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ADNOTARE

Tema acestui proiect de teza este rezolvarea problemelor cu mai multe criterii pentru gasirea rutei
optime. Scopul acestei lucrari este de a studia algoritmi pentru rezolvarea problemelor cu mai multe criterii
pentru gasirea rutei optime cu posibilitatea de a le folosi pentru transport personal. Una dintre sarcinile
principale ale proiectului este implementarea aplicatiei, care se bazeaza pe un algoritm selectat pe baza datelor
comparative, care ofera utilizatorului ruta optima pe baza mai multor criterii pentru transportul personal cu o
demonstratie pe harta.

Primul capitol al tezei povesteste despre problemele multicriteriale, si anume istoria, semnificatia si
tipurile lor. Sunt descrisi doi algoritmi, si anume algoritmul lui Martin si algoritmul NAMOA*, care vor fi luati
in considerare in continuare in lucrare. Analogii aplicatiei dezvoltate, principalele abordari pentru modelarea
informatiilor despre orarul ca o problema a gasirii celei mai scurte rute sunt cercetate, iar conceptul de
optimitate Pareto este, de asemenea, dezvaluit.

In cel de-al doilea capitol al tezei, este dati definitia unei probleme multicriteriale, sunt luate in
considerare tipurile de criterii si sunt evidentiate criterii specifice care vor fi aplicate in problema. Este dat un
exemplu de solutie pentru algoritmul Martin si algoritmul NAMOA*, dupa care se face o comparatie pe baza
implementdrii lor In ceea ce priveste memoria petrecutd si timpul petrecut in raport cu numarul de noduri si
criterii. Ca rezultat, algoritmul NAMOA* depaseste algoritmul lui Martin in bine si este ales pentru a
implementa aplicatia.

In cel de-al treilea capitol al tezei, o aplicatie este proiectatd folosind diagrame UML, sunt descrise
tehnologii, dintre care principalele sunt biblioteca de interfata cu utilizatorul React, Java-framework Spring,
baza de date a grafurilor Neo4j, biblioteca Mapbox GL JS pentru harti interactive, serviciul de harti
OpenStreetMap, care oferd modelul de date cu taguri necesare, de asemenea, vorbeste despre etapele de
dezvoltare a aplicatiei si descrierea functionalitatii.

Ca rezultat, se obtine o aplicatie web care permite utilizatorului sa traseze si sd afiseze rutd optima
conform anumitor criterii, ale caror valori sunt obtinute datorita tagurilor OpenStreetMap si timpul pe care il
va lua ruta rezultata, folosind adresele de inceput si de final selectate.

Cuvinte cheie: probleme multicriteriale, optimitate Pareto, algoritmul lui Martin, algoritm NAMOA*,

OpenStreetMap.



ABSTRACT

The topic of this thesis project is the solution of multicriteria problems of finding the optimal route.
The aim of this work is to study algorithms for solving multicriteria problems of finding the optimal route with
the possibility of using them by personal transport. One of the main tasks of the project is the implementation
of the application, which is based on an algorithm selected on the basis of comparative data, which provides
the user with the optimal route based on several criteria for personal transport with a demonstration on the map.

The first chapter of the thesis tells about multicriteria problems, namely their history, meaning and
types. Two algorithms are described, namely Martin's algorithm and NAMOAX* algorithm, which will be
further considered in the work. The analogs of the developed application, the main approaches to modeling
information about the schedule as a problem of finding the shortest path are investigated, and the concept of
Pareto optimality is also revealed.

In the second chapter of the thesis, the definition of a multicriteria problem is given, the types of criteria
are considered, and specific criteria are highlighted that will be applied in the problem. An example of a
solution for the Martin algorithm and the NAMOA* algorithm is given, after which a comparison is made
based on their implementation in terms of memory spent and time spent relative to the number of nodes and
criteria. As a result, the NAMOAX* algorithm outperforms Martin's algorithm for the better and is chosen to
implement the application.

In the third chapter of the thesis, an application is designed using UML diagrams, technologies are
described, the main of which are the React user interface library, the Spring Java framework, the Neo4j graph
database, the Mapbox GL JS library for interactive maps, the OpenStreetMap map service, which provides the
model data with the necessary tags, it also describes the stages of application development and description of
the functionality.

As a result, a web application is obtained that allows the user to plot and show the optimal route
according to certain criteria, the values of which are obtained thanks to the OpenStreetMap tags, and the time
that the resulting route will take, using the selected start and end addresses.

Keywords: multicriteria problems, Pareto optimality, Martin's algorithm, NAMOA* algorithm,
OpenStreetMap.



AHHOTALIIUA

Temoli naHHOM AWUNIOMHON pabOThI SIBISETCS PELIEHUE MHOIOKPUTEPUAIbHBIX 3aJad IIOHUCKA
ONTUMANBHOTO MapmipyTa. Llenpro JgaHHOH pabOThI CTaBUTCS HW3YyYEHHE QJITOPUTMOB  PEUICHHUS
MHOTOKPUTEpPUAIbHBIX 33/1a4 MOKMCKAa ONTHMAaJIbHOIO MAapIIpyTa C BO3MOXKHOCTBIO UX NPUMEHEHHS IS
UCIIOJIb30BAaHUS JIMYHBIM TpaHcrnoproM. OnHOM M3 THaBHBIX 3a7ad MPOEKTa SBJSETCS peanu3alus
NPUJIOKEHUSI, B OCHOBE KOTOPOTrO JISKUT alIrOPUTM, BBHIOpAaHHBI Ha 0a3e CpPaBHHUTENBHBIX JaHHBIX,
IIPEIOCTABIIAIOIIEE [10JIH30BATEIIO ONTUMAIbHBINA MapIIPyT HA OCHOBE HECKOJIBKUX KPUTEPUEB ISl TUYHOIO
TpPaHCIOPTa ¢ AEMOHCTpalel Ha KapTe.

B niepBoii riaBe TUIIIOMHOM pabOThI pacCKa3bIBAETCsl O MHOTOKPUTEPUATIbHBIX 337a4aX, @ UMEHHO UX
UCTOpUHU, CMBICHE M TUMax. ONHCHIBAIOTCS JBa aJrOpPUTMAa, a UMEHHO ajiropuTM MapTHHA M aJITOPHTM
NAMOA*, kotopsie mainee OymayT paccMarpuBaThes B padote. McciemyroTcs aHanoru pa3padaThiBaeMOro
MIPUJIOKEHHUS, OCHOBHBIE IMOAXOJbI K MOJEIMPOBAHUIO HMH(OPMAIMM O pPACIHUCAHUU Kak 3a/addl MOHCKa
KpaT4alllero myTH, a TAaK)Ke PacKpbhIBaeTCs MOHATHE OoNTUManbHOCTH 1o [lapero.

Bo BTOpOi#l riaBe OUIIIOMHOM pabOTHI MPUBOIUTCS OINPEACICHHE MHOTOKPHTEPHAIBHON 3a/1aud,
paccMaTpUBAIOTCS THITBI KPUTEPUEB U BBIACISIOTCS KOHKPETHBIE KPUTEPUH, KOTOPBIE OYIyT MPUMEHSTCS B
3amave. [lpuBonutcs mpumep pemeHus st anroputMa Maptuna u anroputMa NAMOA*, mocie yero
MIPOM3BOJIUTCS CPABHEHHE HA OCHOBE WX HMMIUIEMEHTAIMU MO 3aTpayrBaeMOd MaMsITH U 3aTpaulBaeMOMYy
BpPEMEHHU OTHOCHTEIBHO KOJIMYECTBA y3J10B 1 Kpurepues. B pesynbrare anroputv NAMOA* npeBocxouT 1o
MOKa3aTeJsAM B JIYUIITYI0 CTOPOHY alropuT™M MapTHHA U BRIOMpAETCS ISl PEATN3aluH TIPUIIOKEHHS.

B tpertbeit rnaBe qumioMHoM paboTsl mpu nomoum UML-nauarpamm npoekTupyeTcst NpuiokeHue,
OIUCBIBAIOTCS TEXHOJIOTUH, TTIABHBIMU U3 KOTOPBIX SIBJISIOTCS OMOIMOTEKA MOJIb30BATEILCKOr0 UHTEpdeiica
React, Java-dpeiimBopk Spring, rpadosas 0a3a ganHbix Neo4j, 6ubnamoTeka Ui WHTEPAKTHBHBIX KapT
Mapbox GL JS, xapakrepusyercs kaprorpadudeckuii cepsuc OpenStreetMap, npeaocTaBasionfi Moaeb
JAHHBIX ¢ HEOOXOAUMBIMU TEraMH, TAK)Ke paccKa3blBaeTcs 00 3Tanax pa3padOTKU MPUIIOKEHHS M ONUCAaHUN
¢byHKIMOHATA.

B pe3ynbTate nosyueHo BeO-pUiIoKEHHE, TO3BOJISIONIEE M0JIb30BATENIO 10 BHIOPAaHHBIM HauaIbHOMY
¥ KOHEYHOMY aJIpecy MpPOKIaIbIBaTh U MOKA3bIBATh ONTHMATBHBIN MapIIPYT MO OMPEACTEHHBIM KPUTEPHSIM,
3HA4YeHHUs1 KOTOPBIX MOydeHbl O6maronaps teram OpenStreetMap, u BpeMsi, KOTOpoe MOTYYEHHBIH MapIIpyT
3alMET.

KiroueBble ¢jioBa: MHOTOKpPHTEpHATIBHBIE 3a/1a41, ONTHMAaIBHOCTH 10 [lapero, anroputm MapTuHa,

anroput™ NAMOA*, OpenStreetMap.
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BBEJAEHUE

[IpoGiiemMa TOMCKA ONTHUMAJIBHOTO MapIIpyTa M3 OTHOrO y3Jla B JAPYrol y3ed TpaauiHOHHO
paccMmarpuBaach B paMKax OJHOIO KPUTEPHsI, & IMCHHO IIeJIbI0 CTABUIIOCH OIPEACTICHUE YTH, JJIsi KOTOPOTrO
60 obmiee BpeMs B IyTH, OO0 00IIee pacCTOSHUE CBEICHBI K MUHUMYMY. B peasbHBIX K€ YCIIOBHUSAX Yalle
BCET0 HEIOCTATOYHO MPUMEHUTh OJWH KPUTEPUH JUIsl MTOMCKA HAWIY4Yllero mapupyra. B takom ciyyae Ha
MOMOIIb MPHUXOJSIT MHOTOKPUTEPHATIBHBIC 3a/laud. B 1aHHON paboTe MpOBOISTCSA MCCICIOBAHHE U aHAIU3
AJITOPUTMOB PEIICHUSI MHOTOKPUTEPUAIbHBIX 3a/1a4 JJIS1 HAXO0KICHHUS ONTHMAILHOTO MapIIpyTa.

B Bek, B KOTOPOM TOCIOACTBYIOT HH(OPMAIIMOHHBIE TEXHOJIOTHH, CAMBIM BaXKHBIM PECYPCOM BCE Ke
octaércsi BpeMs. PerynspHo cooOmiaeTcss 0 HayYHO-TEXHUYECKUX JOCTH)KCHUSX, O BHEIPCHUHM HOBBIX U
COBEPIIIEHCTBOBAHUHU CTAPbhIX MPOTPAMMHBIX MPOIYKTOB, - BCE 3TO MPU3BAHO YIMPOCTUTH JKU3Hb YEIOBEKa,
crenath €€ KOM(MOPTHOM, MPEJOCTaBUTh BO3MOKHOCThH BBINMOJHHUTH HEOOXOIMMBIC 3a1adyd OBICTpEE, TeM
CaMbIM COKOHOMHUTH BpeMs. K 3TOMy OTHOCHTCS M 3ajaya MOUCKAa ONTHUMAJIbHOIO MapuipyTa, ¢ KOTOpOU
YCJIOBCK CTAJIKMBACTCA IMPAKTUICCKU Ka)KI[BIﬁ JCHb.

Kaxnpiii ron HaOmomaeTcss pOCT  3arpy3Kd  TPAHCIOPTHBIX — CETEH, dYTO  0OYCIIOBICHO
HETOATOTOBJICEHHOCTBIO JTOPOXKHOW HH(PACTPYKTYPHl K HBIHCIIHUM IMOTOKAM TPAHCIOPTHBIX CPEICTB,
BBI3BAHHBIX MX BCE OOIBIINM IMPUYMHOKCHHCM. Takum 06pa30M, PEIICHNEC HAaBUT'AIMOHHBIX 3aJa4d SABJIACTCA
aKTyaJbHOM TEMOW, a MMEHHO OTHOCSIIMXCA K 3aJadaM BBIOOpa ONTHUMAIBHOTO MapuipyTa Ha JHYHOM
TPAHCIIOPTE, YTO CO3JACT YCIOBHS OBICTPOrO U YI0OHOTO OPUEHTUPOBAHHUS HA MECTHOCTH.

B nmaHHO# paboTe paccMaTpWBAaKOTCS MPUMEPhl HABUTAIMOHHBIX MPHIOKEHHUH, aHATU3UPYIOTCS WX
TIOJIOKUTEIIbHBIE U OTPHUIIATEIBHBIC CTOPOHBI, UCCIEAYIOTCS AITOPUTMBI PEUICHHUS MHOTOKPHUTEPUATBHBIX
3aaa4 AJid HaXOXACHUS OIITUMAJIBLHOI'O MapuipyTa, KOTOPBIC MOKHO MPUMCEHUTD JJI UCIIOJIB30BAHUA JIMYHOT'O
TPaHCIIOpTa, IMPOU3BOAUTCA CPABHCHUC OTUX aAJITOPUTMOB Ha OCHOBE HX HpaKTHqCCKOﬁ pcajm3anuu,
M3YYaIOTCSl OCHOBHBIC MOJXOJbI MOJICITMPOBAHUS MH(DOPMAIIUK O PACIUCAaHUU OOIIECTBEHHOTO TPaHCIIOpTa
KaK 3aJ1a4¥l TIOMCKa KpaTyaifiero mytu. Pe3yinbraToM paOoThl SBISETCS MPHUIOXKEHHUE, B OCHOBE KOTOPOTO
JI&KUT BIOPAHHBIN aIrOPUTM HAXO0KJIEHHUS ONTUMAJIbHOTO MapIIpyTa U3 OJHOM TOUKHU B APYTYIO ISl TUYHOTO

TpaHCIOpPTA.
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