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AHTOTANLIA

CTpykrypa Ta 06csar podotu. [losicHIOBaIbHA 3aMKCKa UILUIOMHOTO MpOe-
KTy CKJIQHAE€ThC 3 T’ STU po3autiB, Mictuth 20 pucynkiB, 23 tabmuii, 1 momartok,
24 mxepena.

JIUIITOMHMM MPOEKT MPUCBAYEHUIN pO3p0o0Il KOMIUIEKCY 3a/ad MiATPUMKU
JIOTICTUYHOI ISIbHOCTI MAJIUX MANPUEMCTB, TOOTO HaNMCaHHI MOO1JILHOTO 3aCTO-
CYBaHHS, SIKUW 3MOX€ HE TIJIbKM BHUPILIYBAaTH MPOOJIEMHU 3 TUIAHYBAHHSIM Ta KOHT-
poJieM TOTPUMAHHS MapUIPYTy, aje 1ie i Oyae OE3KOIMTOBHUM.

JIJist po3riisAy 3arajbHUX IOJOXKEHb OYJ0 OMHCAaHO MPOLEeCH AISUTBHOCTI,
BaplaHTU BUKOPUCTAHHS, OMMCAHO Ta IPOAHAJII30BAHO ICHYIOU1 aHAJIOTH, Ta KOPEK-
THO MOCTAaBJICHO 3aJla4ya 13 BU3HAYCHUMH METOIO Ta 3aJa4aMH.

Jliist onucy iH(popMaliitHOro 3a0e3nedeHHst 0yj0 BU3HAUYECHO BXIJIHI Ta BUXI-
JIH1 J1aHi, OyJIO CTBOPEHO Ta OMUCAHO 0a3y JaHUX.

Jliist MaTeMaTuyHOTO 3a0e3nedeHHs 0yJi0 3HAACHO JIy>Ke MPOCTHUMA, Ta IIBU-
JOKUH alNrOPUTM ITONTYKY HAUKOPOTIIOTO IUIAXY.

JI1si BUBHAYEHHSI TPOTrPaMHOI0 3a0e3neueHHs: OyjI0 OMUCaHO 3aco0U PO3po-
OKH, BUCYHYTO BUMOTH JI0 TEXHIYHOTO 3a0€3MeUeHHs, O0OpaHO apXiTeKTypy Mpo-
IpaMHOr0 3a0€31e4YeHHS.

Bbyna omucana iHCTpyKIIisi KOpUCTyBaya Ta MPOBEACHO TECTYBAHHS KOMILIE-

KCy 3a/ad.

MAJII IIIAITPUEMCTBA, JIOT'ICTUYHA AISMJIBHICTD, IINIAHY-
BAHHA MAPIIPYTIB, KOHTPOJIb ITEPEBE3EHD

Al 1C-5206.1181-¢.713
IIpizeuwe Iionuc ama
Po3pob. Tonybeyv b.B. KoMIuteke 3ama4 Hi)ITpI/IMKI/I 10- Jim. Jlucm Jlucmis
[lepesipus. | Kosymneyw O.B. ] | | 2 64
TCTHYHOI JiSJIBHOCTI MajauX Mi- ) .

a1 KTl im. lzopsi Cikopcbko20
H. kon. Xanyc O.A. I[HpI/IeMCTB Kad)eOpa ACOlY ep. IC-52
3ame. ITasnoe O.A.
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ABSTRACT

Structure and scope of work. The explanatory note of the diploma project
consists of five sections, containing 20 figures, 23 tables, 1 supplement, 24
sources.

The diploma project is devoted to the development of a complex of tasks
supporting the logistical activity of small enterprises, that is, the writing of a
mobile application that can not only solve the problems with scheduling and
controlling the compliance of the route, but will also be free.

To review the general provisions, processes of activity, variants of use were
described, existing analogues were described and analyzed, and a problem with the
defined goals and tasks was set up co-rectly.

In order to describe the information support, input and output data were
determined, a database was created and described.

For mathematical support, a very simple and fast search algorithm was
found for the shortest path.

To determine the software, the ro-design tools have been described,
technical requirements have been put forward, software architecture has been
selected.

A user manual was described and a complex set of tasks was tested.

SMALL ENTERPRISES, LOGISTIC ACTIVITY, ROAD PLAN,
TRANSPORT CONTROL

ApK.

Al 1C-5206.1181-c.13
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INEPEJIIK YMOBHHUX ITO3HAYEHb, CUMBOJIIB, OAUHHUILb, CKO-
POYEHD I TEPMIHIB

HTTP 3anuT — 3anuTy nepenadi JaHUX y KOMIT FOTEPHUX MEpPekax 3a Mpo-
tokojom HTTP. Ha3Ba ckopouena Bim Hyper Text Transfer Protocol, mpoTtokon
nepeaadi Tinep-TeKCTOBUX JOKYMEHTIB.

Json - e TexcroBuit dopmar oOMiIHY JaHUMHU Mik Komm'torepamu. JSON
0a3yeTbCsl Ha TEKCT1, MOKEe OyTH MPOYUTAHUM JHOAUHOI0. DopMaT 103BOJISIE OMU-
CyBaTu 00'€KTH Ta 1HII CTPYKTYpH AanHuXx. Llel hopmar ronoBHUM YNHOM BHUKOPH-
CTOBYETBCA IS TIEpeladi CTPYKTYPOBaHOI 1H(POpMAIIii Uepe3 MEpexy.

TSP - Travelling Salesman Problem, mo B nepekiazi o3Hadae — 3a1a4a Ko-
MIBOSDKEpA.

ACHMMITOTA — MpsMa, 10 SKOi KpUBa MPH BiAaJIeHH] B HECKIHYCHHICTh Ha-
ONMMKAETHCS SIK 3aBTOAHO OJM3BKO.

FaMiabTOHIB MISIX — IUIAX, 10 MICTHTh KOXHY BepIIMHY rpada piBHO
OJIMH pa3. ['aMUIbTOHIB HIJISAX, MOYATKOBA 1 KIHIIEBA BEPIIUHU SIKOTO 301rat0ThCs,
HA3WBAETHCS TAMUTBTOHOBUM ITUKJIOM.

Kpunrorpagis - Hayka npo matremMaTH4HI METOIU 3a0e3neueHHs KoH]iae-
HIIMHOCTI, IIUTICHOCTI 1 aBBTEHTUYHOCTI 1H(OpMaIii.

Kpoc-nnargopmeHHicTb — 31aTHICTh MPOTPAMHOTO 3a0e30eueHHs Tparisi-
BaTHU 3 JIBOMA 1 OUIbIIIE arapaTHUMU TUIATGOPMaMHU.

MaJse mianpueMcTBO - MaJie MIANPUEMCTBO - 11€ PipMa, KO Kepye Hesa-
JISKHUI BIIACHHUK, fIKa HE TIOCIA€ y CBOIW Tally3l YUIBHOTO MICIS Ta BIAMOBIIA€E
MIEBHUM KPUTEPISM 32 KUIBKICTIO 3aHATUX 1 LIOPIYHUM KPUTEPISM 3a 00CSITroM J0-
X0.y.

Mapkep — BigMITKa Ha KapTi.

HatuBHa po3podka — po3poOka 3 BUKOPUCTAHHSAM JIMILE PIAHUX ISl T1J1aT-

dbopmu 3ac00iB po3pOOKH, MPOTHUIICIKHICTH 10 KPOC-TIAaTHOPMEHHOT pO3pOOKH.

ApK.

Al 1C-5206.1181-c.13
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Peasiniiina 0a3a nmammx — 0as3a JaHUX, 3aCHOBaHAa Ha PEISIINHIA MoJenl
nanux. s pobotu 3 pemsuitnumu b/ 3actocoBytots pensaniiitni CKB/l. [nakie
KaXyuH, pemsiiiiHa 0a3a qaHux — 1e 0a3a JaHuX, sKa CIPUMAETbCS KOPUCTYBA-
4yeM K HaOlp HOpMaJli30BaHUX BIIHOIIICHH PI3HOTO CTYIICHS.

CraaaHicTh 004YMCIIOBAJBLHUX NMPOLECIB — 1€ TOHATTS TEOPii CKIAIHOCTI
oOuHnCIIeHb, OIlIHKAa pecypciB (3a3BHUYail 4yacy) HEOOXITHUX /i1 BUKOHAHHS aJiro-
pUTMY.

XMapHi 004ncIeHH — MOJENb 3a0€3MEUYEeHHs MOBCIOJHOTO Ta 3PYYHOTO
JIOCTYITy Ha BUMOTY 4epe3 MEpexXy /10 CHIJILHOTO MyJly OOYMCITIOBAIIBHUX PECyp-
CiB, 1[0 MIJJIATAIOTh HAJAIITYBAaHHIO (HAMpUKIAA, 10 KOMYHIKAIIHUX MEpex,
cepBepiB, 3ac001B 30€peKCHHS TaHMX, MPUKIAAHUX MPOrpaM Ta CEPBICIB), 1 SKi
MOYTh OYTH OIEpPAaTUBHO Ha/aH1 Ta 3BUIbHEHI 3 MIHIMAJIbHUMHU YNPABIIHCHKUMU

3aTpaTtamu Ta 3BEPHEHHSMH JI0 MIpOBaiiiepa.

ApK.

Al 1C-5206.1181-c.13
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BCTYII

3a ocTaHHI POKH 3HAYHO 3POCia KITbKICTh MaJUX MiJMPUEMCTB, SKI THM YU
1HIIIMM YUHOM TIOB’s13aHi 3 JOT1CTUKOIO. LIINsAX pO3BUTKY TaKMX MiAMNPHUEMCTB TSDK-
kuit Ta goBruil. Lle moB'si3aHO 3 TUM, IO KUIBKICTh ITATHUX CHIBPOOITHUKIB HE
nepesutrye 50 oci6. Tomy, poOOTy TakuX MIAMPUEMCTBA TTOTPIOHO SIKOCH ONITHMI-
3yBaTH Ta MOJIETIIUTH.

JIJisi IpUIIBUAIICHHS PO3BUTKY MAJIUX MiJNPUEMCTB HEOOX1JHO aBTOMATH-
30BYBaTH SIKOMOTa OUIbIlle pi3HUX Oi3HEC mpoleciB. Ale sl aBTOMaTU3allil BUPO-
OHUIITBA MOTPIOHI 3HAYHI KOIITH, SIKUX MaJll IMJANPUEMCTBA, BAJOBUN JOX1I SIKUX
3a pik He nepeBuiye 70 MIIH.TPH., HAIIPOCTO HE MAE.

Takum 4MHOM TMMOCTa€ 3a/iaya B aBTOMATH3alli JIOTICTUYHOL TisUTbHOCTI IS
XOM 3MEHILIEHHS 3aTpaT Ha IJIJaHyBaHHS IlepeBe3eHb. B cydacHOMy CBITI iCHYE Oa-
raTo coco0iB 1€ 3poOUTH, ajle HAUIIOUIUPEHII 3 HUX KOMIUIEKCHI CUCTEMH € JIy-
K€ JOpPOrMMH, a OE3KOIITOBHI 3aCTOCYBAHHSI HE 3aBXKIU T'apaHTYIOTb TOYHICTb,
3pY4YHICTh Ta O€3MEKYy.

Came ToMy Oys0 BHUPIIIEHO pO3POOUTH MOOIIBHE 3aCTOCYBaHHS, KE OU BU-
KOHYBaJ0 (PYHKIIT MJIaHyBaHHS Ta KOHTPOJIIO TOTPUMAaHHS MapuipyTy, Ta O0yio O
3pYYHHUM JJI1 BUKOPUCTAHHS SIK KEPIBHUKOM MIAMPUEMCTBA, TaK 1 Il HOTO CIIiB-
POOITHHUKIB.

OCHOBHI MOXJIMBOCTI IIbOTO 3aCTOCYBaHHS MalOTh IOJISATaTH y TTOOY/I0BI OII-
TUMaJIbHUX MapUIPyTiB, sIKI MalOTh 3 1 OuIblIe OOOB’SI3KOBHX MYHKTIB, a TaKOX
HaJaHHS MOKJIMBOCTI KOHTPOJIIO MEPEBI3HUKA 3a TOTPUMAHHIM MOOYIOBaHUX Ke-
PIBHUKOM MapIIpyTIB.

JIMTUIOMHUN TTPOEKT MPUCBSYEHU po3poO0ll KOMILIEKCY 3a1ad MiATPUMKH

JOTICTUYHOI ISUTBHOCTI MaJIUX MiAIIPUEMCTB.
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1 3AT'AJIBHI ITIOJIOKEHHS
1.1 Onuc npegMeTHOrO cepeaoBHINA

Ha cporomuinmHiii qeHs 6arato Maaux MiAMPUEMCTB MalOTh MMOTPEOH y Tiepe-
BE3€HHI BaHTaXy Pi3HOTO THITY.

Taxi mianpuemMcTBa SIK TPAaBUJIO HE KYyMYIOTh KOMILIEKCHI CUCTEMH, sIKi Oy-
JyTh HAJIAIITOBAHI CIIELIAIBLHO M1 HUX, TOMY IO 1€ 3a3BUYail Jy>Ke JOporo, a BU-
KOPHCTOBYIOTh 1ICHYIOU1 3arajibHi 3aCTOCYBaHHS, B OUJIBIIIOCTI BHUIIAJKaX Ti, 5Kl €
0E3KOIITOBHUMU. AJI€ TaKl 3aCTOCYBAaHHS HE 3aBXAMU 3pY4YHI Ta HE MOXKYTb 3a/10-
BOJIBHUTH YCIX TIOTPEO 1010 IJIaHYBAaHHS MapIIPYTIB.

OcCHOBHUM (PYHKIIIOHAJIbBHUM PIIICHHSIM IILOTO JIOJATKY € Te, 110 BiH J03BO-
JUTh TaKUM MIJIPUEMCTBAM IIBUAKO IUIAHYBaTH Ta OyAyBaTH MapHIPYT, SIKUN
BKJIIOYA€ B ce0e MPOMIXKHI MYHKTH, OyJie CYyImpOBOJKYBAaTH CIIBPOOITHUKA, SIKUN
BUKOHY€E TICPEBE3CHHSI y PEKMMI peajbHOro Yacy, Ta HaJaBaTHME MOKJIMBICTh Ke-
PIBHHKY KOHTPOJIIOBATH MIPOCYBAHHS MEPEBI3HUKA 110 MAPIIPYTY

JlaHuii MpOEKT HAUIJIEHUH Ha JOMOMOIY TaAKUM MINPUEMCTBAM 3 TJIaHyBaH-
HSIM MapIIpyTiB, Ta KOHTPOJIIO TIEPEBE3CHb 3 METOI0 3MEHIICHHS BUTpAT HaIlijie-

HUX Ha JIOTICTHYHY JisUIbHICTD IIAMPHUEMCTRBA.
1.1.1 Omnuc npouecy AistJAbHOCTI

O06’exTOM aBTOMATH3AIlli € TIPOIIEC TIAaHYBaHHS Ta ONTHUMI3aIlli MAPIIPYTY.
Cucrema npu3HaueHa Ui IUIaHYBaHHS Ta KOHTPOJIIO JTOTPUMAHHS MEPEeBI3HUKOM
MapIIpyTy.

[TocnigoBHICTH AlMl mpu poOOTI 3 3aCTOCYBaHHSAM IPEACTaBICHA y BUIJISII
CXEMH CTPYKTYPHOI JiSJILHOCTI Ta HaBeieHa y TpadiuHOMy MaTepiall.

Jliist Toro o0 KOpUCTyBadl MOTJIM KOPUCTYBATUCA MPOrPaMOI0 HEOOXITHO
CIIOYATKy 3apeECTPYBATHUCS i/l TIEBHUM THUIIOM CIiBpoOiTHUKA «KepiBHUK», THTI

cniBpoOiTHHKa «IlepeBi3HUK» MOXke OyTH 3apEECTPOBAHUM JIUIIE KEPIBHUKOM.

ApK.
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KepiBHuk mae npaBo OynyBaTu Ta MeperyisigaTd MaplipyTH, 3aKpiIuiaTd Ma-

pIIPYTH 3a MEPEBI3HUKAMH, & TAKOXK BIJCIIIIKOBYBAaTH JOTPUMAaHHS MapuIpyTy Iie-

PEBI3HUKAMH.

[lepeBi3HUK Ma€ MpaBo JUIIE NePersiAaTh MAPUIPYT, KU 3aKpIMUB 32 HUM

KEpIBHUK, Ta 3BIPATHUCS 3 HUM, TOOTO BUKOPUCTOBYBATH 3aCTOCYBaHHS SIK HaBira-

TOP.

1.1.2 Onuc pyHkuioHaaLHOI MoaeTi

AKTOpaMu CHUCTEMHU €: KEpIBHHK Ta NEpeBI3HUK. BuzHaummo, aki (QyHKIii

BOHHM BUKOHYIOTh B CHCTEMI, JUIS IIbOr0 HaBeaemo Tabiuiro 1.1, B sKii omucaHi

aKTOpH, (PYHKIII Ta IX ONUCH.

Tabmuusg 1.1 — Onuc GyHKIIM cucTeMu

AKTOp

OyHKIIISA

Onuc dpyHkii

Vi
aKTOpH

1. ABTopwu3aiis

AKTOpY HazmaeThcsi (popMa aBTOpHU3aIlil Ha CTAPTOBIM
CTOpIHIIl. AKTOP BBOJUTH JIOTIH Ta MapoJib

KepiBHHK

2. Peectpartis

KepiBHUK peecTpyeTbes y CUCTEMI MMiJl TUTIOM KOPHC-
TyBada «KepiBHUK», AJi peecTpalii y cucteMi HoMy
HAJIA€ThCS BIKHO PEECTpallli, 1€ BIH MOBUHEH BKa3aTH
Joriy, napoiib, [1Ib, e-mail, Homep Tenedony, Ta Ha-
3BY MIANPUEMCTBA

3. Benenus
NIePEBI3HUKIB

KepiBHUK peecTpye y cUCTEMI BCiX CBOIX MEPEBI3HU-
KiB, JIJIs1 IIbOTO HOMY HAJa€ThCsl BIKHO peeCcTparlii me-
PEBI3HUKA, /i€ BIH IOBUHEH BKAa3aTH JIOT1H, Napojb Ta
[1Ib nepeBi3HuKa. Takok KEPIBHUK MOXE BUIAISITH
NEePEBI3HUKIB

4. TlobynoBa
MapapyTy

KepiBHuk Moxe moOyayBaTu Mapuipyt, IUisl LOTO
BiH TOBMHEH BKa3aTHU BC1 HEOOX1IHI MYHKTH MapIipy-
Ty Ha Mami y MOCIHIJIOBHOCTI BIJ MYHKTY CTapTy [0
KIHILIEBOTO MYHKTY, MICJIsl 4OrO BiH OTpUMae moOymo-
BaHUI MapUIpyT Ha Mari

Al 1C-5206.1181-c.13
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[Tponosxxenns Tabmwi 1.1

AkTop | DyHKIIA Onuc dyHkii
5. 3akpimenHsa | Oapa3zy x miciisg mo0y/10BU MapUIPYTy KEPIBHUK Mae
MapuipyTy  3a | MOKJIIMBICTh 3aKpIUTU MOOYJOBAaHUN MapuIipyT 3a
MEPEBI3HUKOM | IIEPEBI3HUKOM, OOpaBIIM HEOOXIAHOTO IEPEBi3HHKA,
MICTISL 90T0 IIel MapmipyT Oyae BigoOpakaTucs y CH-
CTeMi JIJIs TIepeBi3HUKA
6. Kontpoib KepiBHUK Mae MOXJIUBICTH BiICIIKOBYBATH JOTPHU-
JOTPUMAaHHS MaHHS MEPEeBI3HUKOM MapIIpyTy, V pa3i BIIXUICHHS
= MapuIpyTy MepPEeBI3HUKA B MapIIPyTy CUCTEMA MTOBITOMIISIE TTPO
A 1I€ KEpIBHUKY, TAKOXK KEPIBHUK MOX€ OauUTH BECh
a, . :
2 MapIuIpyT, Ta MO3UIIII0 MEPEBI3HUKA HA HHOMY
7. Ilepernsn [lepeBi3HUK MOXKe JIMIlIEe MEperisaaTi noOyaoBaHUN
E MapuIpyTy Ta 3aKPITUICHUH 32 HUM KEPIBHHKOM MapuIpyT, Ta BU-
k) KOPHUCTOBYBATH JIaHE 3aCTOCYBaHHS K HaBIraToOp
o)
o,
Q
=

BiamoBinHo no BuzHaueHux (PyHKIN y rpadiuHoMy Martepiaji mpeacTaBiie-

HO CXE€MY CTPYKTYPHY Bapi1aHTIB BUKOPUCTAHb.

1.2 Oruasag HAsIBHUX aHAJIOTIB

Ha croroanimmHiil eHb ICHYI0 0arato mporpaM 3 IUJIaHyBaHHS MapuipyTy,

NepeIiYuMO OCHOBHI 3 HHX, iX IIepeBaru Ta HEeJIOIIKH.

«Google maps» — 0e3koIITOBHUN KapTorpadiuHuii cepic Bij KOMMaHii

Google, a Takox Habip K0AaTKIB, MOOYI0BaHUX HA OCHOBI LILOTO CEPBICY I 1HIINX

texHosoriii Google. Ha choroaHimiHii 1eHb MOXHA CKa3aTH IIO Ii¢ MaOyTh Haii-

OUJIBII TOMYJISPHUI CepBiC 3 IJIAHYBAaHHS MapuUIpyTy, Ll CepBIC € KpocmiaaTop-

MEHUM, Ma€ 3pydHui rpadiuynuii iHTepdeiic, Mae B cobl TOBITHUK TPOMAICHKOTO

TPAHCIIOPTY, Ha OCHOBI SIKOT'O MOe OylyBaTH MaplIpyTH, aHaII3ye 3aTOPU Ha

Al 1C-5206.1181-c.13
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JI0pO3i, Yepe3 HhOTO0 MOXKHA HaBITh MOAMBUTHUCS 3MOJIEIbOBAHE 3a IOTIOMOTOI0 (ho-
Torpadiii 30BHIIIHE CEPEIOBHINE 32 BIIMOBIAHUMHU KOOpJAMHATAMH HA Malll, aje
BIH Ma€ OCHOBHUI HEJOJIK y TOMY IO BiH HE MOXE MOOYAyBaTH ONTUMAaTbHUNA
MapHipyT 1Mo BciM moTpiOHMM myHKTam. ['padiunmii intepdeiic Google maps

MpeACTaBICHU Ha pUCYHKY 1.1.

g o T
o R @ F K5 4 # @
O Nermnomui komnexc /MAZIKA\ By
9 Academic Bullding 18, synuus Kypesi- wnimcocn uopna @

Lo T g

CBATOWMHCHKUA
PANOH

|

==
*Acwemw Building 18
4

o bt o
oy =] 3

Pucynok 1.1 — I'padiunuii intepdeiic Google maps(Bed Bepcis)

«SInpexc. HaBiratop» — 0e3komToOBHA HaBiraiiiiHa MOOUIbHA MporpamMa
BiJl kommnaHii fuxaekc. JloctynHa Ay cMapT@OHIB Ta MJIAHIIETIB Ha MiaTdopmax
10S, Android Ta Windows Phone. ¥ nopiBHsHHI i3 Google maps Mae 3Ha4HO Me-
HIIe (QyHKLIOHATY, g MporpaMa MOXe JIMILE UIAaHYBAaTH MapuIpyT Ta aHali3yBaTu
3aTOpH, ajie Ha MOIO Cy0’eKTHBHY NyMKy SHaekc. Hapiratop mpokiagae 3HAYHO
AKICHIII JUIsl KOPUCTyBada Mapuipytu Hixk Google maps (kpuTepii SKOCTi: JOBXKH-
Ha MapUIpyTy, Ta SKICTh JOPOKHHOTO MOKPUTTS), paHillle HABITh MaB CEPBIC, SIKUN
JI03BOJISIB MIPOKJIAATH ONTUMANIbHI MApIIPYTH Yepe3 JMeKUIbKa MPOMIKHUX ITyHK-
TiB, aJie 1e¥l cepBic OyB He3py4HU A1 KopucTyBada. OCHOBHUM HeAOIIKOM SH-
nekc. Hapiraropa € ioro HeIOCTYNHICTh Y HalIll KpaiHi, yepe3 MoNiTHYHI 00cTa-

BUHH, 11100 HOTO BUKOPUCTOBYBaTH— Tpeba BukopuctoByBaTu VPN, 110

3MH.

ADPK. Ne dokym.

lidnuc

[lama

Al 1C-5206.1181-c.13

ApK.

12




ELIO-L8LL°902S-OI U7

3a00pOHEHO 3aKOHOM, Ta YK€ CIIOBLIBHIOE Mepeaady JaHUX Ha IPUCTPOI.

I'padiunmit  inTepdeiic Annexc HaBritopy 306pakenuit Ha pucyHky 1.2,

250m |25
Peako >

1457 o N
HaneBo 811;@??@:535?‘ 8C3 8C 109110‘;2 ies 502 /(
T 80 11C16 5 g S
B Y Ty
5C1 11K2 N,
Ocranock 16C3 RS  Sm—]
14AC2 /

22MUH

16C1

) s

18 =
ynuua Tumypa ®pyH3se
Pucynox 1.2 — I'padiunuii inTepdeiic Annexc. Hapirarop

«2GIS» — ue odpdnaitn kapTu Ta JOBIAHUK 3 KOHTaKTaMu ¢ipm micta. J{o-
JIaTOK Tpalfroe 0e3 MiAKIIOUCHHS 10 MEPEXi IHTEPHET: ajapecH, TeleoHu, yac po-
00TH KOMIIaHii JOCTYIHI B Oyab—sikuii MOMeEHT. [lomyk npoi3ay Ha rpoMajchbKo-
My TpaHCIOPTI a00 Ha 0cOOMCTOMY aBTOMOOLIl JOMOMOXKE AiCTaTUCS A0 3Haiijae-
HOTO IO HaWOLIBIN SKICHUM MapiipyTaM. Mae 3pyunuil rpadiunuii iHTepdeiic,
Mae 0araTo BapiaHTIB MapIIPYyTy 3 TOUYKH A y TOouKy B, 3maTHuii 3HalTH MapuipyT
HaBITh TaM, Jie¢ HeMa Jioporu. HenomikoMm € Te, 1110 HUM KOPUCTYETHCSI MaJlo JIFOJIEH,
a oTke 1H(opMaIlis 1010 3aTOPIB Ha Joporax 3a3Buyail xubHa. ['padiunuii iHTEp-

deiic 2GIS npencraBnennii Ha pucyHky 1.3.
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Pucynok 1.3 — I'padiunuii intepdeiic 2GIS (BeO Bepcis)

Pociiicekuit cepBic «JloricT» — JOTICTUYHUI CepBIC IUIAHYBAHHS MapIipy-
TiB, SIKMH 37aTeH OyayBaTh MapuHIpyTH 3 OaraThbMa MPOMDKHUMHU ITyHKTaMH, alie
BIH HE MOX€E HISIK JIOMOMOI'TH KOPUCTYBauy y peKHUMI pPEaIbHOr0 4acy, Ta HE MOXKe
HAJaTH KEPIBHUKY MOXJIMBOCTI CIIJKYBaTH 3a MEPEBI3HUKAMH, HE Ma€ MOOUIBHOI
BepCii, a TAaKOX 1€ cepBiC pO3paxOBaHUM Ha TUIAHYBaHHS MEPEBE3E€Hb MK MICTa-
MU, BUKOPUCTOBYBATH MOTO JJIA MEPEBE3€Hb B paMKax OJHOTO MiCTa HEJOPEYHO.

I'padiunuii intepdeiic ceppicy «Jlorict» npencrabieHo Ha pucyHKy 1.4 [5].

p on Cy- U Jloruct - noctpoenne onTHManbsHOrO MapiuipyTa no HECKOABKHM TOYKAM

4 | Kues, Kpeuwatuk X

# | Kues, kypeueska %

- =mF & =

:

&

Elp

Pucynox 1.4 — I'padiunuii inTepdeiic cepricy «Jlorict

ApK.
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«Speedy Route» — xaprorpadiuHuii cepBic MoOyJAOBHM MapIIPYTiB, Haki-

OUTBIII TTOITMPEHMIA 32 KOPAOHOM. B ommci mpoayKTy cKa3aHo, IO CEPBIC PO3pPaxo-

By€ HaWOUIbII e(PeKTUBHUI MO KUIBKOCTI BUTPAT MaJMBA MapUIPYT MK ACKIIBKO-

Ma JIOKAIlisSIMH, Ji€ BHX1JIHA 1 KiHIIeBa Touka eauHi. Llei cepBic mae myxe Oarato

HEO0J1KIB, Ha3BEMO JCKIJIbKA 3 HUX:

pucynky 1.5 [6].

— IIpHu BBeI[eHHi JaHUX BUHHUKAKOTH prI[HOH_Ii IepeKiIaay Ha3B BYJIMIb Ta

MICT Ha aHTJIIUCHKY MOBY;

— y cepBicl nependavyeHo MIHIMaIbHY KUIBKICTh IMYyHKTIB MapuipyTy — 9;

MapuIpyTH, IO CKIAAAIOTHCA 3 4 MyHKTIB MOOYTyBaTH HEMOXKIIUBO;

— Ha calTi mpeJcTaBjieHa ypi3aHa Bepcis Mamnu Jyisi 0O3HAMOMIICHHS, JJIS

JIOCTYITY JI0 IOBHOT BepCii MOTPiOHO 0(OPMHUTH IUIATHY MiAIUCKY;

— cepBic He Mae MOOLITBLHOT BEpCii, Ta HE MOXKE OyTH KOPUCHUM Yy PEKUMI

PCAJIBbHOI0 4acy.

I'padiunuii inTepdeiic cepsicy «Speedy Route» mnpencraBieHuii Ha

e e T .
Plan a Speedy Route | ContactUs | FAQ | About Speedy Route

Turbocharge Your Development

_ 2 S

JetBrains

Start Location

1

Route Locations
1|

2
3
4
@ Finish Location

Other Location

Consider Live Traffic Flow
Allow Location Timeboxing

Maximum Number of Vehicles

® Retum to Start Location

Add Location  ~

Reload a Route

Map Directions Export

+ Oxford

ssssssss
s 20NE:

Chelmsford

xxxxx

. London

Maidstone. Canterbury
Guildford

© Mapbox ® OpenStreetiap Improve this map

Pucynok 1.5 — I'padiununii inTepdeiic ceppicy «Speedy Route»
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1.3 IlocranoBka 3agayi
1.3.1 Ilpu3HayeHHsI PO3POOKH

[Ipu3HaueHHAM cUCTEMHU € 3a0€3MEYEHHs] MPOCTOr0 Ta HIBUAKOIO IUIAHY-
BaHHSI MapIIPYyTIB NEPEBE3EHB IS MAIUX MIANPUEMCTB T4 MOKIIUBICTD JIETKO BIJ-

CTEXXYBaTH 111 IEPEBE3CHHSI.
1.3.2 Hiai Ta 3aga4i po3pooku

[{1mssMu pO3pOOKH €:
—  CIPOCTHUTH IJIAHYBAHHS [EPEBE3EHb JJI MAJIMX HIANPUEMCTB,;

— HaJaTu MaJIUM T1JIPUEMCTBAM MOKJIMBICTh KOHTPOJIIOBATH BCI CBOI I€-

PCBC3CHHA B pG)KI/IMl PCAIBHOIO 4acCy.

JIns mocsATHEHHS TOCTaBJIEHUX IJIEH HEOOXITHO pPO3B’SI3aTH HACTYIHI

3ajaul:
—  aBTOpH3allisl KOPUCTYBAUIB Y CUCTEMI;

— IIBHJIKA MOOY0Ba ONTUMAJILHOTO MapUIPyTy Ta BiAIOOpakKeHHs MOTro Ha

Marti,
—  BIJICTEXKEHHSI TIEPEBI3HUKA B PEKUMI PEATHHOTO Yacy.
BucHoBoKk 10 po3aiiay

Y naHoMy po3fiiil 3A1MCHEHUI JeTalbHUN aHalli3 MpeAMETHOI 001acTi, BU-
3Ha4yeH1 akTopu cucteMu. OTIIHYTO Ta MPOAaHaII30BaHO iICHYIOU1 aHajoru. BusHa-

YEHO I11J11 3a/1a49l pO3POOKH.

ApK.

Al 1C-5206.1181-c.13
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2.1 Bxigui naui

Taomurg 2.1 — BX1aH1 gaH1

2 TH®OPMAIIMHE 3ABE3IIEYEHHS

BxinmHi nani nmpeacrasieni y Tabmauii 2.1.

Jlanni

Onuc

JlaHi peectpartii

JlaH1 KOPUCTYBaYiB, SIKi 3aMIOBHIOIOTHCS Y o-
pMi peectpauii(Im’s, I1pizBuie, [lo—0aTbkoBi,
JIOT1H, €JIEKTPOHHA ajipeca, MapoJb, TeIE(OH,
Ha3Ba MiaAnpueMcTBa). CIyryroTh 1Ji peecT-

panli KOpUCTyBaya y CUCTEMI1

Jan1 aBropu3anii

JlaHi 3apeecTpOBaHOr0 KOPUCTYBAua, sIK1 3a-
MOBHIOIOTKCS y POpPMI aBTOpHU3aLlii KOPUCTY-
Baya npu BxoAl B cuctemy(Jlorin, nmapoJs).

CnyrytoThb JUisl BXOJy B CUCTEMY KOpUCTyBada

[lynkTH 17151 100yI0BH MapUIpyTy

JlaHi, siKi 3alIOBHIOE KOPUCTYBa4, 00Mparodu
NyHKTH Ha Mari. CiyryoTh

JUTsl TOOYT0BU ONTUMATBHOTO MapipyTy. J{is
KOPHCTYBaua MOJAI0ThCS Y BUTIISIA1 MITOK Ha

marm

2.2 BuxigHi nauni

Buxinni gani npeacrasieHi B Tabimmi 2.2.

3MH.

ADPK.

Ne dokym.
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Ta0muid 2.2 — BUX1ad1 J1aHl

Jlani

Onuc

OnTuMaibHUN MapuIpyT JaHi, K1 OTpUMY€ KOPHUCTyBay MIiCIsA

BBEJICHHS BXIJHUX JIaHUX, Ta TOIIYKY
10 HUM MapuIpyTy, MpEeACTaBjiIeH] Y BU-

TJIS]11 TPOKJIAICHOr0 MapHIpyTy Ha Malli

2.3 Onuc cTpyKTypH 0a3u JaHUX

OCKUIbKM MU BHKOPHUCTOBYEMO 0a3y JTaHMX 3 XMapu — BOHA HE pelidlliiiHa,

naHi B I 0asi 30epirarotbes sk JSON. Jlani JSON 3ammcyroThes Maporo

iM’si/3Ha4eHHs. J{J1s1 3py4HOi poOOTH 3 TaHUMH BUAUTMMO THUIH JIAHUX, SIK1 HAM T10-

TpiOH1. Taka Bi3yamizailis JaHUX IpeICcTaBIeHO B Tabauui 2.3.

Tabnuusg 2.3 — Onuc gaHux, sKi 30epiraTUMyThCS Y XMapi

Im’st Onuc Tuny 3Ha4eHHS, sIKe 30€epIraeThCs

Users Konexkiist kopucTyBayiB TUITY KEPIBHUK

Manager Mae Taki mossi: CompanyName, Email, 1d, Login, Surname,
Name, Patronymic, Password, Phone, Driwers, 3HaueHHs
SIKUX OyJie OMUCAHO Jaji y Tabuii

Companyname HasBa ¢ipmu (TekcT)

Email EnexrponHa agpeca (TEKCT)

Id Yucnosuii 11eHTU(IKATOp KOpUCTYBaya (LILJIe YUCIIO)

Name Im’st kopucTyBaua (TEKCT)

Login Jlorin kopucTyBaya (TEKCT)

Surname [Ipi3Buiie kopucTyBaya (TEKCT)

Patronymic ITo — 6aThKOBI KOpUCTYBaya (TEKCT)

Password [Taposb kKopucTyBaya (TEKCT)

ApK.
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3MH.

ADPK. Ne dokym.

lMionuc |dama




ELIO-L8LL°902S-OI U7

[Tponorxxenus Tadmui 2.3

Im’s Onuc Tuny 3Ha4eHHS, sIKe 30epiraeTbest

Phone Howmep tenedony kopuctyBaya (TEKCT)

Drivers Kounexkiis kopucTyBaviB TUITY TIEPEBI3HUK

Driver KopucryBau  Tummy  mnepeBi3HHK, Ma€  Takl  TIOJIA:

CompanyName, Email, Id, Login, Surname, Name,
Patronymic, Password, Phone, 3HaueHHs sikux Bxke OyI0
oIrcaHo BuIe, Ta moist: Route, CurrentPossition, 3HaueHHS

SAKHUX 6y):[e OIIMCaHO HMXKYC

Route 3ammudpoBaHuii y pAI0K MApIIPYT (TEKCT)

CurrentPossition | KoopauHati MOTOYHOTO MICIS 3HAXOHKCHHS IEpPEBI3HHKA,

CKJIQZA€ThCS 3 IBOX moJie X, Ta Y (4ncia)

Otxe ms 3anoBHeHHsT JSON y xmapi 6yZ1eM0O BUKOPUCTOBYBATU MPUBEACHI
BUIIIC TUIU JaHUX. Tenep nmodyayeMo cxemy CTpYKTypu 30epiraHHs JaHUX y XMa-

pi. Cxema ctpykrypu Cxema 06a3u JaHUX HaBeleHa y rpadiuHOMy Martepiaii.
BucHoBok 10 po3aiiny

VY nanomy posaim Oynu onucaHi BX1JHI/BUXIAHI AaHi, OyB ONMHUCAHUN THUII
CXOBHIIIA XMapH, y SIKOMY 30epiratotecsi nani. byjgo npuaymaHo, Ta ONMMCcaHo K1
TUTIA JaHUX OYIyTh BUKOPHCTOBYBATHCH JJISl 30CPEKEHHS ITaHUX, TAaKOXK OYJI0

CIPOEKTOBAHO CXEMY CTPYKTYpH 30€piraHHs JaHUX Yy XMapi.
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3 MATEMATHUYHE 3ABE3IIEYEHHSA
3.1 3micToBHA MOCTAHOBKA 3aaayi

3acTocyBaHHS MOBHHHE JIONOMAaraTH MaJMM MIANMPUEMCTBAM BUPIIIYBaTH iX
JIOTICTUYHI TIpoOJeMHU, a caMe MpoOJIeMHU TOB'sA3aH1 3 MUIAHYBaHHAM MapuipyTy. Y
JTAHOMY BHIIAJIKy ICHY€ 2 TUIU KOPUCTYBAayiB, MEPIINA TUI KOPHCTyBaya — 1€ Ke-
PIBHUK, TOOTO CITIBPOOITHHK IMAMPUEMCTBA, BIAMOBIIAILHUM 3a BCI IEPEBE3CHHS Y
HIJIPUEMCTBI, IPYTUH TUIl KOPUCTyBaya — II€ MEPEBI3HUK, MOro 3ajaya mnossirae
JMIIE Y TIEPEBE3EHHI TOBApY.

3amaya KepiBHHUKA MOJISITa€ y TUIAHYBaHHI ONTHUMAJIBHOTO MapuIpyTy MO ITi-
JHOBUM IyHKTaM, Ta Me€peayl HOro MapuIpyTy HEPEeBI3HUKY. TaKoK KEpIBHHUK
NOBUHEH MaTH MOKJIMBICTh BIJICJIIIKOBYBAaTH MOTOYHE MICIE 3HAXOMKEHHS Iepe-
BI3HMKA HAa MapuIpyTi. Miciie 3HaXO0/PKEHHS IEPEBI3HUKA MOXKEe 0aUUTH JIUIIIE HOTO
KEpIBHHUK.

3acTocyBaHHS MOBUHHE CYNPOBO/KYBATH MEPEBI3ZHUKA Y AOPO3i, TOOTO CiIy-

T'YBaTH Il HOTO HaBIraTOPOM.
3.2 MareMaTH4YHA MOCTAHOBKA 3a1a4i

MareMaTrnyHa OCTAaHOBKA 3aJ1a4l Ma€ HACTYITHUW BUTJISI:

n n
Z Z Cjj Xjj — min (3.1) npu oOMexeHHsX:
i=1 j=1

n
Z xy=1(0= 1,n) (3.2) — o6MexeHHA Ha 0JHOPA30BHil BHI3/] 3 MYHKTa;
=1

=

x;=1( = 1,1n) (3.3) — o6MekeHHSA Ha OJHOPA30BHUil B'13/] /10 YHKTA;
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Ile Cjj - MaTpHIIs BiJICTaHEW MIXK yciMa MyHKTamu [,j = 1,n.

Sxmo B Momeni 3amadi oomexuTucs aumie ymoBamu (3.2) 1 (3.3), To BoHa
OyJe eKBIBaJICHTHOIO 3a/adi MpO MPU3HAYCHHS, IJIaH SIKOi HE 00OB'S3KOBO ITOBH-
HeH OyTH uKITiyHUM. To0TO, MapmIpyT MEpeBi3HUKA MOXKE PO3MACTHUCS HA JIEK1Tb-
Ka HE3B'SI3HUX MDK CO0O0IO IMKJIIB, TOJI SIK HACIpaB/l BiH ITOBUHEH CKJIAJIaTHCS 3

onHoro 1ukiy. [1lo6 3a0e3neunT 110 BUMOTY BBEIEMO HACTYITHE OOMEKEHHS:

U—Ui+nx;=n-1ij=1,n;izj(3.4)

[TokaxkeMo, 1110 B JOBIJIbHOMY LUKII1, IKUW TOYMHAETHCS B IEPIIOMY ITYHKTI,
MO’KHA 3HaWTH Taki Uj Ta Uj , sIKi 3a10BOJIBHSIOTH HepiBHICTSH (3.4). Hexaii Ha k-my
KPOIIi MEPEBI3HUK MEPEMINTYEThCS 3 MyHKTA | B MyHKT j. | mpumyctumo, mo U; = k.
Haui, Ha K + 1-My Kpo1ii epeBi3HUK Oyje BUPYIIATH 3 |J-T'O MMyHKTa B HACTYITHOMY

HanpsIMKy, Toxi Uj= K + 1. fIkmo nigcraButu nani Bennuusy B (3.4), oTpuMaemo:

Ui —u;+ nXi,j:k—(k+l)+nXi,j :—1+nXilj£n—l

3ayBa)kHMO, 1110 JIaHa HEPIBHICTh BUKOHYETHCS JIJIsl Oy Ib-SIKUX 3HAYCHB | Ta |

npu X;; = 0. SIKIIo K X;; = 1, T HEPIBHICTS (3.4) BUKOHYETHCS SIK CTPOra PiBHICTH:

ui—uj+nxjj=k—(k+1)+n=n-1

ToOTo, SKIIO TMEPEeBI3HUK TMEPECYBAETHCS 3 1-TO B J-THM IyHKT, TO HEPIB-

HICTh (3.4) Qikcye MOPAIKOBI HOMEPH ITUX MICT.

Otxe, MaTeMaTWyHa IMOCTAHOBKA 3aayl MOJIArae y MiHiMi3alii (yHKIii
(3.1) mpu oomexennsx (3.2), (3.3) i (3.4). Skiuro HeMae KOIHUX 0OMEKEHB, TO TO-

CTaHOBKA 3a/1a4i MMoJisirae jimiie y MiniMizamii Gyskiii (3.1).
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3.3  OOrpyHTyBaHHSI METOAY PO3B’siI3aHHS

B pomy po3aiii po3MiCTUTRCS aHalli3 iIcCHyl0YnX aaroputMiB TSP 3 onmcom
iX TIepeBar Ta HeJOJIIKiB.

3.3.1 Anaui3 anropuTMiB NOLYKY ONTHUMAJIbHOI0 HIAXY

AJTOpUTMU AJ1 PO3B’SI3KY MOCTABIICHOT 3aJ]a4l MOKHA PO3AUIMTUA HA TOYHI
(exact Algorithm) Ta HeTouHi (none-exact Algorithm). TouHi anrropuTMH BKITIOYA-
I0Th B cebe mepebip BCIX MOXKIMBUX BapiaHTIB, B OKPEMHX BHITQJKax pPO3B’SI3KU
MOXYTh OyTH IIBUJIKO 3HANJIEHI, ajie B IUJIOMY 3/IIMCHIOETHCS TIepedip n! MUKIIIB.
Jlpyri B 3aragpbHUX BHUIAJKaX 3aCTOCOBYIOTHCA [IJIS 3ajad, SIKIi HEMOXIIH-
BO BUPIIIUTH TOYHO (0OYMCIIEHHS MTEBHUX 1HTErPaliiB, pO3B’ 30K HEIIHIMHUX PiB-
HSIHb, MOUTYK KBaJPAaTHOTO KOPEHS ...), SIKIIO ICHYIOY1 TOUHI pO3B’3KH BUMAraroTh
3HAYHUX 1 HEBUIIPABJAHUX BUTPAT Yacy MPHU BUCOKIN CKJIQJHOCTI 3ajayi, 1 SIK 4ac-

THHA O1JIBII CKJIaAHOI'O aJITOpUTMY, 3da JOIIOMOI'OIO AKOI'O 3aJada BI/IpiIHyeTI)CH TO-

qHO [7].

3.3.1.1 Touni anropur™Mu

VY cBOIO "epry iCHye NIBi TPyNU TOYHHUX QJITOPUTMIB - OJHA 3 HUX BUKOPHUC-
TOBYE METOAM penakcalli JiHiiiHoro nporpamyBanHsa TSP: anropurm ['omopi, me-
TOJl BHYTPILIHBOI TOUYKH, METOJ] T1JIOK Ta MEX; Apyra, MEHIIa rpyna, BUKOPUCTO-
BY€ METOJY JMHAMIYHOTO MpOorpamMyBaHHs. XapakTepHa OCOOJIUBICTH METOIIB
000X TpyN - TapaHTId 3HAXO/KEHHSI ONTUMAIbHUX PO3B’SA3KIB IPU 3arajbHId TPY-

JOoMiCTKOCTI Tiporiecy [8].

IMoBHuii nepedip (Brute Force). OauH i3 HaAHOYEBUAHIIINX METOIB MOIITY-
Ky ONTUMAJIBHOIO IIISAXY — METOJ[ TOBHOTO Tepedbopy, abo MeTos rpy0oi CHIIH.
CyTh 1Oro METOAY MoJjsrae y mepedopi ycix MOKIMBHX BapiaHTIB, aJllOPUTM

MOJKHA 3aIlluCaTu TaKuM YHMHOM:

— 3HaWTH 3arajibHe YUCII0 MOXKIIMBUX [ aM1IbTOHOBUX KOHTYPIB;
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— 3HAWTH Bary KOXKHOro ['amMiIbTOHOBOIO KOHTYpY, CKJaBIIM Bary ycix
roro pebep;
— oOpatu ["'amMiIbTOHIB KOHTYpP 3 MIHIMAJIBHOIO Barolo, sikuii Oyzie onTuma-

JIbHHUM.

MeTton moBHOTO nepedbopy Mae HU3KY MepeBar — BiH rapaHTye 3HAXOHKECHHS
po3B’sa3Kky 3agaudil TSP, nmpu 1iboMy BiH NPSAMOJIHIHHUN 1 MPOCTUH Y BUKOHAHHI. Y
TOM K€ Yac, aiTOPUTM BBAXAEThCSI HEe(DEKTUBHUM MPHU POOOTI 3 BETUKUM 00CATOM
JAHUX, TaK SIK JUIs 3HaXOKEHHS ONTHMAaJIbHOTO MapIIPyTy BUMAarae 3HalTH Bary

(n - 1)! 'aMiTBTOHOBHUX KOHTYPIB.

Ha Tabmmui 3.1 300pakeHa KUIbKICTh Yacy, HEOOX1HOTrO ISl pO3B’sA3KY 3a-
Jlayl METOJIOM MMOBHOTO Mepe0opy MpU MOTYKHOCTI OOUUCTIOBAIBHOT MAIlIMHHU, SIKA

J03BOJIsIE 00UMCIIIOBAaTH | MUIBIOH ["'aM1IBTOHOBUX KOHTYpPIB B CEKYH]TY.

Tabmuus 3.1 — Po3paxynkoBuii yac po3B’si3ky TSP MeTo0M MOBHOTO I1e-

pebopy [9]

KinbkicTh MyHKTIB OO6uucioBaIbLHUM Yac
10 1/3 cexynau

13 8 XBUJIMH

15 1 pix

20 193 poku

Metoa rijiok Ta mMex. MeTosa rilok Ta MEX 4acTO BUKOPUCTOBYETHCS IJIS
3HAXO/KEHHSI OMTUMAIBHOTO PO3B'A3KY 3a7au KoMOiHaTOpHOT onTuMizarii. Moro
CYTb MOJSTa€E B pO30MTTI MHOKMHH Ha Mi/3a7a4i 1 BUKIIOYEHHI CB1JIOMO HEOITH-

MaJbHUX PO3B'SI3KIB.

Hexait rpad V micTuth yci uuUioBl myHKTH, [ — MHOKHMHA yCiX mepecTaHo-

BOK IyHKTIB, IOKpHUBaO4a yC1 MOXJIMBI PO3B’sI3KU. Po3riisHeMo nepecTaHOBKY
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n € I, B sKili KO)KHOMY MYHKTY CTaBUThCS Y BIAMOBIIHICTh HACIIIHUK — 1 JIJIS Ui
nyHkTa. Takum unHOM 00Xia MokHa 3anucatu sk (1, (1), w (m ( 1)), ..., 1). Sxmo
YHCIIO MMyHKTIB B 00XO1 JOPIBHIOE N, TOJI IEPECTAHOBKY HA3MBAIOTh LIUKJIIYHOIO.
3amavya mpo MpHU3HAYCHHS CTABUTH IMepea cOOO0 IUIb 3HAWTH IMUKJIIYHI TMepecTa-
HOBKH, a Hallla 3a/1aya MePeciiay€e Ty ke Iib, ajJe 3 OOMEXEHHSM, 10 y X IIe-
pPECTaHOBOK Ma€e OyTH MiHIMajibHa BapTiCTh. METO/ T1JIOK Ta MEX B MEPIILY Yepry
3HAaXOJUTh PO3B'SI30K 3a7avi MPO MPU3HAYCHHSI, CKIATHICTH SIKOI JJIsi N MyHKTIiB

0BOJI BelHKa i acummroTiaro pisaa O(n’) [10].

Sxmo OyB 3HalIeHW TOBHUI 00XIiJl, TO OTPUMAHE 3HAYEHHSA TAaKOX €
PO3B’SI3KOM 3ajadi. B iHIIIOMY BUIAIKy MpoOieMa MOAUISIEThC Ha JeKiIbKa TiI-
raigy3ei, KoXHa 3 SIKMX BUKJIIOYAE JICSKI JyTd YaCTUHU 00XOJy, TAKUM YMHOM BH-
KIIFOYal0uy caMy 4acTHHY 00xo0ay. MeToj, 3a IOOMOTOI SIKOTO BUPaXOBYEThHCS,
Ky YTy CIiJ BUJAJIUTH, Ha3WBAIOTh MPaBUIIOM po3raidykeHHs. BakiauBe 3ayBa-
YKEHHS - HE TIOBUHHO 1CHYBaTH AyOJIbOBAaHUX MiA3a]ad, iX 3arajibHa KUIbKICTh Ma€e

OyTH MIHIMI130BaHa.

Bynemo BUKOpPUCTOBYBAaTH KPHUTEPIid, TApaHTYIOUUN HE3aJEKHICTh Mia3a1au
— PO3IJIAJAETHCS BKIIOYEHUI Habip Ayr, skl HE HayiexkaTh Habopy. [lozHaunmo £
K MHOXXMHY BUKJIIOUYEHUX AYT Ta /, Ik MHOXKXUHY BKIIIoueHux. Poskmnanemo /. O6e-
peMo t ayr miaramys3en XiX, ... X, K1 He HanexaTh /. 3agava po3zaiicHa Ha t mija3a-
Jad Tak, mod y Ju mia3agadi Oyiu E; BuKmouenux ayr Ta /j BRIIOYEHHUX IyT. 3a-

MUIIEMO Y BUDIISIAL (hOPMYIIN:

_ E,=E u{x}

k=1 [ —1 U {x;,%5,... ;_4}

Ane xj; — BUKJIIOUYEHA JyTa |y, MiA3amad Ta BKIOYeHa ayray (j + 1)g obmacri.
e o3nauae, 1m0 00Xia oTpuMaHuii Po3B’si3koM (j + 1)y He MICTHTH 110 ayry. Lle

rapaHTye BiCYTHICTh OJJHAKOBUX MapIIPYTiB.
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KinbkicTh MOKIUBUX PO3B’sa3KiB gopiBHIoe (N — 1)/2 nmsa n = 50 e mpuod-
au3Ho 3*1062. Lleit MmeTo HalOLIBII YaCTO BUKOPUCTOBYETHCA MPU KIJIBKOCTI BY-

3iB Big 40 mo 60 [11].

HeoOxiaHiCTh LIJKOM BHPILIYBaTH 3aBAaHHS JIHIMHOTO MporpaMyBaHHS Y
BCii 001aCTi IOMYCTUMHX PO3B’SA3KIB MOKEMO BBaXKaTH T'OJIOBHUM HEJIOIIKOM BH-
IEONMMCanoro Metoay. st 3aad 3 BEIUKUM 00'eéMOM JaHUX METOJ T1JIOK Ta MEX
€ HEBUIIPABJIAHO TPYAOMICTKHM, B TOM JK€ Yac aJrOPUTM € HaIiiHUM METOJOM BH-

pIIICHHS IIJIOYHCIIOBUX 3a/1ad.

Aaroputm I'omopi (The Cutting Plane). ¥V 1954 poui Oyna npeacrapiieHa
poOota Jlanuura, dankepcona 1 J[>KOHCOH, 0 ONUCYE HOBU METOJ PO3B'sI3aHHA
3aja4l KOMIBOSDKEpa, SIKUM TaKOoXX MOXe OyTM BUKOPUCTAaHMM ISl BUPIIIECHHS
OyJib-aKO01 TPOOJIEMH.

minimize c¢'x subjectto x € S

ne ¢ # 0, S — kiHueBa miaMHo)kuHA Aesakoro R™, 1 TakuM 4YMHOM MU 3MOKEMO 3Haii-
i Touku S. lle iTepaniitHuil anropuT™ — KOXKHUM MOBTOP MOYUHAETHCA 3 JIIHIMHOT

mporpamMHoi pesakcaiii. 3anumemMo y BUTIsal popmyiu:
minimize ¢'x subject to Ax < b

Jie MHOTOTpaHHUK P, BU3HA4YeHUi K {X : AX < b}, mictuth S Ta oOMexeHuid. Tak
K P oOMexxeHui, MU 3MOKEMO 3HANTH ONTUMAIIbHUN PO3B’ 30K X SIK EeKCTpeMa-
JpHY TOUKY P. k1o X HAJICKHTH S, TO ONTHMAIBHHAIA PO3B'130K 3HANAEHO, B IPO-
TUBHOMY BHUITAJIKY JIesKa JIiHIITHA HEPIBHICTH 3aJ0BUIBHSIE YC1 TOUKU S Ta MOPYIIYE
X . Taky HepiBHICTh HA3HBAIOTH ATTOPHTMOM [ OMOpI, SIKHIi AETATBHO OIHCAB HOro

1958, MeTo10M Bi/ICiKalOUUX IUIOIIKMH UM MPOCTO BiacideHs [12].

JlaHuii MeTOJi BUKOPUCTOBYETHCS JJIsI TTOOYJ0OBU TOYHMX a00 HAOJIMIKEHHX
3aJ1a4, 0COOJIMBO YaCTO 3yCTPIYAETHCS B TIOETHAHHI 3 METOJIOM T1JIOK Ta MEX 1

TOJ1 Ha3UBAE€THCSI METOIOM TUIOK Ta BiacikaHb. OOKMIBa METOAN 3aCHOBaHI HA
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BUPIIICHH] MOCIJOBHOCTI PeJIaKCOBAHMX Mif3ajiau JIHIHOTO mporpamyBaHHs. B
anroputMi ['oMopi penakcoBaHi Mmij3anayl MOCTYNOBO MOKPAIIyIOTh alpOKCHMa-
ITIF0 IUTOYMCENBHOI 3a/1a41, 3SMEHIITYIOUN OKLT ONTUMAIILHOTO PO3B’S3KY. SAKIo om-
TUMAJIBHICTh HE BAJIOCS OTPUMATH, TOJII IITYKAE€THCS HAOMMKEHUH PO3B’SA30K 3 T10-
XHOKOIO.

VY Meropy BijICiKaHb € TepeBara HaJl METOJOM T1JIOK Ta MEX - TepIi OUIbII
3pyuHi JJIs amapaTHOTrO OOYMCIICHHS, TaK SK JUIA iX pO3B’s3Ky HE MOTpiOeH Bemu-
KU 00CsT orepaTuBHOI mam'siTi uist 30epiranHs nepea pimens [13].

Metoa nuHamiuHoro mporpamysanHsi (Dynamic Programming). Posr-
JITHEMO 3ajady 3 N IIyHKTaMH Ta BiacTaHAMH Oj; MK OyAb-IKMMH JBOMA ITyHKTa-
MU, MUJISX MOYMHAETHCS Ta 3aKIHYYeThCs B MyHKTI Ng. TSP moske OyTu po3B’sizaHa
3a yac O(n!) MeTo10M MOBHOTO Tepebopy, ajie aArOPUTM JUHAMIYHOTO TPOTrpaMy-
BaHHSI JO3BOJISIE cKopoTuTH dac 10 O(n’2").

[To3HaunMmo mig3agady: Hexal S Oyze MiJIMHOXKUHOIO MMYHKTIB, SIKI MICTATh
1 1 sIK MiHIMYM IIIe OJIUH IYHKT, | Oy/ie MyHKTOM, SIKUH BiIpi3HSAEThCS Bif 1, 103-
HaunMo 4epe3 C(S,]) HAMKOPOTIINH NIIAX, SKHH MOYMHAETHCSA B 1, Ta MPOXOJHUTH
yepe3 yCi MyHKTH S Ta 3aKIHYYETHCA B . 3aMUIIEMO aJIrOPUTM Y BUTJISAII TICEBJIO-
KOMY.

for all j do C({1,j}, j) = dy

for s = 3 to n do (the size of the subsets considered this round)
for all subsets S of {1, ...n} of size n and containing 1 do

foralljesS,; #1do

C(S;j) = mini;.s[C(S—{j}, i) + djj)]

Opt - m|nj¢][C({l,2,l’l ) + djl] [14]
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JlaHuii MeTo; BUKOPUCTOBYETHCS JJI MIBUILICHHS €PEKTUBHOCTI OOUYHUCITIO-
BaJIbHUX MMOBTOPEHb, 30epiraroun NpoOMiKHI pe3yIbTaTH 1 3HOBY BUKOPHCTOBYIOUU
iX mpu HEOOX1THOCTI.

3.3.1.2 HeTou4Hi ajaropurmMu

B uinoMy airopuTMu 1aHO1 TPYNU MPOMOHYIOTH MOTEHIIITHO HEONTUMAJIbHI,
ane MIBUIKI po3B’SI3KU. Y CBOIO 4epry HaOJMKeHI alroOpuTMHA MOXKHA PO3IUTHTH

Ha /Bl KaTeropii:

— HaOmmkeni (Approximation Algorithms);

— eBpuctuuni (Heuristic Algorithms).

Aaroputm Kpucrodineca (Christofides’ Algorithm). Anoropitm Kpicro-
(d1aeca BUKOPUCTOBYEThCA JUIsl BUPIIIEHHS MeTpUYHUX TSP - 3 101aTKOBOIO yMO-

BOIO, IO JIJIs1 MAaTPHUIIl BIACTAaHEN BUKOHAHO HEPIBHICTh TPUKYTHHKA!

Vijkdy = d;;+ dy

Besnuka vacTMHa EBPUCTHUYHUX QITOPUTMIB HAJICKATh O HAOIMKCHOMY

kiacy. [Ipodecop Hikoc Kpictodaitne B 1976 porti mompariroBaB ouH 3 iICHYFOUHX
: . . 2

aJITOPUTMIB (METOJ TIOJBIHHOTO MiHIMaJIbHOTO OocTOBHOrO jaepeBa, O(n°logy(n)))

TakK, 110 Yac pO3B’sI3Ky 3aj7a4l HE MEPEBUINYE ONTUMATBHUIN Yac OLIbIT HIXK HA 3/2

[15].

P03B’s130K OPUTIHAIEHOTO aTOPUTMY MOKHA 3alMCaTH TaK: 3HAUTH MiHIMa-
JbHE JIepeBo 3 0e3Jiul BCIX MyHKTIB, MPOAYyOJIIOBAaTH BC1 pedpa 1 moOyayBaTu rpad
Eitnepa, moOyayBaTu raMiIbTOHIB LMK, TPOUIIIOBIIN KOXEH BY30J TIIBKH OJIUH

pa3 1 00paTy HAWTINIIHK MIJISX, M0 BEIE 3 KOYKHOTO BY3JIA.
AnroputMm Kpicrodineca ckiiagaeThCs 13 MOCTIIOBHOCTI HACTYTHUX JTIH:

— 3HAWTH MIHIMAJIbHE JEPEBO 13 MHOKUHHU BCIX MyHKTIB;
— 3HAWTU mapu 3 MIHIMAJIbHOIO Barol0 MHOKMHU BEPIIMH HEMapHOTO CTY-

neHs 1 moOyyBaTH eiiepiB rpad;
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— 3HaWTH eiyiepiB 00Xi/ 1 MOOYIyBaTH raMUIbTOHIB IIUKJI, YHUKAIOUU BXKE

BiJIBiTaHUX BY3:iB [15].

OcHOBHa BIJIMIHHICTb - JIOJaTKOBE OOYMCIICHHS Tapu 3 MIHIMaJIbHOIO Ba-

roto. Lls yacTuHa TakoX HAMOLIBII TPYJOMICTKA, TOMY YaC BUKOHAHHS aJlTOPUTMY
3 . ) )

3poctae g0 O(n°). IlpoBemeni Tectu mokaszanu, mo anroput™m Kpictodigzeca Ha

10% BuIe HIKHBOI Mexi Xena-Kapr [16].

Auaropurm Haibamx4oro cyciga (NearestNeighbour). Onun 3 Halinpoc-
TIINX €BPUCTHUHUX METOAIB pimeHHss TSP. ['070BHE mpaBmiio airoputMmy - 3aB-
I BUOUpATH CyCiJHE MICTO (cyciaa). PilieHHs 3aBJaHHS CKJIAJa€ThCsl 3 HACTYTI-

HUX KPOKIB:

— 0o0paru JOBUIbHUM MYHKT;

— 3HAWTH HAWOMIKYUM MYHKT, HE BKIIOUYECHUM y MapUIPyT Ta MEPEUTH 10
HBOTO;

— TMEpPEBIPUTU YU 3aJTUIIWINACS ITYHKTH, SIKI HE BKJIIOUYEH]1 Y MAPLIPYT, SKILIO
pe3yJIbTaT MO3UTUBHUM — NIOBTOPUTH KPOK 2;

— 100 3aBepmuTH 00XiJ J0JaTH PeOpO MK OCTaHHIM OOpaHUM MTyHKTOM

Ta MEPIINM.

V 3aragpHOMY BHIAAKy TPYIOMICTKICTh pimieHHs 3agadi mopirioe O(n).
HuxHs Mexxa BapTOCTI ONTUMAaiIbHOrO Mapuipyty Ha 10% Bulle HMKHBOI MEXKI

Xenn-Kapn [17].

Kanionnii anropurm (Greedy). 1106 Bupinmtu TSP BUKOpHUCTaHHSIM Ka-
JTIOHOTO AJITOPUTMY, MH JTOCHIJIKYEMO BCl pedpa, 10 BUXOAATh 3 MYHKTa-By3ia, 1
oOupaemMo N HAUKOPOTIIUX AYT. KO Ti N HAWKOPOTHIUX AYT (POPMYIOTH TaMiJib-

TOHIB IIMKJI, TOJII MU 3HANIIUIA ONTUMAJIBHHUIA Po3B’s130K [18].

TpynomicTKICTh BUKOHAHHSI 3aBIaHHS >KaIIOHUM aJTOPUTMOM JTOPIBHIOE

2 - . .
O(n°). HuwxHst Mexa BapTOCTI ONTHUMAIBHOIO MAPIIPYTy BUIIE HUKHBOT MEXKI
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Xenn-Kapn wva 15-20% [16].

Aaropurm Kepirana — Jlina (Lin-Kerighan). Anroputm Kepniran - Jlina
BBAKAETHCS OJHUM 13 HAMOUIBIT €()eKTHBHUX METOIB MONIYKY ONTHUMAIBHUX a00
MaiKe ONTUMAIbLHUX PO3B’SA3KIB 3a/adi KoMmiBosikepa. OmgHak po3poOKa 1 peasiza-
ISl aJITOPUTMY Jy’Ke€ HEIPOCTa, TaK K alTOPUTM CKIAJAAEThCsA 3 O€3J14l KPOKIB,
OUTBIIICTH 3 SIKUX CHJIBHO BIUTMBAa€E Ha poOoty anroputmy [19]. CtBopeHHs airo-
putMy Kepniran Oyino HaTXHEHHE HarfsioMm, 1mo craruude K B onTuManbHOMY
METO/I1 HE Jja€ HaWKpaluil po3B’sa30K. 3'IBUIACs 1/1ess BUKOPUCTOBYBATH Pi3HI CTa-
Jii ONTUMAJILHOTO METOJY y BUKOHAHHI €BPUCTUYHOrO aiaroputmy. Ha mpakrtuii
Oys10 MoKa3aHo, IO MPAKTUYHO HEMOXJIMBO 3a3Jaieriip nepeadauntu sike K cii-
Jy€ BUKOPUCTOBYBATH, 1100 JOCATTH KPALIOTO KOMIPOMICY MIK TPYIOMICTKICTIO 1
AKicTio po3B’si3Ky. JIin 1 Kepauran npulpanu 1ieit Heoik, BBiBIIM 21 onTuManb-
HYy 3MIHHY, TAKUM YMHOM 3Ha4eHHS K 3MIHIOETBCS MM1J1 4Yac BUKOHAHHS JITOPUTMY

[20]. TpyzomicTkicTs mpu mpomy mopisaioe O(n*?) [16].

AJaropurm nomyky i3 3adoponamm (TabuSearch). I'onoBHa npobiiema
ITOPUTMY HaMOJIMHKYOTO CyClia Mojsrac B 4aCTOMY 3aCTpsIBAHHI B TOYIIl JIOKAJTb-
HOro onTuMyMy. L[pOro MOkHa yHMKHYTH, 3aCTOCYBAaBIIU AJITOPUTM IOMIYKY i3
3aboponamu, B 1977 pori 3anpononoBanuii @. ['moBepom. Jlanuii MeTos 703BOJISIE
MEePEXOAUTH BiJl OJTHOTO JIOKATFHOTO ONTUMYMY JI0 1HIIIOTO B TOMIYKY TJI00aIbHO-
TO ONTUMYMY, MICIIsl IEPEX0Ly peOpo MOTpaIuIs€ B CIIMCOK 3a00POH 1 MOBTOPHO HE
BUKOPHCTOBYETHCS, KPIM BHUIMAJKIB, KOJM BOHO MOXKE TMOJIMIIATUA TMOOYI0BaHUN
onTUMalibHUM nusiX. Ha mpakTuyHOMY piBHI 3a00poHeHUi HaOip 30epiraeTbes siK
KOMOIHaIlisl paHille BIJIBIIYBaHUX KPOKIB, SIKAW JJO3BOJISIE MOOY1yBaTH MOAAIBIINN
IIJISX 070 MOTOYHOrO pillleHHs 1 cycimHix By3niB [21]. 'onoBHUM HeIOIiKOM

OT'O METOAY € MOro 4ac BUKOHAHHSA - TPYAOMICTKICTh aJlTOPUTMY OLIIHIOETHCS SIK

O(n°) [16].
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Mypamununii anaroput™m (Ant Colony Optimization). Myparvnmii anro-
PUTM - e(DEeKTUBHHI MOJIHOMIAIILHUN alTOPUTM, HATXHEHHHUI MOBEIIHKOIO CIIPaB-

JKHIX Mypax. Briepiie fioro nmpuniunu Oynu onucani B 1991 Mapko Jlopiro.

Mypaiiikam BIaCTHUBO CITIBIIPAIIOBATH B TOIIYKaX XapuyOBUX PECYPCiB, TOMY
BOHH 3aJIMIIAIOTH CJI1J] XIMIYHOI pe4OBUHH, ()ePOMOHIB, Ha iX NMUIAXY BIJ THI3Aa 10
mxepena ki [20]. Lel tum HeBepOambHOI KOMYHIKaIlii HA3UBAIOTh CTIrMEpTis -
CTUMYJISAIISI, 3aCHOBaHA Ha JIOCBi/I MOMEPENHIX Mypax 1 COpsSMOBaHAa Ha TiJBH-

IICHHS IPOYKTHUBHOCTI [22].

JI1st BUpIIIEHHS 3aBJIaHHA KOMIBOSDKEpA SIK MPAaBHIJIO BUKOPUCTOBYIOTH OJIH-
35K0 20 Mypax. IX po3MillyIoTh Y BUIAIKOBI MiCTa i BiIpaBIfIOTh B iHIII MicTa.
IM He 103BOJNIAIOTH ABii BIJIBIZTyBaTH OJTHE 1 T€ K MICTO, TUIBKH SIKIIIO BOHU HE 3a-
BEpUIYIOTh MappyT. Toll Mmypaxa, sKuil oOpaB HaAKOPOTIIHMI Typ, OyJe 3anuiia-
TU cii; (epoMOHIB 00€pHEHO MPONOPIiHUN JoBXHuHI Mapupyty. Llei cmin de-
POMOHIB Oyzie 3UMTYBATHCS HACTYITHUM MYpPaxoro Ipu BHOOPI MiICTa, 1 3 BETUKOIO
WMOBIPHICTB BIH MiJIe TUM K€ IUISIXOM, 1€ CWJIbHIIIE 3MIHUTH ciifl. Llei nporec
Oyzne OaraTopa3oBO MOBTOPEHUH MOKH HE Oyje 3HANIEHO MapUIpyT, TOCUTh KOPO-

TKUH, 100 OyTH ONTHUMAaIbLHUM.

Cepen HEIOJIKIB aTOPUTMY XOYEThCS BUAUIATH, IO MEPITNH OTPUMaHHMI
PO3B’SI30K MOYKE BHSIBUTHCS OJIHMM 3 HAWTIPIIMX B IUIaHI ONTHUMI3aIlii, OJTHAK TPH

MOBTOPHOMY PO3B’s13Ky METO]I BUJA€ JOCUTh TOUHUH pe3ynbTar [23].

Hwuxns mexa Xeaa-Kapma (The Held-Karp Lower Bound). Haiinomu-
pEHIIMI croci0 BUMIPATH €(PEKTUBHICTh EBPUCTUYHOTO aJTOPUTMY AJI BUPILIECH-
Hs TSP - 1ie mopiBHATH pe3ynbTaTH 3 HWKHBOIO Mexero Xenn-Kapma. s HukHa
Mexka € pimeHHsM TSP, 3HaliienuM 3a moJliHOMiaJdbHUN Yac 3a JOTIOMOTOI0 CUMII-
nexc-merony. Huxus mexa Xemnn-Kapna mpubnuzno 0.8% Himkue onTHUMallbHOT
TpuBanocTi Typy [24]. ¥V Toii jxe yac BOHA TapaHTOBAHO HE MEPEBHUIIYE ONTHMAIIb-

Huil yac Oimbin HixK Ha 2/3 [16].
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Cranom Ha 2015 anroputm Kpictodineca BBakaeTbcsi Hale(PEKTHUBHIIIUM
METOJIOM JUJIsl pO3B’SI3KY 3aB/aui KOMIBOsDKEpa Ha 3arajbHUX METPUYHHUX MPOCTO-
pax, Xxo4a BiJJOMI Kpallli HaOImKEHHS A1 OKpeMHUX BHUIMAIKiB. Takox g00pe B Tec-

Tax cebe nmokazanmu anroputM Kepniran-Jlina i sxkagiOHUN €BPUCTUYHUMA aJITOPUTM

[16].
3.4 Onuc MeToaiB po3B’sI3aHHS

Jlns po3B'sI3Ky CBO€T 3a7a4i 51 00paB aJropuT™M HaHOIMKYOro cyciga, OCKi-
JBKU BIH MPOCTUM y peanizallii, ajge mo0 HaOJU3UTH PO3B'SI30K 10 TOYHOTO 51 BU-
KOpHUCTOBYIO 3-Opt anroputm, SIKMi J103BOJIAE MOMIMIIATHA PE3YJIbTAT, AAl Y PO3-
T IeTaJIbHIIIEe OMUCYIOThCSI METOJM OOpaHi MHOIO JUIsl PO3B'sI3aHHS 3ajadl Ipo
noOyZ0By HaWKOPOTIIOTO HUIAXY ISl MApUIPYTy, SIKHUM MICTUTH 06arato MpoMix-
HUX MYHKTIB.

AJTOpUTM HaOIMKYOTO CyCiJia, a TAKOXK MOMY MOJ10HI 1HKOJIM HAa3UBaIOTh
KOHCTPYKTUBHUMH, OCKIJIBKH SIK 1X 4aCTO BUKOPUCTOBYIOTH JiJisi TOOYOBH MOYaT-
KOBOT'O MapuipyTy, sSIKUH MOKe MiJAaBaTUCs MOJablii ontuMizallii. OCHOBHUMU
nepeBaraMu I[b0ro airTOPUTMY € HOT0 BITHOCHO Majia O0YHCITIOBalIbHA CKJIAIHICTb,
MPOCTOTA PO3YMIHHS 1 “TIPUPOJIHICTD” 32 IPUHIIUIIOM JIii.

Kpoku anroputmy:

— o0patu TOBUIBHY MOYaTKOBY TOUKY;

— 3HAWTH HAWOJMKYY HEBIABIAHY TOUKY 1 MEPEUTH J0 HEf,

— SIKIIO JIMIIAIOTHCS HEBIIBIAaH1 TOYKH, TO IEPEHTH 0 KPOKY 2;

— TIOBEPHYTHUCS 0 OYATKOBOI TOUKHU.

. 2 .
OOuncoBaibHa CKIAIHICTL anroputMy — O(N°). SIkicTh OTpUMaHOIO PO3-

\ . . : o \
B'sI3Ky MOK€ OyTH TIpIIOIO BiJl SIKOCTI onTUMayibHOTO Ha 25-30 %, mpoTe po3B's-

30K OyJie OTPUMAaHO 3 MiHIMaJIbHUMH YaCOBUMH 3aTpaTaMHu.

[Ticnst 3HaXOKEHHS MOYATKOBOTO IIISAXY 3a JIOMOMOTOI0 QJITOpUTMAa Haidi-

OJmK4IOTO cycifia Oy/ieMo ONTUMI30BYBAaTH MapuIpyT BUKOpUcTOBYtoun 3-Opt
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anroput™M. Anroput™ 3-Opt mossirae y BUIAJI€HHI TPOX pedep 3 BKe iCHYI04YO0ro
HUIAXy (OTPUMAHOTO 3a JOMOMOTOI0 KOHCTPYKTHBHOTO aJIrOpuTMy) 1 3amiHi ix

TphOMa HOBUMH 32 YMOBH, 1110 Oyie OTPUMAHO HOBHM KOPOTIIMM HIJISX.

[Tpu Bupanenni pedpa AB, CD Ta FE i 3aminoro ix HoBumu pedbpamu AD,
BC Ta CF yTBOpUTHCS HOBUH LIUKJI, 1 AKILO JOBKMHA HOBOTO IUISIXY MEHIIIA HIXK Y
MOTIEPEHBOT0, TO MEPEeOyNOBY€ETHCS ICHYIOUNN NUISIX. Y TPOTUIICKHOMY BUIAAKY
aHaJI3y€eThCsl HACTYIHE PeOpo, HE 3MIHIOIYHU 1ICHYHOYOro Mapupyty. Llg gis mo-
BTOPIOETHCSA JIJIs1 KOXKHOI Tpiiiku pedep. Cii 3a3Ha4uTH, 1110 MOKHA YTBOPUTH JBI
MOJKJIBI 3aMiHH, SK MOKa3aHO Ha pUCyHKYy 3.1, iHakmie OyAayTh yTBOPIOBATHUCS
okpeMi IMKIM. Ha mpakTumi nei aJropuT™M 4acTO peani3oBYEThCS SIK JiBa abo
TpH 3acTOCyBaHHs anroputmy 2-Opt. OTpumanuii y pe3ynbTaTi ONTUMI3aIliil po3B's

30K OyJie TipIIKM BiJl ONTUMaJIbHOTO Ha 3-4% , 00YMCIIOBAJIbHA CKJIAIHICTh aJlro-

purmy O(n®).
B, B B
A - A P ¢ A P~ c
* ° . / ) . )
Feo oD Fo ~oD Fe oD
c® . Ed\ e £® .

Pucynok 3.1 — Mox1B1 IEpecTaHOBKHU TIPU BUKOPUCTaHH1 asiroputMy 3-Opt
BucHoBok 10 po3aiiay

B nanomy po3aini Oyno chopMyinbOBaHO 3MICTOBHY Ta MaT€MaTUUYHY MOC-
TAHOBKH 3aJ1aul MOIIYKY ONTHUMaJIbHOTO MapuipyTy. MeTogom po3B’s3Ky Oyio 00-
paHo aJrOpUTM HAWOIMKYOIo Cycijia Ajs MOUIyKY MOYaTKoBOro nuisxy, Ta 3-Opt
aJITOPUTM JIJISI ONTUMI3allli MTOYaTKOBOro HUIAXY. Takoxk Oyj0 HaBeAEHO JeTallb-

HUU OMKC aJITOPUTMIB PO3B’SI3aHHS MTOCTABICHOI 3aa4i.
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4 TPOI'PAMHE TA TEXHIYHE 3ABE3IIEYEHHSA

4.1 3acoOu po3podkm

s po3poOKu MOOUTBHOTO 3aCTOCYBaHHS s 0OpaB MOBY IMpOrpaMyBaHHS

Java, nmami My po3riiiHEMO iX IepeBarv Ta HEJIOJNIKU 1 OPIBHSAEMO 3 aHAJIOraMu y

tabmui 4.1.

Tabnuus 4.1 — INopiBHSIHHS MOB IporpamyBanHs Java, Kotlin Ta Xamarin

Java(android)

Kotlin

Xamarin(C#)

OO6'exkTHO OpiEHTOBaHa MO-

Ba, 10 Ja€ MOKJIMBICTH CTBO-
pIOBaTH MOJIYJIbHI MpOTpa-

MU, K1 JO3BOJIIOIOTh MIOBTOP-
HO BUKOPHCTOBYBATH BHXiTHUN

KOJI

Takox € 00'eKTHO

OpP1EHTOBAHOIO MO-

B0IO [2]

Takox € 00'exkTHO Opi-

€HTOBAaHOKO MOBOIO

HanexxuTs 10 HAaTUBHOTO TUITY
PO3pOOKH, a OTHKE Ma€ TIOB-
HUHW JOCTYI A0 BUXITHO-

ro koay miatdopmu [4]

Tako>x HaICKUTH a0

HAaTUBHOTO THUITY PO3-

poOku [4]

Mae oOMexeHuit 10c-
TYI 0 BUX1AHOTO KO-

ny mnatdopmi [4]

Ockisibku Java 11e mepiia MoBa
porpaMyBaHHS, sIKa BUKOPHC-
TOBYBAaJIacsl JJIsi CTBOPEHHS 3a-
crocyBaHb android, BoHa mae

Iy’Ke BEJIMKY criibHOTY [3]

Ockinbku Kotlin 1e
HOBa MOBA TPOTpa-
MYyBaHHS, TO CIILIb-

HOTA B HE1 JyKE Maja

[3]

Ockinpku Xamarin He
KOPHUCTYETHCS BEIIH-
KOO TOMYJISIPHICTIO
cepell po3pOOHUKIB
android, criabHOTA

TCXK MaJia
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[Tponorxenus Tabnuii 4.1

Jnst po3poOku moTpiOHO 3Ha-

TH JIVIIIC HATUBHI 3ac00U PO3-

poOkwm [1]

Takox moTpioHO 3Ha-
TH JIWIIIC HATHUBHI 3a-

cobu po3podku [1]

OxpiM CTaHIapPTHUX 3a-
co0iB po3poOKHu
Xamarin nmoTpioHo 11e
JI0JTaTKOBO 3HATH HATH-
BHI 3aC00HM pO3pOOKH
JUIS BCiX T1aTdopm, sKi

BUKOPHUCTOBYIOTHCS [ 1]

Moxe BUKOPHCTOBYBATHUCH

JIUIIE 11 MOOLJIBHUX 3aCTO-

CyBaHb Ha 0a31 onepauiifHoi

cucrtemu android

Moxe BUKOPHUCTOBY-
BATHCh JIMIIIE JIJISI
MOOITBHUX 3aCTOCY-
BaHb Ha 0a3i ornepa-
IIAHOI CUCTEMU

android.

€ kpoc-marpopmMeHuM
3aco00M, TOMY Mae CIii-
JbHY O13HEC-JIOTIKY JJIs
MOOUIBHHX 3aCTOCYBaHb
Ha 0a3l onepaniifHux

cucreM: android, IOS Ta

Windows Phone [4]

3acTOCyBaHHS € JIyKe mpoc-

TUMH Ta KOMITAKTHUMH [3]

3acTocyBaHHS 3 TOY-
KH 30pY ITPOCTOTH Ta
KOMITaKTHOCTI I1OC-

TynaroTbes Java [3]

3acToCyBaHHS 3 TOUKH
30py MPOCTOTH T2 KOM-
MAKTHOCTI MOCTYMAOTh-

cst Java ta Kotlin [1]

Jlnst 30epiranHs naHux s oopas 0a3y nanux Firebase Realtime Database, 1e

0a3a naHux, po3mimieHa y xmapi. Jlani 30epiratrotbest 9k JSON 1 CHHXpOHI3YIOThCS

B pEAIbHOMY Yaci 3 KOXKHHUM IMIKITIOYeHUM KJIieHTOM. OCHOBHOIO TEPEBAror0 JIJis

MEHE CTaJlo Te€, IO Iel cepBiC OE3KOINTOBHUMN 1 Te, 10 HE3aJeXKHO BIJ TOrO Ha

AKIW omeparfiiiHiii cucTeMi MpartoloTh KIEHTH — BOHH yC1 MAlOTh CIIPaBy 3 OJTHUM

1 THM CaMHUM CXOBHIIEM JaHHUX.

PosrnsitHemo ocHoBHI niepeBaru Firebase Realtime Database:
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3amicth BukopuctanHs HTTP 3anutiB 6a3za nanux Firebase Realtime
Database BUKOPHUCTOBY€E CHHXPOHI3AIlII0 TAHUX - KOKEH pa3, KOJU JaHi
3MIHIOIOTHCS, OyAb-SIKUN TIKITIOUCHUA TTPUCTPIA OTPUMYE TI€ OHOBJICH-
HS TIPOTATOM MuTiCeKyHA. [ Mo€i 3aadi MBUAKOTO OOMIHY JTaHUMHU
M1 KEPIBHUKOM Ta MEPEBI3ZHUKOM IIe¥ BapiaHT HAWKpaIIuii;

0a3a mpailtoe HaBiTh Y odaiin pexxumi, ToMy 110 BOHa 30epirae JaHi
Ha JUCKY, TOOTO Ha BUMAJOK, SKIIO KJIIEHT BTPaTHB 3’€THAHHS 0a3a He
3YIUHUTH CBOIO POOOTY, a MICisA BIIHOBIEHHS 3’€IHAHHS KIIEHT OTPH-
Mae Oyab-siKi 3MIHU, SIKI BiIOyJIHCS, MOKU BiH OyB y odJaliH pexuMi,
TOOTO BIH MOBHICTIO CUHXPOHI3YETHCS 3 IOTOYHUM CTAaHOM CEPBEPA;
HIBUJKICTh POOOTH — 3a paXyHOK IMOCTIHHOT CHHXPOHI3AIll 3 CEpBEPOM,
JIaH1 3HAXOJIATHCS Y JIOKAIBHOMY CXOBHIII, @ TOMY HE BUTPAYa€ThCS Yac

Ha BUKOHAHHS 3aITMTIB.

I3 HepomikiB Jyisi cebe MOXKY BUAUIMTH JIUIIE T€, 110 S 3BUK IPAIOBaTH 3

pGHHHiﬁHHMH 6a3aMI/I, AC OIICPYBATH JAHWMH 3HAYHO JICTTIIC.

Bumoru 10 TeXHiYHOI0 3a0e31eYeHH

Jlane 3acTocyBaHHSI peaii3oBaHe [Jisi MOOUIBHOI OIepaliiHol CHCTEMU

android Bepcii Big 5.0, oTKe 3 AOCBiIy BHKOPHUCTAHHS MOOIUIBHUX ICBAMCIB s

KOPUCTYBaHHS 3aCTOCYBaHHSAM MOTPiOEH TeaedOH 3 TAKUMH XapaKTEPUCTUKAMU:

— 00’eM orepaTuBHOI ITaM’ATi Bif 2 10;

nporiecop notyxHictio Big 1.6 I'TTI 4 snpa;
00’eM BUIBHOI mam’g11 B1x 100 MO;
ornepaniiina cuctema Android 5.0 i Buie;

00O0B'S3K0OBE MIIKJIIFOUYCHHS 10 MEPEKI IHTEPHET.

4.3  ApxitekTypa nmporpaMHoro 3ade3nedyeHHsi

ApXITeKTypa MpOorpaMHOTO 3a0€3MeUeHHS CUCTEMH 300paky€e OpraHi3alliio
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ab0 CTPYKTYpYy CHCTEMHM 1 HaJla€ MOSICHEHH 1010 11 moBeAiHku. Cucrema sBisie
co0oro Habip KOMIIOHEHTIB, sIKI BUKOHYIOTh MEeBHY (pyHKIi0 abo Habip QyHKIIIH.
[HmIMIME crmoBaMHM, apXiTEKTypa MPOrpamMHOTro 3ade3reueHHs 3a0e3nedye MilHuN
byHIaMEeHT, Ha IKOMY MO>KHa OyAyBaTH MporpaMHe 3a0e3neYeHHs.

JIyist maHoTO 3acTOCYBaHHS Oyja oOpaHa XMapHa apXiTeKTypa, 3 06a3010 Ja-
HUX Y PEXHUMI pealibHOTrO yacy. ba3za naHux 3HaxoIUThCS B XMapi, Ta BCl MPUCTPOI,
AK1 T €aHaH] 10 Hel TMOCTIHHO CHHXPOHI3YIOThCS, OyJIb — sKi Jii KOpHCTyBaua
MOB’s13aH1 31 3MIHOIO JAHUX OJIpa3y K OHOBIIOIOTH JaHI Y IHIIMX KOPUCTYBadyiB.
OCK1UIbKM BUKOPHUCTOBYIOTHCSI XMapHI TEXHOJIOT1i, TO HEMA€ >KOHOT HEOOX1THOCTI
y cepBepax. Takox XMapHi TEXHOJIOTIT HaAal0Th MOKJIMBICTh JAOCTYITY /10 OJHIET 1
Ti€T )k 0a3u JTaHUX KOPUCTyBayaM, SKi BUKOPUCTOBYIOTH JI€Baiic Ha aOCOJIOTHO

pi3aux maatdopmax. Ha pucynky 4.1 300pakeHO MO/IeNIb XMapHOi apXiTEeKTYpH.

KnieHT . KnieHt
Basa gaHux y xmapi

Pucynox 4.1 — Mogenb xMapHOT apXiTEKTypH

43.1.1 Miarpama kJacis

Jliarpamu Kj1aciB € OCHOBOIO 00'€KTHO-OPIEHTOBAHOI'O aHAII3y Ta MPOEKTY-
BaHHs. /[[larpamu KjaciB MOKa3yrOTh KJIACH CUCTEMH, iX B3a€EMO3B'S3KU (BKIIIOYA-
I0YM YCIAJKyBaHHSI, arperaifito Ta acoIlialfito), a TaKoXK METOJIA Ta TOJI KJaciB.
JliarpamMu KJ1aciB BUKOPUCTOBYIOTHCS AJII HAMPI3SHOMAHITHIIIMX L1JIEH, BKIIIOYALO-
YU SK KOHIIENTYyaJbHE/TOMEHHE MOJCITIOBAHHS, TaK 1 JeTaibHE MOJCITIOBAHHS

IIPOEKTIB.
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B nanomy po3aini Oysio CTBOPEHO CXeMy CTPYKTYPHY KJIAciB, SIKa YaCTKOBO
peatizye JeKuIbKa MabIoHIB MPOEKTYyBaHHS, PO3TIITHEMO iX.

FactoryMethod — mopomxyrounii mabIoH TPOEKTYBaHHS, 3a/adya SKOTO
CTBOPIOBATH 00’ €KTH PI3HUX KJIACIB B 3AJICKHOCTI BiJI TOBEIIHKH MPOrpaMu OJHUM
METOJIOM, y HAIIOMYy BHIAJIKy IIei 1mabnoH peanizoBanuil y kinaci MapController,
metoxa getMapController(User): MapController B 3aj1e)KHOCTI BiJi TUIY KOPHCTY-
Baya, KM € apryMEHTOM IIhOT0 METOJy, MeTa peaii3allii 1[boro mabJoHy — po3-
iUty QYHKITIOHAT Mali MK KEPIBHUKOM Ta MEPEBI3HUKOM.

MVC (Model — View- Controller) — e apxiTeKTypHHi 11a0J0H MPOEKTY-
BaHHS, OCHOBHA 1/Ied SKOTO MOJSATae y PO3JUJICHHI JIOTikU mporpamu. IIporpama
MOAUISIETHCS HA Takl 3 YaCTHHU:

— model — xnac, sikuii BiANOBigae MOAEI JaHUX, 3 SIKOIO IIPOBOISATHCS Pi3-

H1 oreparii B X011 poOOTH IPOrpamu;
— View — kjac, KW BIIIOBiJa€e 3a Bi3yalli3allilo JaHUX, SKi MICTATBCS y
MOJEI;

— controller — xnac, sxuit nie Ha Model i Ha View, BiH KOHTPOJIIOE MOTIK

nmauux Model 1 oHoBIIOE View.

VY namii mogeni mabaon MVC Oyro peai3oBaHO YaCTUHOIO KJIACIB, SIKI Bi-
JIMOB1/IAIOTh 3a Mamy, B poJji ysBJICHHS BUCTymHae kiac MapView, y poni Mozeni
BHCTYIae kiaac MapState, y po:i kortposiepa — MapController.

Repository — 1ra6ion, 3aBaHHs IKOTo abCTparyBaTH, OCHOBHY JIOTIKY MPO-
rpaMHu BiJ oreparliii 3 6a3010 JaHUX, Ta OYyTH €IMHOIO JJAHKOI M)XK OCHOBHOIO JIO-
riKOI0 IporpaMu, Ta 6a3010 JaHUX. Y HAIIOMY BHUIIAJIKy IIa0JIOH PEIO3UTOPIN pea-
Ji3oBaHuil KimacoMm Repository, BiH oapasy 3unTye y Kelr 3 0a3u JaHUX K KOPHC-
TyBayiB, TaK 1 yC1 MapuIpyTH, 1110 JO3BOJSE Ty>Ke MPOCTO MPOBOJUTH pI3HI onepa-
mii 3 JTaHUMHU.

Cxema CTpyKTypHa KJIaciB HaBeJleHa Y rpadiyHOMY MaTepiali.

ApK.
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4.3.2 Jliarpama mocJjigoBHOCTI

Jliarpama mocIiJOBHOCTI - T1€ JiarpaMa B3a€MOIii, Ka JETaIbHO OIHUCYE, SIK
BUKOHYIOThCSI omepatlii. Bonn ¢ikcyioTh B3aeMoi0 Mik 00'€KTaMH B KOHTEKCTI
cripopari. Jliarpama MmociaioBHOCTI € (OKycOM Yacy, 1 BOHa IOKa3ye MOPSIOK
B3a€MO/I1 Bi3yalbHO, BUKOPUCTOBYIOUM BEPTUKAJIbHY BiCh Alarpamu i IpeacTa-
BJICHHS Yacy, SIK1 IOBIJOMJICHHS Ha/ICUJIAIOThCS 1 KOJIU.

Ha cxemi cTpyKTypHiii MOCIIIOBHOCTI 300paykKeHUH MTPOIIEC HAJICUIIaHHS Ma-
pIIPYTY MEPEBI3HUKY, Ta MPOIIEC BIACIIIKOBYBAHHS KEPIBHUKOM MOTOYHOTO MiCIIS
MIOJIO’KEHHS NIEPEBI3HUKA.

Haacunanus mMapuipyTy NMepeBI3HUKY 3A1MCHIOETBCS 3alMCOM I[LOTO MapIil-
pyTy y 0a3y AaHMX Ta IPUB’A3YBAHHSAM JI0 HHOTO NepeBi3HUKa. OTpUMaHHs Maplil-
PYTY MEPEBI3HUKOM 3/11MCHIOETHCS 3UNTYBaHHIM 3 0a3u MapIIpyTy J10 SIKOTO BiH
npuB’si3aHuil. B1ACIiIKOBYBaHHS IOTOYHOT'O MICIISl 3HAXO/I)KEHHS MTEPEBI3HUKA
3JIACHIOETHCS 3UNTYBAHHSIM 3 0a3u JaHUX MOTOYHUX KOOPJIMHAT NMEPEBI3HUKA HA
Marll, Kl 3 IePIOJUYHICTIO MEePE3aNUCYOThCs A0 0a3M JaHMX 1 Tak BiAOyBaeThCA
JI0 TUX TIip, TOKK KEPIBHUK HE 3aBEPIIUTH MEPEBE3CHHS HATUCHEHHSM Ha KHOIKY
«3aBepmuTH niepeBe3eHHs». Cxema CTPYKTypHa MOCIIIOBHOCTI HaBeIeHa y rpadi-

YHOMY Matepiaii.
4.3.3 Jliarpama KOMIIOHEHTIB

JliarpamMu KOMITOHEHTIB BiJIPI3HSIOTHCS 32 XapaKTepoM 1 MmoBeiHKo. Jliar-
paMu KOMIIOHEHTIB BUKOPUCTOBYIOTHCS JIJIs MOJEIIOBAHHS (DI3MYHUX ACTIEKTIB CH-
cremu. DI3UYHUME aCTIEKTaAMU € TaKi €JIEMEHTH, K BUKOHYBaH1 ¢aiiiau, 61061i0Te-
K4, (paiiu, JOKYMEHTH 1 T.J., IK1 3HaXOASATHCS B BY3JI1.

KoMroHeHTH1 aiarpaMu BUKOPUCTOBYIOThCS JIJIsl Bi3yasi3allii oprasizaiii Ta
BIJIHOCUH MDK KOMIIOHEHTaMu cucTeMu. [li miarpamu Takok BUKOPHUCTOBYIOTHCS

AJIs1 CTBOPCHHA BUKOHYBAHUX CUCTCM.
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TA€THCA 3 4-X KOMIIOHEHTIB:

OpakeH1 Ha CXeM1 CTPYKTYpHIil KJaciB.

SK MH MOXKEMO HO63.‘II/ITI/I, IIOTOYHA CXCMa CTPYKTYpHa KOMITOHEHTIB CKJIa-

rpadiunuil iHTEpQeEic KOpUCTyBaya - B3aEMOJIE 3 OCHOBHOIO JIOTIKOIO

IporpaMH 3a JIOIOMOIror Apl KOpHCTyBaya, BIAMOBIAaIbHA 3a BigoOpa-

YKEHHsI KOPUCTYBauy JTaHUX;

Jorika o0uYnciieHb - 6epe Ha ceOe KypeBaHHs yCIM MPOEKTOM, BOHA B3a-

eMOJIi€ 3 cepBicaM google maps, 3a 1ormomMororw google maps Api Ta B3a-

€MOJII€ 3 XMapHUM cepBicoM 0a3m maHux 3a qonoMororo Firebase Api;

XMapHHUM cepBic 0a3u TaHUX — XMapHUM CEpBIC, Yepe3 KU BIIOYBA€Th-

csl B3aeMoJis 3 0a3010 JaHUX, Ka PO3rOPHYTA y XMapi, BIANOBIAIbHAN

3a TIEPEMIIIEHHSI TaHUX MiX JIOT1KOI0 00UYHCIIeHb Ta XMapolo;

penadi iHpopMallii Ha MaIry.

4.3.4 Cnenudikanis pyHkuii

CxeMa cTpyKTypHa KOMIIOHEHTIB HaBe/IeHa y rpadiuHOMy MaTepialil.

CEpBIC MamM — CepBiC Mar , sSIKWW BIJMOBIATLHUN 32 OTPUMAHHS Ta Iie-

Jlns naHoi mpeaMeTHO1 o0JiacTi 0yJIo CTBOPEHO METOIU JJIsSl KJaciB, SK1 30-

B Tabmmigx 4.2 - 4.12 MoxHa TOOQYUTH ONMHUC BIIKPUTHX METOJIB KJaciB,

K1 OyJM CTBOpEH1 JUIsl peaii3allii JaHOTO AUIUIOMHOTO MpoekTy. Omuc mMae Taky

CTPYKTYpPY:

Ha3Ba METOJY;

OIMMC ITPU3HAYCHHA MCTOY,

MepEeITiK apTyMEHTIB, K1 METOJ] IPUIMAE Ha BXO/I, SIKIIIO BOHU €;

OIKC BX1IHUX apTyMEHTIB METOY.
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Ta6nung 4.2 — Meroau kiacy MapView

Meton

Onuc metoay

decodePath

Po3ko0By€e MO0y 10BaHMIA MApIIPYT y TUI JAHUX, [Tl 3PYIHOI PO-
6otu 3 Manoro. Cam MapuipyT 30epiraeTbCs y mosii mporo kiacy data

encodePath

piraHHs y CXOBHIILY TJaHHUX

3ako10By€e MOOYJOBaHUM MapIIpyT y TUM AaHUX, JIJIs1 3pyYHOTO 30€-

Tabmuis 4.3 — Meroau knacy MapController

Meton Onuc metoay [Tapamerp | Onuc mapamerpy
BigoOpaxae mamy 1151 KOpu-
showMap 8 p e P - —
CTyBayiB
. [ToBepTae 3HaUEHHS MTOTOY-
getPosition P . - —
HOT'O MICIISl MapKepa
[ToBepTae ek3eMIUTAp Kiacy
. Exzemruisip Oyb-
DirectorMapController uu PoyA
. SIKOTO KJ1acy,
getMapController | DriverMapController B user y

3BJICKHOCTI BiJl BXITHUX ap-
I'YMEHTIB

SIKUHA HACIIye
kiac User

Ta6nuns 4.4 — Meroau kiacy DirectorMapController

Meton

Onuc Metony

[Tapamerp

Onuc napametpy

buildRoute

Bynye Tta ontumizye mapii-
PYT 3a TOYKaMH BKa3aHUMH Y
noui resultRoute nporo x
KJIacy, pe3yjbTarT MOBEPTAE y
1€ K CaMe I10JIe

addMarker

Jlonae mapkep Ha mary, Ta
3aIlUCYy€ UOr0 KOOPAUHATHU Y
IIOJIE LILOTO XK KJIacy
resultRoute

dot

Ex3emiuisap kna-
cy Dot — Touka
bOTO MapKepa
Ha Marti

3MH.

ADPK. Ne dokym.

lMionuc |dama

Al 1C-5206.1181-c.13

ApK.

40




ELIO-L8LL°902S-OI U7

[Tponorxenus Tabdnuii 4.4

MeTtox Omnuc meroay [Tapamerp | Omuc mapameTpy
Ex3emMruisip kna-
cy Dot — Touka,

removeMarker dot Y .

Bunanse mapkep 3 mamnu, Ta SIKy HEOOX1THO
moJig resultRoute BUIAIUTH
. YuciioBui 11eH-
.| Hagcumae moOynoBanmit Ke- )
sendRouteToDri | . . . TU(IKATOP KOPH-
PIBHHUKOM MapIupyT nepesiz- | id
ver CTyBaua - Iiepe-
HUKY .
Bi3HHUKA
) YucioBui 11eH-
BinoOpakae koopIMHATH, B )
. ) . TU(DIKATOp KOpH-

showDriver SKUX 3HaXOIUThCS mepeBi3- | id

] CTyBaua - iepe-
HHK Ha Marl .
Bi3HUKA

Tabmuns 4.5 — Meroau kiacy DriverMapController

Meton

Onuc mMetoay

showMap

BinoOpaxkae mamy 3 MapiipyToM JUisl IEpEeBI3HUKA

Ta6nuns 4.6 — Meroau kiacy RouteBuilder

Merton Onuc metony [TapameTp | Onmc napametpy
bynye nouarkoBuii Mapuipyr, Ex3emiuisap knacy
10 TOYKaM, SIKl IPUXOJATH 13 Route — Buctynae
) ImapaMeTpiB, Ta ONITUMI3YE HOTO 0J11 KOJIEKIIT
buildRoute P P Y route yP

TOYOK, 32 IKUMHU
noTpioHO OyayBa-
TH MapIpyT
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Ta6mug 4.7 — Meroau kiacy NearestNeighborAlgorithm

Meron Onuc metony [TapameTp Onuc napametpy
bynye nouatkoBui Ex3zemMmuisip knacy
MapupyT, [0 TOUYKaM, Route — Buctymnae
SIK1 IPUXOISTH 13 T1a- 0J11 KOJIEKINT
exec P route yP

paMeTpiB, peasTizyroun
aNTOPUTM HAMOIMK-
4oro cycina

TOYOK, 3a IKUMH
noTpiOHO Oymy-
BaTH MapIipyT

Tabmums 4.8 — Meroau kitacy ThreeOptAlgorithm

Merton Onuc metony [Tapamerp Onuc mapameTpy
[Ipuiimae Ha BX1j MO- Ex3emrutap knacy
YaTKOBUI MapuipyT, Route — Buctynae
noOyJ0BaHUM anropu- y poJIi MOYaTKOBO

optimize TMOM HaWOIMKYIOTO route o0y 10BaHOTO
cycizia, Ta ONTUMI3YE MapupyTy
HOr0 BUKOPUCTOBYIO-
gy 3-Opt aropuTm.

Tabmuus 4.9 — Metonu kinacy TwoOptAlgorithm

Merton Onuc metony [Tapamerp Onuc mapameTpy
[Tpuiimae Ha BXif MO- Ex3zemmusip knacy
YaTKOBUW MapuipyT, Route — Bucrtynae
noOyJ0BaHUI alropu- y poJIl NOYaTKOBO

optimize TMOM HaHOJIMKYIOTO route moOy10BaHOTO
cycizia, Ta ONTUMI3Y€E MapuipyTy

HOro BUKOPUCTOBYIO-
gy 2-Opt anropuTm.
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Ta6muis 4.10 — Metoau kiacy Repository

Merton Onuc merony [Tapamerp | Onuc mapamerpy
3uurye iHpOpMAIIiIO TPO
retrieveUsers yC1X KOPUCTYBayiB MidI- B B
pueMCTBa 3 0a3u JaHUX Y
KeTIl
34UTy€e MapUIPyTH YucnoBuii  i1eH-
retrieveRoute OB’ s13aHi 3 KopuctyBa- | idUser TU(dIKaTOp KOpHC-
yeM 3 0a3u JaHuX y Kell TyBaya
Peectpye y cuctemi HO- Exzemmuisp kiacy
BOTO KOpUCTyBaua, 3aIu- User, BUcTynae y
CYIOYH BCl MOro J1aHl y poOJII IIpEeICTaB-
addUser 0a3zy JaHuX user JICHHS BCi€el iHpo-
pMallii KOpucTyBa-
4a B ONEpPaTUBHIN
nam’siTi
Hancunae mapuipyr rmie- Yucnosuii i/1eH-
PEBI3HUKY ILIIXOM TU(IKaTOp KOpHUC-
sendRoute IpHB’sI3yBaHHA 710 HBOTO | idUser TyBaya
nepeBi3HUKa y 0as3i 1a-
HUX
Bunanse akkayHT Kopuc- YucnoBuii i/1eH-
deleteUser TyBaua 3 0a3u JaHUX idUser TU(hIKATOP KOPHC-
TyBaJa
3unTye 3 Kema, abo 6a3u Jlorin xopuctyBa-
getUser JTAaHUX YCIO in)ovaaui}o login ya
KOpPHUCTYyBaya, 3a HOro
JIOTIHOM
Exzemruissp knacy
deleteRoute Bunanenus mapuipyty 3 route ROU'[E? — ycq 1Hpo-
0a3u gaHux pMarig npo Mapui-
pyT
ApK.
_ [ 1C-5206.1181-¢.M13 3
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Ta6mums 4.11 — Metoau knacy FirebaseDatabase

Meton

Onuc merony [Tapamerp | Onuc napameTpy

getinstance

[ToBepTae ex3eMIUIsIp KiIacy

FirebaseDatabase, g Mox-
JUBOCTI MpaloBaTH 3 623010
JaHUX y XMapi

getReference

IloBeprae nocuiianHs Ha nsax o 6a3um na-
00’€eKT 6a3u JaHUX y XMapi HUX y XMapi
3a il aapecoro, I MOXKIIH- path

BOCTI B3a€EMOISITH 3 043010
TAHUX

Tabmuus 4.12 — Metoau kinacy DataBaseReference

Meron Onmc meTony [TapameTp | Onuc napamerpy
CtBoOpro€ 3amuT 10 0a3u na- Psnok — Ha3Ba Ha-
orderByChild | aux y xmapi, 3a1ae nopsgok | child CJIITHUKA y i€papxi-
COpPTYBaHHS YHOMY CITUCKY bJ[
CTBOpIOE YM JOMOBHIOE 3a- Cy06naHi noJsi, mo-
IUT A0 0a3u JaHuX y XMapi, YaTKOBA YaCTUHA, 32
startAt 3ajae GinpTp Ha mouyarkoBe | childStart | Tumom manux m0Bi-
3HAYEHHS MOJIS 3 KOJEKII y JTHHUN 00’ €KT
0a3i JaHux
CTBOpIOE UM IOMOBHIOE 3a- Cy0Onani mosi, KiH-
nuT 10 0a3u JaHuX y XMapi, 1I€Ba YaCTUHA, 32
endAt 3amae (UTBTP Ha KIHIICBE childEnd | Tumom maHux A0Bi-
3HAQYEHHS MOJIS 3 KOJISKI y JILHUM 00’ €KT
0a3i JaHux
3anucaTv HOB1 Y OHOBJICHI [Tocunanus Ha
naHi y 6a3y JaHUX y Xmapi dbRef 00’exT 0a3m TaHuX
y XMapi
setValue ITomist criosimiena,

) KOJIM oIieparis -
listener P A
TBEPKCHA CepBe-

poM 0a3u TaHuX

Al 1C-5206.1181-c.13
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[Tponorxenus Tabnuii 4.12

MeTton Omnwuc meroay [Tapamerp | Onuc mapameTpy
3amucaTy OHOBJICHI JIaHi B CHOBHHUK, KJTFOUEM
JIesK1 1o y 0a31 JaHuX Ha y SIKOMY € Ha3Ba
updateChildren | xmapi dictionary | mosis1, a 3HaYCHHAM
HOBE 3HAYEHHS
IIHOTO TTOJIS
Bunanutu gani 3 6a3u JaHux [Tocunanus Ha
y XMapi dbRef 00’eKT 0a3u JaHuX
y Xmapi
removeValue ITomist crioBiieHa,

: KOJIU oTiepanis Ii-
listener
ATBEpIKEHA cep-

BEpOM 0asu JaHuX

BucHoBoOK 10 po3aiiay

Y upoMy po3auii Oy MOPIBHSHI Ta OMHUCAHI 3aCO00M PO3pOOKHU, K1 OyIn
BUKOPHUCTaHI JUIsl peatizallii 3aCTOCYBaHHS 3 MIATPUMKH JIOTICTUYHOI MISUTBHOCTI
MaJuX MiMPUEMCTB.

Busnaueni BUMOTH 0 TEXHIYHOTO 3a0€3MEeUeHHS, HEOOX1AHOTO JIJIsl KOPEKT-
HOTO (h)YHKIIIOHYBAaHHS 3aCTOCYBAaHHSI.

[IpeacraBnena apxiTeKTypa MPOTPaMHOTO 3a0€3MEUCHHS, Y JAHOMY BHUIAAKy
KIIIEHT-CEPBEP 3 BUKOPUCTAHHSIM XMapHUX TEXHOJIOTIH.

HaBeneno neranbHuii onmuc CXeMU CTPYKTYPHOI KJIACIB Ta CXEMH CTPYKTYp-
HO1 TOCIOBHOCTI, IO JIEMOHCTPYIOTh HasiBHI B 3aCTOCYBaHHI KJIaCH Ta MOPSJIOK
iX B3aeMO/Iii 13 023010 TaHUX Ta KOPUCTYBAUYEM.

3a JI0MOMOTOI0 CXeMH CTPYKTYPHOI KOMIIOHEHTIB MOKa3aHe po30UTTS Mpo-
IpaMHOI YaCTHMHM 3aCTOCYBAaHHS HAa CTPYKTYpPHI KOMITOHEHTH Ta iX 3aJICKHICTh
OJIMH 3 OJHUM.

Hagenena crneuudikariist METO/IB, iK1 Oy BUKOPUCTAaH1 y 3aCTOCYBaHHI.

ApK.
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5 TEXHOJOITYHHUA PO3LI
5.1 KepiBHUITBO KOpPHCTYBa4ya

[Ipu BIAKPHUTTI 3aCTOCYBaHHS KOPUCTYBau MOTPAILISE HA CTOPIHKY aBTOPH-
3arlii, e BiH 6a4uTh GopMy JIJIs 3aIIOBHEHHS JIOT1HY Ta MapoJis, a TAKOXK JIB1 KHOII-
ku «Bxim» ta «Peectparttisy, sIKIIO KOPUCTYBad BXKE 3apEECTPOBAHMIMA, TO BIH MOXKE
aBTOPU3YBATHUCS BBIBIIM JIOT1H, 1aPOJIb Ta HATUCHYBIIN KHONIKY «BXimy».

SIKII0 KOpUCTYBad HE 3apeeCcTPOBAHUM Y CUCTEMI — BIH MA€ 3apeecTpyBaTU-
Csl, HATUCHYBIIIM Ha KHOMKY «Peectpartisi». HatucHyBIM Ha 1110 KHOIIKY KOPHUCTY-
Bay MOTPANUTh HA CTOPIHKY peecTpallii, ie oMy OyJie HEOOX1HO 3aIIOBHUTH OCO-
OMCTI JaHI.

[Ticast aBTOpM3allii KOPUCTYBAU MOTPAIUIiE Ha CTOPIHKY TOJIOBHOTO MEHIO,
I CTOpIHKAa Ma€ PI3HMMA BUTIISA IS PI3HUX THUIMIB KopucTyBadiB. Ha ronoBHii
CTOpIHLII MTEPEBI3HUKA MOMIJIUBO JIMIIE NEPEUTH 10 TEPETIISAY MAIlH 3 MapIIPyTOM,
a Ha TOJIOBHIN CTOPIHII KEPIBHUKA MOXJIMBO MEPEUTH 10 CTOPIHKU MOOYAO0BH Ma-
puipyTa, IEPEUTH A0 CTOPIHKU pelaryBaHHs MEPEBI3HUKIB, Ta MEPEHUTH JO CTOPIH-
KU KOHTPOJTIO TOTPUMaHHS MapIipyTa.

31 CTOPIHKH TOJIOBHOT'O MEHIO KEPIBHUK MOXE TIEPEHTH 10 CTOPIHKHU peaary-
BaHHS MEPEBI3HUKIB, TaM BIH MOKE JI0JaBaTH, YU 3BIILHATH HOBUX MEPEBI3HUKIB.

HactymHoro 10CTymHOIO KEPIBHUKY JI€I0 € TIEPeXiJl 40 CTOPIHKU MOOYA0BH
MapHIpyTiB, Ha 1[I CTOPIHII KEPIBHUK MOXKE MOOYIyBaTH MapIIpyT Ha Mari, JJis
OT0 WOMYy HEOOXITHO BIIMITUTH TOYKH MapLIPyTy Ha Marli, JJisi TOro moo mo-
CTaBUTU TOYKY, HOMY MPOCTO HEOOXITHO OOpaTH Ta 3aTpUMaTH TOYKY Ha Mari,
TICJIS YOTO Ha M1k TOYIll 3'IBUTHCS MapKep.

Jlist moOynoBU MapuipyTa micis TOro, sk KOPUCTyBad 00paB yci HEOOX1/IHi
HOMYy TOYKM MapuipyTa — HOMYy HEOOXiJIHO HATUCHYTH Ha KHOMKY 3 MAaJTIOHKOM
TaifkoBOTO KJII0Ya, SIKa 3HAXOJUTHCS Y HUKHBOMY JIIBOMY KYTi, MiCJsl HATUCKAHHSA

Ha 1[I0 KHOTIKY 3HUKHYTh yC1 MapKepH, Ta BiIOOPA3UTHCS MapIIPYT.
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Taxox mpu moOyI0BI MapIIPYTy KEPIBHUK MOKE KOPUCTYBATHCS MOITYKOM
Ha Marli, Iy O 3pYYHOTO MPOKIATaHHI MapIIPYTIB, A1 IBOTO HOMY HE00-
X1IHO TIPOCTO HAOpaTH y BEPXHBOMY IOJI1 TIOLIYKY JaHi1 PO HEOOX1THY JOKAIIIIO.

Hacrtymnna 1 octanHs QyHKIIiS, sSKa JOCTYIHA KEPIBHUKY — 116 KOHTPOJb J0-
TpUMaHHA MapuipyTy. [lepeiioBim 3 TOTOBHOTO MEHIO 10 1i€l PYHKIIT KOPUCTY-
Bauy HEOOXIJTHO CHepIry oOpaTH IMEpeBi3HMKA, SKOTO BiH Oaka€ KOHTPOJIIOBATH.
[Ticns BuOOpy mepeBi3HUKA 31 CIKMCKY BIH MOTpAIuIse Ha CTOPIHKY 3 MaIrlolo, Ha
K1 300pakeHni MapIIpyT, Ta MOTOYHE MICIIE MOJOKEHHs nepeBi3HuKa. [loToune
MICLIE TOJIOKEHHS MEepPEeBI3HUKAa Ha MapUIpyTi MPEJCTABICHE MapKepOM CHHBOIO
KOJIbOPY.

CropiHKM aBTOpHU3allli KOpPUCTyBaya, peecTpaiii KOpUCTyBaya, I'OJIOBHOIO
MEHIO KOPUCTYBaua, pefaryBaHHs MEepPEeBI3HUKIB, MaMu JJIsl TOOY0BU MapHIPYTy 3
MOITYKOBUM PSIKOM, Malu Ui MOOYAOBA MapuipyTy 3 MapKepaMmu, Mo SKUM Oy-
Jy€TbCSI MapIIPyT, CTOPIHKA MaIu JUisi TOOYI0BU MapUIpyTy 3 MPOKIAJICHUM Ma-
pPIIPYTOM, Mamu JIsl KOHTPOJIIO JTOTPUMAHHS MapIIpyTy 3 MiCLIeM 3HAXOKECHHS

NepeBI3HUKA HaBEJIeH1 y rpadiyHOMY MaTtepiall.
5.2 BunpoOyBaHHSI IPOrPaMHOI0 MPOAYKTY

VY 1poMy migpo3auTl HAaBEJEHO OMUC TECTOBUX CLEHApIiB JUIsl MEPEBIPKU Bi-
JIMOBITHOCTI 3aCTOCYBaHHS (DYHKIIIOHAJILHUM BUMOTaM, MIPEACTABICHUM y TEXHIU-

HOMY 3aBJaHHI.
5.2.1 Mera BunpooyBaHb

Meroto BuUnpoOyBaHb € TepeBIpKa MPABUILHOCTI TOOYAOBH MapIipyTy,
nepeBipka (PyHKI[IOHATYy BIACHTIAKOBYBaHHSI JOTPUMAHHS MaplIpyTy Ta MEpeBipKa

BIJIMOBIJTHOCTI (PYHKIIOHATY BUMOTaM TEXHIYHOTO 3aBAaHHSI.
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5.2.2 3arajbHi M0J10:KeHHS
BunpoOyBaHHS MpOBOIATHCSA HA OCHOBI HACTYIMHUX JOKYMEHTIB:

— T'OCT 34.603-92. Indopmariitna TexHozoria. Buau BunpoOyBaHb aB-

TOMATHU30BaAHUX CUCTEM,

— T'OCT PJ 50-34.698-90. ABTOMaTH30BaHI CUCTEMH BUMOT JI0 3MICTYy

JTOKYMEHTIB.
5.2.3 Pe3yabTaTH BUNIPOOYBaHb

B tabmumax 5.1, 5.2, 5.3, 5.4, 5.6 HaBenmeHi TecT-KeWCH JJIi KOHTPOJIIO

BBCIACHH:A IICPCOHAJIBHUX JaHUX KOPpHUCTyBa4da Ta HYHKTiB MapmpyTy.

Tabmuusg 5.1 — TecT peecTpaiiii HOBOTO K€piBHUKA

Oyukiis/ Use Case: Peectparis
Hist: OuikyBaHuUii pe3ysbTarT: Pesynprar
TECTY:

IlepenymoBa

Binkpuiite 1ogaHok Biakpura cTropiHka aBTOpU- | TpOWIEHUMI
3ari

HatucHith Ha kHOTIKY «PeecTpa- Biakpura cropinka peectpa- | mpouleHui

1S il

Kpoku tecty

3anoBHITH hopMy peecTpartii JlaH1 yCcmilIHO BBEEHI npoiiAeHU

Jlorin: «GBV»

[Taposnb: «password»
EnextponHa nomrra:
«bodya301097 @gmail.com»
ITo-6aTpKoBi: «BiTamiioBuy»
Im’s1: «bormany»

[pizBuie: «I'omyOenby»
Tenedon: «+380734169923»
[TinmpuemcTBO: «KPI»

HatucHith kHOTIKY «3apeecTpyBa- | BigkpuTa Ta 1OCTyIMHA BKJIa- | MPONICHMIA
THUCS» JIKa aBTOPHU3allii KOPUCTyBa-
ya
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Tabmurg 5.2 — TecT aBTOpHU3allii KOpHUCTyBaya

Oynkmis/ Use Case: ABTOpHU3AIIIS
Hist: OuikyBaHUI pe3yNbTAT: Pesynprar
TECTY:

ITepenymoBa

Biakpwuiite mogaHok Binkputa cropinka aBTopu- | mponIeHNN
3aii

Kpoku Tecty

3anoBHITH GOopMy aBTOpHU3AILIi JlaH1 ycmiliHO BBE/IEHI npoiaeHu

Jlorin: «GBV»

[Taposib: «password»

HatucHith kHONKY «BXi1» Biakputa cropinka 3 royioB- | mpoiieHui
HUM MEHIO

[TicnstymoBa

HatucHith Ha kKHONIKY «Buxin 3 Biakpura cTtopiHka aBTOpU- | TPOWIEHUI

MpOrpamMm» 3arii

Tabmuusg 5.3 — TecT peecTpaiiii nepeBi3HUKA
Oynkiis/ Use Case: Peectpaiiist nepeBi3HuKa
s OuikyBaHUIl pE3yNbTAT: Pesynbrar
TECTY:

IIepenymoBa

Bigkpuiite mogaHok Binkpura cropiHka aBTOpU- | MPOHISHUMA
3amii

3anoBHITH (GopMy aBTOpH3ALIli JlaH1 ycmiliHO BBEIEHI IPONAECHUI

Jlorin: «GBV»

[Taponn: «passwordy

HaTtucHiTh Ha KHONIKY «BX11» Biakpura cTropiHka 3 royioB- | IpouIeHui
HUM MCHIO

HatucHith Ha kHOTIKY «PenaryBan- | Bigkputa cTopinka pefary- | NpoiaeHuit

HsI TIEPEBI3HUKIBY BaHHS MEPEBI3HUKIB

Kpoku Tecty

HaTucHiTh Ha KHOIIKY 3 puCyHKOM | BigkpuTa cTopiHka peectpa- | npoilneHuit

+ y MpaBoOMy BEPXHbOMY KYTI

11
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[TponorxenHs Tadauii 5.3

Kpoku tecty

3anoBHITH hopMy peecTpartii JlaH1 yCIinIHO BBEICHI npoiaeHu
Jlorin: «Driverly
[Taposb: «password»
EnexTponHa nomira:
«drive@gmail.com»
[To-6aThKOBI: «AHIPIHOBUY»
Im’s: «IleTpo»
[Ipi3Buie: «IBaHOBY
Tenedon: «+380732153952»
[TigmpuemctBo: «KPIy»
HatucHiTh Ha KHOIIKY «3apeecTpy- | Bigkputa cTopiHka pegary- | NpoileHHit
BATU» BaHHS MEPEBI3HUKIB, CEPEl
CIIUCKY NIEPEBI3HUKIB MPUCY-
THI/A OIOMHO 3apeeCTPOBAHUM
MIePEBI3HUK
[TicnstymoBa
HatucHith Ha knaBimy «IloBepHy- | BigkpuTa cTOpiHKa 3 TOJOB- | POIEHHIA
TUCS» HUM MCHIO
Tabmuusg 5.4 — Tect noOy10BU MapuipyTy
Odynkuis/ Use Case: [ToGynoBa mapuipyTy
His: OuikyBaHUI pe3yNbTaT: PesynbraT
TECTY:
IIepenymoBa
Biagkpuiite mogaHok Binkpura cropinka aBTOpU- | MPONISHUMA
3amii
3anoBHITH GopMy aBTOpH3aLIli JlaH1 ycmiliHO BBEEHI PONAECHUN
Jlorin: «GBV»
[Taponn: «passwordy
HaTtucHiTh Ha KHONIKY «BXx11» Biakpura cTopiHka 3 rojioB- | IpouIeHui
HUM MCHIO
HatucHits Ha kHOTIKY «Il0OyayBa- | BigkpuTa cTOpiHKa 3 Mamow | MPOMICHHIA
TH MapHIpyT» JUTsl TOOYIOBU MapIIPYTY
Kpoku Tecty
OO0epiTh TOUKY Ha Marli, Ta 3aTHC- Ha many nonascst mapkep MpOMICHUH

HITH 11 Ha 1 CeKyHIY
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[Tponorxenus Tabdnui 5.4

Kpoku tecty

JlonaiiTe 11e AeKiIbKa MapKepiB Ha mani BigoOpaxxeHo JeKi- | mpoiiaeHui
JbKa MapKepiB

HaTucHiTh Ha KHOTIKY 13 300pa- 3 Manu 3HUKJIA MapKepH, Ta | TpOUIEeHUI

KEHHSIM TalKOBOTO KJII0Ya y JIIBO- | BIAOOpa3UBCs MOOYI0BaHHIA

MYy HUKHBOMY KYTI 32 HUMHU MapuipyT

[TicnsymoBa

Hatucnits Ha knasimry «lloBepuy- | Bigkpura cTopiHKa 3 TOJIOB- | POUICHUIA

THUCS» HUM MEHIO

Tabmuusg 5.5 — TecT HaicUIaHHs MapIIPYTY MEPEBI3HUKY
Oyukiis/ Use Case: [To6ynoBa MapuipyTty
Hist: OuikyBaHuUii pe3ysbTarT: Pesynprar
TECTY:

[TepenymoBa

Binkpuiite 1oaaHoK Biakpura cTopiHka aBTOpU- | TPOWIEHUI
3ari

3anoBHITH GOopMy aBTOpHU3AITIi JlaH1 ycmiliHO BBE/IEHI poiAeHUI

Jlorin: «GBV»

[Taposb: «password»

HatucHiTh Ha KHOTIKY «Bx171% Biakputa cropinka 3 rojioB- | mpoiIeHun
HUM MEHIO

Hatuchits Ha kHOnKy «IloOyayBa- | BigkpuTa cTOpiHKa 3 Manow | NpoiieHHi

TH MapIIpyT» U1 TOOYI0BU MapIIpyTy

OO0epiTh TOUKY Ha Marmi, Ta 3aTic- | Ha mamy nogaBcs Mapkep PONACHUN

HITh ii Ha |1 cexkyHay

Jonaiite 1ie AeKiIbKa MapKepiB Ha marmi BimoOpaskeHo AeKi- | mpoiieHnui
JIbKa MapKepiB

HaTucHiTh Ha KHOTIKY 13 300pa- 3 Manu 3HUKIIM MapKepH, Ta | MPONACHUN

YKEHHSIM TalfKOBOTO KJI0Ya y JIIBO- | BiJOOpa3uBCs MO0y 10BaHUIMA

MY HUKHBOMY KYTI 32 HUMHU MapupyT

Kpoku Tecty

HaTucHiTh Ha KHOIIKY 13 300pa- Biakpura cropinka BuOopy | mpoiiieHui

YKEHHSIM [arepoBOro JITaka y HU- | epeBi3HUKA

KHbOMY NPABOMY KYTI
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[TponorxxeHHs TadauIl 5.5

Kpoku tecty
OO6epith mepeBi3HUKa 3 mpi3BuieM | Ha expani 3’aBHIIOCS TTOBI- npoiaeHui
«IBarOBY, IM’stm «IleTpoy 31 civic- | JOMJICHHS PO YCHINTHE HA-
Ky Ta HAaTUCHITh HA HHOTO CUJIaHHS MapIlIpyTa MepeBi3-
HUKY, BIAKpUJIACsS CTOPIHKA
TOJIOBHOTO MEHIO
HatucHite kHONKY «Buxin 3 nmpo- | Biagkpura cropinka aBTOpu- | MpOHIeHUN
rpamMm» 3ari
3anoBHITH GOopMy aBTOpH3AIIIi JlaH1 ycmilHO BBe/IEHI npoiieHuN
Jlorin: «Driverly
[Taposb: «password»
HatucHiTh Ha KHONIKY «BXx11» Biakpura cTropiHka 3 rojioB- | NpOWIeHUN
HUM MEHIO MEepEeBI3HUKA
HatucHite Ha kHOTIKY «Ilepers- Biakputa cropinka 3 Maror, | mpoiieHui
HYTH MapuIpyT» Ha SIKiil 300pakeHuil Mapii-
pyT NOOYTOBaHUM Ii] JIOTi-
HOM KE€p1BHUKA
[TicnstymoBa
HatucHith Ha knaBimry «IloBepHy- | BigkpuTa cTopiHKa 3 TOJOB- | MPOMICHUIA
TUCS» HUM MEHIO
Tabmuis 5.6 — TecT KOHTPOITIO TOTPUMAHHS MapIIPYTy
Oynkis/ Use Case: KonTpons nepeBe3eHb
Hist: OuikyBaHUI pe3yNbTaT: Pe3ynbTaT
TECTY:
ITepenymoBa
Binkpuiite 1ogaHok Biakpura cTropiHka aBTOpU- | TpOWIEHUN
3ari
3anoBHITH GopMy aBTOpH3AITii JlaH1 yCilIHO BBE/IEHI npoiiAeHu !
Jlorin: «GBV»
[Taposb: «password»
HatucHiTh Ha kHOTIKY «BxX11% Bingkpura cropiHka 3 TOJIOB- | MPOWISHUMA
HUM MCHIO
Hatuchits Ha kHOnKy «IloOyayBa- | BigkpuTa cTOpiHKa 3 Manow | NpoieHuit
TH MapIIpyT» U1 TOOYIOBU MapuIpyTy
OO0epiTh TOUKY Ha Mari, Ta 3aTic- | Ha mamy nogaBcs Mapkep pONACHUI
HITh 11 Ha 1 CeKyHaY
ApK.
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[TponorxxenHs Taduil 5.6

ITepenymoBa
JlonaiiTe 11e AeKinbKa MapKepiB Ha mani BigoOpaxeHo AeKi- | mpoineHui
JbKa MapKepiB
HaTucHiTh Ha KHOIIKY 13 300pa- 3 Manu 3HUKIW MapKepu, Ta | IpoUeHuM
YKEHHSIM TallKOBOT'O KJIIOYa y JIIBO- | B1I0Opa3uBCs MO0y 10BaHUH
MYy HHJKHbOMY KYTI 32 HUMH MapuipyT
HatucHiTe Ha KHOMKY 13 300pa- Bigkpura cropinka BuGopy | nmpoiaeHui
YKEHHSIM TarepoBOro JIiTaka y HA- | IepeBI3HUKA
KHbOMY MPAaBOMY KYTI
OO6epith mepeBi3HUKa 3 mpi3BuIeM | Ha expani 3’aBUIIOCS TTOBI- npoiieHni
«IBanOBY, IM’sim «IleTpo» 31 criic- | JOMJICHHS TIPO YCIIIIIHE HAJl-
Ky Ta HaTUCHITh Ha HbOTO CUJIaHHS MapIlpyTa IepeBi3-
HUKY, BIIKpUJIACs CTOPIHKA
T'OJIOBHOT'O MEHIO
Kpoku Tecty
HatucHite Ha kHOnKy «KoHTpons | Binmkpura cropiHka 3i civc- | IpouaeHui
JIOTPUMAaHHS MapIIPYTy» KOM TIEepPEBI3HUKIB
OO6epiTh nepeBi3HUKA 3 MIpi3BUILEM | Bijkpurta cTopiHKa 3 Maroo, | IponueHu
«IBanoBy, IMm’sam «Iletpoy 31 ciuc- | Ha sIKii 300pakeHUI MapIil-
Ky Ta HATUCHITh HA HHOTO PYT, Ta IOTOYHE MiCIIe 3Ha-
XOJ[PKEHHS MePEBI3HUKA
[TicnssymoBa
HatucHite Ha kiaBimty «IloBepHy- | Binkpurta cTopiHka 3 rojioB- | IpoMaeHUM

THUCSD

HHUM MCHIO

BucHoBoK 10 po3aiiny

B poznini Oyno HaBeAeHO AETallbHY TaONMIIO TECT-KEHCy, sika TMOKPUBAE

(GyHKL10HAT BBEJAEHHS NEPCOHATIBHUX JTAHUX KOPUCTYyBaya, Ta MEPEBIPKY (PYHKII-

OHYBAaHHS CUCTCMU.
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3AT'AJIBHI BUCHOBKHA

VY numuiomHi# poOoTi Oyii0 PO3TISHYTO OCHOBHI 3aAaul JIJIsl ONTHMI3allii po-
00TH MajuX MiJMPUEMCTB, IIUITXOM CTBOPEHHS 3aCTOCYBAHHSI JIJISl TIIATPUMKH JIO-
TICTUYHOT AISTTLHOCTI MaJIUX T1IPUEMCTB.

VY poszain 3aradbHUX MOJIOKEHb Oyno HajgaHo iH(opmalii mpo MmpeaMeTHe
cepenoBuile poootu. Takox OyIo ONMUCAaHO aKTOPIB — KePIBHUKA, MEPEBI3HUKA Ta
ix ynkuii. Bymo mpoBeneHO OIS HasIBHUX aHAJIOTIB, y SIKOMY OYJI0 PO3TJISTHYTO
iX OCHOBHI (DYHKIIii Ta MOKJIMBOCTI 3 BKa3aHHSIM iX HEJIOMIKIB.

VY poszain iHbopmarliiiiHoro 3ade3nedyeHHs OyJo JETalbHO OMHCAaHO CTPY-
KTypY CXOBHIIA JJAHWX, BX1THUX Ta BUX1THUX JaHUX.

VY po3aini mporpamMHOi Ta TEXHIYHOI MIATPUMKH OYJI0 ONMHUCAHO TEXHOJO-TIi,
K1 BUKOPUCTOBYBAJIUCH MPHU PO3po0Ill PyHKITIOHATY 3aCTOCYBaHHs. B sikocTi cxo-
BHUIIa TaHuX Oysi0 oOpaHo xMapHy TexHousorito Firebase Realtime Data Base, in-
CTPYMEHTOM po3po0Ku Oys10 0OpaHO MOBY MporpaMmyBaHHs Java, a 3acoboM po6o-
TH 3 MaramMu 0yso oopano Google maps Api Android Sdk. Jlns nHopmansHOi pobo-
T (pyHKIIOHANTY, OyJI0 HaBEAEHO BUMOTM JO TEXHIYHOTO Ta MPOrpamMHOro 3ades-
MECYCHb.

VY TeXHOJOrIYHOMY pO3/11l OyJ0 HaBEAEHO KEPIBHUUTBO KOPHUCTYyBaua, SIKE
MICTUTD JI€TaNIbHI 1HCTPYKIII KOPUCTYBady MPO Te, K KOPUCTYBATHCH PO3POOIIe-
HUM (QyHKIIOHATOM. Tako OyJI0 omrcaHo METOIM BUIIPOOYBAaHHS HA OCHOBI TeC-
TOBUX CILICHApIiB.

Po3pobnennii ¢dynkmionan «EasyRoute» po3mupuB nesakuil QpyHKIIOHAT
IHIIMX aHAJIOTIB 3aBASKUA MOXJIMBOCTI BIACIIJIKOBYBaHHSI JOTPUMAHHS MaplIpyTy

y PEKUMI PEanbHOro 4yacy.
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class ThreeOptAlgorithm

{
public Route optimize(Route route)
{
float distance = route.getlLength();
for (int i = 1; i < route.getDotCount()-3; ++i)
{
for (int j = i+1; j < route.getDotCount()-2; ++3j)
{
for (int k = j+1; k < route.getDotCount()-1; ++k)
{
// Perform the 3 way swap and test the length
route.swapIndexes(i, k);
route.swapIndexes(j, k);
float newDistance = route.getlLength();
if (newDistance < distance)
return optimize(route);
else
{
route.swapIndexes(j, k);
route.swapIndexes(i, k);
}
}
}
}
return route;
}

import java.util.*;
import java.lang.*;

import java.io.*;

class Dot {
double x;

double y;

public Dot(double x1, double y1) {
X=X1;

y=y1;

class CompareByX implements Comparator<Dot> {
public int compare(Dot pl, Dot p2) {
if (pl.x < p2.x) return -1;
if (pl.x == p2.x) return 9;

return 1;



/* An object of the above comparator class is used by java.util.Arrays.sort() in

main to sort an array of points by x-coordinates */

class Auxiliaries {

public static double distSquared(Dot pl, Dot p2) {
double result;
result = (pl.x-p2.x)*(pl.x-p2.x) + (pl.y-p2.y)*(pl.y-p2.y);
return result;

public class NearestNeighborsAlgorithm{
public static void exec (Route route) throws IOException {

int range = 1000000; // Range of x and y coordinates in points

String npoints = bufferl.readLine();

int numpoints = Integer.parseInt(npoints);

// numpoints is now the number of points we wish to generate

Dot inputpoints [] = new Dot [numpoints];

// array to hold points

int closest [] = new int [numpoints];

// array to record soln; closest[i] is index of point closest to i'th
int px, py;

double dx, dy, dist;

int i,7;

double currbest;
int closestPointIndex;

long tStart, tEnd;

for (i = ©; i < numpoints; i++) {

px = (int) ( range * Math.random());
dx = (double) px;

py = (int) (range * Math.random());
dy = (double) py;

inputpoints[i] = new Dot(dx, dy);



// array inputpoints has now been filled

tStart = System.currentTimeMillis();

// find closest [0]

closest[@] = 1;

currbest = Auxiliaries.distSquared(inputpoints[@],inputpoints[1]);
for (j = 2; j < numpoints; j++) {
dist = Auxiliaries.distSquared(inputpoints[@],inputpoints[j]);
if (dist < currbest) {
closest[@] = J;

currbest = dist;

// now find closest[i] for every other i

for (i = 1; i < numpoints; i++) {

closest[i] = ©;

currbest = Auxiliaries.distSquared(inputpoints[i], inputpoints[0]);

for (j =1; j < i; j++) {

dist = Auxiliaries.distSquared(inputpoints[i],inputpoints[j]);

if (dist < currbest) {
closest[i] = j;

currbest = dist;

}

for (j = i+1; j < numpoints; j++) {

dist = Auxiliaries.distSquared(inputpoints[i],inputpoints[j]);

if (dist < currbest) {
closest[i] = j;

currbest = dist;
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}

public class TwoOpt {
public static ArrayList<Point2D> alternate(ArrayList<Point2D> ci-
ties) {
ArraylList<Point2D> newTour;
double bestDist = Length.routeLength(cities);
double newDist;
int swaps = 1;
int improve = 0;
int iterations = 0;

long comparisons = 0;

while (swaps != 0) { //loop until no improvements are made.
swaps = 0;

//initialise inner/outer loops avoiding adjacent calcula-

tions and making use of problem symmetry to half total comparisons.

for (int i = 1; i < cities.size() - 2; i++) {
for (int j =1 + 1; j < cities.size() - 1; j++) {

comparisons++;

//check distance of line A,B + line C,D against A,C + B,D if there is
improvement, call swap method.

if ((cities.get(i).distance(cities.get(i - 1)) + cities.get(j +
1).distance(cities.get(j))) »>=

(cities.get(i).distance(cities.get(j + 1)) + cities.get(i -

1).distance(cities.get(3)))) {

newTour = swap(cities, i, j); //pass arraylist and 2 points to be
swapped.

newDist

Length.routeLength(newTour);

if (newDist < bestDist) { //if the swap results in an improved dis-
tance, increment counters and update distance/tour
cities = newTour;
bestDist = newDist;

SWaps++;



improve++;

}

iterations++;

}

System.out.println("Total comparisons made:

+ comparisons);

System.out.println("Total improvements made: + improve);

System.out.println("Total iterations made: + iterations);

return cities;

private static ArrayList<Point2D> swap(ArrayList<Point2D> cities, int i, int j) {
//conducts a 2 opt swap by inverting the order of the points between i and j

ArraylList<Point2D> newTour = new ArrayList<>();

//take array up to first point i and add to newTour
int size = cities.size();
for (int c = 90; c <=1 - 1; c++) {

newTour.add(cities.get(c));

//invert order between 2 passed points i and j and add to newTour
int dec = 9;

for (int c = 1i; ¢ <= j; c++) {

newTour.add(cities.get(j - dec));

dec++;

//append array from point j to end to newTour
for (int ¢ = j + 1; c < size; c++) {

newTour.add(cities.get(c));

return newTour;

private List<GeocodedWaypoint> geocodedWaypointList;

@SerializedName("routes")
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private List<Route> routelList;
@SerializedName("status")
private String status;
@SerializedName("error_message")

private String errorMessage;

public Direction() {
}

protected Direction(Parcel in) {
status = in.readString();

errorMessage = in.readString();

public void setGeocodedWaypointList(List<GeocodedWaypoint> geocodedWaypointList) {
this.geocodedWaypointList = geocodedWaypointlList;

public List<GeocodedWaypoint> getGeocodedWaypointList() {

return geocodedWaypointlList;

public void setRoutelList(List<Route> routelList) {

this.routelist = routelList;

public List<Route> getRouteList() {

return routelist;

public void setStatus(String status) {

this.status = status;

public String getStatus() {

return status;
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public void setErrorMessage(String errorMessage) {

this.errorMessage = errorMessage;

public String getErrorMessage() {

return errorMessage;

public boolean isOK() {

return RequestResult.OK.equals(status);

@Override
public void writeToParcel(Parcel dest, int flags) {
dest.writeString(status);

dest.writeString(errorMessage);

@0verride
public int describeContents() {

return 0;

public static final Creator<Direction> CREATOR = new Creator<Direction>() {
@Override
public Direction createFromParcel(Parcel in) {

return new Direction(in);

@Override
public Direction[] newArray(int size) {

return new Direction[size];

}s
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1 3AT'AJIBHI ITOJIO’KEHHSA

1.1 IloBHe HaiiMeHYBAHHSI CHCTEMHM Ta ii YMOBHE MO3HAYEHHS

[loBHa Ha3Ba CHUCTEMH: KOMIUIEKC 3a/lad MIATPUMKHU JIOTICTUYHOI MiSTIBHOCTI
MaJIMX HiANPUEMCTB.

KopoTtke HaliMmeHyBaHHs cucteMu: «EasyRoutey.

1.2 HaiimeHyBaHHsI opraHizaunii-3aMOBHMKAa Ha opraHizauiii-yyacHUKIB
pooiT

['eHepanbHUM 3aMOBHUKOM NPOEKTY SABIAEThCA Kadeapa ABTOMATH30BaHUX
cucteM 00poOku iHpopmamii Ta ynpasmHHI HTYY «KIIl». IlpeacraBHuKOM

3aMoBHUKA € OJiech BOHOI[I/IMI/IPOBI/I‘I KOBTYHCHB.

Po3po6Guukom 3actocyHky € ctyaeHT rpymu [C-52 dakynprery iHQOpMaTUKU
ta oOuucmoBanbHOI TexHikM HTYY «KIIM im. Irops Cikopcbkoro» [omyoers

borpgan.

1.3 Ilepesik JOKYyMeHTiB, HA MiJICTABI IKNX CTBOPIOETHCSI CHCTEMA

[Ipu po3po0d11i cucTeMH 1 CTBOPEHHS MPOEKTHO-EKCIUTyaTalliiHOT JOKYMEHTAIIl1

BI/IKOHaBeHB IIOBUHCH KCPYBATHUCA BHMOI'dMH HACTYIIHUX HOPMATHBHHUX

JIOKYMEHTIB:

- JACTY 19.201-78. Texniune 3aBaaHHs. Bumorn g0 3micty 1
o(OpMIIEHHS;

- JACTY 34.601-90. Kommiekc cTaHaapTiB HA aBTOMaTU30BaH1 CUCTEMH;

- JACTY 34.201-89. Indopmariiini Texnosorii. Kommieke crangapTiB Ha
aBTOMATH30BaH1 CUCTEMU. Buau, KOMIUIEKCHICTh 1 MO3HAYECHHS JOKYMEHTIB
MIPU CTBOPEHHI aBTOMATHU30BAHUX CHUCTEM.

1.4 TIlnanoBi TepMiHM mO4YATKYy i 3aKiH4YeHHSI POOOTH 3i CTBOpPEHHS

3aCTOCYHKY

[1naHoBu# TepMiH MOYaTKy pOOOTH HaJ CTBOPEHHSAM 3aCTOCYHKY — 5 JIOTOTO

2019 poxky.

ApPK.

[ 1C-5206.1181-¢.T3 5

3wmH. | Apk. Ne dokym. Mionuc |dama
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[1naHoBuU# TEepMiH MO 3aKIHYEHHIO POOOTH HAJ[ CTBOPEHHSIM 3aCTOCYHKY — HE

nizHime 1 gepBast 2019 poky.

Al 1C-5206.1181-¢c.T3

3MH.

ApK. Ne dokym. Mionuc |dama

ApPK.
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2 TIPU3HAYEHHA I H1JII CTBOPEHHS 3ACTOCYHKY

2.1 Ilpu3HaYeHHS 32CTOCYHKY

3aCTOCYHOK MPHU3HAYCHWH JJIs1 TOJIETIIEHHS POOOTH 3 JIOTICTHKOIO, a caMme

IJIaHYBaHHS MapIIpyTy 3a JOTOMOT00 rpadiyHOTO 3aCTOCYHKY.

2.2 Iijii cTBOpEHHS 3aCTOCYHKY

instMu po3poOKw €:

— Jierka poboTa 3 MapIIpyTaMu;
— OITUMI3aIlisd MapIIPYTIB;

— KOHTPOJIb TIOTPUMAHHS MapuIpyTy.

JIns1 HOCSITHEHHS TTOCTaBJICHHUX LUJIEH HEOOX1THO pO3B’A3aTH HACTYITHI 3aa4i:

— peai3yBaTH PeeCTpalliio Ta aBTOPU3AIliI0 KOPUCTYBaYiB;

— IHTErpyBaTH KapTy y CUCTEMY;

— pearizyBaTH aJrOpUTM ONTUMI3allll MapIIPYTY;

— peanizyBaTu 30€pexeHHs 1ICTOPii MapLIPYTIB y 0a3y NaHUX;

— pO3pOoOUTH MOBIIOMIICHHS PO BIAXUJIEHHS Bl MApUIPYTY.

Al 1C-5206.1181-¢c.T3

3MH.

ApK. Ne dokym. Mionuc |dama

ApPK.
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3 XAPAKTEPUCTHUKA OB’€EKTA ABTOMATU3AILIL
JIJ1s1 KOpUCTYBaHHs 3aCTOCYBAHHAM, KOPUCTYBay IIOBUHEH 3apeeCTPyBaTUCh Ta

aBTOPHU3yBATUCh B CUCTEMI.

O06’exToM aBTOMAaTH3allll € Oomeparlii ONTUMI3allii MapIIpyTy MEPEMIIICHHS Ta

BIJICTTITKOBYBAaHHS BAaHTAXY.

ApPK.

Al 1C-5206.1181-¢c.T3

3wmH. | Apk. Ne dokym. Mionuc |dama
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4 BUMOI'X 10 IMTPOTI'PAMHOTI'O 3ABE3IIEYEHHA

4.1 Bumoru 10 GpyHKIiOHAJLHUX XapaKTEePUCTUK
3aCTOCYHOK Ma€ BUCTYIIATH B POJIi TUIAHYBaJbHUKA TIEPEBE3CHDb ISl KEPIBHUKA
Ta KOHTpOJIepa NepeBi3HUKA.

3aCTOCYHOK Ma€ BUKOHYBATH HACTYIHI (PYHKIIIT:

— pearizyBaTH PEECTPAIIiI0 Ta aBTOPU3AIIII0 KOPUCTYBAYiB,;
— IUTAHYBaHHS MapIIpyTy MEPEBE3CHb;

— KOHTPOJIb MEPEBI3HUKA, IJITXOM BIJICTEKEHHSI IOTPUMaHHS MapIIpyTy.

4.2 Bumoru 10 HagiliHOCTI
3aCTOCYHOK MOBHMHEH O€3BIIMOBHO (DYHKIIIOHYBaTH, HE 3BaKarouu HMOBIpHI
nedeKTH, sIKi MOKYTh MPOSIBISITUCS TI1J] Yac eKciutyaraiii. BunpaBieHHs BUSBICHUX

ne(eKTIB TOBUHHO 3/11MCHIOBATUCS HA €Tanax MoIlepeIHiX BUpoOyBaHb.

BigmoBa mporpamHoro 3a0e3leueHHs  3aCTOCYHKY, a0o0  BiJACYTHICTh
M IKITIOYCHHS 0 MEPEeXi IHTepHET HE TMOBHHHA BUKJIMKATH ITOIIKOHKCHHS JaHUX Y
iH(opMarIliiiHoOMy CXOBHIII, y pa3i mnepe0oiB 3’€IHAHHSI 3 MEPEKEI0 I1HTEPHET
3aCTOCYHOK MOBHMHEH aBTOMATHUYHO MOHOBHUTH KOPEKTHY POOOTY ITICI]ISI BITHOBJICHHS

3’€IHAHHS 3 MEPEXKEIO.

4.4 Bumoru 10 cky1ajay i napamMeTpiB TeXHiYHUX 32c00iB
JIisi KOpeKTHOI poOOTH NaHOTrO MPOJAYKTY Ha CTOPOHI KOPUCTyBadya MarOTh

OyTH Taki TEXHIYH1 XapaKTePUCTUKHU:

— cMmapTdoH:

1) mporecop 3 yactororo - He meHie 2 [T, 4 sapa;
2) 00’eM omepaTuBHOI Tam’aTi - He MenIe 2 ['b.

— TporpaMHe 3a0e3NeUCHHS:

1) omepariitaa cuctema Android 5.2+;

2) TIAKIIOYCHHS 0 MEPEXi IHTEPHET.

ApPK.

[r11C-5206.1181-c.T3 :

3wmH. | Apk. Ne dokym. Mionuc |dama
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5 CTAIII I ETAIIA PO3POBKH

OcCHOBHI eTanu BHKOHAHHSA POOIT 3 PO3pPOOKHM CHUCTEMHU BEIACHHS HAayKOBOI

poboTH.
o Tepmi
Ne cpMi PesyabTart
Ha3zga erany podoru BUKOHAHHSA
/i BUKOHAHHSA
eTamny
1 [TigroToBKa TEXHIYHOrO 3aBJAaHHS Ha 07.02.2019
PO3pOOKY TPOTrPaMHOTO TPOAYKTY
2. | CTBOpeHHS apXiTeKTypH CHCTEMHU 12.02.2019
TexHiuHE MPOEKTYBaHHS —
3. | pyHKIIOHATBHICTH, MO, 33124, 20.02.2019
I[1J11 TOIIO
" Y3ron>KevHHﬂ 3 KEpIBHUKOM 02.03.2019
iHTepelicy kopucTyBaua
5. | Po3poOka nporpamu 10.04.2019
6. | HamaromxkenHns nporpamu 20.04.2019
7. | TecTtyBaHHS MpOrpaMu 16.05.2019
8. 3aa4a TOTOBOTO MPOTrPaMHOTO 30.05.2019
MPOAYKTY 3aMOBHUKY
ApPK.
A1 1C-5206.1181-¢.T3 :
3wmH. | Apk. Ne dokym. Mionuc |dama
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6 MOPSJOK KOHTPOJIIO TA IPUMMAHHS

6.1 Buan BunpoOyBaHb
JIis KOHTPOJIO MPAaBHJIBHOCTI pOOOTH MporpamMHoOro 3abesmedeHHs Oyne

poOBeNeHO (PYHKI[IOHAJIbHE TecTyBaHHSA. B Xxoal TecTyBaHHS Oylie NPOBEICHO

BUMPOOYBAHHS OCHOBHUX (PYHKI[IOHAIBHUX XapaKTEPUCTUK 3aCTOCYHKY Ta I[LIOi

MOJIEJII 3arajioM.

TectyBanHsi peecTparii Ta aBTOpH3allii MOJSIrae y BBEAEHHI BIpHUX abo

HEBIPHUX JAHHX.

TectyBanHs MOOYA0BH MAapUIPYTy MOJSATA€ y BBEAEHHI TOUYOK MapuIpyTy, Ta

B1JIOOpa)KEHHS BKe MOOY0BAHOTO MapIIPYTy Ha Marli.

TecTyBaHHS KOHTPOJIO HENOTPUMAaHHS MapLIPYTy MOJSATa€e y IMOBIIOMIIEHHI

KEepIBHHMKA B pa3i BIAXUJICHHS NIEPEBI3HUKA BiJl MAPIIPYTY.

ApPK.

Al 1C-5206.1181-¢c.T3

3MH.

ApK. Ne dokym. Mionuc |dama
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I'padiunnii marepiaj
10 JUILJIOMHOI'O MPOEKTY
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MaJuX MiANPUEMCTB

Kuis — 2019 poky
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= ThreeOptAlgorithm

=

Mapiiew

+ controis: ArrayList=<objects=
+ data: LatLng

+ decodePathi): Array=LatLng=
+ encodaePath{): string

L

=

MapControlier

+ state: MapState
+ userControll: User

= NearestMeighborAlgorithm

+ axec{Route). Route

e

=l

RouteBuilder

+ showbdap{): void
Q + getPosition(): Dot
+ getivapControfler{Usar): MapControlier

= MapState

+ Size: int

+ puildedRoute: Route

+ drivers. ArrayList=Diver=

+ markers: ArrayLisi=Marker=
+ visible: boolaan

*

= DirectorMapController

!

+ resultRoute: Route

+ pplimize(Route): Route

i

= TwoOptAlgorithm

+ optimize(Route}): Route

[

+ buildRoute{Route ). Route

¢

Z DriverMapControlier

+ buildRoute{). void
+ addMarker({Dot): void
+ removeMarken Doty void

+ showDrivar{int id): void

+ sendRouteToDriver(int id): void

+ resultRouts: Route

+ showddap(). void

=
=

Repository

+ Users: ArrayList<User=
+ Routes: ArrayList=Route=>

= Route

— + dots: HeshSet«<Dot>

+ idDriver: int
+ groute: Latlng

+ rangeMatri:;; ArraylList=<ArrayList<HashSet=Dot=>

+ retmevellsers(). void
+ retreveRoutelint idiser)y, woid
+ addUser{User): void

=

+ sendRouta(int idUser). void
Dot + delelellser(int idUser). void

= User

+ id: imt
+ Login: string
+ Mame: string

+ idDdrector: int
+ email: string
+ phone: string

+ SurName: string
* + Patronymic: string

+ companyMame: string
+ ancryptPassword: string

\

+ id: int

+placeld : string

+ getuserisiring login}: User
+ deleteRoute{Route): woid

k

FirebaseDatabase

=l

+ getinstance{). FireBaseDataBase
+ getReference{string). DataBaseReference

1

=) Director

T—I

=]

Diriver

+ drivers: ArrayList<Driver>

h 4

+ curremtCoordinate. Dot

'
DataBaseReference

=

+ orderByChid{string ) Query

+ startAt(string) Queary

+ endAt(string). Query

+ setValue{object, DatabaseReference.
CompletionListener). woid

+ updateChildren(Map=string. object=}

+ removeValue{DatabaseReferance,
CompletionListener), woid
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Plmiennas 3 MaTeMaTUYHOTO 3a0€3MeueHHS

[laHo: Anroputm Hanbnmkyoro cyciga:

KPOK 1. 3naiitu HailOmx4y HEBIABIAAHY TOUKY 1 IEPEUTH 10 HET;
KPOK 2. SIkmio numaroThesi HEB1ABIIaH1 TOUKH, TO IEpElTH 10 KPOoKy 1;
KPOK 3. 3akiHuuTH.

Pes3ynbTaToM BMKOHAHHS anroputMy Hanbnmx4oro cyciga € no4aTtkoBui MapLUpyT:
A-C-D-E-B, noro Bara cknapae 27.

[ani HeoOXxigHO oNTUMI3yBaTK LWNAX

2 — Opt Anroputm

HeobxiaHOo 3HaNTV HaKoOpPOTLLMIA LWNsIX 0bxoay KPOK 1. O6paru 2 10BibHI pebpa 3i NIIIXY, Ta BUIAINTH iX;
yclx BepLunH npu cTapTi 3 BepLUnHK A, He KPOK 2. SIkio Bara MapuipyTy 3MEHIIWIACH — [epeOy IyBaTH IOYaTKOBUM NUIAX HA 3HANACHUN;
BIABIAYHOYN paHille BiABIOAHI BY3Mn KPOK 3. SIkmio e € mapu pedep,3i MUIIXy sKi He BUIASUIN - TIEPEHTH 10 KpOoKy 1;

KPOK 4. 3akiHuutu.

Ha 3aBepiienns BukoHanus 2-Opt AnroputMmy He 0yJ10 3HAICHO UISX 3 MEHIIIOIO Baro0, OTKe
onTuMalibHUM 3aiuimics mapipyT A-C-D-E-B, 3 Baroro mapuipyra 27

JleMoHCTpamiiiHuii T1aKaT A0 AUIUIOMHOTO MPOEKTY
,KOMIUIEKC 3a/1a4 MIATPUMKH JIOTICTHYHOI JISITHOCTI MAJIUX MiMPUEMCTB
Bukonas crynent rp. IC-52 lNony6eus b.B.

KepiBauk JII1 Kosryrenp O.B.




LD00-1841°9025-01 U7

KepiIBHMK

“—rsturnSendResult(result)”

ShowDriver(id)———»

"return” driverCoordinate—

<€—"return” driverCoordinate™
deleteRoute(Route)—»

Firebase realtime

SendRouteToDriver(id)—3»

ShowDriver(id F——»

<€—RepositoryRetrieveRoute(ld)

lNepeBi3HUK

>l

"return” Route

<—returnSendResult(result)—"

«««——sendCurrentCoordinate(id, dot)

returnSendResult(result)———>»

«€«———sendCurrentCoordinate(id, dot

returnSendResult(result)
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