",

“eandidate_k" 25, "ants_cap”: 100, "use_gpu”: true, "seed” 42, "time._limit_see": 60}

time_limit_sec": 60}

Tocal_search_metaheuristic’ scale”: 10000, "log_search”: false, "seed" 42, “time_limit_sec": 50}

spline_1000_023 1000 Genetio Algorithm BO22E346.37 B0.5112436 GEBI3TE 2671623438 TRUE 0 1870131267 3120330817 |"population_size": 200, "generations": 600, “srassover_rate™: 0.75, “mutation_rate™ 0.1, "selection™ “raulette”, “tournament_k": 5, “mutation_type" "miged”, "use_local_search”: true, “Is_on_init": true, "Is_rate":0.3,"1s_may_swaps™: 200, "Is_elite_only™ false, “seed™ 42, “time_limit_ses" B0}
spline_1000_023 1000 LKH 1290092598 21026794 2796875 192.8128 TRUE 0 1870191257 TOE4124008 {"runs"; 10, "candidate_edges™ 20, "candidats_set type”: "DELAUMAY", "move_type™: "5", "backtracking™: §,"lkh_sxe™ ™, "seed": 42, “time_limit_sec": 60}

spline_100_023 1000 OF Tools (Routing TS 1870182426 613080029 5P.0TS125 200625 TRUE 0 1B70ISLEET 0000472048 ['first_solution_strateqy”: "PATH CHEAPEST_ARC'". local_search_metaheuwristio: "GUIDED_LOCAL_SEARCH", "soale”: 10000, "log_search’: false, "seed": 42, "time_limit_sec": 60}

spline_1000_024 1000 Ant Colony Optimizatic 22223125 65.7892E7E B2.1875 207171875 TRUE 2765478516 2222312635 -B.0BE-DE {"ants": 0, “iterations": 200, "alpha™; 10, “"beta™ 2.0, "rho™; 0.1, "candidate k" 25, “antz_cap™ 100, "uze_gpu”: true, "seed” 42, "time_limit_sec": 60}

spline_1000_024 1000 Gienetic Algorithm 44637355 BO7TH9EZ5  GES9ITH 2078648438 TRUE 0 2222312635 3700743372 |'population_size": 200, "generations": 5, "orossover_rate": 0,75, "mutation_rate": 0.1 "selection": "roulette”, "tournament_k":5, "mutation_tupe"; "mised”, "use_loval_search: true. "ls_on_init" true. "ls_rate": 0.3, "ls_man_swaps" 200, "s_elite_only": false, "seed": 42, "time_limit_sec": 60}
spline_1000_024 1000 LkH 2222312 635 25157115 2330625 2051673688 TRUE 0 2222312635 -413E-14 {"runs": 10, "candidate_edges™ 20, "candidate_set_type": "DELAUNAY", "move_type \"backrracking”: 5,"lkh_exe” ™", "seed": 42, “time_limit_sec™ 60}

spline_1000_024 1000 OF-Tools (Fouting TS 2222312635 BIE193M47  5O.16625 2109140625 TRUE 0 2222312835 -L39E-08 fYfirst_solution_strateny”: "PATH CHEAPEST_ARC". "local_search_metaheuristic" "GUIDEC_LOCAL_SEARCH". "scale": 10000, "log_search': false. "seed": 42, "time_limit_sec": 60}

spline_1000_035 1000 Ant Colony Optimizatic 317237926 62230458 634376 2132265626 TRUE 3766478618 3170382766 D.0G3E0461E |"ants™ 0, “iterations™: 200, "alpha’: L0, “beta™ 2.0, tho™ 01, “eandidate_k™: 25, "ants_cap™ 100, "use_gpu’ true, "seed™ 42, "time._limit_sec": 0}

spline_1000_025 1000 Genetic Algarithm 1285397714 GO3380917  GIOVEIS 2096757813 TRUE 0 3702756 IIVTIE0GE |"population_size": 200, "generations": SO0, “crossover_rate”: 0,75, “mutation_rate™: 0, "selection”: “roulette”, "tounament_k":5, "mutation_type”: “mized", "use_loval_search": true, "ls_on_init"; rue, "ls_rate”: 0.3, "ls_max_swaps™: 200, "Is_elite_only": false, “seed": 42, "time_limit_sec": 60}
spline_1000_025 1000 LKH 30362766 30661862 2953125 1BA67ISTE TRUE 0 3170362.756 -L03E-13 {runs” 10, "candidate_edges": 20, "sandidate_set_type": "DELAUNAY", "mave_type”: "5, "hacktracking: 5, "Ikh_eve™ ™", "seed": 42, "time_limit_sec" 60}

spline_1000_025 1000 OR-Tools (Rouing TS 3170362754 615294903 S9.T7IVE 1964921875 TAUE 0 7062756 -G.1ME-08 {First_solution_strsteqy”: "PATH_CHEAPEST_ARC", "locsl_sesrch_metsheuristic. "GUIDED_LOCAL_SEARCH", "scale”: 10000, "log_search’: false, "seed”: 42, "time_limit_sec: 60}

spline_1000_026 1000 Ant Colony Optimizatic  23TME025  B4.1613842 6076 197.23125 TRUE 27EG476516  261ME04S7  -S.44E-08 |"ants" 0, “iterations™: 200, "alpha’: 10, "beta® 2.0, "tha™ 0.1, "candidate_k": 26, "ants_oap™ 100, "use_gpu": true, "seed”: 42, "time_limit_sec": 60}

spline_1000_026 1000 Genetic Algarithm 1203172266 GOIBI2B70  G6.640625  197.5976583 TRUE 0 261MG0467 4439645848 |"population_size": 200, "generations": 500, “crossover_rate”: 0.75, “mutation_rate™: 01, "selection”: “raulette”, "tournament_k"-5, "mutation_type”: "mized", "use_local_search’: true, "ls_on_init": rue, "ls_rate": 0.3, "ls_max_swaps": 200, "Is_elite_only": false, "seed" 42, "time_limit_sec". 60}
spline_1000_026 1000 LKH 261160457 281649 259375 197.6788063 TRUE 0 28MME0457 AIBEIZ {"runs" 10, "candidate_edges" 20, "oandidate_set_tupe": "DELAUNAY", "move_tupe™: "5". "backtracking": 5, "lkh_ene™ ™", "seed": 42, "time_limit_seo" 60}

spline_000_026 1000 OR-Tools (Fouing TS 2011460488 614853013 57875 1961675 TAUE 0 z6t4c04aT 4.08E-08 {“first_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_sesrch_metsheuristic™ “GUIDED_LOCAL_SEARCH", "scale™: 10000, "log_search”: false, "seed" 42, “time_limit_sec": 50}

spline_1000_027 1000 AntColony Optimizatic 2790860 G17501834 586875 2012679125 TRUE 2765478515 2730660312 -L1ZE-05 {"ants" 10, “terations": 200, "slpha’: 10, "bet ho”: 01, “candidate_k" 25, "ants_cap”: 100, "use_gpu”: true, "seed” 42, "time._limit_sec": 60}

spline_000_027 1000 Genetic Algarithm 1383486129 B0E260783 676626 1387890625 TRUE 0 27908802 48TAINIEIE |"population_size": 200, "generations": 600, “crossover_rate”: 0.75, “mutation_rate™: 01, “selection”: “raulette”, “tournament_k":5, “mutation_type"”: "mised", "use_local_search: true, "ls_on_init"; true, "ls_rate": 0.3, "ls_may_swaps": 200, "Is_elite_only": false, "seed": 42, "time_limit_sec": 60}
spline_1000_027 1000 LKH 2790660312 2644943 2546075 1976601563 THUE 0 2790880312 -GETE-14 {'tuns”; 10, "candidste_sdges”: 20, "candidste_set_type": "DELAUNAY", “mave._type": "5", "backiracking”s 5, "Ikh_exe": ™", "seed": 42, "time_limit_sec": 60}

spline_1000_027 1000 OF-Tools (Rowing TS 2790860313 614316863 G6796876  199.8867188 TRUE 0 2TH0EENMZ L44E-08 {First_solution_siateqy”: "PATH_CHEAPEST_ARC", "local_search_metsheuristio™. "GUIDED_LOCAL_SEARCH', "soale™ 10000, "log_search’: false, "seed": 42, "time_limit_seo™: 60}

spline_1000_026 1000 AntColony Optimizatic 2785628 G68M720  GITPIVE 2032140438 TRUE 2765478515 2785620043 -LS4E-06 {"ants": 0, "iterations" 200, "sipha’; 10, "bets" 2.0, "tho": 01, "sandidste_k": 25, "ants_cap” 100, "use_gpu’: true, "sesd"; 42, "time_limit_ses": 60}

spline_1000_028 1000 Genetio Algarithm #34392297  GO.O866386  GOSTE 2027265626 TRUE 0 ZPEGGZGOM3 2895347132 |'population_size": 200, "generations": 500, "srossover_rate": 0,75, "mutation_rate™ 01, "selection”: "roulette”, "tounament_k":5, "mutation_type"”: "mised", "use_loval_search": true, "ls_on_init"; true, "ls_rate": 0.3, "ls_man_swaps": 200, "Is_elite_only" false, "seed": 42, "time_limit_ses". &0}
spline_1000_028 1000 LKH 2TA5620.043  27HI0PET 234375 2032576125 TRUE 0 2785628043 0 {runs" 10, "candidate_sdges": 20, "candidate_set_type": "DELALUNAY", "mave_typ backiracking”: 5, "lkh_exe": ™', "seed": 42, "time_imit_sec": 60}

spline_1000_026 1000 OF-Tools (Rowing TS 2785620044 14177943 592035 35473375 TRUE 0 Z7EGE2E043 309E-08 {'first_solution_strategy”. "PATH_CHEAPEST_ARC", "local_search_metsheuristic™ "GUIDED_LOCAL_SEARCH”, "seale™ 10000, log_search”: false, "seed": 42, "time_limit_sec": 50}

spline_1000_028 1000 Ant Calony Optimizatic 300234675 61181619 5375 356204375 TRUE 2765476516 3002345933

spline_1000_028 1000 Genetic Algarithm 4365035 G0.2474853  GBTONIG 3550195313 TRUE 0 3002345933 use_loval_seardd :_on_init”; true, "ls_rate”: 0.3, "Is_max_swaps" 200, “ls_elite_only" False, “seed”: 42, "time_limit_sec": 60}
spline_1000_028 1000 LKH 02346333 20372061 1921876 356296676 TRUE 0 3002348833

spline_1000_029 1000 OF-Tools (Fouting TS 3002346933 GLI00816 59453125 3655 TAUE 0 300245933 e 42, "time_limit_sec": 0}

spline_1000_030 1000 AntColony Optimizatic 36894365 619992924 6116625 3G.6780063 TRUE 2765478515 3688436687

spline_1000_030 1000 Genetic Algarithm P03 B0.422345  GE.059E 3651953125 TAUE 0 3689436687 190925895 |"population_size": 200," , 2 . 01, use_|ocal_search: true, "ls_on_init": iue, "ls_rate": 0.3, "ls_max_swaps": 200, "Is_elite_only": false, “seed" 42, "time_limit_sec". 60}
spline_1000_030 1000 LKH WEIIBEET  1GT4M07 1890625 3555273438 TRUE 0 3689425697 A3SEA3 ['runs” 10, "candidate_edges": 20, "eandidate_set_typ

spline_1000_030 1000 OF-Tools (Fouing TS 3680436667 614622199 5966625 3561269083 TRUE 0 3689435667 -LFAE-06 {first_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_sesrch_metsheuristic™. "SUIDED_LOCAL_SEARCH", "scale” 10000, "log_search’: false, "seed": 42, “time_limit_sec" 60}

spline_1000_031 1000 AntColony Optimizatic 13782703 612825488 505 3585 TRUE 27EG476G1E 1378270385 -B.27E-06 ["ants™ 0, “iterations™ 200, "sipha’: 10, "beta" 21, "tho" 01, "candidate_k": 25, "ants_cap” 100, "use_gpu’ true, "seed": 42, "time_imit_sec": 60}

spline_1000_031 1000 Genetic Algarithm 430656866 GOI6RANI3  BA.3I0626  IBEETEFSIS TRUE 0 1378270386 2362063443 |"population_size": 200, "generations": 600, “crossover_rate”: 0.75, “mutation_rate™: 0, “selection”: “raulette”, “tournament_k":5, "mutation_type"”: "mised", "use_local_search’: true, "ls_on_init"; true, "ls_rate": 0.3, "ls_may_swaps": 200, "Is_elite_only": false, "seed" 42, "time_limit_sec": 60}
spline_1000_031 1000 LKH 7870386 17960077 1703125 357.0859375 TRUE 0 1378270336 -12ZE-13 {'runs” 10, "candidate_edges" 20, "candidate_set_type”: "DELAUNAY", “move_type”: "5, "backtracking: 5, "Ikh_ese™ ™", "seed": 42, "time_limit_sec" 60}

spline_1000_031 1000 OF-Tools (Rowing TS 176270367 612663778 535125 3672616625 TRUE 0 1378270356 7.90E-08 |'first_salution_strateqy”: "PATH_CHEAPEST_ARC", local_search_metsheuristic™ "GUIDED_LOCAL_SEARCH", "seale™: 10000, "log_search’: false, "seed": 42, "time_limit_sec": 50}

spline_1000_032 1000 AntColony Optimizatic 22347946 10817046 60207125 3613085938 TRUE 2765478516 2219179681 0703634743 {"ants™: 0, “iterations™: 200, "alpha’:
spline_1000_032 1000 Genetic Algorithm 405060127 B10219834  GAG4ERTR  3GT.E015826 TRUE
spline_1000_032 1000 LKH 223043405 19635954 1734375 357.6757813 TRUE

0, "beta": 2.0, “rho"; 0.

“candidate_k": 25, "ants_cap”: 100, "use_gpu”:true, "seed” 42, "time._limit_sec": 60}

“roulette”, "tournament_k": 5, "mutation_type’

2219179651 2306607253 |"population_size": 200, "generations™; 500, "srossover_rate” 0175, "mutation_rate™: 01, "selection™:
2219179681 0509844653 |'runs" 10, “candidate_edges": 20, "candidate_set_type": "DELAUNAY", "mave_type

mised", "use_loval_search: true. "ls_on_init" true, "ls_rate": 0.3, "ls_man_swaps" 200, "s_elite_only": false, "seed": 42, "time_limit_sec": 60}

\"backiracking”: 5, "lkh_exe": ™", "seed": 42, "time_limit_sec": 60}
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spline_1000_032 1000 OR-Tools (Routing TS 221316855.36 613739365 60234375 357.8632613 TRUE 0 2219179681 0000637381 {'first_solution_strategy”: "PATH_CHEAPEST_ARC", "local_search_metaheuristic: "GUIDED_LOCAL_SEARCH", "scale”: 10000, "log_search’: false, "seed"; 42, "time._limit_sec": 60}
spline_1000_033 1000 AntColony Optimizatic 22888084 603062848 60203125 3617773436 TRUE 2765478515 2288808500 -449E-0F {"ants":0."Rerations" 200, "alpha": 10, "beta® 2.0, "tho's 0., "candidate_k": 25, "ants_cap" 100, "use_gpu": trus, "seed": 42, "time_limit_sec": 50}

spline_1000_033 1000 Genetio Algorithm 8302600635 603127488 591875 3550742186 TRUE 0 2288008503  3759.622346 {'population_size™: 200, "generations" 500, “crossover_rate”: 0.75, "mutation_rate" 0.1, "selection”: "roulette”, "tournament_k':5, “mutation_tupe": "mised", "use_local_search®: tiue, "ls_on_init* true, "ls_rate” 0.3, "ls_max_swaps" 200, ls_elite_only": false, “seed": 42, time_limit_sec": 50}
spline_1000_033 1000 LKH 2293R08503 13459133 1769625 30825 TRUE 0 2E8EE0SS03  -977E-M {'runs’:10, "candidate_sdges”: 20, “candidate_set_typ \"backtracking”: 5,"Ikh_exs": ™" "seed": 42, "time_limit_sec": 60}

spline_1000_033 1000 OR-Tools(Routing TS 2288808603 613068578 60.078125 3582890625 TRUE 0 22883085.03 283E-09 {'frst_solution_strateqy’; "PATH_CHEAPEST_ARC", "local_search_metaheurlstic™ "GUIDED_LOCAL_SEARCH","soale’ 10000, “log_search":False, "seed": 42, "time._limit_sec": 60

spliine_1000_034 1000 AntColony Optimizatic 11138574 617393668 075 3623046575 TRUE 2785478516  1199575.24 -LI0E-05 {"ants": 0, “iterations": 200, "alpha”: 10, "beta®: 2.0, "tho"s 0., "candidate_k": 25, "ants_cap": 100, "use_gpu: trus, "seed": 42, "time_limit_sec":50}

spline_1D00_034 1000 Genetic Algarithm TETI82E  ED20TZ307  BO.SE25 I6GE4TERE: TRUE 0 138ETE24 296173342 {'population_size™ 200, "generations’: 50D, “orossover_rate”: 0.7, “mutation_rate" 0.1, "selection”: "roulette”, "tournament_k": 5. "mutation_tupe": "mised", "use_local_search”: tiue. "ls_on_init™ true, "ls_rate™ 0.3, "l_mar_swaps": 200, ls_elite_only’: False. "seed": 42, "ime._limit_sec": 50}
spline_1000_038 1000 LkH IMgesisze 18634403 1875 3586992188 TRUE 0 1985PEZe 9984 {'runs’:10,"candidate_edges”: 20, “sandidate_set_type”s "DELAUNAY", "mave_tup: backtracking s ed": 42, "time_limit_sec": 60}

spline_1000_034 1000 OF Tools(Fiouting TS 1119867524 612634709 £9.9976 368707033 TRUE 0 fi38ETE2e  BSIE-03 {'irst_solution_strategy”: "PATH CHEAPEST_ARC". "local_search_metaheuristic" "GUIDED_LOCAL_SEARCH". "scale": 10000, "log_search": false. "Seed": 42, "time_limit_sec": 60}

spline_1000_035 1000 Ant Colony Optimizatic 17736308 604297235 5965625  OB19570313 TRUE 27ES4TESIS  1WP363088  -448E-0E {"ants™:0,erations™ 200, "alpha’: 10, "beta® 20, "tho: 0, "candidate k':25, "ants_cap 100, "use_gpu: true, "seed”: 42, "time_limit_sec":60}

spline_1000_035 1000 Genetic Algarithm AMIGETIEA  BD.OSZH0T  BEDOIG  IGGEPHTEIS TRUE U {PRIESES 2239589337 {'population_size": 200, "generations" 500, "crossover_ "ks_on_init": true, "Is_rate": 0.3, "ls_ma_swaps": 200, "ls_elite_only": false, "seed": 42, "time_limit_sec": 80}
spline_1000_035 1000 LKH 177363088 18084223 173125 35878125 TRUE 0 FRIE30E8  -BADE-M {'runs’:10, "candidate_sdges”: 20, "candidate_set_tip

spline_1000_035 1000 OF-Tools (Routing TS 177363085 BIZE5108 60464375 359328125 TRUE 0 {PRIENEE S53E0 {'first_salution_strategy"; "PATH_CHEAPEST_ARC! 60}

spline_1000_038 1000 Ant Colony Optimizatic 17569266 B2.086677 61203125 36R.3203126 TRUE 27854781 17BGOMEAT  0I0ST7EE3T {ants™:0, “iterations™ 200, "alpha™ 10, "beta™ 2.0, “ho™

=pline_1000_036 1000 Genetic Algorithm 3392244703 BOIFSFIF SBOISE25 3571935938 TRUE 0 17SS01657  2T1Z.084362 {population_size™ 200, “generations": 500, “crossover_ 0.3,"ls_maz_swaps™: 200, "ls_elite_only™: false, "seed": 42, "time_limit_sec" 80}
spline_1000_035 1000 LkH 175836616 2042035 171876 304.046375 TRUE 0 (TBGOIEET 0130258032 {runs’:10, “candidate_edges™ 20, “candidate_set_typ
=spline_1000_036 1000 OR-Tools[Routing TS 755016365 611299959 59703125 3045976563 TRUE 0 T7ES0I65.7 -LIBE-05 {"first_sclution_strategy”: "PATH_CHEAPEST_ARC 0t

spline_1000_037 1000 Ant Colony Optimizatic 22283204 E1A012124  E0A21276 308763906 TRUE 2760478616 2226682815  0.078022171 {"ants™: 0, “iterations™: 200, “alpha™ 1.0, "beta™ 2.0, "rho™: 0.1, "candidate_k": 26, "ants_cap™ 100, "use_gpu": trug, "seed"™ 42, "time_limit_sec": 60}

spline_1000_037 1000 Genetic Algarithm SE7I4G07  GO.2TTEM47  SR04E07S 255289061 TRUE 0 2226562005 2448.29717 {'population_size”: 200, "generations": 500, “crossover_rate”: 0.7, "mutation_rate” 11, "selection”: "roulette”, "tournament_k":5, "mutation_type”: "mised", "use_local_search” trus, "ls_on_init": true, “ls_rate”: 0.3, "ls_mas_swaps”: 200, "ls_elite_only": false, "seed": 42, “time_limit_sec": 50}
spline_1000_037 1000 LKH 2228300628 A7GHAR 171675 2308632813 TRUE 0 2226562615 007043935 {'uns" 10, "oandidate_edges" 20, "oandidate_set_type™: "DELALNAY", "move_type": "5, "backitracking": 5, "lkh_ene™ ™", "seed": 42, "time_limit_seo": 60}

spline_1000_037 1000 OR-Tools[Routing TS 2226562805 G12631592  BASISE26 2314375 TRUE 0 2226562615 -267E-09 {first_solition_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metsheuristic™: "GUIDED_LOCAL_SEARCH", "scale™: 10000, "lag_search”: False, “seed": 42, "time_limit_sec": 60}

spline_1000_038 1000 AntColony Optimizatic 30851012 B14653463 6946675 2193789063 TRUE 2760478516 3093178208 059156404 {"ants": 0, "iterations™ 200, “alpha™ 10, "heta” 2.0, tho™ 0, "candidate_k": 25, "ants_cap”: 100, "use_gpu™: trug, "seed” 42, "time._limit_see": 60}

spline_1000_038 1000 Genetic Algarithm SIFI20M2.2 60152354 53375 2072695313 TRUE 0 3033(7EZ03 2864976734 {'population_size": 200, "generations": 500, “crossover_rate”: 0.75, “mutation_rate”: 11, "selection”: "raulette”, “tournament_k":5, “mutation_type”: "mised", "use_local_search”: true, "ks_on_init": true, "ls_rate". 0.3, "ls_maz_swaps": 200, "ls_elite_anly”: false, "seed" 42, “time_limit_sec": 50}
spline_1000_038 1000 LKH 03496437 20524388 1859375 2074570313 TRUE 0 303378208 0057745173 {'uns" 10, “candidate_edges" 20, "candidate_set_type”: "DELALNAY", "move_type": "5, "backtracking: 5, "Ikh_ese" ™", "seed": 42, "time_limit_sec": 60}

spline_1000_038 1000 OR-Tools(Rowing TS 3093178209 GL28245f1  B9.8636 20759375 TRUE 0 303378203 -43IE-03 {first_solution_strategy”: "PATH_CHEAPEST_ARC", "local_search_metaheuristic™: "GUIDED_LOCAL_SEARCH", "scale” 10000, "log_search": False, "seed": 42, "time_limit_sec": 60}

=spline_1000_033 1000 AntColony Optimizatic 28726620 603530757 59103375 2116445313 TRUE 2765478516 287043355 0077425415 {"ants™:0, “iterations™ 200, "alpha”: 10, "beta™ 2.0, tho™ 0], "candidate_k":25, "ants_cap™ 100, "use_gpu true, "seed™ 42, "time._limit_sec": E0}

spline_1000_038 1000 Genetic Algarithm 67000230 GO.241591 6826636 207.94M0E3 TRUE 0 267043965 2831243873 {'population_size": 200, "generations" 00, “orossover_rate": 0.7, “mutation_rate”: 11, "selection”: “raulette”, “tournament_k":5, "mutation_type”: "mised", "use_local_search”: true, "ks_on_init": true, "ls_rate": 0.3, "ls_mas_swaps": 200, "ls_elite_anly": false, "seed": 42, “time_limit_sec": 50}
spline_1000_033 1000 LKH 207043955 197ME2 1626125 20740625 TRUE 0 207043955 -.19E-14 {'runs" 10, "candidate_edges”; 20, "candidste_set_type”: "DELALNAY", "move_typs": "5, "backtracking: 5, "Ikh_sse™ ™", "seed": 42, "time_limit_sec": 60}

spline_I000_038 1000 OF:-Tools (Rowing TS 267043955 612725573 5025 2077175 TRUE 0 287043955 TASE-0 {first_solution_strategy’: "PATH_CHEAPEST_ARC", "local_search_metaheuristic™. "GUIDED_LOCAL_SEARCH', "soale™ 10000, "log_search’: False, "seed" 42, "time_limit_sec" 60}

spline_1000_040 1000 AntColony Optimizatic 34193184 614818833 60125 20796875 TRUE 2765478506 41901691 -BS0E-06 {"ants”:0,iterations™ 200, “slphs™ 10, "heta™ 2.0, “tho": 0, "candidate_k": 25, "ants_cap”: 100, "use_gpu” true, "seed” 42, "time._limit_sec": 60}

spline_1000_040 1000 Genetio Algorithm 3243300308 GONS0E2Y7  GRAGIE 2074804658 TRUE 0 S4EHEEH 2330852 {'population_size" 200, "generations": 500, "orossover_rate": 0.75, "mutation_rate™ 1., "selection”: "roulette”, "tounament_k":5, "mutation_type”: "mined", "use_loval_search” true, "ls_on_init": true, "ls_rate" 0.3, "ls_mas_swaps": 200, "ls_elite_only": false, "seed": 42, "time_limit_sec": 80}
spline_1000_040 1000 LKH 341338651 22720439 215625 2075664063 TRUE 0 3488631 -L1E-13 {'runs": 10, "candidate_edges™ 20, "candidate_set_type”: "DELALNAY", "move_type™: 5", "backiracking”: 5, "lkh_exe": ™", "seed": 42, "time_limit_sec": 50}

spline_1000_040 1000 OF-Tools(Fouting TS 3419318691 611278758 54326125 2079040625 TRUE 0 8IS -943E-10 {irst_solution_strategy” "PATH_CHEAPEST_ARC", "local_search_metaheuristic”. "GUIDED_LOCAL_SEARCH","scale” 10000, "log_search”: False, "seed" 42, "time_limit_sec": 60}

spline_100_001 100 Ant Colony Optimizatic 727176768 40724106 39.353375 208076125 TRUE 04921875 {727A7692 -9.38E-06 {"ants":(, “iterstions" 200, "slpha™ 1.0, "bets™ 2.0, "t 0.1, "candidste_k™:25, "ants_cap" 100, "use_gpu’ true, "seed": 42, "time_limit_sec": 60}

spline_100_001 100 Genetic Algerithm 7ZFITEIZ  BO2640241  GBAGIIZG 207890625 TRUE 0 TrERITEsE -B:32E-M4 {"population_size" 200, "generations": 500, "crossover_rate”: 075, "mutstion_rate” 0.1, "selection”: "roulette”, “toumament_k": 5, “mutation_type": “mixed"”, "use_local_search” true, "ls_on_init™ tru, "ls_rate”: 0.3, "Is_m.x_swaps": 200, "Is_elite_only" false, "seed": 42, "time._limit_sec": 60}
spline_100_001 100 LkH 7T2FI7ES2 02066785 003125 2081046375 TRUE 0 {raTITES2 -4.21E-4 {'runs": 10, "eandidate_edges": 20, "sandidate_set_typ \"backiracking": 5, "kh_exe™: ™", "seed": 42, "time_limit_sec": 50}

spline_100_001 100 OF-Tools (Rouwting TS 72717687 601392275 50703125  350.8826125 TRUE 0 72717692 -288E-06 {first_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metsheuristic™. "GUIDED_LOCAL_SEARCH", "scale”: 10000, log_search”: False, "sead": 42, "time_limit_sec": 60}

spline_100_002 100 Ant Colony Optimizatic 24343 40BOTOG68 39829126 3GG.SBTONZ TRUE 04921376 2434300055 -226E-06 {'ants™(, “iterations™ 200, "alpha™ 10, "beta™ 20, "tho L1, "sandidate_k':25, "ants_oap”™ 100, "use_gput true, “seed": 42, "time_imit_ses": 50}

spline_100_002 100 Genetic Algarithm 2434200055 6026804432 59484375 I56.9609375 TRUE 0 24343.00055 -149E-14 {"populstion_size": 200, "generstions": 500, “crossover_rate”: 0.75, "mutation_rste": 1), "selection”: "roulelte”, "tournament_k": 5, “mutation_type”: “mised", “use_local_search”:true, "l_on_init": true, "ls_rate™ 03, "ls_max_swaps”: 200, "ls_elite_only”: false, "seed": 42, "time_limit_sec": 50}
spline_100_002 100 LKH 2434300085 02021343 00825 3586268063 TRUE 0 2434300065 49E-14 {'runs”: 10, "oandidate_edges™: 20, "candidate_set_type": "DELAUNAY", “move_type” "5, "backtracking™: 5, "lkh_ene" ™", "seed": 42, "ime_limit_sec": 60}

spline_100_002 100 OR-Tools[Fouting TS 243400004 GO.I943153 58109375 3586953125 TRUE 0 7434300055 -BOGE-07 {first_solition_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metsheuristic™: "GUIDED_LOCAL_SEARCH", "scale™: 10000, "log_search”: False, "seed": 42, "time_limit_sec": 60}
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spline_100_003js 100 AntColony Optimizatic 1528706428 414775444 4140625 3684670313 TRUE 0422851663 1626716428 SLI9E-14 {"anes" 0, “iterations": 200, "alph: 210, "tha™ 0., “sandidate_k": 25, "ants_oap™ 100, “use_gpu": true, “seed”: 42, "time_limit_sec": 60}

spline_100_003js 100 Genetic Algarithm 15207.05428  GO2108249  SE.04B8TE356.9020438 TAUE 0 152075420 -47RE-14 {'population_size": 200, “generstions" 500, "crossover_rate”: 075, “mutstion_rate”: 0.1, "selection”: "roulette”, "taurmament_k": 5, “mutation_type": “mized", "use_local_search”:rue, “ls_on_init" true, “ls_rate”: 0.3, "ls_max_swaps": 200, "ls_elite_only" False, "seed”; 42, "time_limit_sec": 60}
spline_100_003js 100 LKH 1G267.06428 02161865 00625 3670742188 TRUE 0 152675428 -238E-14 {'muns”: 10, "oandidate_edges": 20, "oandidate_set_type": "DELAUNAY", "move_type": "5", "backtracking”: 5. "Ikh_ene" ™", "seed": 42, "time_limit_sec™: 60}

spline_100_003js 100 OR-Tools (Routing TS 152870643 602062693 590625 357.277438 TAUE 0 152675428 145E-07 {first_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metaheuristic™. "SUIDED_LOCAL_SEARCH", "scale” 10000, "log_search': false, "seed": 42, "time_limit_sec" 60}

spline_100_004j 100 Ant Colony Optimizatic 2578939453 385310083 38 353830625 TRUE 0497164083 2573939624 -GEIE-06 {"ants": 0, "iterations" 200, "slpha’: 10, "beta" 2.0, "tho" 01, "eandidste_k": 25, "ants_cap" 100, "use_gpu’ true, "seed": 42, "time_limit_sec": 60}

spline_100_004js 100 Genetic Algarithm 2676939624 BOIGETIPY 53 3593609375 TRUE 0 25789.39624 -GE4E-14 {'population_size": 200, “generations" 500, "crossover_rate”: 0L75, “mutation_rate” 0.1, "selection”: "roulette”, “tourmament_k": 5, “mutation_type”: “mized”, "use_local_search”:true, “ls_on_init" true, “Is_rate”: 0.3, "ls_max_swaps" 200, "Is_elite_only" false, “seed”: 42, "time_limit_sec": 60}
spline_100_004js 100 LKH 2578939624 02183482 0019625  263.8203125 TRUE 0 25789.39624 -4Z3E-14 {'runs”; 10, "candidate_edges”: 20, "candidate_sel_type”: "DELAUNAY", “move_type": "5", "backtracking™: 5, "Ikh_exe" ™", "seed": 42, "time_limit_sec™: 60}

spline_100_004js 100 OR-Tools (Rouing TS 267833962 602287372  BOAZITE 264046875 TRUE 0 26789.39624 -LA4E-07 {first_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_searsh_metaheuristic™: "GUIDED_LOCAL_SEARCH", "scale” 10000, "log_search’: false, "seed": 42, "time_limit_sec" 60}

spline_100_005 100 AntColony Optimizatic 2757963672 39.621M411 9925 2640054588 TRUE DASTIG4063 2767263883 -767E-0B |"ants": 0, “iterations”: 200, "slpha’: 10, "beta™ 20, “tha™; 0., "candidate_k": 25, "ants_cap™ 100, "use_gpu": true, "seed”: 42, "time_limit_sec": 60}

spline_100_005 100 Genetio Algarithm 27673536 GONEGISES 6376 2643710338 TRUE 0 2767353883 -33BE-14 |'population_size": 200, "generations". 500, "orossover_rate”: 075, "mutation_rate” 0.1, "seleotion”: "roulette”, "toumament_k": 5, "mutation_type™: “mised". "use_local_search”:true, "ls_on_init" true, "ls_rate”: 0.3, "s_max_swaps™ 200, "Is_elite_only" false, "seed”: 42, "time_limit_sec": 60}
spline_100_005 100 LKH 2757363883 0210189 003125 2646640625 TRUE 02757353883 -2B4E-14 {'muns": 10, "candidate_edges": 20, "candidate_set_type": "DELALUNAY", “mave._type": "5", "hacktracking™: 5, "Ikh_exe". ™", "seed": 42, "time_limit_sec": 60}

spline_100_005 100 OF-Tools (Routing TS 276736385 60.2152201 G376 2648453125 TRUE 0 2767353883 AZIE-06 [first_solution_strateny”: "PATH_CHEAPEST_ARC", "local_searsh_metaheuristio”. "GUIDED_LOCAL_SEARCH", "soale™ 10000, "log_search’: false, "seed": 42, "time_limit_sec: 60}

spline_100_006 100 AntColony Optimizatic 2613940039 417300855 405625 265.420688 TAUE 040517180 2610940046 -4.09E-06 |"ants"0, “iterations”: 200, "alpha’: 10, "heta™ 2.0, "tha™ 0, "candidate_k": 25, "ants_cap™ 100, "use_gpu": true, "seed”: 42, “time_limit_sec": 60}

spline_100_005 100 Genetic Algarithm 261394016 B02045469  SPMOEZS 1912304888 TRUE 0 261334046 -.57E-14 {'population_size”: 200, "generations" 500, "crossover_rate”: 075, “mutation_rate” 0.1, "selection”: "roulette”, "toumament_k": 5, “mutation_type": “mized", "use_local_search”: true, “ls_on_init" true, “Is_rate”: 0.3, "ls_max_swaps" 200, "Is_elite_only" False, "seed”: 42, "time_limit_sec": 60}
spline_100_006 100 LKH 261384016 0210184 00325 19128125 TRUE 0 2613340H6 -GETE-4 {'tuns”: 10, "candidate_edges": 20, "candidate_set_type": "DELALUNAY", "mave_typ backiracking”: 5, "lkh_exe™: ™, "seed": 42, "time_limit_sec": 60}

spline_100_006 100 OR-Tools (Fouting TS 26139.4018  BLIGIRETE 5925 1913476583 TAUE 0 261294046 1.30E-06 {first_solution_strsteqy”: "PATH_ CHEAPEST_ARC", "local_sesrch_metsheuristic™, "GUIDED_LOCAL_SEARCH", “scale” 10000, "log_search’: false, "seed": 42, "time_limit_sec: 60}

spline_100_007 100 AntColony Optimizatic 1916510547 435265455 42090625 1916656838 TRUE  DAS4MOG25 1916610833 -L4GE-06 {"ants": 0, "iterations" 200, "alpha’; 10, "beta™ 2.0, "tho": 01, "sandidate_k': 25, “ants_oap” 100, “Use_gput true, “seed": 42, "time_limit_ses": 60}

spline_100_007 100 Genetic Algarithm 196610633 BO.2857771  BS.O59375 191796875 TAUE 0 1916510833 -GEIE-14 {'population_size": 200, “generations" 500, “crossover_rate”: 0L75, “mutation_rate”: 0.1, "selection”: “roulette”, "tourmament_k": 5, “mutation_type”: “mized”, "use_loal_search”: true, “ls_on_init": true, “Is_rate”: 0.3, "ls_max_swaps™ 200, "Is_elite_only" false, “seed”: 42, "time_limit_sec": 60}
spline_100_007 100 LKH GEEINEIS 02134353 00625 1907817188 TRUE 0 19165.10833 backtracking "seed": 42, (_sea™ 0}

spline_100_007 100 OF-Tools (Fowing TS 191654082 60.0665672  SO5IG625  190.9604588 TRUE 0 1916510833 GUIDED_LOCAL_SEARCH", "scale™: 10000, "log_search”: false, "seed" 42, “time_limit_sec": 50}

spline 100008 100 Ant Colony Optimizatic 218504707 386545249 PRI 199265825 TRUE 0492675781 2125047184 eed": 42, "time_limit_sec": 60}

spline_100_008 100 Genetic Algarithm 2185047194 BOIB0729  BIETISTE 1895507813 TRUE 0 21350471 use_|oeal_search: true, "ls_on_init": rue, "ls_rate": 0.3, "ls_may_swaps": 200, "Is_elite_only": false, "seed": 42, "time_limit_sec": 60}
spline_100_008 100 LKH 218G04TIS4 02134399 ONIGEZS 18971875 TRUE 0 2185047194 -333E-14 {'runs”; 10, "candidate_edges”: 20, “candidate_set_tip: backiracking X

spline_100_008 100 OF-Tools (Rowing TS 219504718 60220879 533125 1901210838 TRUE 0 2BE04TI B27E-O7 |'first_solution_strateqy”: "PATH_CHEAPEST_ARC GUIDED_LOCAL_SEARCH . "log_search’: false, "seed”: 42, “ime_limit_sec™: 60}

spline 100009 100 AntColony Optimizatic 2156362109 370725007  36.059375 1902770438 TAUE 04921875 2156362332 -LOJE-05 {"ants": 0, iterations": 200, "siph: “candidate_k": 25, "ants_cap”: 100, "use_gpu”:true, "seed” 42, "time._limit_sec": 60}

spline_100_003 100 Genetio Algarithm 2065362302 GOIPMEY 53125 18046875 TRUE 0 2ESIE23R -BEE-14 |'population_size": 200, "generations". B0, "orossover_rate”: 0,75, "mutation_rat "selection”: "roulette”, "tounament_k":5, "mutation_type"”: "mised", "use_loval_search": true, "ls_on_init"; true, "ls_rate": 0.3, "ls_man_swaps": 200, "Is_elite_only" false, "seed": 42, "time_limit_ses". &0}
spline_100_003 100 LKH 2158362302 02022800 0015625 190.7103375 THUE 0 2158352332 -337E-14 {'uns”: 10, "candidate_edges": 20, "candidate_set_type": "DELALUNAY", “move._type": "5", "hacktracking™: 5, "Ikh_exe". ™", "seed": 42, "time_limit_sec": 60}

spline_100_003 100 OF-Tools (Rowing TS 215836235 602371771 5O0EZS 1911367188 TRUE 0 2EgIEIR $.29E-07 {'first_salution_strategy”. "PATH_CHEAPEST_ARC", "local_search_metsheuristic™ "GUIDED_LOCAL_SEARCH”, "seale™ 10000, "log_search”: false, "seed": 42, "time_limit_sec": 80}

spline_100_010 100 Ant Colany Optimizatic 2330055853 37.3365007 3657125 1913632813 TRUE 04921875 23300562  -353E-06 {"ants™0, “iterations™: 200, "slpha”: 10, "beta™ 2.0, “tha™: 01, "candidate_k" 25, "ants_cap”: 100, "use_gpu”: true, "seed"” 42, "time._limit_sec": 60}

spline_100_010 100 Genetic Algarithm 2330056942 B0J32E217  6BI2RWS 1914570313 TRUE 0 233005592 -4ESE-14 {'population_size”: 200, "generations". 500, "crossover_rate”: 075, “mutation_rate”: 0.1, "selection”: "roulette”, "toumament_k": 5, “mutation_type": “mized", "use_local_search”:true, “ls_on_init" true, “ls_rate”: 0.3, "Is_max_swaps" 200, "Is_elite_only" False, “seed”: 42, "time_limit_sec": 60}
spline_100_010 100 LKH 2330066342 0207718 004676 1316484376 TRUE 0 2330056942 -312E-14 {runs” 10, "candidate_edges": 20, "sandidate_set_type": "DELAUNAY", "mave_type”: "5, "hacktracking: 5, "Ikh_eve™ ™", "seed": 42, "time_limit_sec" 60}

spline_100_010 00 OF-Tools (Routing TS 233005594 B0IGI7934  5O.MOG25 1919609375 TRUE 0 230552 T.OFE-DR |'first_salution_strateqy”: "PATH_CHEAPEST_ARC, “local_sesrch_metsheuristic™ “GUIDED_LOCAL_SEARCH", "scale™: 10000, log_search”: false, "seed": 42, “time_limit_sec": 50}

spline_100_011 100 Ant Colony Optimizatic 1325400663 37.0868089 3546475 193.067869% TRUE 0497553534 121771632 Q27462617 {"ants™ 0. “iterations™: 200, "alpha": 10, "beta 2.0, "tho™ 01, "sandidate_k" 25, "ants_oap”: 100, "use_gpu™: true, "seed” 42, "time,_limit_ses" 60}

spline_100_011 100 Genetic Algarithm 1921770632 GOIA9E096  5OI0337E 3436679688 TAUE 0 131776 -220E-14 {'population_size": 200, “generations" 500, "crossover_rate”: 0L75, “mutation_rate” 0.1, "selection”: “roulette”, "tourmament_k": 5, “mutation_type": “mized”, "use_local_search”: true, “ls_on_init": true, “Is_rate”: 0.3, "ls_max_swaps™ 200, "Is_elite_only" false, “seed”: 42, "time_limit_sec": 60}
spline_100_011 100 LkH 1321770632 027 00325 3436757813 TRUE 0 132177632 0 {'runs" 10, "candidate_edges": 20, "candidate_set_type": "DELAUNAY", "move_type": "5", "backtracking”: 5. "Ikh_exe" ™", "seed": 42, "time_limit_sec": 60}

spline_ioo_on 00 OF-Tools (Fouting TS 132177.0633 60461744 50509375 3437421078 TRUE 0 fiiriea 4.90E-08 {"first_solution_strateqy”. "PATH_CHEAPEST_ARC", "local_sesrch_metsheuristic™ “GUIDED_LOCAL_SEARCH”, "scale”: 10000, "log_search”: false, "seed" 42, “time_limit_sec": 50}

spline_100_012 100 AntColony Optimizatic 1714284375 375966573 J8421875 3437695913 TRUE 04921875  IWOB0S5ZIZ 048058345 {"ants™ 0, “iterations™: 200, "slpha": 10, "beta”: 2.0, "tho™ 01, "candidate_k" 25, "ants_cap”: 100, "use_gpu”: true, "seed” 42, "time._limit_sec": 60}

spline_100_012 100 Genetic Algarithm 1706085212 GO.ISB1365  GETEIE 3436242188 TRUE 0 iT0G0852E: -341E-14 |"population_size": 200, “generatians": 500, “erossover_rate”: 0L75, “mutation_rate”: 0., "selection”: "raulette”, "taurmament_k": 5, "mutation_type". “mited", "use_local_search”: true, “ls_on_init" true, “ls_rate”: 0.3, "ls_max_swaps™ 200, "Is_elite_only" false, “seed”: 42, "time_limit_sec": 60}
spline_100_012 100 LkH 1706085212 0211836 0025 34375 TAUE 0 170085212 P14 {"runs"; 10, "candidate_edges" 20, "candidate_set_type”: "DELAUNAY", "move_type”: "5, "backtiacking: 5, "Ikh_sse™ ™", "seed": 42, "time_limit_sec": 60}

spline_i00_012 00 OR-Tools (Routing TS 1708036212 601860116 57766625 436757413 TRUE 0 ITnG0RER LUTE-08 ['First_solution_strateqy™: "PATH_CHEAPEST_ARC", “local_serch_metsheuristio”. "GUIDED_LOCAL_SEARCH', "soale” 10000, "log_search’: false, "seed": 42, "time_limit_seo™: 60}

spline_100_013 100 Ant Calany Optimizatic 1542044688 374857738 JG578125 3451320125 THUE (496582031  1S357L0197 0412479572 {"ants™ 0, “iterations™: 200, "slpha": 10, "beta™ 2.0, "tha™: 01, "candidate_k" 25, "ants_cap”: 100, "use_gpu” true, "seed" 42, "time._limit_sec": 60}
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spline_100_012 100 Genetic Algorithm 153569 688 502589166 52078125 345.2226963 TRUE 153571097 -0.000267151 {"population_size”; 200, “generations™ 500, "crossouer_rate”: 0.75, "mutation_rate”: 0.

spline 10001 100 LKH BIETIEESS 02078304 003125 34540625 TRUE 1535710197 0000436133 {'runs™ 10, "sandidate_edges”: 20, "sandidare_set_type”: "DELALNAT", "move_tupe”: "5 "backtracking”: 5. Ikh_ene”

spline_100_013 100 OR-Tools [Routing TS 153569.6877  BOO744048  58E09375 3455507813 TRUE 153571.0197  -0.000867329 {"first_solution_strateqy”: "PATH_CHEAPEST_ARC", “local_search_metaheuristic™ "GUIDED_LOCAL_SEARCH",

spline 100 100 AntColonyOptimizatic 1967384531 SR7827321  ST.TE125 JBE798876 TRUE 0493164063 1962398055  (7TS33133 ['ants" 0 "Rerations" 200, "alpha® 1.0, "bet

spline_100_01% 100 Genetic Algorithm 195239.8058 BO16BI129  5B54EE7S 3457617188 TRUE

“selection”: "rouletts”, “tournament_k":5, "mutation_type”: "mised", "use_local_search”: true, "ls_on_init"; trus, "ls_rate" 0.3, "le_mas_swsps”: 200, "ls_elite_only" Fslse, “seed”: 42, "time_limit_ses" 60}

"seed": 42, "time_limit_sec": 60}
‘zeale”: 10000, "log_search™: False, “seed"™: 42, "time_limit_sec": 60}

20, "rha": 0, "sandidate_k": 25, "ants_oap" 100, "use_gpu": true, "seed": 42, "time_limit_sec": 50}

195239.9058 -2.98E-14 {'papulation_size": 200, “generations™ 500, "erossover_rate”: 0.75, "mutation_rate”: 011, "selection”: “raulette”, “tournament_k":5, "mutation_type”: “mised", "use_local_search”: true, "ls_on_init": true, "ls_rate" 0.3, "ls_mas_swaps" 200, "ls_elite_only": Fslse, “seed”: 42, "time_imit_sec" 60}

spline_100_014 100 LkH 1962308068 02209793 0046676 3469238875 TRUE 0 185239.8053 -2S8E-4 ['runs"; 10, "oandidate_edges": 20, "oandidate_set_type™ "DELALNAY", "move_type™: "5 "backtracking": 5, "lkh_ene" ™", "seed": 42, "time_limit_se": 60}

spline_100_ot4 100 OR-Tools [Rouwting TS 195239606 GO.096A6263  GG475  M46.017IS8 TAUE 0 195239.8058 HE-O7 {'first_solution_strateqy”: "PATH_CHEAPEST_ARC", "lacal_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "seale™ 10000, "lag_search”: False, "seed”: 42, “time_limit_sec": 60}

spline_100_015 100 Ant Colony Optimizatic 174617125 37.3365138 37 MEN32613 TRUE 044628906 (73046912 0732767801 ['ants™ 0, "ierations": 200, "alpha 110, "beta™ 2.0, "tha": 0.1, "candidate_k": 25, "ants_cap": 100, "use_gpu" true, “seed”: 42, "time_limit_sec": 60}

spline_100_015 100 Genetic Algorithm TIMEIT  GOISETEA]  DOE0ANE  4EIIZEN TRAUE 0 1Taest -5.04E-14 {'papulation_size": 200, “generations™ 500, "erossover_rate”: 0.75, "mutation_rate”: 01, "selection”: “raulette”, “tournament_k":5, "mutation_type”: “mised", "Use_local_search”: true, "ls_on_init": true, "ls_rate" 0.3, "ls_mas_swaps" 200, "ls_elite_only": fslse, “seed”: 42, "time_limit_sec": 60}
spline_100_015 100 LkH TATES469Z 0206833 003125 3462773438 TRUE 0 17336512 0820841773 {'uns" 10, "candidate_edges": 20, “candidate_set_type”: "DELAUNAT", "move_type™: "5", "backiracking”: 5, "lkh_exe"; ™", "seed": 42, "time_limit_sec": 80}

spline_100_015 100 OR-Tools [Fouwting TS 733468121 602188223 62F625 3465680933 TRUE 0 1Taest: E.35E-08 |'first_solution_strateqy: "PATH_CHEAPEST_ARC”, “lacal_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "seale™ 10000, "log_search’: False, “seed”: 42, “time_limit_sec": 60}

spline_100_016 100 Ant Colony Optimizatic  TPS0806713  37.3297795 3675 465976563 TRUE 04921875 178090884 -BE2E0E |"ants" 0, “rerations™: 200, "alpha™ 10, "beta”: 20, tho" 01, "candidate_k": 26, "ants_cap”: 100, "use_gpu”: trug, "seed” 42, "time._limit_sec": 60}

spline_100_016 100 Genetic Algorithm TFE0G06E4  BE0439113 5475 3476796876 TRUE 0 178030654 -817E-14 |"population_size": 200, “generations™: 500, "erossaver_rate”: 0,75, “mutation_rate”; 01, “selection”: “roulette”, “tournament_k":5, “mutation_type” "mised”, “use_loeal_search”true, “ls_on_init" true, “Is_rate": 0.3, "ls_may_swaps™ 200, "Is_elite_only" false, “seed”: 42, "time_limit_sec": 60}
spline_100_015 100 LkH TPR0S0664 Q2108603 003125 MTEEFIETE TAUE 0 178090654 -GE4E-4 {'runs"; 10, "eandidate_sdges": 20, "candidste_set_type" "DELALNAY", "move_typs™: "5, "backtracking: 5, "Ikh_sse" ™", "seed": 42, "time._limit_sec": 60}

spline_00_06 100 OF:-Tools (Rouwting TS 1730806635 601538636 60234376 345.2830625 TRUE 0 17H090654 -2IE0T {'First_solution_strateqy”: "PATH_CHEAPEST_ARC, "local_search_metaheuristic™ "GUIDED_LOCAL_SEARCH", "seale™: 10000, "log_search™: False, "seed" 42, time_limit_sex™: 60}

spline_100_017 100 Ant Colony Optimizstic 2966595938 194407797 19540625 3480046975 TAUE 04921875 2366506076 -5.89E-06 ['arts™ 0, “ierstions": 200, "alpha’; 10, "bets”: 20, "tho": 0.1, “candidate_k': 25, "ants_csp™ 100, "use_gpu”: true, “seed”: 42, “time_limit_sec": 60}

spline_100_017 100 Gienetic Algorithm 2IRERSG07E 2600044 3426125 343125 TRUE 0 Z3EEGIE07E 23E-14 |'population_size": 200, "generations": 500, "erossover_rate": 0.7, "mutation_rate”; 0.1, "selection”: "roulette”, "tournament_k": 5, “mutation_type". "miked”, "use_looal_searoh” true, “Is_on_init" true, "ls_rate™: 0.3, "ls_man_swaps": 200, "Is_elite_only" false, "seed”: 42, "time_limit_sec": 60}
spline_100_017 100 LKH 2I6EE96076 02050168 OOIGG25  M4A.765625 TAUE 0 2366596076 -123E-14 {'runs” 10, "candidate_edges": 20, "candidate_set_type”: "DELALNAT", "move_type”: 5", " eed": 42, "time_limit_sec": 60}

spline_100_017 100 OF:-Tools (Routing TS 2368596074 601803305 B0E 34863976 TRUE 0 ZEEEGGEOTE  BIBEDR |'first_solution_strategy”: "FATH_CHEAPEST_ARC, "local_search_metaheuristic”: "GUIDEDL LOCAL_SEARCH", "soale™ 10000, "log_search": False, "seed”: 42, "time_limit_sec": 60}

pline_100_013 100 Ant Colony Optimizatic 195713125 193849642 1053375 3406015625 TAUE 0495605463 1867H32M -470E-06 f'arts™0, “iterations’ 200, "alpha 10, "beta™ 20, "tha’ 0.1, “candidate_k": 25, "ants_cap™ 100, "use_gpu" true, “seed”: 42, “time_limit_sec": 60}

spline_100_013 100 Gienetic Algorithm 1967132 4882475 JG.0MEET 486054652 TRUE 0 ETHIIM -31ZE-4 wtation_type": “mised", "use_local_search”: true, "ls_on_init": ls_mas_swaps" 200, "ls_elite_only”: falss . "time_limit_sec": &0}
spline_100_013 100 LkH 18671320 D20FM0G 0015625 348625 TAUE 0 feETiaZM -ASEE- time_limit_sec": 50}

spline_100_013 100 OR-Tools (Rouwting TS 1967113215 B0IG98412 60484370 3486484375 TRUE 0 eETnIZM S4E03 10000, "log_search”: False, “seed": 42, "time_limil_sec": 50}

spline_100_013 100 Ant Colony Optimizatic 970816718 19007135 12616626 347476063 TRUE 04021675 1870916816 -4.67E-06

spline_100_013 100 Gienetic Algorithm 1970916815 340595038 34025 7455 TRUE 0 1970916815 -295E-1 use_local_search true, Is_on_ini ls_mar_swaps" 200, "Is_elite_only”: False, “seed”; 42, "time_limit_sec"; 60}
spline_100_013 100 LKH 170316815 02039622 0O0IGE25 3432070313 TRUE 0 1370816215 43E-14

spline_100_019 100 OR-Tools (Rouwting TS 1970916812 601848223 GOB0S37S 3484509375 TAUE 0 1970916815 -L42E-07 {'finst_solution_strsteqy”: "PATH_CHEAPEST_AAC 10000, “lag_search”: False, “sead": 42, "time_limit_ses": 50}

spline 100020 100 AntColonyOptimizatic  24I667.2188 292474002 20296675 343.6030063 TRUE 0496632031 241672966 -TA0E-06 {'ants™ 0. “ierations” 200, "alpha™s 10, "beta™:2.0, “rho: 01, "candidate k' 25, "ants_oap” 100, "use_gpu true, “seed": 42, "time_imit_ses™: 50}

spline 100020 100 Genetic Algorithm 241672066 D97HIGI 399125 3485548875 TAUE 0 241667.2366 -3BIE-14 {'papulstion_size": 200, “generations": 500, "erossaver_rate”: 0.7, “mutation_rate”; 01, “selection”: “roulstte”, “tournament_k": 5, “mutation_tups". “mized", "use_local_sesrch” trus, “ls_on_init" true, “Is_rate”: 0.3, "ls_max_swaps": 200, "ls_elite_only" False, "reed”; 42, "time_limit_sec"; 60}
spline_100_020 100 LKH 24BET2068 02094633 00126 3424728563 TRUE 0 241667.2366 -2HEH ['runs” 10, "candidate_edges": 20, "candidate_set_type”: "DELAUNAT", "move_type”: "5", "backtracking": 5. "lkh_exe"; ™", "seed": 42, "time_limit_sec": 80}

spline_100_020 100 OR-Tools [Fouting TS 241667.2365  GOI2B90G1 59109075 3425626 TAUE 0 241667.2366 -5.19E-08 {'first_solution_strategy”: "PATH_CHEAPEST_ARC, "local_search_metsheuristic”: “GUIDED_LOCAL_SEARCH", "scale”: 10000, "lag_search™: False, “seed". 42, "time_limit_sec": 60}

spline_100_021 100 Ant Colony Optimizatic 166874775 308680713 323006256 53906210938 TRUE 04021875 1569747964  -B.EGE-05 ['ants™ 0, "erations" 200, "alpha 11, "beta™: 20, "tho": 0.1, "candidate_k": 25, "ants_oap": 100, "use_gpu™ true, "seed”: 42, "time_limit_sec": 60}

spline_100_021 100 Genetic Algorithm 1563T4TAS4  GO.2G65095  SO390625  339.9648438 TAUE 0 1569747.654 ~445E-14 {'papulation_size": 200, “generations™ 500, "erossover_rate”: 0.75, "mutation_rate”: 01, “selection”: “raulette”, “tournament_k":5, "mutation_type”: “mised", "use_local_search” true, "ls_on_init": true, "ls_rate" 0.3, "ls_mas_swaps" 200, "ls_elite_only": fslse, “seed”: 42, "time_limit_sec™ 60}
spline_100_021 100 LkH EITATE64 02072435 QN4EETS 3397070313 TRUE 0 156S747.954 -27E-M {'runs”; 10, "candidate_edges": 20, "candidate_set_type": "DELAUNAY", "move_type™: "5 "backtracking": 5, "lkh_ese" ™", "seed": 42, "time._limit_sec": 60}

spline_i00_o21 100 OR-Tools [Routing TS 1563747654 60132081 52108375 3404360938 TAUE 0 1569747.654 ASIE-08 {'first_salution_strsteqy”: "PATH_CHEAPEST_ARC", “local_search_metsheuristic”: “GUIDED_LOCAL_SEARCH", "scale™: 10000, "log_search”: false, “seed". 42, "time_limit_sec": 60}

spline 100022 100 AntColonyOptimizatic 200864475 532933528 665975 190.558593% TRUE (497553534 2008644336 -7.28E-06 {'anis™ 0. iterstions” 200, "alpha® 10, "bets": 2.0, "tho: 01, "candidate_K' 25, "ants_cap" 100, "use_gpu true, "seed": 42, "time_limil_sec": 50

spline_100_022 100 Genetic Algorithm 2008644836 441970331 43369376 18203125 TRUE 0 2008644896 -464E-14. |'papulation_size": 200, “generations" 500, "erossover_rate”: 0.75, "mutation_rate”: 01, “selection”: “raulette”, “tournament_k":5, "mutation_type”: “mised", "use_local_search”: true, "ls_on_init": true, "ls_rate": 0.3, "ls_mas_swaps": 200, "ls_elite_only" false, “seed": 42, "time_limit_ses™ 60}
spline 100022 100 LKH 2024560673 02033432 D0IS625 1822734375 TRUE 0 2003644896  0.792363889 |'runs" 10, "candidate_edges": 20, “candidate_set_type”: "DELAUNAT", "move_type™: "5", "backiracking": 5, "lkh_exe™; ™", "seed": 42, "time_limit_sec": 80}

spline_100_022 100 OF:-Tools [Rowing TS 2008644836 601636307 BREGE2E 1328184063 TRUE 0 2008644896 EOBE-08 |'first_solution_strateqy: "PATH_CHEAPEST_ARC”, “lacal_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "seale™ 10000, "log_search’: False, "seed”: 42, “time_limit_sec": 60}

spline 100 023 100 AntColonyOptimizatic 1961924625 339269232 1921875 190.6484375 TAUE 045117188 1958425324 (0186293965 {"ants™0, ‘iterstions" 200, "aipha™ 10, "bets": 2.0, "tho': 01, "candidste_k': 25, "ants_cap” 100, "use_gpu’ true, "seed": 42, "time_limit_sec": 50}

spline 100023 100 Genetio Algorithm WEETIE 447469953 4RMOGZE  10.26718TS TRUE 0 163425324 -D.O0FISIZEE |'population_size”: 200, "generations™: 600, "orossover_rate™ .76, “mutation_rate™: 01, "selection’: Tulette”, “tournament_k": 5, “muration_tpe”: "miked”, “use_loeal_search” trug, “Is_on_ini 03, ls_Mak_swaps™: 200, "Is_elite_only": false, "seed™ 42, "time_limit_ses". 60}
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spline_100_023 100 LKH 1868302561 0208788 003135 1911367188 TRUE 0 1958425.324  053M84204 {'runs 10, “oandidate_edges” 20, "eandidate_set_type”: "DELALINAY", "mave_type”: "5, "hacktacking: 5, "lkh_eve™ ™", "seed": 42, "time_limit_sec": 60}
spline 100023 100 OR-Tools[Fouting TS 1959272839 60052053 517876 1916102813 TRUE 0 1950425.324 0008151259 {'first_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metsheuristic™. "GUIDED_LOCAL_SEARCH", "scale”: 10000, "log_search”: False, "sead": 42, "time_limit_sec": 60}

spline 100 024 100 AntColony Optimizatic 223021 338206468 31963125 1924726663 TRUE 0405605468 2212942385 0780572288 {"ants’:0,iterations™ 200, “alpha™ 10, "beva™ 2.0, tho 0L "sandidate ks 26, "ants_oap™ 100, "use_gpu’: true, "seed™ 42, "time,_limit_see": 60p

spline_100_024 100 Genetic Algarithm 2212942395 433270ME 41929125 192609375 TRUE 0 2212942305 -4.21E-14 {"populstion_size": 200, "generstions": 500, “crossover_rate”: 0.75, "mutation_rste”: 1), "selection”: "roulelte”, "tournament_k": 5, “mutation_type”: “mised", “use_local_search”: true, "l_on_init": true, "ls_rate™ 03, "ls_max_swaps”: 200, "ls_elite_only”: false, "seed": 42, "time_limit_sec": 50}
spline_100_024 100 LKH 224156559 02076303 001825 1926640625 TRUE 0 2212342385 1293445554 {'uns" 10, "oandidate_edges" 20, "oandidate_set_type™: "DELALNAY", "move_type": "5", "backitracking: 5, "lkh_ene™ ™", "seed": 42, "time_limit_seo": 60}

spline_100_024 100 OR-Tools[Fouting TS 2212942385 GO.NGSS25  67.059376  192.796875 TRUE 0 2212842365 -132E-08 {first_solution_strategy”: "PATH_CHEAPEST_ARC", "local_search_metaheuristic”. "GUIDED_LOCAL_SEARCH", "scale” 10000, "log_search": False, "seed" 42, "time._limit_sec": 60}

spline 100025 100 Ant Colony Optimizatic FEEN 338654692 BIF0I26  1924M0625 TRUE 0437559534  SIGZGN4G2 1266403094 {"ants™0,"iterstions" 200, "alpha® 1.0, "bets" 20, "tho' 1, "candidate_K":25, "ants_cap” 100, "use_gpu’: true, "seed": 42, "time_limil_sec": 50}

spline_100_025 100 Genetic Algarithm 152611452 442066452 42953126 1925507613 TRUE 0 FEzEN462 -L48E-14 {"populstian_size" 200, "generations": 500, “crossover_rate”: (.75, "mutation_rate™: 0.1, "selection”: "roulente”, "tournament_k":5, “mutation_type”: “mised", “use_local_search”: true, "ls_on_init": true, "ls_rate”: 0.3, "Is_maz_swaps”: 200, "ls_elite_anly”: false, "seed" 42, “time_limit_sec": 50}
spline 100025 100 LKH G836 D2MGFIS  ODISES 1927330625 TRUE 0 FGZEN492 0740556481 {'uns” 10, "candidate_edges" 20, "candidate_set_type”: "DELAUNAY", "move_type": "5, "backtracking": 5, "lkh_sse" ™", "seed": 42, "time_limit_sec": 60}

spline_100_025 100 OR-Tools(Fowing TS 3152611492 6D.07TE4323  BE.328125  193.0196313 TRUE 0 FEZEN462 3B8E-08 {"first_solution_strategy”: "FATH_CHEAPEST_ARC", "lncal_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "seale™ 10000, "log_search’:False, "seed”: 42, "time_limit_sec": 60}

spline 100 026 100 AntColonyOptimizatic 2780963 323441259 3084375 1330742188 TRUE 0493164063 2771965653 0324583428 {"ants": 0, "iterations™ 200, “alpha™ 10, "beta” 2.0, “tho™: 0, "candidate_k": 25, "ants_cap™: 100, "use_gpu”: trug, "seed” 42, "time._limit_see": 60}

spline_100_026 100 Genetic Algarithm JTTI9REEES 4415531 42421876 183167968 TRUE 0 2FFSEREGS -6.72E-14 {"population_size": 200, "generations": 500, "crossover_rate” 0.75, "mutatian_rate" 0.1, "selection” “roulette”, “tourmament_k": 5, “mutation_type”: “mised", "use_local_search” true, "ls_on_init™ true, "Is_rate”: 0.3, "Is_max_swaps": 200, "ls_elite_only": false, "seed": 42, "time_limit_sec": 60}
spline 100026 100 LKH 2007986006 02121543 0015625 193390625 TRUE 0 27FI9ES.659 1209451403 {'uns" 10, “candidate_edges” 20, "candidste_set_type”: "DELALINAY", "move_typs": "5, "backtracking: 5, "Ikh_sse™ ™", "seed": 42, "time_limit_sec": 60}

splne 100 026 100 OF-Tools(Rowing TS 27TIS6E659 602038687 6860625 1936475 TRUE 0 2TTISEEEGS  -B24E-09 {first_solution_strateqy’: "PATH_CHEAPEST_ARC™, local_search_metsheuristic™ "GUIDED_LOCAL_SEARCH", "seale™ 10000, "log_search’: False, "seed": 42, "time_limit_ses": 60}

spline 100 027 100 AntColonyOptimizatic 2771230 336986705 3171875 1908628125 TRUE 0493652344 2771200212 -7BSE-06 {"ants”:0,"iterations™ 200, “slphs™ 10, "heta” 2.0, “tho": 0, "candidate_k": 25, "ants_cap”: 100, "use_gpu” true, "seed” 42, "time._limit_sec": 60}

spline_100_027 100 Genetio Algorithm GTRIZIOZE 432393618 4140625 140039053 TRUE 0 PR -G4E-4 {"population_size" 200, "generations": 500, "orossover_rate”: 075, "mutation_rate” 0.1, "selection” "roulette”, "toumament_k": 5, "mutation_type": "mined". "use_local_search® true, "ls_on_init™ true, "ls_rate™ 0.3, "Is_m.as_swaps": 200, "Is_elite_only" false, "seed": 42, "time_limit_sec": 60}
spline_100_027 100 LKH 27FIZI0ZNZ 02058632 003125 1941953125 TRUE 0 2FrEInemR 0 {'runs": 10, "candidate_dges”: 20, “candidate_set_type": "DELAUNAY", “mave_typ “hacktiacking: 5, "lkh_exe" ™", "seed": 42, "time_limit_sec": 60}

spline 100 027 100 OF-Tools(Fouting TS 2771230212 BO1NII58 6766625 1943515625 TRUE 0 2PPIENAE  -ROZE-0% {Yirst_solution_strateqy” "PATH_CHEAPEST_ARC", "local_search_metaheuristi 000, "log_search”: False, "seed": 42, "time_limit_sec”: §0}

spline_100 028 100 AntColony Optimizatic 275647425 345783701 32704375 1946367198 TRUE 0503417968 27E6474383  -5O3E-06 {"ants":0, “iterations™ 200, "slpha™ |

spline_100_028 100 Genetic Algorithm 27EE4T4IEY 441222505 43 195015625 TRUE 0 2756474369 -S07E-M4 {"population_siz use_loval_search”: true, "ls_ Is_max_swaps": 200, "Is_elite_only" false, "seed": 42, "time._limit_sec": 60}
spline_100_028 100 LKH 2TT004BERE 02097235 0015626 1354210838 TRUE 0 2756474368 0492448759 seq”: 60}

spline 100 028 100 OR-Tools (Routing TS 2756474389 601969205 585 195421875 TRUE 0 2756474369 128E-08 e 42, "time_limit_sec”: 60}

spline 100028 100 AntColony Optimizatic 2636457 344702784 32204378 345626 TRUE  0.492675741 2036457.334 ME-05 “seed”: 42, "time_limit_sex": 60}

spline 100029 100 Genetic Algarithm 293645733 AGATIES 441076 MGE796675 TRUE 0 2935457304 -I59E-14 {"populstion_siz ournament_k": 5, “mutation_tup: use_local_search”: trus, "ls_on_in “Is_rate" 03, "ls_max_swaps": 200, "ls_slite_only": false, "seed": 42, "time._limit_sec": 60}
spline_100 028 100 LKH 2935457334 02172332 0019626 B4GETHTENR TRUE 0 2036467.334 SSE-4 {'runs’ 10, “eandidate_edges™: 20, "sandidate_set_np 8 seed: 42, "time_limit_seo": 50}

spline 100023 100 OR-Tools [Routing TS 2935457.334  60.0908389 58375 345EIW063 TRUE 0 2935467334 -233E-08 {Yfirst_solition_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metsheuristic™. "GUIDED_LOCAL_SEARCH", "scale”: 10000, "lag_search”: False, “seed": 42, "time_limit_sec": 60}

spline 100030 100 AntColony Optimieatic 3622610 341378013 32328125 346796475 TRUE  04G7070313 2623360.083 0020701673 {"ants": 0, "iterations™ 200, “alpha™ 10, "beta” 2.0, "tho: 0, "sandidate_k": 26, "ants_oap”: 100, "use_gpu™ true, "seed"” 42, "time_limit_ses": 60}

spline_100_030 100 Genetic Algarithm 04010035 46230351 4495325 J45.90625 TRUE 0 3623360093 -D5M03461 {'population_size”: 200, "generations": 500, “crossover_rate”: 0.75, “mutation_rate”: 11, "selection”: “raulette”, “tournament_k":5, "mutation_type”: "mised”, "use_local_search”: true, "ks_on_init": true, "ls_rate". 0.3, "ls_maz_swaps”: 200, "ls_elite_anly": false, "seed" 42, “time_limit_sec": 50}
spline 100030 100 LKH WITAMEZE 0214734 0036 MEI0546E TRUE 0 3623360093 1505185754 {'mns" 10, "candidate_edges" 20, "candidate_set_type™: "DELAUNAY", "move_type": "5", "backtracking": 5, "lkh_sse™ ™", "seed": 42, "time_limit_sec": 60}

spline_100_030 100 OF-Tools(Fowing TS J604010.095 602204015 5809376 455098438 TRUE 0 3623360093 -D5M0M4EI {irst_solution_strateqy”: "PATH_CHEAPEST_ARC", "local_search_metsheuristic™: "GUIDED_LOCAL_SEARCH", "scale”: 10000, "lag_search”: false, "seed": 42, “time_limit_sec": 60}

spline_100_031 100 AntColony Optimizatic 13666452 345658731 32.859375 45015625 TRUE 0498535156 1366845232 -237E-06 {"ants™(, “iterstions" 200, "alpha™ 1.0, "bets™ 2.0, "tho 01, "candidate. k™25, "ants_cap™ 100, "use_gpu’ true, "seed": 4, "time_limil_sec": 50

spline_100_031 100 Genetic Algorithm 1EEE4232 489208312 4B736  JGES92138 TRUE 0 1386646232 138E-1 {"populatian_size": 200, "generations": 500, “srossover_rate”: 0L75, "mutation_rate”: 0.1, "selection”: "roulette”, "tourmament_k": 5, “mutation_type™. “mised", “use_local_search” true, "ls_on_init™: true, "Is_rate”: 0.3, "Is_max_swaps": 200, "ls_elite_only": false, "seed": 42, "time_limit_sec": 60}
spline_100_031 100 LkH 1389180401 02064557 0046875 40984375 TRUE 0 1386645232 1648940833 {'muns" 10, "candidate_edges” 20, "candidate_set_type”: "DELALNAY", "move_type": °5", "backtracking: 5, "Ikh_ese™ ™", "seed": 42, "time_limit_sec": 60}

spline_00_031 100 OR-Tools (Rowting TS 1366645232 G0.2M0415  53.265626 3463046575 TRUE 0 1366645232 2E3E-10 {first_solution_strategy’: "PATH_CHEAPEST_ARC", "local_search_metaheuristic™. "GUIDED_LOCAL_SEARCH', "soale™ 10000, "log_search’: False, "seed" 42, "time_limit_sec" 60}

spline 100 032 100 AntColonyOptimizatic 21882674 3545401 3240625 463085908 TRUE 049609375  21885597.52  0.07P901ZME {"ants":0, “iRerations™: 200, “slphs™ 10, "beta™ 20, tho": 0, "candidste_k": 25, "ants_cap”: 100, "use_gpu”: true, "seed” 42, "time._limit_sec": 60}

spline_100_032 100 Genetio Algorithm 2BEEIIENG  GMOETAO 44815 463026338 TRUE 0 2196547.52 004702177 {"population_size™: 200, "generations": 500, "orassover_rate": 0.75, "mutation_rate™ 1., "selection”: "roulette”, "tournament_k":5, "mutation_type"”: "mined", "use_loval_search” true, "ls_on_init": true, "ls_rate" 0.3, "ls_mas_swaps": 200, "ls_elite_only": false, "seed": 42, "time_limit_sec": 80}
spline_100_032 100 LKH 2208427288 02112813 0015625 M464453125 TRUE 0 21956597.52 100008853 {'runs" 10, “candidate_edges” 20, "candidate_set_type”: "DELALINAY", "move_type”: "5, "hacktiacking: 5, "lkh_ese™ ™", "seed": 42, "time_limit_sec" 60}

spline 100032 100 OF-Tools(Fouing TS 2186531203 604212261 680625 MEHS07813 TRUE 0 219654752 004702175 {first_solution_strategy”. "PATH_CHEAPEST_ARC", "local_search_metaheuristio™ "GUIDED_LOCAL_SEARCH”, "seale™: 10000, "log_search”: False, "seed": 42, "time_limit_sec": 60}

spline_100_033 100 AntColony Optimizatic 22682648 335900805 32109375 466640625 TRUE 0492676761 2266254313 -S.00E-06 {"ants”:0,"iterations™ 200, “slphs™ 10, "heta™ 2.0, “tho": 01, "candidate_k": 25, "ants_cap”: 100, "use_gpu” true, "seed" 42, "time_limit_sec": 60}

spline_100_033 100 Genetic Algorithm ZIEEIGHILE 4G.99B030E 44796075 4G7EIN063 TRUE 0 2265354013 -3:28E-M4 {"population_size" 200, "generations": 500, "crossover_rate” 075, "muttion_rate” 0.1, "selection” "roulette”, "toumament_k": 5, "mutation_type": "mised". "use_local_search® true, "ls_on_init™ true, "ls_rate™ 0.3, "ls_m.sx_swaps": 200, "Is_elite_only" false, "seed": 42, "time._limit_sec: 60}
spline_100_033 100 LKH 2268254343 02154955 0015625 436445313 TRUE 0 226E2540.13 0 {'runs": 10, "candidate_edges": 20, "candidate_set_type": "DELALINA \"backiracking": 5, "kh_exe": ™", "seed": 42, "time_limit_sec": 50}
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spline 100 033 100 OR-Tools (Routing TS 2268254313 602282467  BB.MOE25 3441367188 TRUE 0 2268264803 -284E-10 {'irst_solution_strateqy’: "PATH CHEAPEST_ARC", "lacal_search_metsheuristic”:"GUIDED_LOCAL_SEARCH", "ssale" 10000, “log_searsh™ False, “seed": 42, "time_limit_sec": 60}
spline 100 03¢ 100 AntColonyCptimizatic 1085362 336022704 315625 441914083 TRUE 0492675781  TODETZE3  O.7M434663 {"ants’:0, “iterations" 200, "slpha’: 10, "beta: 21, ‘tho: 01, "candidate_k": 25, "ants_cap”: 100, "use_gpu trus, “seed"; 42, “time_limil_sec": E0}

spline_100_034 100 Genetio Algarithm MO0ET2613 443942231 43016625 344.3046675 TRUE 0 MODETZEA3  -6.TTE-M {'population_size": 200, "generations" 500, “erossover_rate™: 076, "mutation_rate": 0., “selection”: ‘roulette, “tournament_k":5, "mutation_type": "mined”, "use_looal_searsh’: true, "ls_on_init":true, "Is_rate":0.3,"s_may_swaps": 200, "ls_elte_only’: false, "seed", 42, "time._limit_ses": 60}
spline_100_03¢ 100 LKH MOIMET.IE 005K 00315 3446835938 TRUE 0 MDDETZEN3  0767IE3EEZ {'runs’: 10, "candidate_edges”: 20, "candidate_set_type": "DELAUNAT", "move_type": 5", "backiracking”: 5, "Ikh_exs"; ™', "seed": 42, "time_limit_sec": 60}

splne 100 03¢ 100 OR-Tools (Rouwting TS 00E726.13  B0364113  BB.0T6625 3447070313 TRUE 0 MODETZEA3  -34TE-03 {'irst_solution_strateqy’: "PATH CHEAPEST_ARC", "lacal_search_metsheuristio”:"GUIDED_LOCAL_SEARCH", "ssale" 10000, “log_searsh™ False, “seed": 42, "time_limit_sec": 60}

spline 100 035 100 AntColonyOptimizatic  TPS70855  S5.3721187 339375 3447109375 TRUE 04921975 IPST0SS669 -3.95E-06 {"ants":(0, “ierations" 200, "alpha’s 10, "beta: 21, ‘tha': 01, "candidate k' 25,"ants_cap”s 100, "use_gpu’ true, “seed"; 42, “time_limit_sec": 60}

spline_10_035 100 Genetic Algarithm TS 4B.3423604  43TEBEDE 3447226663 TRUE 0 I7ETO086.ED -212E-¥ {"population_size": 200, "generations" 500, "srossover_rate”: 0.78, "mutation_rate": 0., "seleotion”: "roulette”, “tournament_k": 5. "mutation_type”: "Mmied". "Use_looal_searsh”: true, "ls_on_init": true, "Is_rate": 1.3, "ls_Man_straps": 200, "ks_ele_only": false, "seed": 42, "time_limit_sec": 60}
spline 100035 100 LKH WT0S5EES 02079264 QUISEZ5 344890625 TRUE U 1757085669 0 f"runs": 10, "candidate_sdges": 20, "candidate_set_type"; "DELAUNAY", "move._typs": "5", "backiracking”s 5, Ikh_sws": ™", "seed": 42, "time_limit_sec": 60}

spline_1D0 035 100 OF Tools (Rowing TS 7670866.69 601989467 584375 3461835338 TRUE U I7ET086.ED LTIE-0 {'Hrst_solution_strateqy”: "PATH_CHEAPEST_ARC". "lacal_searsh_metsheuristis”: "GUIDED_LOCAL_SEARCH", “seale”: 10000, log_searsh™: Fatse, "seed": 42 "time_limi_sec": 60}

spline 10 036 100 AntColonyOptimizatic 7210395 343199816 3094375 9452773438 TRUE 049509375  (PI33730.9  0.447451207 {"ants":0, "iterations" 200, "alpha’s 10, "beta": 21, ‘tha's 01, "candidate_k": 25,"ants_cap”s 100, "use_gpu” true, “seed"; 42, “time._limit_sec": 60}

spline_1D0_036 100 Gienetic Algarithm 1600026 4EA9757S5 44815 MGEHPIGE TRUE 0 {P3ETES -D.O0GO9G5TT {"population_size": 200, "generations": BN, "erossover_rate™ 0,76, "mutation_rate": 0., "selection”: "roulette”, “tournament_k" 5, "mutation_type": "mived", "use_looal_search": true, "ls_on_init": true, "Is_rate": 0.3, "s_mar_swaps": 200, "ls_elite_only" false, "seed": 42, "time_limit_sec": 60}
spline 100 036 100 LKH 12500026 02127193 0USE25 344859375 TRUE 0 171337309 -D.0509558FF {'runs’: 10, “candidate_edges”: 20, "candidate_set_type": "DELAUNAYT", "move._type”: "5", "backtracking™: 5, "lkh_exe": ™", "seed": 42, "time_limit_sec": 60}

spline_10_036 100 OF Tools (Rouwting TS 7126000.26  GO.0GEP084 BS.175  MEA32B125 TRUE 0 {P3ETELS -D.OGOSGGETE {"ist_solution_strateny”: "PATH CHEAPEST_ARC". "lncal_search_metaheuristio”: "GUIDED_LOCAL_SEARCH"."seale" 10000, "log_search: False, "seed": 42, "time_limit_sec": 50}

splne 100 037 100 AntColonyOptimizatic 21674832 335829132 325625 34515625 TRUE 0497558594 ZIET4834.49 -L1E-05 {"ants":0, “iterations": 200, "alpha": 10, "beta’: 20, "tha": 01, “candidate_k": 25, "ants_cap™: 100, "Use_gpu” trus, "seed"; 42, "ime._limit_sec" 60}

spline_100_037 100 Gienetic Algarithm 267453443 4BSO52272  A4METE  B46296E75 TRUE 0 BIEMEMAS  -SA4E-M {"population_size": 200, "generations": 5N, "orossover_rate™ 0,76, "mutation_rate": 0., "selection”: "roulette”, “tournament_k" 5. "mutation_type": "mired”, "use_looal_search": true, "ls_on_init": true, "Is_rate": 0.3, "s_mar_swaps": 200, "ls_elite_only" false, "seed"; 42, "time_limit_sec": 60}
spline_100_037 100 LKH 2201375193 02115826 0.046875 3453505625 TRUE 0 267483443 LSEIEAEIEN {'runs’: 10, "candidate_edges”: 20, "candidate_set_type”: "DELAUNAT", "move._type”: "5", "backtracking™: 5, "lkh_exe": ™", "seed": 42, "time_limit_sec": 60}

spline 10037 100 OF-Tools (Rowting TS 2167483449 602192973 67.859375 3457773438 TRUE 0 BIEMEMAT  -BADE-0 {*ist_solution_strateny”: "PATH CHEAPEST_ARC". "lncal_search_metaheuristic": "GUIDED_LOCAL_SEARCH"."seale" 10000, "log_search”: False, "seed": 42 "time_limit_sec": 5}

spline 100 035 100 AntColonyOptimizatic 30087335 34544520 32390625 3458783063 TRUE 0437558534 2045320534 2153010702 {'ants":0, "iterations" 200, "alpha": 10, "beta: 20, ‘tho: 01, "candidate_k": 25, "ants_c eed”: 42, "time_limit_sec" 60}

spline 10 036 100 Gienetic Algorithm 2942033677 46069723 445625 MEDISS313 TRUE 0 2345320534 -DAMG5886 {"population_size: 200, "gener ations": 50, "crossover_rate”: 0,75, "mutation_rate": 0. “tournament_ use_loval_search: true, "ls_on_init" true, "ks_rate": 0.3, "ls_max_swaps" 200, "ls_elite_only": False. "seed": 4, "ime_limit_sec" 0}
splne_100 035 100 LKH 3034243937 02167926 0015625 3452304688 TRUE 0 2345320534 3013345500 {'runs’: 10, "candidate_edges": 20, "candidate_set_types "DELAUNAT, “move_type’

spiine 100036 100 OFi-Tools (Routing TS 29420336.77  G.04TP4ET 59.25 463867199 TRUE 0 2395320534 -DIG95885 {Fist_solution_strateny”: "PATH_ CHEAPEST_ARC". "lncal_search_metaheuristi 2. "time_limit_sec": 60}

spline 100 033 100 AntColonyOptimizatic 27372532 36136501 34603375 3463783053 TRUE 043503375  27836277.3 0273565884 {"ants":O0, “terations" 200, “alpha’s10, "beta: 20, ‘thos 01, "oandidate_k': 25, "ants_ox

spline_100_039 100 Gienetic Algarithm IIETTI 475109905 46525 3464296675 TRUE U EFEIEETTS -4.01E-1 {"population_size": 200, "gener ations™; 500, “crossover_rate": 0,75, “mutation_rate": 0. use_loval_search true, Is_on_init" 3,"1s_may_swap “Is_elite_only":false, "seed": 42, "time_limit_sec": 60}
spline_100_033 100 LKH 28207975.83 02089033 0016625 3466210338 TRUE 0 Z7ESE2TT3  LIFAENS {'runs’:10, “candidate_edges’: 20, "candidate_set_type’: "DELAUNAYT", "move_type”: 5", "backtracking™s 5, "lkh_ene" ™", "seed": 42, "time_limit_sec": 60}

spiine 100 039 100 OF-Tools (Rowting TS 27896277.3  G0ME4386 595625 E.9453125 TRUE U EFEIEETTS S.1ZE-12 {"first_solution_strategy”: "PATH_CHEAPEST_ARC", “local_search_metaheuristic”: "GUIDED_LOCAL_SEARCH", "scale”: 10000, "log_search’: False, "seed: 42, "time._limit_sec": 60}

spline 100 040 100 AntColonyOptimizatic 33684232 39664633 O7.TIST 3471392188 TRUE 0433852344 3341830685 0496509755 {"ants":O0, “iterations": 200, "alpha’s 10, "beta: 20, ‘tho': 01, "oandidate_k": 25, "ants_oap” 100, "use._gpu’: true, "seed": 42, “time_limit_sec": 60}

spline_100_040 100 Gienetic Algarithm IIIGIEES 451291957 437UEETS  IT2I093PS TRUE 0 GIEFESS  446E-M {'population_size": 200, "generations"; 500, “crossover_rate": .75, "mutation rate": 01, “selection”: “roulette”, “tournament_k":5, “mutation_type": "mived”, "use_local_search’: true, "ls_on_init": rue, "Is_rate":.3, "Is_mas_swaps": 200, "ls_elte_only" false, "seed"; 42, "time_limit_sec": 60}
spline_100_040 100 LKH 33ME237 02128393 DOIGE2E 3472382813 TRUE 0 3341830685  D527605585 {'runs’: 10, "candidate_edges”: 20, "candidate_set_type": "DELAUNAT", "move_type”: "5", "backtracking™ 5, "lkh_ene": ™", "seed": 42, "time_limit_sec": 60}

spine 10 040 100 OR-Taols (Rowting TS 3341830685 GL.20900N 57890625  347.4882813 TRUE U 33418306.65 140E-09 {first_salution_strategy”: "PATH_CHEAPEST_ARC", "local_search_metaheuristic': "GUIDED LOCAL_SEARCH", "scale”: 10000, "log_search’: False, "seed™ 42, "time._limit_sec": 60}
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‘toumnament_k": B, "mutation_type”: "mi " rue, “ls_on_init

=_on_init’

i
-298E-06 {First_solution_strategy
-288E-06 {'first_soluticn,_strateqy”

e "ls_rate’ _mai_swaps": 200, ls_elle_only' False, "seed"
- mai_swaps

_Man_swaps

ime_limit_seq":
me_limit_sec’
ime_limit_ses
time_limit_sec
me_limit_seo
“time_limit_sec’
me_imit_sec

200, "ls_elte_only’
200, "I=_elite_anly"
- 200, "Is_elite_only': False, “seed": 5521

-5.23E-06 {"ants""
-5.23E-08 {"ants"
-5.23E-06 {"ants""

027462617 {"ants";

14330, Umejimu:ssc" &0}
" 6A77, "time_limit_sec™ B0}
‘Seed"; B3EA, "time_limi_ses": B0}

200, "slpha”
“iterations": 200, "alpha': 1

25, "ants_cap"
" 26, "ants_vap": 100,

10, use_gpu’t e,
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spline_100_011 At Colony Dptimization 1326401563 574,695 1321771632 andidate_k": 25, true, "seed", 7451,
pline_100_011 Ant Colony Optimization TRITEAE6T 19554 19625 67471 0495 1921771632 , “candidate_k": 25, " true, “seed”, 899,

spline_{00_oil Ant Colony Optimization 132640563 19544 19083 67471 0455 132177 1832 “oandidate_K'. 25, “ants_aap": 110, "Use_gpu™tue, “seed": 3326, "ime.imit_sec”: 60}

spline_100_011 LKH TR 0204 00K 674723 0.000 1321771832 "DELAUNAY backtracking”: 5. ‘seed": 1042, "lime_limil_sec": 60}

spline_{00_0il LKH TRFTARIZ 0206 000 67405 0.000 132177 1632 “DELAUNAY backiracking”:5, seed

spline_{00_011 LKH TRFTAERZ 0216 00 674808 0.000 1321771632 "DELAUNAY backtracking Seed

pline_100_011 LKH TRFEAEIZ 0215 003 674809 0.000 1321771632 “DELAUNAY backiracking seed

pline__{00_0il LKH TEFTAEIZ 0216 003 674809 0.000 132177 1832 “DELAUNAT", , "backtracking seed"s

spline_100_011 LKH TBETAEIZ 0263 00K 674805 0.000 1321771832 “DELAUNAT backtracking” seed

spline_{00_0i1 LKH TRFTAIZ 024 000 674809 0.000 1321771632 “DELAURAY backtracking

spline_{00_01t LKH TRTTAERZ 0206 0047 674820 0000 132771632 "DELALNAY

spline_100_011 LKH TRFEEI 0210 00 674832 0.000 1321771632

spline_{00_oil LKH TEFTAEIZ 0210 0047 674832 0.000 132177 1832

spline_100_011 OF:-Tools [Routing TSP) TEIFTEIS  BOOM 59488 674832 0.000 1321771832 , "time_limit_sec": 60}
spline_{00_0il OF-Taols {Fouting TSP) TRFTARIY GOMG4 59625 674873 0.000 132177 1632 time_limi
spline_{00_011 OF:-Tools (Routing TSP TRFTAEIS 60203 59625 676043 0000 1321771632 time_limit_sec”: 60}
spline_100_011 OF-Taols [Routing TSP) TRTEAEID B0.089 59453 G753 0.000 1321771632 time_limit_sec": 60}
pline__{00_0il OF-Taols (Routing TSF] TEEFTAEIR  BO.A7E 59678 G7E.031 0.000 132177 1832 X - X time_imi
spline_{00_011 OF:-Tools (Routing TSP) TRPTAEIS B009Y  595ET 675086 0000 132771632 . I i 0000, "log_search™ False, time_limi
spline_100_011 OR-Taols [Routing TSP] TRIFTAEII BOIT3 59675 G74516 0.000 1321771632 10000, "lag_search” false, time_limit_sec": 60}
spline_{00_01t OF:-Tools (Routing TSP TRTTAEIS B02M D9T  E76.207 0000 132771632 0000, "1ag_searsh” Fakse, "seed": 7981, it
spline_100_011 OR-Tools [Routing TSP) TRPTAEII G046 59391 675.067 0.000 1321771632 i

spline_{00_oil OF:-Taols {Routing TSR] EFTAEIS B0202  B9684 675445 0.000 132177 1832

spline_{00_021 _ (Genetic Algorithm 1565747854 33413 33A09 67561 0000 1569747.854 ¥ "Luumamenl K" " 200 “ls_elite_only'
spline_100_021 __ Genetic Algorithm 1565747854 3408 33750 675523 0000 1569747.054

spline_{00_021  Genetic Algorithm 1665747564 33260 2869 675523 0000 1B6ST47.854

spline_100_021  Genetic Algorithm 1569747854 33856 33563 675,069 0000 156S747.854

spline_{00_021  Genetic Algorithm 1GES747864 33381 3304 G766E3 0000 {56A747.854 “S45EM ['papultion, si". 200, “generations"

spline_{00_021 _ Genetic Algorithm 1569747854 33586 33438 675569 0000 1565747.854 445E-14 {'population_size": 200, "generations"

spline_{00_021 __Genetic Algorithm 1565747854 99519 93328 GUBSAT 0000 1569747.054 445E-14 {population_size": 200,

spline_{00_021  Genetic Algorithm 6STATARY 33308 BaN2 675591 0000 1964T47.854 ~445E-14 { population_size™: 200,

spline 100 021 Genetic Algorithm 1569747854 33545 33208 675570 0000 1569747.854 -445E-1 {'populalian_sizs": 201, 3 - _k":5, “mutation_tup:

spline_{00_021  Genetic Algorithm 1565747654 Ja7lz 33328 G7RS70 0000 1563747.054 " 500, “crossover_rate”: 0.75, i 5, “mutation_typ " 200, "ls_elite_only Falss “seed" ime_limit_sec". 60}
spline_{00_021 __Ant Colony Optimization 166974775 19778 18822 675579 0483 1964T47.854 EE5E08 fants": “beta’: 21, "tha: 1, “sandidate_k" 26, "ants, cap " 100, "use_gpu" rue,"seed”: 1142, "time_limil_sec”: 60}

spline_100_021 ___Ank Colony Optimization 1565747.75 19782 18.969 676637 0492 1569747.054 -6.E5E-06 {"ants™ 1 " 100, "

spline_I00_021  Ant Colony Optimization 16697476 19962 fasdt 670640 0482 1964T4T.854 B 00,

spline_100_021 __Ant Colony Optimization 196974775 1771 1a.7e6  E75.e60 0433 1969747.854

spline_{00_021 ___Ant Colony Optimization 156374775 faved  fas06 675660 0433 {56AT47.054

spline_{00_021 __Ant Colony Optimization 166974775 TAGEI 1968 675660 0483 19647T47.854

spline_100_021 ___Ant Colony Optimization 1569747.75 19525 18.922 675664 0492 1569747.054

spline_{00_021 _Ant Colony Optimization 156874775 19676 1426 E7BEE0 0432 1964747854

spline_100_021 __Ant Colony Optimization 156874775 19232 18683 675719 0495 1969747.854

spline_{00_021 _Ant Colony Optimization 156574775 19438 789 675961 0434 156AT4T.054 200, "alpha”: 10, "heta”

spline_{00_021 LM 1665747864 0208 00K 675,965 0000 1564747.854 ndidate_set_type”

spline 100021 LKH 165747854 0204 003 675965 0000 156S747.054 ndidate_set_type"

spline_{00_021 LKA 1668747864 0207 00 676965 0000 {56aT47.854

spline_100_021 LKA 1569747854 0203 0031 675.959 0000 156S747.854

spline_{00_021 __ LKH 1565747654 0205 0000 675973 0000 {563747.054 -2S7EM {runs”

spline_{00_021  LKH 1665747564 027 0000 675.977 0000 1564747.854 ZSPEH {run:

spline_100 021 LKH 169747854 0216 00 676035 0000 156S747.054 -297E4 {run:

spline_{00_021 LKA 1GES74TA64 0010 0000 676033 0000 156AT47.654 -27EH4 {'run:

spline 100021 LKH 1565747854 0212 0000 676033 0000 1569747.854 -2ZSPE {runs™ 10, 0. sl

spline_{00_021  LKH 1565747654 0209 0000 676033 0000 1563747.054 -14BE-14 {'runs": I0, "candidate_edges": 20, "candidate_set_type”

spline_{00_021  OF:-Tools (Routing TSF) 1665747854 GO0SE  Ga4B4 676305 0000 1564747.854 ASIE-08 {'first_solution_strateg:

spline_100_021 __ OR-Tools [Rauting TSP) 1569747854 GRS 59750 GIBEIT 0000 156S747.054 -ASIE-08 {'first_solution_strateq

spline_{00_021 __OF-Tools (Rauting TSF) 1GES747A64 G007 GAE7T2  G7R623 0000 {56aT47.854 -ASIE-08 {"First_solution_strateq, X 2 - X | i

spline_100_021  OF-Tools [Routing TSF) 1569747854 G021 G9.969  G7E.824 0000 156ST47.854 -ASIE-08 {'First_solution_strategy”. "PATH_CHEAPEST_ARC", “local_search_metaheuristic™: "GUIDED_LOCAL_SEARCH" " " Fale, “seed": 4003, "time_limit_sec": 60}
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1738562477 710.035 1738063642 % 26, "ants_cap": 100, "use_gpu":

ams.
-9R2E-06 {"ants™: 0, “iter

spline_1000_0itjsor Ant Colony Optimization . "oandidate

spline_{000_001jsor Ant Colony Optimizatian 1738563477 G995 69234 706219 285600 17365 63642 -952E06 {"ants". 0, . "candidate_k": 25, "ants_cap" 100, "use_gpu”

spline_{000_0ijsor Ant Colony Optimizatian 1738563477 G075 G951 706215 28500 1738663642 [0 . "candidate_ [

spline_1000_001jsor Ant Colony Optimizatian 730563477 G077 59422 706215 28500 17305,63642 ‘candidate_

spline_1000_0ijsor Ant Colony Optimizatian 738063477 G074 Gap03 706208 25500 1738063642 . "candidate_

spline_1000_001jsor Ant Colony Optimizatian 1730563477 60.234 58059 710,031 28500 17305,63642 ‘candidate_

spline_{000_001jsor Ant Colony Optimizatian 1738563477 60683 68626 706135 22600 1738563642 . "candidate_k":

spline_1000_001jsor Ant Colony Optimizatian 1738563477 60484 58696 70621 28600 1738563642 candidate_

spline_{000_001jsor Ant Colony Optimizatian 1738563477 6043 6a7EE  70R.8A3 22600 1738563642 l ‘candidate_k": 26, "ants_c

spline_{000_ 0 jsor LKH 1738563642 1045 0906 705953 0000 1738663642 LOSE3 {'runs” 10, "candidate_edges":20, DELAINAY" "mous _type”:

spline_{000_0iHjsor LKH 1736563642 1043 0853 705953 0.000 17365 63642 G7E-13 [runs” 10, "candidate_edges": 20, "DELALMAY", “mave_type

spline_{000_ 00 jsor LKH 17385.63642 1060 0906 705961 0000 1738563642 AGTEAS f'runs": 10, "candidale_sdges": 0, DELAUMAY", "mous_tupe': 5", "

spline_1000_001jsor LKH 1736563642 1033 0953 705955 0.000 17365 63642 "DELALNAY", “mave_tupe”

spline_{000_00jsor LKH 1738563642 0,928 0881 705.373 0000 1738663642

spline_1000_001jsor LKH 17365 63642 1108 0953 705969 0000 17365 63642 “backtrackin “zeed”
spline_[000_001jsor LKH 1738063642 1042 1000 705373 0000 1738063642 “baktracking “seed”
spline_1000_00jsor LKH 1738563642 1034 08 705.973 0000 17265,63642 “backtrackin “seed”
spline_{000_0iHjsor LKH 17386.63642 1038 0806 706113 0.000 1738663642 .

spline_1000_00jsor LKH 17385.63642 1053 0822 708137 0000 1738563642 -LZ6E-I3 fruns” 10,
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