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PE®EPAT

AJITOPUTM  ALAIITUBHOI'O ®OPMVYBAHHA TAPU®IB, MAIINWHE
HABYAHH?, IHTEJIEKTYAJIbBHA CUCTEMA MICTA.

[TosicHrOBanbHa 3anucka: 66 c., 5 tabmn., 15 puc., 1 gox., 4 mxepen.

3a ocraHHi pokHW 1HTeNeKTyanbHl TpancnoptHi cuctemu (ITC) cramm
BAXJIMBUM €JIEMEHTOM CYYaCHHMX MICT, MPOMOHYIOUM €()EeKTUBHI PIIICHHS IS
yHOpaBIiHHSA pyXoM Ta 3abe3meueHHs KOMGOPTHOCTI i macaxupiB. OmHie0 3
KITFOYOBUX CKJIAJOBHX TaKUX CHCTEM € QJITOPUTMU MAIIMHHOTO HaBYaHHS, SIKI
J03BOJISIIOTE  €(EKTUBHO  YMPABISITH  TPAHCIOPTHUM  HAaBaHTAXCHHSIM  Ta
3a0e3IeuyBaTH CTaJIICTh JJOXO/IIB.

Meroro  kBamidikamiifHOi poOOTH € JOCHIIKEHHS I1HTEICKTyalbHUX
TPAHCTIOPTHUX CHUCTEM 3 BUKOPUCTAHHSIM QJITOPUTMIB MAIIMHHOTO HaBUaHHS. Y
XOJI1 TOCHIPKEHHA OyJie TPOBEIEHO aHali3 ICHYIOUMX CUCTEM YMPABIIHHSA PYyXOM Ta
iX edeKTMBHOCTI 3 METOK BJIOCKOHaJIeHHS. Takox Oyae po3poOiieHo Ta
BIIPOBA/DKEHO HOBUHM MiAX1A J0 YNPaBIIHHS TPAHCHIOPTHUM HAaBaHTAXEHHSIM, IO
0a3yeTbCs Ha aNrOpUTMaxX MATUHHOTO HABYAHHS.

[IpakTuHe 3HaYEHHSI PO3POOJIEHOI CHUCTEMH TOJISITAaTUME B IiJIBUIICHHI
e¢(EeKTUBHOCTI  yMNpaBIiHHA TPAHCIOPTHHUMH TIOTOKAaMH, 3MEHIIEHHI Yacy
OYIKyBaHHS JJI ACaXUPIB Ta MIJBUIIEHH] 3araJibHOI KOM(OPTHOCTI IEPECYBAHHS
y MicTi. Pe3ynbraru AOCIIKEHHS Ta BIPOBAIKEHHS HOBOI CUCTEMHU MOXYTh OyTH
KOPUCHUMHU JIJI1 MICBKUX BJajJ Ta TPAHCIOPTHUX KOMIIaHIM y BIOCKOHAJICHHI
ICHYIOUHMX CUCTEM YNPABIIIHHSA PYXOM Ta IUIAHYBaHHI MApUIPYTiB.

JlocnmipkeHHsT 1HTENEeKTyalbHUX TPAHCHOPTHUX CHUCTEM € aKTyaJlbHUM
3aBIAaHHSIM, OCKUIbKM BOHM MOXYTh JOTMIOMOITH BUPIIIATA NpoOIeMu
NepeBaHTaXEHHs JIOPIT, 3aTOpIB Ta 3a0pyAHEHHS HABKOJMIIHBOTO CEPEeIOBHUIIA.
BuxopucranHs anropuTMiB MAlIMHHOTO HaBYaHHS JJO3BOJISIE CTBOPUTU CHCTEMH,
AKi aJanTHUBHO pearylTh Ha 3MIHM B TPAHCIOPTHUX TIOTOKaX Ta IIBUIKO

ONTUMI3YIOTh PyX TPAHCIIOPTY.



ABSTRACT

ALGORITHM OF ADAPTIVE TARIFF FORMATION, MACHINE LEARNING,
INTELLIGENT CITY SYSTEM.

Explanatory note: 30 p., 5 tables, 15 images, 1 appendix, 5 sources.

In recent years, intelligent transport systems (ITS) have become an important
element of modern cities, offering effective solutions for traffic management and
passenger comfort. One of the key components of such systems is machine
learning algorithms, which allow for efficient traffic management and ensure
revenue sustainability.

The purpose of the qualification work is to study intelligent transport systems
using machine learning algorithms.

The study will analyze existing traffic management systems and their
effectiveness in order to improve them. A new approach to traffic management
based on machine learning algorithms will also be developed and implemented.

The practical significance of the developed system will be to improve the
efficiency of traffic management, reduce waiting time for passengers and increase
the overall comfort of movement in the city. The results of the research and
implementation of the new system can be useful for city authorities and transport
companies in improving existing traffic management systems and route planning.

Researching intelligent transport systems is a pressing task, as they can help
solve the problems of road congestion, traffic jams and environmental pollution.
The use of machine learning algorithms allows us to create systems that adaptively

respond to changes in traffic flows and quickly optimise traffic.
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YMOBHI N03HAYEHHS, CKOPOYCHHA
MH — MamvHHe HaBYaHHSA
ITC - iHTeneKkryanbH1 TPAHCHOPTHI CUCTEMU
HM — neiipomepexa

IDE - inTerpoBaHe cepeioBHIIE pO3POOKH



BCTYII

3a ocranHl poku iHTenekTyanbHl TpaHcnoptHi cucremu (ITC) crpimko
HAOMPAIOTh 00EPTIB, MEPETBOPIOIOYNCH HA HEBIJ'€MHY YaCTHHY cydacHUX MicT. L1
KOMIUIEKCHI CHCTEMHU, 110 00'€IHYIOTh 1H(POpMAIIiitHI TEXHOJIOT1{, TeJIEKOMYHIKaIlii
Ta TPAHCIOPTHY IHPPACTPYKTYpPY, MPONOHYIOTh IIUPOKUN CIEKTP IHHOBAaLIMHHUX
pIIIeHb T ONTUMI3AIII] pyXy, MIIBUIIEHHS 0€3MeKH Ta KoM(DOPTYy macaxupis.

B ocnoBi ITC gnexarp airopuT™MH MAIIMHHOTO HaBYaHHS, SKI 3JaTHI
aHali3yBaTH BEJIMYE3HI OOCSITH NaHUX B PEXuMI peanbHOro uacy. Lleit iHTenexT
JI03BOJIIE CHCTEMaM THYYKO pearyBaTH Ha JIMHAMIYHI YMOBH Ha JIOporax,
IIPOTHO3YBATH 3aTOPU Ta MPOMOHYBATH aIbTEPHATUBHI MAPIIPYTH, CKOHOMSYH Yac
Ta PeCypcH BOJIIIB Ta MacaXHpiB.

Oxkpim nokparieHHss MoO1IbHOCTI, ITC poOnsATh 3HAUHHMI BHECOK Y PO3BUTOK
CTadMX MICT. 3aBIFKM ONTHMI3alli MapIIPyTIB Ta CKOPOUYEHHIO MPOCTOIO
TPAHCIIOPTHUX 3ac00iB, 3HUXKYETHCS PIBEHb BUKHJIIB MAPHUKOBUX Ta3iB Ta
3a0py/AHEHHS TOBITPSL.

Taxox ¢yskiiero ITC e ontumizariis MapmpyTiB Ta TpadikiB pyxy TPaHCIOPTY
3 METOI0 MIHIMI3allli Yacy OYiKyBaHHs JJis MacaKHpiB. AJNTOPUTMHU MAITUHHOTO
HABYAHHS AaHAII3YIOTh JJaHl MPO TPAHCHOPTHUM MOTIK, NONEPEIHBO MPOrHO3YIOTh
HOro 1HTEHCHBHICTh Ta BHUPOOJAIOTH ONTHUMAIbHI MapHIPyTH, IO JO3BOJISIE
nacakupam €(QEeKTUBHO IUIaHYyBaTH CBOI MOI3AKM Ta 3MEHINYE 3araJbHUNA Yac
BUTPAUCHUN HA TIEPEMIIIICHHS.

BaxmmBo Takox BigzHauuth poib ITC y 3abe3rnedeHHi CTIMKOCTI JOXOMIB
TPAHCTIOPTHUX MiAMPUEMCTB. 3aBASIKH TOYHOMY IIPOTHO3YBAHHIO MACAKUPOTIOTOKY
Ta JWHAMIYHOMY I[IHOyTBOPEHHIO, TPAHCIIOPTHI KOMITaHIT MOXYTh €()EKTUBHIIIIE
MJIaHyBaTH CBOIO pOOOTY, Maximizyruu 3alIOBHEHHSI Ta peHTA0CIbHICTb.

BnpoBamkenns [TC BigkpuBae HOBI MOKIIMBOCTI JUIsl PO3BUTKY TPAHCIOPTHUX
cucteM MaiOyTHBOTO. L1 cucTeMu 34aTHI HE JIUINE MOKPAIIUTH KUTTS MEIIKAHIIIB
MICT, ajie ¥ 3poOUTH 3HAYHUN BHECOK y BUPIIICHHS MIOOANbHUX MPOOIEM, TaKUX

AK 3MiHa KJIIMaTy Ta ypOaHizalis.



1 CYUACHHUMU CTAH I AKTYAJIBHICTD
KBAJII®IKAIIMHOI POBOTH

1.1 AkTyajabHiCTh TeMH KBaJi(pikaminHoi podoTH

AKTYaJbHICTh TEMU MOKJIMBO OOYMOBUTH HU3KOIO (PAKTOPIB:

® Yy CydyacHMX MiICTax 3pocTae mpoliema MOOUIBHOCTI uepe3 30UIbIICHHS
HaceJeHHss Ta ypOaHizamito, 10 MNPU3BOAUTH JO TEPEBAHTAKCHHS
TPAaHCIOPTHUX  CHUCTEM, 3aTOpiB 1 3a0pyJHEHHS  HABKOJUIIHBOTO
cepenoBulia. TpaauuiiiHi METOIU YIPABIIHHSA PYXOM HE B 3MO031 €()eKTUBHO
pearyBaTH Ha I1i TUHAMI4H1 3MiHH;

e pukopucrtanus [TC 3 anropuTMamMu MalIMHHOTO HABYaHHS MOXKE JOIIOMOTTH
BUPIIIUTH 111 MpoOiIeMH, aJanTUBHO pearyrodyu Ha TPAHCIOPTHI MOTOKU Ta
ontuMizytoun pyx. lle cmpustTuMe 3MEHIIEHHIO 3aTOpPiB, 3a0IIAJKEHHIO
qacy Ta PecypciB, a TAKOK MOKPAIIEHHIO €KOJIOTTYHOT CUTYaIlli;

® TOTPIOHO BIOCKOHAIMTH CUCTeMHU (popMyBaHHS TapudiB, OCKIIBKH ICHYIOU1
HE 3aBXIM BPAaxXOBYIOTh PCAJbHWHA TOMUT HAa TPAHCIOPT Ta IWHAMIKY
TPAHCIIOPTHUX TOTOKIB, M0 MOXE NPU3BECTH JO HE3PYYHOCTEH Is
MacaXUPIB 1 HEPEHTAOETLHOCTI TPAHCTIOPTHUX MIIPUEMCTB;

® DO3BUTOK TEXHOJIOTIHA MAIIMHHOTO HABYaHHS JIO3BOJISIE aHAI3yBaTH BEJIMKI
0o0CATH MaHWX Ta TMPOTHO3YBAaTH TPAHCIIOPTHUMA ITOMHUT, IO BiIKPHUBAE
MOKJIUBOCTI JJIi CTBOPEHHS aJalTUBHUX cUCTEM (opMyBaHHsS Tapugis,
OuIb1I €(DEKTUBHUX 1 3pYUHUX ISl KOPUCTYBAYiB;

e gpmpoBamkeHHs ITC 3 amanTuBHMUMEH TapudamMud MOXKE MaTH 3HAYHHMA
CKOHOMIYHUI 1 COIllabHUN BIUIUB, CIPHUSIOYH PO3BUTKY TPOMAICHKOTO
TPAHCIIOPTY, TMOKPAIICHHIO SKOCTI JKUTTS 1 3po0isyu Micta OUIbII

KOM(OPTHUMU AJI IPOKUBAHHS.



1.2 Iiuti Ta 3aBaanHsa kBajgigikauniiHoi podoTu

Himmro kBamigikaiiiitHoi poOOTH € po3poOKa Ta BIPOBAIKEHHS CUCTEMHU 3
AQITOPUTMOM aganTUBHOTO (opmyBanHs TapudiB. L1 cuctema mae Ha MeTi
MOKpaIieHHs] MOOUTHFHOCTI MENIKAHIIIB MICTa IIUISIXOM ONTHUMI3allii TPaHCTIOPTHOTO
NOTOKY, 3MEHILIEHHSI 3aTOPiB, €KOHOMIi 4acy Ta pecypciB, a TaKOX IMOKPAIICHHS
SIKOCT1 KUTTS B MICTI.

3aBaaHHAMH POOOTH €:

JlocnimkeHHs: mMoTped KOPUCTYBadiB Ta BU3HAUEHHS KIIOYOBUX (PAKTOPIB —
mepmr 3a  Bce, HEOOXIAHO 3po3yMiTH, SKI TOTpeOM MarTh KOPHUCTyBadl
TPAHCIOPTHOI CUCTEMHU Ta $IKI OCHOBHI (DaKTOpPH BIUIMBAIOTh Ha (POPMYBaHHS
tapudis. [le Moxe BKIIFOUATH aHaAJ3 Yacy JH00H, JHIB THXKHS, CE30HHUX KOJIMBAaHb,
CrieliayIbHUX MOJIN y MICTI Ta 1HIIMX YMOB, SIKI MOXKYTh BIUIMBATH Ha IOIIUT.

AHai3 JaHuX Mpo MacaKUPOIOTIK — BAXIJIMBO 310paTu Ta MpoaHaIi3yBaTH JIaHl
PO MaCAKUPOTOTIK, 1100 BUSBUTHU TEHACHIIT Ta 3aKOHOMIPHOCTI Y BUKOPUCTAHHI
TPaHCIOPTHOT cucTeMU. Lle momomorke BUSHAUUTH, SIK TIOMUT 3MIHIOETHCS B PI3HUMN
9ac Ta B Pi3HUX YMOBaXx.

Po3poOka maremaruyHOi MOAENl AJisi MPOTHO3YBAaHHS MOMUTY — Ha OCHOBI
310paHuX JaHUX MOTPIOHO CTBOPUTHM MATEMAaTUYHY MOJENb, SKa JIO3BOJUTH
OPOrHO3yBaTW TMONMUT Ha TMAacaXupcbki mepeBe3eHHs. Llg  wmomens  Oyne
BUKOPHUCTOBYBATUCS JIJIS aanTailii TapudiB BiIMOBIIHO /10 3MIH Y MOIHUTI.

[IporpamyBaHHs anrOpuUTMy aJanTUBHOTO (OpPMyBaHHS TapudiB — mosrae y
pO3pOo0IIi aITOpPUTMY, SIKMM MOYKE aBTOMATMYHO KOPUTYBaTH Tapu(u Ha OCHOBI
JaHUX, OTPUMAaHUX BIJ MaTeMaTUyHOI MoJedl. AJNrOpUTM TOBUHEH OyTH
IHTErpOBaHUH 3 IHTENIEKTYIbHOIO TPAHCIIOPTHOIO CHUCTEMOIO MiCTa.

TecTyBaHHs Ta Badifallis aJropuTMy — IMICis PoO3pOOKH aJropuTMy HEOOX1THO
IIPOBECTH MOT0 TECTYBAHHS, 1100 MEPEKOHATUCS Y HOro €(PEKTUBHOCTI Ta TOYHOCTI.
TectyBaHHS MOX€ BKJIIOYATH BUKOPUCTAHHS ICTOPUYHMX JaHUX Ta NPOBEJICHHS

M1JIOTHOTO MPOEKTY Y pPeaJIbHUX YMOBAX.



1.3 KpuTnuHuii aHaIi3 JiTepaTypHUX JKepes 3a TeMOI0

[licnst aHami3y BEJIMKOI KUIBKOCTI JIITEpAaTYpHUX JKEpen, 30KpeMa HayKOBUX
poOiT i cTaTei, st 3poOMB KiIbKa KIIOYOBHX BUCHOBKIB.

MoxnuBo ckazatu, o ITC - 11e nmepenosi mporpamu, CipsiMOBaH1 Ha HaJaHHS
IHHOBALIMHUX MOCTYT, MOB'A3aHUX 3 PI3HUMHU BUJIAMU TPAHCIIOPTY Ta YIPABIIHHIM
JOPO)KHIM ~ pyXoM. BOHM  /[03BOJNSIIOTH  KOpHUCTyBauaM  OyTH  Kpaile
noinpopMoBaHUMH Ta Oe3meyHilne, OUIbII CKOOPAMHOBAHO 1 '"po3ymHimie"
BUKOPUCTOBYBATH TpaHCHOPTHI Mepexki. Lli cucremu iHTerpyroTh iH(pOpMaIliiiHi Ta
KOMYHIKaIliiHI TEXHOJOTii y cdepl aBTOMOOULIBHOTO TPAHCIOPTY, BKJIIOYAIOUH
1H(PaACTPYKTYypy, TPAHCHOPTHI 3acCO0M Ta KOPUCTYBaulB, a TAKOX YHIPABIIHHI
JTOPOKHIM PYyXOM Ta YIpaBlIiHHSI MOOUIBHICTIO [1,2].

Takoxx Oyno BHSIBICHO, IO 3aCTOCYBaHHS I1HTEIEKTYaJbHUX TPAHCIOPTHUX
cucteM (ITC) Ta MeToa1B MAIIMHHOIO HABYaHHS MOXXE OyTH OOILIHUM HampsMOM
Juist  BUpilIeHHs mnpobremu ¢opmyBanHs TapudiB. [TC MOXyTh aganTHUBHO
pearyBaty Ha 3MIHHM B TPAHCIIOPTHHUX MOTOKAaX Ta BPAXOBYBaTH Pi3HI (HAKTOPH, LIO
BILIMBAIOTh HA IIHU Ha IIepeBe3eHHs [3].

Crparerisa po3Butky ITC Moxe OyTH 30cepelkeHa Ha IHTErparlii mepegoBuX
TEXHOJIOT1H, BKItoyarou mtyyHuid iHTenekT (L) ta aBromoOubHMI 3B's130K. 115
cTpareris MOXe TependadaTd CTBOPEHHS Oulbll  e(eKTUBHOI, CTIHKOT Ta
B3a€MOTIOB'sI3aHO TPAHCIIOPTHOI ekocucTeMu. BoHa Takok Moke mependadatu
NOKpAILEHHS JJOCBIY KOPUCTYBaulB TPAHCIOPTY Ta Pe3yJIbTaTiB CTAJOro pO3BUTKY
[3].

KpiMm Toro, BapTo BIJ3HAYUTH, IO peaji3alisi TaKUX CHUCTEM MOXe
noTpeOyBaTu 3HAYHUX 3YCHUJIb 1 PECYypCiB Ha eTari BIpoBapkeHHA. [le o3Havae He
aumie (piHaHCOBI BHUTpaTH, aje W MoOUT3alii0 KBaTi(IKOBaHMX KaapiB s
pPO3pOOKH, TECTYBAaHHS Ta HAJArOKEHHs cucTteMu [4].

Ane, HEOOXiJIHO BpaxoByBaTH, IO BIPOBAKEHHS IHTEJICKTyaJIbHUX CUCTEM
notpedye He JIMIe TEXHOJIOTYHUX, ajle i MpaBOBUX Ta OpraHi3aliiHUX 3MiH, aJkKe
BOHM MOXYTh BIUIMBAaTH Ha ICHYIOYl TMpaBuja Ta CTaHAApTH Yy Tramysi

MacaXupPChKUX MEPEeBE3EHD [4].



2 PO3POBKA ®YHKIIOHAJIBHOI CXEMH I AJITOPUTMY

2.1 Po3po0ka Ta qoxiaaaHuii onuc GyHKUiOHAIBLHOI CXeMHU NIPOrpaMHu

CrpykTrypHa miarpama - 1e rpadgiude 300pakeHHS CTPYKTYpPH CHUCTEMHU a0o
IIPOrPAMHOTO MPOAYKTY, SIKE MOKAa3ye€ KOMIIOHEHTH CHUCTEMH Ta iX B3a€MO3B'S3KHU.
[Ist miarpama gomomarae BizyadizyBaTH OpraHi3aililo MpOrpamMHOro 3a0e3redyeHHs,
HOT0o MOJTYJII Ta KJIacH, a TAKOXK CITIBBITHOIICHHS M1’K HUMH.

Hacrynna niarpama crnpusie y po3yMiHHI CTPYKTypH HpOrpaMH, BU3HAYEHHI

TIOCJTIIOBHOCTI BUKOHAHHS OTIEpaIliii Ta OCMUCIICHHI B3a€MOIIT MiX ii CKJIaIOBUMHU.

FoOnoBHa CTORIHKS

h v h J
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NaHUK

1 | ¢

h 4

QcHoeHi gil 3 gaHumK Bizyanizauin gaxux

CTEOpeHHA
CTeopeHHA rpadikie CMPOTHO30BaHMY
OaHux

BUOENeHHS NyCTOT TREHYEaHHA JaHMX

! !

MporHy3yBaHHA
NaHUK

Hopmanizalis gaHux

v

EnzHaueHHA
MPW3HAKIE L0 HE
EMKOPWCTOBYHITECA

Pucynok 2.1 — CtpykTypHa aiarpama

Tomy Ha pucyHKy 2.1 mokazaHa CTpyKTypHa Alarpama, 1o onucye GyHKI10HaI
IPOTpaMu:

1. Ilomepennst oOpobka nanux. lle BkiItouae B cebe OUMIICHHS JaHUX,
HOpMAJTi3aIliio JaHUX, BUIAJICHHS ITyCTOT, BUSHAYCHHS IPU3HAKIB 110 HE
BUKOPHCTOBYIOTBHCS.

2. OcHoBHI naHi. Bkitouae aHani3 JaHUX AJ1s1 BUSIBICHHS 3aKOHOMIPHOCTEH Ta

TeHeHmii. I{e Bkirouae B cebe:



° TpenyBaHHs JaHMX. HABYAHHS MOJIEJ MAIIMHHOTO HAaBYaHHA Ha
JTaHUX.
° [Tporuno3yBaHHS 1aHUX. BUKOPUCTAHHS MOJIEJI MAIlIMHHOTO
HaBYAHHS JJI TPOTHO3YBAaHHS HOBUX 3HAYEHB JIAHUX.
3. Bizyamizaris qanux.
e CtBopenHs rpadikiB. Bizyamizallis 3akoHOMIPHOCTEH Ta TEHISHIIIN B
JaHUX.
e CrBopeHHs Tabnuib. Bizyanizanis gaHux y TabauyHoMy dopMmari.
Hiarpama mnotokiB manux (DFD) - ne rpadiunuii 3acid s npeacTaBlICHHS
MOTOKIB JaHWX Yy cucrtemi. Bona BigoOpaxkae pyx JaHUX B CHUCTEMI Ta
B32€MO3B'A3KA MK PI3HUMH YACTUHAMU 111€1 CUCTEMHU.
Ha pucynky 2.2 moka3zaHa aiarpama MOTOKIB JaHUX, JI€ OMHCAHO B3a€MOIIIO
CUCTEMH 3 KOpHUCTyBaueM Ta cepBepoM. KopucrtyBau nepezae cBoi AaHi B CUCTEMY.

Cuctema 00po0JIsie 1aHi, TeHepy€e MPOrHO30BaHi JIaHi Ta BI3yalli3ye iX.

KopucTyead

Y Y JSOM,
Ccsv
hain

-

CucTema 3 anropuTMonm BEHEOHHAHHR
padikm | 4ANTUEHOMD (DOPMYEEHHA TapUDIE 2anNuTIE KNIEHTY
NACE¥MPCEEMY NePeESIEHE B o Cepeep
[pOrHO20EaHHI QaHHI IHTENEKTYANLHIK TRAHCNOPTHIA
CHCTEMI MicTa
A

Pucynok 2.2 — KonTekcTHa giarpama MoTOKIB JaHUX

3arayipHa JiiarpaMa MOBHICTIO UTIOCTPYE MPOILIeC epeaadl JaHuX Yy CUCTEMI, II10
npeAcTaBieHud Ha pucyHky 2.2. Llg miarpama BimoOpaxae BCl e€Tanu B3aeMOAll
MK KOPHUCTYBa4eM Ta CHCTEMOIO, BKIIIOUAlOYM 30ip Ta BBEIEHHS [aHUX, IX
00poOKy Ta aHaJi3, a TAKOXK BUBI1J PE3yJbTaTiB KOPUCTYBAYEBI.

Ha pucynky 2.3 noka3zana JiarpaMa moTokiB AaHux. [le:

1. ®aiin 3 nanumu. CuctemMa BUKOPHUCTOBYE (ailyl 3 JaHUMH 110 30epiraerbes



Ha CepBepi.

Bxin Ha caiit. KopucTyBau BXOJUTh Ha CAlT Ta NEperisgae MOXKIUBI Ail
Bubip B3aemonii. KopucrtyBau BuOWpae MOXIWBY dif0 Ha KIIIEHTCHKIN
YaCTHHI CalTy

Bukonanusa ¢yskuii. yHKIIS BAKOHYETBCS Ha cepBepl 00poOIIsa0un TaHHI
KOpHCTyBaua OTPUMaHI 3 KITIEHTY

®opmyBaHHsl pesyibraTiB. Cucrema (opMmye pesyibraT Ta BiJCHIIA€ HOTO
KITIIEHTY

PesynbraTtu. [lani BUBOASTHCS Ha KIIIEHTI Ta MOKA3yIOTHCS KOPUCTYBauy

©aiin 3 aHAMKU
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Pucynok 2.3 — 3aranbHa giarpama moToKiB JaHUX

Ha nactymHiii miarpami po3missHyTO OUTBIN JE€TadbHO MYHKT 3 3 MOMEPEIHBOI

niarpaMu Ha pucyHKy 2.3. TyT MOXyTh BiOyBaTucs pi3HOMaHITHI Omepanii, Taki

sk o0poOka, mepenOavyeHHs, TPEHyBaHHsA a0o0 iHII Jii 3 JaHUMH, 3aJIEKHO BiJl

BHUMOTI CUCTCMMU.

Ha pucynky 2.4 300pakeHa naiarpama IO OMNHUCY€ (YHKIIO SIKa BUKOHYE

00poOKy JJaHUX Ta CKJIAJIA€THCS 3 HACTYITHUX KPOKIB:

[TepeBipka nanux. [lepeBipka 1aHNX HA BIAMOBIIHICTD X CTPYKTYPH
O6poOka manux. Pi3Hl faii 3 gaHUMM Hanpukiag iX TnependadeHHs,
TpEHYBaHHS

[ToBepHeHHs1 oMk, [ToBepHEHHST MOMUJIKA Ta MOAAJIBINE BiTOOpaKeHHS

il Ha CTOPOH1 KJIIEHTY
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PucyHnok 2.4 — JlerasibHa aiarpama MoTOKIB JaHUX

®dyHKIIOHATBHA AlarpaMa € IHCTPYMEHTOM IS Bizyauizallii (pyHKI10HATbHOCTI
cuUcTeMu ab0 MPOrpamMHOrO MPOAYKTY, a TAKOXK JIJIi BCTAHOBJICHHS 3B'SI3KIB MIXK
uuMu pyskuisimu. L qiarpama nonomarae po3yMiTH, SIK CUCTeMa MpPALIOE Ta sKi
(byHKITIT BOHA BUKOHYE.

Ha pucynky 2.5 nmonmana 3arajgpHa Jiarpama, 1o UIocTpye oOpoOKy Ta aHai3
naHux y cuctemi. Bxigui gani MmoxyTbh Oytu y dopmari JSON abo CSV daiiny.
Cucrema oOpoOmsie 111 JaHl Ta HaJa€ KOPUCTYBAa4deBl PI3ZHOMAHITHI BUXIIHI
pe3ynbTaTu, Taki K po3Kjaj aBTOOYCIB, mependadeHHs s pO3KIIaay aBTOOyCiB Ta
rpadiku.

[TeperBoprorour BXiJHI JaHl Y KOPHUCHHMM BHXIJIHUH pe3ylbTar, CHUCTeMa
3a0e3rneuye 3pydHICTh Ta KOPHUCTH ISl KOPUCTYBauiB, JO3BOJISAIOUN iM €(PEKTHBHO

BUKOPHCTOBYBATH HaJlaHy 1HGOpMAIIifO.

"padikm
CWcTeMa 3 anropuTMom g
CSV daiin A0aNTUEHOMD DOPMYEAHHA Tapudie Nawi npo aeTodycw
g nacasMpCbEMy NepeEeseHb B o
JSON chaiin IHTENEKTYANLHIA MNependaueHi AaHi
' TPaHCNOPTHIA CUCTEMI MICTa. -

Pucynok 2.5 — 3aranbHa pyHKIIIOHaNbHA JiarpaMa

Hiarpama 2.6 mokasye (pyHKIIIOHaJIbHY MOJI€NIb TPEHYBaJIbHO1 porpamu. Bona

OITUCYE OCHOBHI eTanu mponecy TpCHyBaHHS, IMOYMHAIOYHN 3 Hi,Z[FOTOBKI/I JaHUX 1



3aKIHYYIOUHU Bi3yalli3alli€ro pe3ysbTariB.

Ha pucynky 2.6 300paxkeHo

[lonepenns o60poOka paHux: Ha wnpomy erami pgaHl TOTYIOTBCS 0
MOJAJBIIOT0 aHamizy wmojem. lle Moke BKIOUaTH Taki 3aBOaHHS, SK
BUJAJICHHS IMyCTOT, HOpMAaii3ailisl JaHWX, BHU3HAUCHHA Ta BUIAJICHHS
HEMOTPIOHUX O3HAK.

Buecenns ganux: [1irotoBiaeH1 JaH1 3aBaHTAXKYIOTHCSL B CUCTEMY.

Hii 3 manumu: Jlani MoxyTh OyTu TpaHchopmoBaHi ab0 OYHINIEHI Tepen
BUKOPUCTAHHSM JIJIsl TPEHYBaHHS MOJEII.

TpenyBanuss nanux: Ha 1upomy erami Mojelnb MaIlMHHOTO HaBYaHHS
TPEHYEThCS HA MIATOTOBICHUX JaHWUX. MOJenbh BUUTHCS PO3Mi3HABATH
3aKOHOMIPHOCTI B JAHUX 1 pOOUTH IPOTHO3U a00 MPHUIMATH PILICHHS.
[lepenbayennss nanux: HarpeHoBana Mojenb BUKOPUCTOBYETHCS IS
IPOTHO3YBAHHS HOBHUX JAHUX.

Bizyamizamiss ganux: Pesynsratu TpeHyBaHHS MOHAENII MOXYTh OyTH

Bi3yaJli30BaHi 3a JOMOMOIOI0 Tabiuib a00 rpadikis.

1 2 BuganeHe nyctor OOpodnenHi

MonepenHs obpobka o Hopmanizauin, naHi
OaHux | Branavenn HenoTpiGHmy

MpKaHake

1
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PucyHok 2.6 — @yHKII0OHaJIbHA Alarpama



2.2 Po3po0ka Ta q0KJIaJHUI ONKC POOOTH MPOrpamMu

2.2.1 Onuc BUMOT 0 CHCTEMH

@DyHKITIOHATHHI BUMOTH BH3HAYAIOTh KOHKPETHI (DyHKIIIT, IKi CHCTEMa TOBUHHA
BUKOHYBAaTH Ta SKMM YHHOM BOHA Ma€ B3a€EMOJISITH 3 KOPUCTYBAUYEM Ta THITUMU
CHCTEMaMH.

i BUMOTH MOXYTh ONKUCYBATH (PYHKIIIT B CUCTEMI, TaKi IK 0OpoOKa aHUX,
B3a€MOIis 3 0a3010 TaHUX, TeHepallisl 3BiTiB, a TAKOXX CIIOCOOM B3a€MOJIIT 3

KOpPHUCTYyBaueM uepes iHTepdeiic kopucTyBadya abo iHIII 30BHIIIHI CHCTEMH.

Tabnuis 2.1 — BukopucTtani TeXHONOT11

Ne Bumora

1 | Cucrema moBMHHA OTPUMYBATHU JaH1 PO NACAXKUPCHKI IEPEBE3EHHS B MICTI,
10 MO’KE BKJTFOUAIOYH Yac MOI0POXKI, MAPIIPYTH, KITBKICTh MACaXHUPIB

To11o. JlaHi MOBUHHI aHAJ13yBaTUC /I BUSIBJICHHS TIATEPHIB Ta TEHJICHIII.

2 | Cucrema MOBUMHHA BUKOPUCTOBYBATH AJITOPUTM UM HEUPOMEPEKY s
aganTUBHOTO opMyBaHHS Tapu(iB Ha OCHOBI 310paHUX Ta
pOaHali30BaHuX AaHUX. Tapudu MOBHUHHI 3MIHIOBATHCS B 3aJI€KHOCTI BiJ]

MOMUTY, Yacy 00U TOIIIO.

3 | Cucrema Mae 00UMCITIOBATH BAPTICTh MOI3KU JUIsl MACAXKHUPIB HA OCHOBI

3aJICKHOCTI BiJl 9acy MOJOPOXKI Ta aKTyaabHOTO Tapudy.

4 | Cuctema MOBHHHA MaTH 3py4HUi iHTepdelic KOpUCTyBaua, SIKHI I03BOJISIE
nacaxupaMm OTPUMYBATH 1H(POPMAIIIIO PO aKTyaabH1 Tapudu, MIaHyBaTH

MOI3KU TA OIUIa4yBaTH MPOI3I.

5 | T'enepamis rpadikiB a1 Bizyamizalii CTpyKTYpH TEKCTY, HAIPUKIIA, 4acToTa

MOSIBU TEPMIHIB Y TEKCTI.




He ¢dyHKI1I0HATBHI BUMOTH OMUCYIOTh XapaKTEPUCTUKHU CUCTEMH, TaKl SIK

HAJ1IAHICTh, MBUIKO/IS, O€3MeKa, TOCTYMHICTh Ta 1HIII SKOCTI, SIKi BOHA TOBUHHA

MaTH, ajie¢ He BU3HAYAIOTh KOHKPETHUX (PYHKIIIH, K1 CHCTEMa TOBUHHA

BHKOHYBATHU.

{1 BUMOTM MOXYTh BKJIFOYaTH TaKi aCIIEKTH, SIK Yac BITHOBJICHHS MicJsl 30010,

IIBUKOIS BIATYKY CHCTEMH Ha J[ii KOpUCTyBa4a, PiBeHb 3aXUCTY JaHUX BiJ

HGC&HKHiOHOBaHOFO AOCTYIIYy Ta 1HIII XAPaKTCPUCTUKHU, K1 BINIMBAIOTh Ha

€(EeKTUBHICTh Ta €()EKTUBHICTh CUCTEMU B LILJIOMY.

Tabmuis 2.2 — HedyHkirioHansHi BAMOTH 10 CUCTEMU

Ne

Bumora

1

Cucrema nmoBuHHA 320€3MeUyBaTH IMBUAKY PEAKIIIO HA 3MIHH B MOIHUTI
Ta IHIIKX YMOBaXx, 3a0€3Meuyour MiHIMaJIbHI 3aTPUMKH Y PO3paxyHKax

Ta (hopMyBaHHI Tapuis.

Cucrema Mae npaitoBaTi CTaOUIBHO Ta HAIHHO, MIHIMIZYIOUH

MOYKJIMBICTh BUHUKHEHHS [TOMIIOK 200 B1IMOB.

Cucrema noBruHHa OyTH MacmITaboBaHOIO, 100 1i MOXKHA OyIIO IIBUIKO
PO3LIMPUTH HA HOBI MapIIPyTH, BUIA TPAHCIIOPTY Ta KUIbKICTh

KOPHUCTYBauiB.

Cucrema nmoBuHHA OyTH TIPOCTOIO Ta JIETKOIO Y BUKOPUCTAHHI IS
3a0e3MneueHHs MAaKCUMAJIbHOI JJOCTYITHOCTI JUIsl KOPUCTYBaviB Oy/Ib-sKOTO

PIBHS TEXHIYHOI M1ITOTOBKH.




2.2.2 TexHoJ10ril Ta iIHCTPYMEHTH sl peaJtizaiii
[1ix gac po3poOKH CUCTEMH 3 AITOPUTMOM aIallTUBHOTO (hopMyBaHHS TapudiB

nacaKUpPChbKUX MEepEBE3eHb Oy/1e BUKOPUCTAHO MOBY JavaScript, KiIl€EHT-CEpBEPHY

apxiTeKkTypy Ta GpeiMBOpPKH 1 610T10TeKH

i TexHOMITi pO3TIISIHYTO B TabmIIl 2.3:

Tabmuis 2.3 — Bukopuctani nmpu po3po0iii TEXHOJOT 11

TexHoJorist/IHCTpyMeHT

Onuc

Kuienur Biomioreku

React — 616mi0TeKa a1 CTBOPEHHS
JUHAMIYHUX 1HTEepdeiciB
KOPUCTYyBaua, 10 J03BOJISE
CTBOPIOBATH IMHAMIYHI Ta

IHTEPAKTUBHI BEO-CTOPIHKH.

Redux — 6i6mioTeka st ynpaBiaiHHS
CTaHOM 1HTep(deicy KopUCTyBaua.
BoHa BUKOPUCTOBY€ETHCS ISt
30epiraHHs Ta OHOBJICHHS JaHUX, 1110

B1JI00paXkaroThesl B iHTEepdeiici.

Tailwind — 610moTeka I cTyitizamil
iHTepdeiicy kopuctyBada. Bona
BUKOPHUCTOBYETHCS JIJISi CTBOPCHHSI
Bi3yaJIbHO MPUBAOIMBOTO Ta 3pyYHOTO

1HTEpPEHCy.

Cepaep DpeiiMBOpK

Node.js - cepenoBuIlie BAKOHAHHS
JavaScript, sike 103BOJISIE 3aITyCKaTH
JavaScript-xozq Ha cepBepi. Bona
BUKOPHUCTOBYETHCS JIJIS1 PO3POOKHU
TUHAMIYHUX BeO-cepBepiB Ta 1HIIUX

CEPBEPHHX 3aCTOCYHKIB.




[TponoBxenns Tabmwii 2.3

Texunosorist/IHCTPyMeHT

Onuc

Express — hperiMBOpK 11
CTBOpPEHHS BeO-cepBepiB. Bin
BUKOPHCTOBYETHCS 71 00pOOKHU
HTTP-3anuTiB Ta BIANOBIAEH, a
TaKOX JUIsl MapLIPyTU3aLlil 3aIUTIB

JI0 BIJMTOBITHUX (PYHKITIH.

Cepsep bibmioreku

TensorFlow — 6106110TEKA 3
BiJIKDUTHUM KOJIOM JIJIT MAllTHHHOTO
HaBYaHHS. BoHa BUKOPUCTOBYETHCS
JIUISl CTBOPEHHS Ta HABYaHHS
MOJIeJICH MAaIlTMHHOTO HaBYaHHS, K1
MOXKYTh BUKOPHCTOBYBATHCS JIJIS

aHai3y JaHUX Ta MPOTHO3YBaHHS.

Cucrema KOHTPOIIO Bepciit

Git — cucTema KOHTPOJIIO BEpClH, siKa
BUKOPUCTOBY€ETHCS IS B1JICTE)KEHHS

3MiH y KOJi.

IHTCFpOBaHC CCPCaAOBHUIIIC

Visual Studio Code — 6e3ko1mToBHHIT
PENAaKTOP KOAY 3 BIAKPUTHM KOJIOM,
SIKU BUKOPUCTOBYETHCS IS
PO3pOOKH MTPOTPAMHOTO
3a0e3meueHHs. Bin mae 6araro
(byHKIIH, K1 TOJETIIYIOTh

HaImMCaHHA Ta BiI[CTe)KeHHH KoY.




2.3 Onuc Ta NOpiBHSIHHS MojieJied Ta HelipoMepex

AJNTOPUTMHU MAIIMHHOTO HAaBYaHHS - 1€ KOMITIOTEPHI ajrOpuTMH, SKi
J03BOJISIIOTh CHUCTEM1 BUMTHCS 3 JaHUX Oe3 SBHOTO NporpamyBaHHi. Bonu
BUKOPHUCTOBYIOTHCSl JIJII CTBOPEHHSI MOAENEeH, SKi MOXYTh POOUTH MPOTHO3H,
3HAXOAUTH 3aKOHOMIPHOCTI Y JaHUX Ta pOOUTH BUCHOBKHU.

Helipomepexa - 11e maremMaruyHa MOJENb, fKa IMITye€ PpOOOTYy HEPBOBOI
CUCTEMHU JIIOAMHU. BoHa ckiagaerbcst 31 MITYYHUX HEUPOHIB, SIKI 3B'sS3aHI MIXK
co0010 Ta OpraHi3oBaHi y BUINIsAA1I Mepexi. HelipoHn oOpoOssitoTh BX1/1HI CUTHAIH,
nepeaarTh iX uyepe3 BHYTPINIHIA OOYMCIIIOBAILHHM TPOIEC 1 BUAAIOTh BUXIIHI

CHUTHAJIH.

TTpuxoBaHui
map

Llap
BXO1y
Lap
BUXOY

Pucynox 2.7 — [Ipukiia oqHOIIIaApOBOTO MEPCENTPOHY HEHPOMEpEexKi

Jlimiina perpecis: lle mnpocra wmomenb, SKa BUKOPUCTOBYETHCS IS
MIPOTHO3YBAaHHS 3HAYEHHsI OJHIET 3ajieHOI 3MIHHOI Ha OCHOBI OjHIET abo
JNEKUTbKOX HE3aJeKHMX 3MIHHUX. JIiHIMHA perpecia Moxe OyTH e(EeKTHBHOIO,

SKIIO 3B'I30K MK Tapudamu Ta pakTopamu, IO iX BIUTUBAIOTH, € JITHIMHUM.



26 10 ' 10 20 30 40 50 60

Pucynok 2.8 — [Ipukinan miniitHOT perperii

Jlorictuuna perpecis: Ll Momens BUKOPUCTOBYETHCS JUIsl MPOTHO3YBaHHS
NMOBIPHOCTI MOAli, HANpUKIA, 4nd OyJe Macakup KOPUCTYBATHCS IPOMaJChKUM
TpaHcnopToM. JlorictTuuHa perpeciss Moxke OyTH KOPHUCHOIO JUJIsi MPOTHO3YBaHHS

MOTUTY HA TPAHCTIOPTHI TOCITYTH.
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Pucynok 2.9 — [Ipukinaz JIOTiCTUYHOI perpertii

K-naiommxdi cycimu (KNN): L{s Mogens mporao3ye 3Ha4eHHS HOBOTO JTAHOTO
MyHKTY Ha OCHOBI 3Ha4€Hb HAHOIMKYUX JI0 HHOTO MYHKTIB Y Ha0opi nanux. Bona
MOXKe OyTH KOPHUCHOIO JIJIsl IPOTHO3YBaHHS Tapu(]iB, SKIIO ICHYE YiTKA 3aJI€KHICTh

MK Tapudamu A Moai0HUX MapuIpyTiB a00 B O10H1 TOIUHH.



Pucynoxk 2.10 — K-maitommkui cycigu (KNN)

3pa30K, MO3HAYEHUI 3€JE€HUM KOJIOM, MOTPIOHO KiIacu(piKyBaTH SK CHHIN
KBajgipaT a00 YEepBOHUU TPUKYTHHUK. SIKIIO KUIBbKICTh HanOmmxuux cycimiB (k)
nopiBHIOE 3, TO BiH Oyne KiacuikyBaThCs SK YEPBOHUN TPUKYTHHUK, OCKUIBKU
BCEPE/IMHI 3€JIEHOT0 Kojia € 2 TPUKYTHHKA Ta Juiie 1 kBaapar. Y BUNAAKY, Koiu k
= 5, 3pa3ok Oyme kiacuikyBaTHCS SIK CHHIM KBaJpar, OCKUIbBKH BCEpEIuH1
OUJIBIIIOTO KOJIa 3HAXOUThCA 3 KBajipara NpoTH 2 TPUKYTHHUKIB.

3roptroBi HelipoHHI Mepexi (CNN): CNN - 1e Tun HEHWpOHHUX MEPEK, sKi
crieniaibHO po3po0IIeHi T 00pOOKH MPOCTOPOBHUX JAAHUX, TAKUX K 300pasKCHHS.
CNN MOXyTb OyTH KOPUCHUMH JUIsl aHali3y JaHUX MpO MACAKHUPOMOTIK Ta

MapuIpyTH.
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Pucynok 2.11 — 3roptkoBa Heliponna mepexa (CNN)

Omnepariist 3ropTKu B HEHPOHHUX MEpekax, 30KpeMa B 3TOPTKOBUX HEHPOHHUX
meperkax (CNN), BHKOPHUCTOBYE CIUJIbHI TapaMeTpH IIapiB, IO JO3BOJISE
00poONIATH PI3HI YaCTUHHM BXIAHOTO 300pa)K€HHsI 3a JOTMOMOTOK) OJHAKOBUX
BaroBux koe@imienti. [le o3Havae, mo Baru (uUIBTPIB, 5K 3aCTOCOBYIOTHCS [0
300paXeHHs, OJTHAKOBI JUIS PI3HUX YaCTHH 300pakeHHs. L[ 0coOMMBICT J103BOJISIE
3MEHILIUTH KUIBKICTh MapaMeTpiB, sIKI NOTPIOHO HABYATU B HEMPOHHINA MEpexi, 110
MOJIETIIIYE TPOIEC HABYaHHS 1 pOOUTH MOAETh MEHII BUMOTIHUBOIO [0
00YHMCITIOBAIBHUX PECYPCIB.

Pexypentni netiponni mepexi (RNN): RNN - 1ie Tun HeHpoHHUX Mepex, sKi
CHeIiagbHO PO3poOJIeHl NIt 0OpOOKM TOCIHIIOBHUX JaHUX, TakuX sK dac. RNN
MOXYTh OyTH KOPUCHUMHU JUIsl IPOTHO3YBaHHS MOIMUTY HA TPAHCIIOPTHI MOCIYTH B

JUHAMIYHOMY CEpPEeIOBUIIL.
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Pucynox 2.12 — PexypenTHi HeiiponHi Mepexi (RNN)

OcHoBHa KOHIIETIIiS peKypeHTHUX HepoHHUX Mepex (RNN) nomsrae B Tomy,
10 BOHM 3J1aTHI 30epiraru iHPpOpMaIlito Ipo MoNepeaHi KPOKH 1 BUKOPUCTOBYBaTH
il ;U1 aHaIi3y B OUIBILI CKJIAJHUX KOHTEKCTax. L1 Mepexki J03BONISIOTh CTBOPIOBATH
MOJIeNl, IO MarTh BOyJOBaHy Mam'siTh JUisi 30€piraHHs JaHUX 1 BUSBICHHS

KOPOTKOYAaCHUX 3aJIEKHOCTEHM. BOHM TakoXkK IIHUPOKO BUKOPUCTOBYHOTHCS Y



IMPOTHO3YBaHHI YacOBUX PsIB, N[00 BHUABHTH KOPEIAIli MDK JaHHUMH Ta

BCTAHOBUTHU 3aKOHOMIPHOCTI.

3 PO3POBKA INTPOI'PAMHOI'O 3ABECIIEYEHHA

3.1 AHaJji3 cepeoBHMINA MPOrpaMyBaHHS

[Ipu oOpaHHiI TEXHOJIOTIH aJis PO3pPOOKH MPOrpaMHOro 3abe3reueHHs Oyio
IPOaHaI30BaHO pPsiA (AKTOpiB, IO MIIKPECIIOTh PO3YMHICTH BHOOPY MOBH
nporpamyBanHs JavaScript Ta cepemoBuma po3poOku Visual Studio Code.
JavaScript, ik MOBa, KOPUCTYETHCS IIMPOKOIO MOMYJSPHICTIO Y BeO-po3poO1il Ta B
IHIITMX 3aCTOCYBaHHSX, IO OXOIUTIOIOTH SK (POHTEHI, Tak 1 OekeHa. Maroun
BEJIMKY CIIUJIBHOTY PO3POOHUKIB Ta PO3MAITTA IHCTPYMEHTIB Ta Oi0Ii0TeK,
JavaScript nosermrye po3poOKy mporpaM Ta J103BOJISIE IIIBUJIKO CTBOPIOBATH SIKICH1
POIYKTH.

ITimrocu:

VHiBepcanpHICTh: JavaScript MOXKHa BHUKOPHUCTOBYBATH SIK Ha KIIIEHTCHKIN
cropoHi (y Opay3epi), Tak 1 Ha cepBepHiii cTopoHi (3a momomororo Node.js), mo
pOOUTH HOTO Ay>KE THYUKUM JIsl CTBOPEHHS IOBHOMACIITAOHUX JTO/IATKIB.

Hlupoki moxauBocTi: JavaScript Mae BenuyesHy exkocuctemMy O10mi0TeK 1
dbperimMBopkiB, Takux sk React.js, Angular, Vue.js, mo cmpoirye po3poOKy Ta
HIATPUMKY BEJIMKUX MPOEKTIB.

AcuHXpOHHE  mporpamyBaHHs:  JavaScript  miaTpuMye — aCHHXpPOHHE
porpaMyBaHHs, 110 JIO3BOJISIE CTBOPIOBAaTH €(EKTHUBHI Ta BIJ3MBUMBI JIOAATKH,
0COOJIMBO B MEPEKEBOMY CEPEIOBUIIII.

Minycu:

Juuamiuna tumizanis: JavaScript mMae JIuUHaMIYHY THI3AII0, [0 MOXKE
MPU3BECTH 70 TOMWJIOK B 4YaCc BUKOHAHHS TPOTPaMH 4Yepe3 HEOUiKyBaHI THITH
JaHUX.

BincyTHicTe komnuisuii: JavaScript € 1HTEpHIpPETOBAaHOK MOBOIO, IO MOXKE
MPU3BECTH 10 MEHII e()EeKTUBHOT POOOTH MOPIBHAHO 3 KOMIIUILOBAHUMHU MOBaMH,

TakuMHu K Java abo C++



Pucynok 3.1 — Visual Studio Code

Visual Studio Code — 11e inTerpoBane cepenonuiie po3podku (IDE),
po3pobiiene komnaniero Microsoft. Lle moTyHu# 1HCTPYMEHT AJi1 CTBOPEHHS
PI3HOMaHITHUX MPOTPaMHHUX MPOAYKTIB, BKIIOYAIOUU BEO-T0AaTKH, MOOLTBH1
JOJIaTKH, IECKTOIHI MTPOTpaMH, iIrpH, CEPBICH Ta 1HIII PIIICHHS.

Visual Studio Code nanae mmpokuii HaO1p PyHKIIH Ta IHCTPYMEHTIB, K1
JIOTIOMAraroTh PO3pPOOHUKAM B yCIX €Tarax po3poOKH MPOrpaMHOro 3a0e3neueHHs,
B/l HAITUCAHHS KOy /10 TECTYBAHHS Ta HAJIArO>KEHHS.

OcHoBHa obnacts IDE BiioOpaxkae penakrop Koy 3 KoJoM Ha MOBi JavaScript,
KU BKJIIOYA€ IMIIOPTOBAHI 3asBKHM, BUSHAYEHHS (DYHKIIIN Ta KOH(Iryparii
BUKJIUKIB API.

3miBa B IDE € 6iuna maHens 3 KijlbkOMa BKJIaJIKaMH, TaKuMU sK “Explorer”,
“Search”, “Source Control” Ta “Extensions”. Bubpano Bknanky “Explorer”, sxa
MOKa3y€e CTPYKTYPY KaTaJloTiB 3 MankaMu, TakKUMHU K “node _modules”, “public”,
Ta (aiinamu, Hanpukian, “package.json”.

Buu3y n11BOro KyTa € 3HauKu ISl YIPaBIiHHS 00JIKOBUM 3aIllUCOM Ta

HajamrtyBaHHAMH. Y BepxHii yactuHi IDE BugHO Menro 3 omisimu “File”, “Edit”



ta “View”

3.2 CTBOpPEHHS CXOBMIIA JAHUX

[lim 9ac CTBOpEHHs IIHOTO CXOBUINA JAaHWUX S BUKOPHCTOBYBaB 1H(OpMAIliio y
dopmari JSON. B ¢aiini nporo dopmary MICTATBCS OCHOBHI JaH1 MPO MapIIpyTH
Ta TPAHCHOPTHI 3aco0M, a TakoX 1HIII HEOOXiJHI JOJATKOBI B1JIOMOCTI, IO

BKJIFOUAJIUCSL JJIS OLIBII TOBHOTO PO3YMIHHS KOHTEKCTY Ta XapaKTePUCTUK

TPAHCIOPTHOTO PYXY.

MacuB npo TpaHCTIOpPTHI 3acO0M MICTHTH JaHi MPO Pi3HI BUIAM TPAHCIOPTY 1

BKJIIOYa€e B ceOe arpuOyTH, Taki sIK IXHI MICTKOCTI, CIIO)KMBAHHS TaJiiBa, MOJATKH

KOMIIaHIT Ta 1HIII.

id name capacity fuel_consumption
Yolande Rackstraw 43
Carlin Luday 18

Kendra Wattam 45

B0 RN -

Nichole Mcinnes 16
Weider Elphey 6
Sander Head 42
Nellie Karpenya 4

Camey Casassa 40

w o o~ @™ o

Clemmy MacConchie 13

79.25
54.89
99.88
77.93
5112
56.61
69.08
93.71

7433

company_tax

35.42
28.44
24.78
27.09
10.81

0.01
16.55

29.8

32.29

vehicle_type

fuel_type distance_km
diesel

gasoline

gasoline

diesel

gasoline

gasoline

gasoline

gasoline

gasoline

Pucynox 3.2 — [Ipukian TpaHcnopTHUX 3ac00iB

Tabmuus 3.1 — Tabnuis Tpancnopty

73.52
79.42
59.54

27.89

33.91
93.54
1.76

33.54

maintenance_cost

822.62

60.16
626.35
530.85
177.04
656.75
907.41
708.48

600.52

Texnouorist/IHcTpymMeHT

Onuc

name

HazsBa Tpancnopry

capacity

BwmicTumicTe TpaHCHIOPTY

fuel consumption

CnoxuBaHHS NaauBa (Ha KM)

company_tax

[Tomarok KoMIaHii 3a TPAHCHIOPT

route id

[nenTudikarop MappyTty

vehicle type

Tum TpancmopTHOTO 3200y

fuel type

Twn manuBa

transport_type

Tun Tpancopty

maintenance cost

Burtpartu Ha 00CcIyroByBaHHs




MacuB npo MapiipyTyd MiCTUTh 1H(QOpMaIIiio PO Pi3HI MAPUIPYTH, BKITIOYAIOTN
JaTy, MICIIE3HaXO/KCHHS TTOYaTKy Ta KiHIIS MapIIpyTy, 4ac pyxXy, IIOTOAHI YMOBH,

KUTBKICTh TTACAXUPIB Ta 1HIII MapaMeTpH.

route id date start_location end location start time end time day of week day type passenger count fare_amount curency weather condition traffic_condition route distance fuel price per litter transport id fare amount

1 71152022 094 Morow 64 Carberry  10:08PM  540PM  Tuesday Weekend 86 Hryvnia Snowy Light 47.36 55.97 40
Pass Way

2 8/14/2022 637 Brown Hil 31444 Eagan 10:16PM 420 PM  Tuesday Weekend 59 Dollar Snowy Light 42,61 24.06 20 0

Center

3 10/21/2022 7 Cardinal 06 Fulton 1050 PM 747 PM  Sunday Weekday 74 Koruna Cloudy Moderate 31.56 31.27 60
Trail Plaza

4 532022 20895 86Diloreto  9:40AM 417 PM  Tuesday Weekday 24 Krona Snowy Moderate 27.73 11.84 70
Eggendart Drive
Lane

5 11/27/2022 330 Division 59 Crest Line  5:52 PM 7:09 PM  Friday Weekday 53 Peso Sunny Light 2198 54.06 50
Point Terrace

6 1/28/2022 67783 Nobel 2044 Grover 1:01PM  420AM  Friday Holiday 73 Peso Cloudy Light 23.89 26.98 25 0
Junction Circle

7 2082022 00 Hollow 93694 Scoll  S1AM 624 PM  Sunday Weekend 55 Krona Cloudy Moderate 26.11 20.59 120

Ridge Point  Terrace

Pucynoxk 3.3 — [Ipukinan mapuipyTis

Tabnuis 3.2 — Tabnuis MapuIpyTiB

Texunouoriss/IHcTpyMeHT Onmuc

route id Inentudikarop mapupyty

date Jlara MapuipyTy

start location ITouaTkoBe MicIie po3TalTyBaHHsI

end_location Kinnese miciie po3rainryBaHHs

start time [TouarkoBwuii yac BiAMIpaBIECHHS

end time Kinnesuit yac npulyTTst

day of week JleHb THKHS

day type Tun nus (poGouunit, BUXIAHUIM, CBSITO)

passenger count KinbkicTh macaxupin

fare _amount Cyma Tapudy

fare_amount curency Bamora cymu tapudy

weather condition [ToronHi ymoBu

traffic_condition YMOBU JOPOKHBOTO PyXy




route_distance Biacrans mapmipyTy y KiToMeTpax

fuel price per litter BapricTs manpHOTO 32 TP

3.3 Orssig ocHOBHUX (pyHKIIi

[Iporpamna apxiTekTypa AOCHIPKEHHS OpraHi3oBaHa SK KIIIEHT-CEPBEPHUIN

BeO-CcaliT, e uacTMHA BIAMNOBIJaJdbHA 3a mepeAdadeHHs 30CepelKeHa Ha

cepBepHoMy Oorii. s vacTuHa KOy po3/iJIeHa Ha TPU OCHOBH1 (DYHKIII:

createMlpModel = () {
model = tf.sequential();

el.add(tf.layers.dense
1.add(tf.layers.dense({ units: 1 }
l.compile({ optimizer: ‘adam', loss: "me

return model;

{ units: 64, activation:

createCnnModel = () {
model = tf_sequential();
.add(tf.layers.reshape({ targetShape: [5, 1], inputShape: [5] }
.add(tf.layers.convid({ filters: 32, kernelSize: 3, activation:

L
J

.add(tf.layers.maxPoolingld({ pool5ize: :
.add(tf.layers.flatten

.add(tf.layers.dense({ units: 64, activation:
.add(tf.layers.de { wnits: 1 }

.compile({ optimizer: 'adam’, loss:

n model;

f.layers.reshape({ targetShape: [1, 5], inputShape: [5] }
(tf.layers.lstm{{ units: 64, returnSequences: 133 F
.add(tf.layers._lstm({ units: 64 }));
.add(tf.layers._dense({ units: 1 }
.compile({ optimizer: 3

return model;

Pucynok 3.4 — Kon createNeuralModel

createNeuralModel: y Neural nokazanotun ueiipomepexi (MLP, CNN a6o

RNN) i1 kokHa 3 (GQYyHKIIA CTBOPIOE BIAMOBIAHY MOJEIh 3 BIIMOBITHUMU

napaMeTpaMH, TaKUMH K KUIBKICTh IIApiB, KUIBKICTh HEUPOHIB Y KOXKHOMY IIapi,



akTuBaliHl ¢QyHKIIi Ta ontuMizarop. [licis 1boro Mojelnb KOMITUTIOETHCS 3

BKAa3aHUM ONTUMI3aTOPOM Ta (PYHKIIIEIO BTPAT JJIsl TOTOBHOCTI IO TPEHYBaHHS.

determineBestModel = (
mlpPredictions,
cnnPredictions,
ronPredictions,
y_test

Pucynok 3.5 — Kox determine best model

determine best model: ®yukmis determine best model peanizye mnporec
BU3HAYEHHSI HaWKpamoi MoJenl HEHUpOHHOI MeEpeki Ha OCHOBI HaWMEHILIOl
cepennbo-kBagparnunoi  momuiaku  (MSE).  Jlama  QyHKIis  103BOIISIE
aBTOMATHU3yBaTH TPOIEC BUOOPY HAWKpaIoi MOJeNi AT KOHKPETHOTO 3aBIaHHS

MAIIMHHOTO HaBYaHHS Ha OCHOBI CMHipI/IqHOFO OI_[iHIOBaHHﬂ Ha TCCTOBUX OJAaHUX.



traf

lr

L
{ Snowy: 3, Rain: 1,
{ High: 2, Light: 8,
ion = @

e;
e;

e .weather condition]

ndit pute.traffic_condition]

route.fuel pr
route.passenger_count,
route.route_distance,

eatures,

route.fare amount;

or ] H

labels };

Pucynok 3.6 — Kon preprocess data

Clear: 8, Fog: 2 };
Medium: 1 };

I

?? defaulthWeathe

preprocess data: ¢yHKIIIS BAKOHY€ TONEPEIHI0 0OpOOKY BXITHUX JaHUX MEPE

iX MOJaIbIIMM BUKOPUCTAHHAM Y TPEHYBAHHI MOJIEINI YU IPOBEJCHHI Mepe10aueHb.

OcHoBHA MeTa TEpeIpaIfoBaHHs - MIArOTYBaTH JaHl NI MOAAibInoi 0OpOOKH

TaKUM YUHOM, 11100 BOHU OyJIM MPUAATHI JIJIs1 MOJICJTFOBaHHS.

Tlo
I

trainModel:

trainModel =
or2d(features);
fF.tensor2d(labels,

await model.fit(X

epochs:
batchsiz
validationSplit: 8.2,

1ea,

L

return model;

Pucynok 3.7 — Kog trainModel

(model, features, labels)

labels.length, 1]);

GyHKIIS TMpu3HAYeHa [JIsi TPEHYBaHHS MOJENl MAIIMHHOTO

HAaBYaHHS Ha BXIJIHUX JIAHUX MICJsl 1X monepeaHboi o0pooku. OCHOBHA MeTa Iiel

GYHKIT - HABYUTH MOJIENh HA JAHUX 3 METOI0 TOJAIBIIIOr0 BUKOPUCTAHHS 11 SIS

IMPOBCACHHSA HGpGI[68HCHB Ha HOBHX 200 TECTOBHX JaHUX.



try

ction.datasync()});

Pucynoxk 3.8 — Kon predicts

predicts: QyHKIisIT BHUKOPHCTOBYE HABYEHY MOJENb JJIsi IPOBEACHHS
nependadeHb Ha HOBUX JMaHWX. OCHOBHA MeTa 1i€i (YHKI - 3aCTOCYBaTh MOJIETTb,
gka Oyjla HaBYE€HA HA TONEpPEAHbOMY €Tami, 0 HOBUX JI@HUX 1 OTpUMAaTu

nependavyeHi 3Ha9YeHHsI HUTbOBOI 3MIHHOT UM KJIacy

BUCHOBOK

Po3poOka cucremMu 3 anropuTMOM aJanTUBHOrO (opMmyBaHHS TapuQis
MACAXUPCHKUX TIEPEBE3CHh B I1HTENEKTYyaJdbHIA TPAHCIOPTHIA CHCTEMI MiCTa
BIJOOpa)kae BaXJIMBUM HaNpsSMOK PO3BUTKY CYyYaCHUX MICBKHUX TPAHCIIOPTHUX
cepBiciB. llell miaxig  A03BOJIsiE  CTBOPIOBAaTM  OuUlbIl  €EKTUBHI  Ta
KOHKYPEHTOCIIPOMOXKHI CHCTEMHU TI€PEeBE3€Hb, M0 BIAMOBIIAIOTH TOTpedam
kopuctyBauiB. IllnsxoMm aHamizy [JaHUX TPO BUKOPUCTAHHS Ta TMOMUT Ha
TPAHCTIOPTHI MOCITYTH, aJTOPUTM MOXKE AMHAMIYHO aJanTyBaTH Tapu(u 3aJeKHO
BiJl 4acy J100M, 00CSTY MacaKUPOIOTOKY, a TAKOXK 1HIIHUX (haKTOPIB, 1110 BITUBAIOTH
Ha TOIHUT.

JavaScript € TOTY)KHUM IHCTPYMEHTOM IS pO3pOOKH BeO-TOMaTKIB Ta
CEpPBEpPHUX 3aCTOCYBaHb, 1 BHUKOPUCTaHHS HOT0 B KOHTEKCTI pO3POOKHU
IHTENEKTYyaJIbHUX TPAHCHOPTHUX CHUCTEM MOXK€ 3a0e3NeUYuTH THYYKICTh Ta
MIBUKICTh PO3TOpTaHHA Takux pimeHb. Bukopucranns TensorFlow, Bimkpuroi
010110T€KM MAUIMHHOTO HABYAHHS, MOXE JOMOMOITH B pO3pOOLIl CKIATHUX

ANTOPUTMIB 71l aHAII3y JaHUX Ta MPOTHO3YyBaHHS MAaCaKUPCHKUX MOTOKIB, IO €



KJIFOYOBHUM aCIIEKTOM Y peatizallii aJanTUBHUX TapU(PHUX CUCTEM.

Ha ocCHOBi 3a3HaueHHMX TEXHOJIOTIH MOYKHAa CTBOPHTH CHCTEMY, SKa 37aTHa
azanTyBaTH Tapudu Ha MacaKUPCHKI MEPEeBE3EHHS B PeaJbHOMY Yaci, BpaXOBYIOUH
pi3HOMaHITHI (akTOpH, Taki SK 4Yac J00W, TMOMYJISAPHICTH MapUIPyTy, 3MIHU B
TPaHCMOPTHIN 1HGpaACTPYKTYypi Toio. [le 103BOMUTH ONTUMI3yBaTH BUKOPUCTAHHS
pecypciB Ta 3a0e3neduTH e(eKTUBHE (PYHKIIIOHYBAaHHS CHUCTEMH MACaKUPCHKHUX

NepeBE3EHb B MICTI.
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JlonaToxk A

Cepsep
app.js
const express = require('express');
const cors = require('cors');
const transportsRoutes = require('./routes/transport.routes');
const routeRoutes = require('./routes/route.routes');
const utilRoutes=require('./routes/utils.routes')
require('dotenv').config();
const app = express();
const port = process.env.PORT || 3001;
app.use(cors());
app.use(express.json());
app.use('/transports', transportsRoutes);
app.use('/routes', routeRoutes);
app.use('/utils',utilRoutes)
app.use((err, req, res, next) => {
console.error(err.stack);
res.status(500).json({ message: 'Internal Server Error' });
1)
app.listen(port, (error) => {
if (lerror) {console.log("Server started on port " + port);
} else {console.log("Error occurred, server can't start", error);}

s

util.routes.js
const express =require('express')
const router=express.Router()
const utilsController=require('../controllers/utilController")
const utils1Controller=require('../controllers/util 1 Controller')
router.get('/',utilsController.getStandartUtil)
router.get('/structure',utils1 Controller.getDataStructure)
router.get('/train’,utils1 Controller.postTrain)
router.post('/predict',utils1 Controller.postPredict)
module.exports=router

transport.routes.js
const express =require('express')
const router=express.Router()
const transportController=require('../controllers/transportController")
router.get('/',transportController.getAll Transports)
module.exports=router

route.routes.js
const express =require('express')
const router=express.Router()
const routeController=require('../controllers/routeController")
router.get('/',routeController.getAlIR outes)
router.get('/pasang',routeController.getAllRoutesWithBusName)
router.get('/calculate',routeController.getCalculate All)
module.exports=router



util1Controller.js
const utilService =require('../services/util1Service')
const getDataStructure=async(req,res)=>{

try{
const dataStructure = await utilService.sendStructure();

res.status(200).json(dataStructure);
}catch (error) {
console.error(error);
res.status(500).json({ message: 'Internal Server Error' });

b
}
const postTrain = async (req, res) => {
try {

const data=await utilService.loadData()
const { features, labels } = utilService.preprocessData(data);
console.log("Work 1"
const mlpModel = utilService.createMIpModel();
const mlpModelTrained = await utilService.trainModel(mlpModel, features,

labels);

await utilService.saveModel(mlpModelTrained, 'mlp_model');
/*const rnnModel = utilService.createRnnModel();
await utilService.trainModel(rnnModel, features, labels);
await utilService.saveModel(rnnModel, 'rnn_model');
const cnnModel = utilService.createCnnModel();
await utilService.trainModel(cnnModel, features, labels);
await utilService.saveModel(cnnModel, 'cnn_model');*/
res.status(200).json({ message: 'Models trained and saved successfully' });
} catch (error) {res.status(500).json({ error: error.message });}
¥
const postPredict = async (req, res) => {
try {
const data = req.body;
if(data!=null||data!="){
const {features} =utilService.preprocessData(data);
const loadedMIpModel = await utilService.loadModel('mlp model");
/*const loadedCnnModel = await utilService.loadModel('cnn_model");
const loadedRnnModel = await utilService.loadModel('rnn_model");*/
const mlpPredictions = await utilService.predict(loadedMIpModel, features);
/*const cnnPredictions = utilService.predict(loadedCnnModel, features);
const rnnPredictions = utilService.predict(loadedRnnModel, features);
const bestModel = utilService.determineBestModel(mlpPredictions,
cnnPredictions, rnnPredictions, labels);*/
res.status(200).json(mlpPredictions);
}
else{res.status(200).json({message:"The data do not match the sample"});
} catch (error) {res.status(500).json({ error: error.message });
§3
const sendData=mlpPredictions.map((item)=>utilService.calc(item,2))
module.exports = { postTrain, postPredict ,getDataStructure};



transportController.js
const transportService =require('../services/transportService')
const getAllTransports = async (req, res) => {
try {
const { id, start, end } = req.query;
if (id) {
const transport = await transportService.getTransportByld(parselnt(id, 10));
if (!transport) {
return res.status(404).json({ message: 'Transport not found' });
}
const routes = await transportService.getRoutesByTransportld(parselnt(id, 10));
return res.status(200).json( { transport, routes });
}
const transports = await transportService.getAll Transports({
start: start ? parselnt(start, 10) : undefined,
end: end ? parselnt(end, 10) : undefined,
1;
return res.status(200).json(transports);
} catch (error) {
console.error(error);
return res.status(500).json({ message: 'Internal Server Error' });

}
¥
const getTransports WithRoutes=async(req,res)=>{
try{
const data=await transportService.transportsWithRoutes()
res.status(200).json(data)
}

catch(error){res.status(500).json({message:"})}

}

module.exports={getAllTransports,getTransportsWithRoutes }

routeController.js
const routeService =require('../services/routesService')
const getAllRoutes = async (req, res) => {
try {
const start = req.query.start ? parselnt(req.query.start) : undefined,
const end = req.query.end ? parselnt(req.query.end) : undefined;
const routes = await routeService.getRoutes({ start, end });
res.status(200).json(routes);
} catch (error) {
console.error(error);
res.status(500).json({ message: 'Internal Server Error' });}
s
const getAllRoutesWithBusName = async (req, res) => {
try {
const data = await routeService.getRoutesWithTransportName();
res.status(200).json(data);
} catch (error) {
console.error(error);
res.status(500).json({ message: 'Internal Server Error' });

}



s
const getCalculateAll = async (req, res) => {
try {
await routeService.calculate All();
res.status(200).json({ message: 'Calculate Good' });
} catch (error) {
console.error(error);
res.status(500).json({ message: 'Internal Server Error' });}
3
module.exports={getAllRoutes,getAllIRoutesWithBusName,getCalculate All}

utillService.js
const fs = require('fs').promises;
const path = require('path');
const dataFilePath = path.join(__dirname, '../data/data.json");
const modelsPath = path.join(__dirname, '../models');
const tf = require('@tensorflow/tfjs");
require('tfjs-node-save');
const preprocessData = (data) => {
const weatherConditions = { Snowy: 3, Rain: 1, Clear: 0, Fog: 2 };
const trafficConditions = { High: 2, Light: 0, Medium: 1 };
const defaultWeatherCondition = 0;
const defaultTrafficCondition = 0;
const features = [];
const labels = [];
data.routes.forEach((route) => {
const featureVector = [
weatherConditions[route.weather condition] ?? defaultWeatherCondition,
trafficConditions[route.traffic condition] ?? defaultTrafficCondition,
route.fuel price per litter,
route.passenger count,
route.route_distance,
I;
const label = route.fare_amount;
features.push(featureVector);
labels.push(label);
1);
return { features, labels };
s
const createMIpModel = () => {
const model = tf.sequential();
model.add(tf.layers.dense({ units: 64, activation: 'relu’, inputShape: [5] }));
model.add(tf.layers.dense({ units: 64, activation: 'relu’' }));
model.add(tf.layers.dense({ units: 1 }));
model.compile({ optimizer: 'adam', loss: 'meanSquaredError' });
return model;
3
const createCnnModel = () => {
const model = tf.sequential();
model.add(tf.layers.reshape({ targetShape: [5, 1], inputShape: [5] }));
model.add(tf.layers.conv1d({ filters: 32, kernelSize: 3, activation: 'relu' }));
model.add(tf.layers.maxPooling1d({ poolSize: 2 }));



model.add(tf.layers.flatten());

model.add(tf.layers.dense({ units: 64, activation: 'relu' }));
model.add(tf.layers.dense({ units: 1 }));

model.compile({ optimizer: 'adam', loss: 'meanSquaredError' });
return model;

¥

const createRnnModel = () => {
const model = tf.sequential();
model.add(tf.layers.reshape({ targetShape: [1, 5], inputShape: [5] }));
model.add(tf.layers.Istm({ units: 64, returnSequences: true }));
model.add(tf.layers.Istm({ units: 64 }));
model.add(tf.layers.dense({ units: 1 }));
model.compile({ optimizer: 'adam', loss: 'meanSquaredError' });
return model,
}3
const meanSquaredError = (predictions, actuals) => {
const errors = predictions.map((pred, index) =>
Math.pow(pred[0] - actuals[index], 2)
);
return errors.reduce((a, b) =>a + b, 0) / errors.length;
}3
const determineBestModel = (
mlpPredictions,
cnnPredictions,
rnnPredictions,
y_test
)=>{
const mlpMSE = meanSquaredError(mlpPredictions, y_test);
const cnnMSE = meanSquaredError(cnnPredictions, y_test);
const rnnMSE = meanSquaredError(rnnPredictions, y_test);
console.log("MLP Model MSE: ${mlpMSE}");
console.log("CNN Model MSE: ${cnnMSE}");
console.log("RNN Model MSE: ${rnnMSE}");
const bestModel = Math.min(mlpMSE, cnnMSE, rnnMSE);
if (bestModel === mlpMSE) {
return 'MLP";
} else if (bestModel === cnnMSE) {
return 'CNN';
} else {
return 'RNN';

}
¥
const trainModel = async (model, features, labels) => {
const X = tf.tensor2d(features);
const y = tf.tensor2d(labels, [labels.length, 1]);
await model.fit(X, y, {
epochs: 100,
batchSize: 32,
validationSplit: 0.2,
1)

return model,



s
const saveModel = async (model, modelName) => {
const modelSavePath = path.resolve(modelsPath, modelName);
console.log(modelSavePath)
try {
await model.save( file://$ {modelSavePath}");
console.log('Model ${modelName} saved successfully.");
return
} catch (error) {
console.error(*Error saving model $ {modelName}: ${error}");
throw error;

h

i3

const loadModel = async (modelName) => {
const modelLoadPath = path.join(modelsPath, modelName, 'model.json');
console.log(modelLoadPath)

return await tf.loadLayersModel("file://$ {modelLoadPath}");

1§

const predict = async(model, features) => {

try {
const X _test = tf.tensor2d(features);
const prediction = model.predict(X _test);
const predictionArray = Array.from(prediction.dataSync());
return predictionArray;

} catch (error) {
console.error('Error predicting:', error);
return null;

}
}3
const getType = (value) => {
if (Array.isArray(value)) {
return 'array’;
} else if (typeof value === 'object' && value !==null) {
return 'object’;
} else {
return typeof value;
h
s
const capitalize = (str) => str.charAt(0).toUpperCase() + str.slice(1);
const getStructure = (obj, typeDefinitions = {}, parentKey = 'Root") => {
const typeName = capitalize(parentKey);
if (typeDefinitions[typeName]) {
typeDefinitions[typeName] = {};
}
for (const key in obj) {
const value = obj[key];
const type = getType(value);

if (type === 'object’) {
const nestedTypeName = '$ {typeName} $ {capitalize(key)};
getStructure(value, typeDefinitions, "$ {typeName} $ {capitalize(key)}");
typeDefinitions[typeName][key] = nested TypeName;



} else if (type === "array') {
if (value.length > 0) {
const array Type = getType(value[0]);
if (arrayType === 'object’) {
const nestedTypeName = '$ {typeName} $ {capitalize(key)} Item’;
getStructure(
value[0],
typeDefinitions,
'$ {typeName} $ {capitalize(key)} Item'
);
typeDefinitions[typeName][key] = '$ {nestedTypeName}[]';
} else {
typeDefinitions[typeName][key] = *${arrayType}[]';

}
}else {
typeDefinitions[typeName][key] = 'any[]';
}
} else {
typeDefinitions[typeName][key] = type;
}
}
return typeDefinitions;
}5
const loadData = async () => {
try {

const rawData = await fs.readFile(dataFilePath);
return JSON.parse(rawData);
} catch (error) {
console.error('Error loading data:', error);
return null;

}
¥
const sendStructure = async () => {
try {
const rawData = await fs.readFile(dataFilePath, 'utf8');
const data = JSON.parse(rawData);
const typeDefinitions = getStructure(data);
let result =",
for (const [typeName, fields] of Object.entries(typeDefinitions)) {
result += “interface $ {typeName} {';
for (const [field, type] of Object.entries(fields)) {
result +=" ${field}: ${type};’;
h
result +="}';
}
return result;
} catch (error) {
console.error("Error reading or processing data: $ {error}");}
IR
const calc=(n,c)=>{ return Number(n.toFixed(c)) }
module.exports = {
loadModel, predict, trainModel, saveModel, createMIpModel, createCnnModel,



createRnnModel, determineBestModel, preprocessData, sendStructure, loadData,calc};

transportService.js
const fs=require('fs').promises
const path =require('path')
const tf = require('@tensorflow/tfjs');
const dataFilePath=path.join(__dirname,'../data/data.json")
const getAllTransports = async (filter = {}) => {
try {
const data = await fs.readFile(dataFilePath, 'utf-8");
let transports = JSON.parse(data).transports;
if (filter.start !== undefined && filter.end !== undefined) {
transports = transports.filter(
(transport) =>
transport.id >= filter.start && transport.id <= filter.end
);
}
return transports;
} catch (error) {
console.error('Error reading bus data:', error);
throw new Error('Failed to retrieve bus data');

b
s
const transportsWithRoutes = async () => {
try {
const data = await fs.readFile(dataFilePath, 'utf-8");
const parsedData = JSON.parse(data);
const transports = parsedData.transports;
const routes = parsedData.routes;
const result = transports.map(transport => {
const associatedRoutes = routes.filter(route => route.transport_id === transport.id);
return {
...transport,
routes: associatedRoutes
}5
1)
return result;
} catch (error) {
console.error('Error retrieving transports with routes:', error);
throw new Error('Failed to retrieve transports with routes');

}
}3
const getTransportByld = async (id) => {
try {
const data = await fs.readFile(dataFilePath, 'utf-8");
const transports = JSON.parse(data).transports;
return transports.find((transport) => transport.id === id);
} catch (error) {
console.error('Error reading transport data:', error);
throw new Error('Failed to retrieve transport data');

}
§3
const getRoutesByTransportld = async (id) => {



try {

const data = await fs.readFile(dataFilePath, "utf-8");

const routes = JSON.parse(data).routes;

return routes.filter((route) => route.transport _id === parselnt(id));
} catch (error) {

console.error('Error reading route data:', error);

throw new Error('Failed to retrieve route data');

}

3

module.exports = {
getAllTransports,
transports WithRoutes,
getTransportByld,

getRoutesByTransportld

53

routeService.js
const fs = require('fs').promises;
const path = require('path');
const tf = require('@tensorflow/tfjs");
const dataFilePath = path.join(__dirname, '../data/data.json');
const calculateFuelPricePerKm = (fuelConsumptionPer1 00Km, pricePerLiter) => {
return (fuelConsumptionPer100Km / 100) * pricePerLiter;
s
const calculateBaseTicketPrice = (
distance,
fuelPricePerKm,
companyProfit,
additionalExpenses
) =>4
const fuelCost = distance * fuelPricePerKm;
const basePrice = fuelCost + additionalExpenses;
const finalPrice = basePrice + basePrice * (companyProfit / 100);
return finalPrice;
s
const getRoutes = async (filter = {}) => {
try {
const data = await fs.readFile(dataFilePath, 'utf-8'");
let routes = JSON.parse(data).routes;

if (filter.start == undefined & & filter.end !== undefined) {
routes = routes. filter(
(route) =>
route.route 1d >= filter.start && route.route id <= filter.end
);
b
return routes;
} catch (error) {
console.error('Error reading route data:', error);
throw new Error('Failed to retrieve route data');

}
¥



const getRoutesWithTransportName = async (filter = {}) => {
try {
const data = await fs.readFile(dataFilePath, 'utf-8');
const dataJson = JSON.parse(data);
const routesWithDetails = dataJson.routes.map((route) => {
const transport = dataJson.transports.find(
(t) => t.id === route.transport_id
);
return {
route_id: route.route id,
date: route.date,
start_location: route.start location,
end location: route.end location,
transport_name: transport ? transport.name : 'Unknown',
start_time: route.start time,
end_time: route.end time,
fare amount: route.fare_amount,
fare_amount currency: route.fare_amount curency,
bus_id: route.transport id,
K
1);
return routes WithDetails;
} catch (error) {
console.error('Error retrieving routes with details:', error);
throw new Error('Failed to retrieve routes with details');

H
K
const parseFilterString = (filterString) => {
const filterObj = {};
const pairs = filterString.split('&');
pairs.forEach((pair) => {
const [key, value] = pair.split('=");
filterObj[key] = value;
1)
return filterObj;
}3
const addRoute = async (route) => {
try {
const data = await fs.readFile(dataFilePath, 'utf-8');
const routes = JSON.parse(data).routes;
routes.push(route);
await fs.writeFile(dataFilePath, JSON.stringify({ routes }, null, 2));
console.log('Route added successfully');
} catch (error) {
console.error('Error adding route:', error);
throw new Error('Failed to add route');
38
const updateRoute = async (id, route) => {
const data = await fs.readFile(dataFilePath, 'utf-8');
const routes = JSON.parse(data).routes;
const index = routes.findIndex((r) => r.id === id);
if (index !=="-1) {



routes[index] = { ...routes[index], ...route };
await fs.writeFile(dataFilePath, JSON.stringify({ routes }, null, 2));
console.log('Route updated successfully');

} else {
console.error('Route not found');
e
const deleteRoute = async (id) => {
try {

const data = await fs.readFile(dataFilePath, 'utf-8');
let routes = JSON.parse(data).routes;
routes = routes.filter((route) => route.id !== id);
await fs.writeFile(dataFilePath, JSON.stringify({ routes }, null, 2));
console.log('Route deleted successfully');
} catch (error) {
console.error('Error deleting route:', error);
throw new Error('Failed to delete route');
38
const calculateAll = async () => {
try {
const data = await fs.readFile(dataFilePath, 'utf-8');
const parsedBusData = JSON.parse(data);
const routesData = parsedBusData.routes;
for (let 1 = 0; 1 <routesData.length; i++) {
const route = routesData][i];
const distance = route.route _distance;
const transport = parsedBusData.transports.find(
(t) => t.id === route.transport_id
);
if (transport) {
const fuelPricePerKm = calculateFuelPricePerKm(
transport.fuel consumption,
route.fuel price per litter
);
let baseTicketPrice = calculateBaseTicketPrice(
distance,
fuelPricePerKm,
transport.company _tax,
transport.maintenance cost
);
baseTicketPrice = baseTicketPrice / 30;
route.fare_amount = Math.floor(baseTicketPrice * 100) / 100;

}
h

const resultFilePath = path.join(__dirname, '../data/calc.json');

await fs.writeFile(resultFilePath, JSON.stringify(parsedBusData, null, 2));
} catch (error) {

console.error('Error calculating prices:', error);

throw new Error('Failed to calculate prices');

H
}3
module.exports = {getRoutes, addRoute, updateRoute, deleteRoute, calculateAll,
getRoutesWithTransportName, } ;



Knient
App.jsx

import { Provider } from 'react-redux’;

import store from './store/store';

import { RouterProvider } from 'react-router-dom'’;
import router from './routes/routings';

const App=()=> {

return (<>
<Provider store={store}>
<RouterProvider router={router}/>
</Provider>
<>);

}

export default App;

routings.jsx
import { createBrowserRouter } from 'react-router-dom';
import Home from '../pages/Home';
import ErrorComponent from '../layouts/Layout]/ErrorComponent2';
import TransportsPage from '../pages/TransportsPage';
import PredictPage from '../pages/PredictPage’;
import RoutePage from '../pages/RoutePage’;
import TransportPage from '../pages/TransportPage';
const router = createBrowserRouter([
{

path: /',

element: <Home />,

index: true,

errorElement: <ErrorComponent />,

s
{

path: '/routes’,
element: <RoutePage />,

s
1

path: '/transports',
element: <TransportsPage />,

s
{

path: '/transports/:id',
element: <TransportPage />,

§s
{
path: '/predict’,
element: <PredictPage />,
s
D;

export default router;



store.js

import { configureStore } from "@reduxjs/toolkit";

import transportReducer from "./reducers/transportReducer";

import routeReducer from "./reducers/routeReducer";

import utilReducer from "./reducers/utilReducer";

const store=configureStore({

reducer: {

transports:transportReducer,
routes:routeReducer,
utils:utilReducer

b
1)

export default store

routes.actions.js
import axios from 'axios';
const url = import.meta.env.VITE API URL;
export const ADD ROUTE ='ADD ROUTE::ROUTE';
export const UPDATE ROUTE ="'UPDATE ROUTE::ROUTE;
export const DELETE ROUTE ='DELETE ROUTE::ROUTE";
export const SET ROUTES ='SET _DATA::ROUTE';
export const SET DATA ='SET DATA::ROUTENET";
export const SET LOADING ='SET_LOADING::ROUTENET";
export const SET _ERROR ='SET _ERROR::ROUTENET";
export const addRoute = (route) => ({

type: ADD ROUTE,

payload: route,
1)
export const updateRoute = (route) => ({

type: UPDATE ROUTE,

payload: route,
1)
export const deleteRoute = (route) => ({

type: DELETE ROUTE,

payload: route,
1)
export const setLoading = (loading) => ({

type: SET _LOADING,

payload: loading,
1
export const setData = (data) => ({

type: SET _DATA,

payload: data,
1;
export const setRoutes = (data) => ({

type: SET ROUTES,

payload: data,
1)
export const setError = (error) => ({

type: SET_ERROR,

payload: error,

1)



export const fetchRoutes = (start, end) => async (dispatch) => {
dispatch(setLoading(true));
let urlWithParams = "${url}/routes’;

if (start !==undefined && end !== undefined) {
urlWithParams += "?start=$ {start} &end=$ {end} *;
b

try {
const response = await axios.get(urlWithParams);

dispatch(setData(response.data));
dispatch(setRoutes(response.data));
} catch (error) {
dispatch(setError(error.message));
} finally {
dispatch(setLoading(false));

h
s
export const fetchRoutesPasang = () => async (dispatch) => {
dispatch(setLoading(true));
try {
console.log(url);
console.log("${url}/routes’);
const response = await axios.get("$ {url}/routes/pasang’);
dispatch(setData(response.data));
dispatch(setRoutes(response.data));
} catch (error) {
dispatch(setError(error.message));
} finally {
dispatch(setLoading(false));

}
¥

transports.actions.js
import axios from 'axios';
const url = import.meta.env.VITE API URL;
export const ADD TRANSPORT ='ADD TRANSPORT:: TRANSPORT";
export const UPDATE  TRANSPORT ='UPDATE_TRANSPORT::TRANSPORT;
export const DELETE TRANSPORT ='DELETE_TRANSPORT::TRANSPORT";
export const SET DATA ='SET DATA::TRANSPORT;
export const SET LOADING ='SET LOADING:: TRANSPORT";
export const SET ERROR ='SET _ERROR::TRANSPORT';
export const addTransport = (transport) => ({
type: ADD TRANSPORT,
payload: transport,
1
export const updateTransport = (transport) => ({
type: UPDATE TRANSPORT,
payload: transport,
1)
export const deleteTransport = (transport) => ({
type: DELETE_TRANSPORT,
payload: transport,



1;
export const setLoading = (loading) => ({
type: SET LOADING,
payload: loading,
1;
export const setData = (data) => ({
type: SET _DATA,
payload: data,
1)
export const setError = (error) => ({
type: SET_ERROR,
payload: error,
1)
export const fetchTransports = (start, end) => async (dispatch) => {
dispatch(setLoading(true));
let urlWithParams = "§ {url}/transports’;
if (start !==undefined && end !== undefined) {
urlWithParams += "?start=9$ {start} &end=$ {end} *;

h

try {
const response = await axios.get(urlWithParams);
dispatch(setData(response.data));

} catch (error) {
dispatch(setError(error.message));

} finally {
dispatch(setLoading(false));

h
s
export const fetchTransportDetails = (id) => async (dispatch) => {
dispatch(setLoading(true));
try {
console.log(id);
const response = await axios.get("$ {url}/transports?id=${id}");
console.log(response.data);
dispatch(setData(response.data));
} catch (error) {
dispatch(setError(error.message));
} finally {
dispatch(setLoading(false));

}
¥

utils.actions.js

import axios from 'axios'

const url=import.meta.env.VITE_API URL

export const SET LOADING ='SET LOADING::UTILS';

export const SET ERROR ='SET ERROR::UTILS';

export const SET DATA STRUCTURE ='SET_DATA STRUCTURE::UTILS'";
export const SET TRAIN ='SET TRAIN::UTILS";

export const SET PREDICTIONS ='SET PREDICTIONS::UTILS';

export const SET FILE DATA ='SET FILE DATA::UTILS"

export const setDataStructure = (dataStructure) => ({



type: SET DATA STRUCTURE,
payload: dataStructure
1)
export const setPredictions = (predictions) => ({
type: SET PREDICTIONS,
payload: predictions
1)
export const setTrainState = (trainingData) => ({
type: SET TRAIN,
payload: trainingData
s
export const setStoreData=(fileData)=>({
type:SET _FILE DATA,
payload: fileData
1)
export const setLoading=(loading)=>({
type:SET _LOADING,
payload:loading
1)
export const setError=(error)=>({
type:SET_ERROR,
payload:error
1)
export const fetchDataStructure = () => async (dispatch) => {
dispatch(setLoading(true));
try {
const response = await axios.get("$ {url}/utils/structure”);
dispatch(setDataStructure(response.data));
} catch (error) {
dispatch(setError(error));
} finally {
dispatch(setLoading(false));

§
IR
export const fetchSetAndTrainData = (data) => async (dispatch) => {
dispatch(setLoading(true));
try {
const response = await axios.post('$ {url}/utils/train’, data, {
headers: {
'Content-Type'": 'application/json’
}
1)
dispatch(setTrainState(response.data));
//Data has been successfully trained
//An error occurred while training data
} catch (error) {
dispatch(setError(error));
} finally {
dispatch(setLoading(false));

}
¥

export const fetchReTrainData=()=>async (dispatch)=>{



dispatch(setLoading(true))
try{
const response = await axios.get("$ {url}/utils/train")
dispatch(setTrainState(response.data))
//Data has been successfully retrained
//An error occurred while retraining data
}catch(error){
dispatch(setError(error))
Hinally {
dispatch(false)

}
H
export const fetchPredict = (data) => async (dispatch) => {
console.log(data)
dispatch(setLoading(true));
try {
const response = await axios.post($ {url}/utils/predict’, data, {
headers: {
'Content-Type'": 'application/json’
h
1)
dispatch(setPredictions(response.data));
//Data that was predicted
//Error predicting data
} catch (error) {
dispatch(setError(error.message));
} finally {
dispatch(setLoading(false));

}
¥

routeReducer.js
import {
ADD ROUTE,
DELETE _ROUTE,
UPDATE ROUTE,
SET DATA,
SET LOADING,
SET _ERROR,
} from '../actions/routes';
const initialState = {
routes: [],
loading: false,
error: null,
s
const routeReducer = (state = initialState, action) => {
switch (action.type) {
case ADD ROUTE:
return {
...state,
routes: [...state.routes, action.payload],

I



case UPDATE ROUTE:
return {
...state,
routes: state.routes.map((route) =>
route.id === action.payload.id ? action.payload : route
)
K
case DELETE ROUTE:
return {
...state,
routes: state.routes.filter((route) => route.id !== action.payload),
K
case SET DATA:
return {
...state,
routes: action.payload,
loading: false,
error: null,
}3
case SET LOADING:
return {
...state,
loading: action.payload,
error: null,
s
case SET ERROR:
return {
...state,
loading: false,
error: action.payload,
s
default:
return state;

}
¥

export default routeReducer;

transportReducer.js
import {

ADD TRANSPORT,

DELETE _TRANSPORT,

SET DATA,

SET _ERROR,

SET LOADING,

UPDATE TRANSPORT,
} from '../actions/transports';
const initialState = {

transports: [],

data: null,

loading: false,

error: null,

¥



const transportReducer = (state = initialState, action) => {
switch (action.type) {
case ADD TRANSPORT:

return {
...state,
transports: [...state.transports, action.payload],
s
case UPDATE TRANSPORT:
return {
...state,
transports: state.transports.map((transport) =>
transport.id === action.payload.id ? action.payload : transport
)
s
case DELETE TRANSPORT:
return {
...state,

transports: state.transports.filter(
(transport) => transport.id !== action.payload
)
s
case SET DATA:
return {
...State,
data: action.payload,
loading: false,
error: null,
s
case SET LOADING:
return {
...State,
loading: action.payload,
error: null,
s
case SET_ERROR:
return {
...state,
loading: false,
error: action.payload,
s
default:
return state;

}
55

export default transportReducer;

utilReducer.jsx
import {
SET ERROR,
SET LOADING,
SET PREDICTIONS,
SET DATA STRUCTURE,



SET TRAIN,
SET FILE DATA,
} from '../actions/utils';
const initialState = {
trainData: null,
predictions: null,
dataStructure: null,
uploadResult: null,
data: null,
isLoading: false,
error: null,
}3
const utilReducer = (state = initialState, action) => {
switch (action.type) {
case SET _LOADING:
return {
...state,
isLoading: action.payload,
}3
case SET _ERROR:
return {
...state,
error: action.payload,
s
case SET PREDICTIONS:
return {
...state,
predictions: action.payload,
}3
case SET DATA STRUCTURE:
return {
...state,
dataStructure: action.payload,
K
case SET_TRAIN:
return {
...state,
trainData: action.payload,
}3
case SET FILE DATA:
return {
...state,
uploadResult: action.payload,
K
default:
return state;

}
¥

export default utilReducer;

RouteList.jsx
import { memo } from 'react’;



import { useSelector } from 'react-redux';
import Routeltem from './Routeltem’;
const RouteSecondList = () => {
const { routes, error, isLoading } = useSelector((state) => state.routes);
return (
<div className="p-4">
<hl className="text-2xI font-bold mb-4 text-lime-500">Routes and Their Transports</h1>
<div className="'grid grid-cols-8 gap-4 bg-green-800 py-2 px-4 rounded-t-1g text-white™
<div className="font-bold>Route ID</div>
<div className="font-bold">Transport Name</div>
<div className="font-bold'>Date</div>
<div className='font-bold'>Start Location</div>
<div className='font-bold>End Location</div>
<div className="font-bold'>Departure Time</div>
<div className='font-bold">Arrival Time</div>
<div className="font-bold>Fare Amount</div>
</div>
{routes && routes.length >0 ? (
<div>
{routes.map((route) => (
<Routeltem key={route.route id} route={route} />
)}
</div>
)+ (
<div>No data available</div>
)}
</div>
);
}3

export default memo(RouteSecondList);

Routeltem.jsx
const Routeltem = ({ route }) => {
const
{route_id,transport name,date,start location,end location,start time,end time,fare amount,far
€_amount_currency }= route
return (
<div className="grid grid-cols-8 gap-4 py-2 px-4 border-b">
<div>{route id}</div>
<div>{transport_name}</div>
<div>{date}</div>
<div>{start location}</div>
<div>{end location}</div>
<div>{start_time}</div>
<div>{end time}</div>
<div>
{fare_amount currency} {fare _amount}
</div>
</div>
);
s

export default Routeltem ;



RouteSecondList.jsx
import { memo } from 'react’;
import { useSelector } from 'react-redux';
import Routeltem from './Routeltem’;
const RouteSecondList = () => {
const { routes, error, isLoading } = useSelector((state) => state.routes);
return (
<div className=">
<div className="grid grid-cols-8 gap-4 bg-green-800 py-2 px-4 rounded-t-lg text-white"™
<div className="font-bold>Route ID</div>
<div className="font-bold™>Date</div>
<div className="font-bold">Start Location</div>
<div className="font-bold">End Location</div>
<div className='font-bold>Departure Time</div>
<div className="font-bold">Arrival Time</div>
<div className="font-bold'>Fare Amount</div>
<div className='font-bold"™>Transport Id</div>
</div>
{routes && routes.length >0 ? (
<div>
{routes.map((route) => (
<Routeltem key={route.route id} route={route} />
)}
</div>
)= (
<div>No data available</div>
)}
</div>
);
s

export default memo(RouteSecondList);

Routeltem.jsx
const Routeltem = ({ route }) => {
const
{route_id,transport _id,date,start location,end location,start time,end time,fare amount,fare a
mount_curency }= route
return (
<div className="grid grid-cols-8 gap-4 py-2 px-4 border-b">
<div>{route id}</div>
<div>{date}</div>
<div>{start_location}</div>
<div>{end location}</div>
<div>{start time}</div>
<div>{end_time}</div>
<div>
{fare_amount curency} {fare amount}
</div>
<div>{transport_id}</div>
</div>
)i}
export default Routeltem ;



TransportList.jsx
import { memo, useEffect, useState } from 'react’;
import { useDispatch, useSelector } from 'react-redux';
import ErrorComponent from '../../layouts/Layoutl/ErrorComponent’;
import { addTransport, fetchTransports } from '../../store/actions/transports';
import TransportCard from './TransportCard';
import Button from '../Ul/Button’;
const TransportList = () => {
const dispatch = useDispatch();
const { data, error, isLoading } = useSelector((state) => state.transports);
console.log(useSelector((state) => state));
console.log(data);
useEffect(() => {
dispatch(fetchTransports());
}, [dispatch]);
return (
<div className="p-4">
<div className='flex justify-between items-center™
<hl className="text-2xI font-bold text-lime-500">Transports</h1>
{/* <Button text='Add Transport' onClick={dispatch(addTransport)} />*/}
</div>
<hr className=' my-2' />
{isLoading && <div>Loading...</div>}
{error && <div>Error: {error}</div>}
<div className='grid grid-cols-1 sm:grid-cols-2 md:grid-cols-3 lg:grid-cols-4 gap-4">
{data && data.length >0 ? (
data.map((transport) => (
<TransportCard key={transport.id} transport={transport} />

)

) (
<div>No data available</div>

)}

</div>
</div>
);
|5

export default memo(TransportList);

TransportCard.jsx
import { useDispatch } from "react-redux";
import { deleteTransport, updateTransport } from "../../../store/actions/transports";
import Button from "../../Ul/Button";
import { useNavigate } from "react-router-dom";
const TransportCard=({ transport } )=>{

const {id, name, capacity, fuel consumption, company tax, vehicle type, fuel type,
maintenance cost } = transport;

/*const dispatch=useDispatch()*/

const navigate = useNavigate();

const handleCardClick=()=>{

navigate(/transports/$ {id} ")
b

return(



<div className="bg-white shadow-md rounded-Ig p-4 m-2 transition transform
hover:scale-105 cursor-pointer" onClick={handleCardClick}
>
<h2 className="text-xl font-bold text-green-400">{name}</h2>
<hr className=" my-2"/>
<p ><strong>Vehicle Type:</strong> {vehicle type}</p>
<p><strong>Fuel Type:</strong> {fuel type}</p>
<p><strong>Capacity:</strong> {capacity}</p>
<p><strong>Fuel Consumption:</strong> {fuel consumption} L/100km</p>
<p><strong>Company Tax:</strong> {company_tax}</p>
<p><strong>Maintenance Cost:</strong> {maintenance cost}</p>
<hr className=" my-2"/>
{/* <div className="mt-4 flex space-x-2"><Button text="Update'
onClick={dispatch(updateTransport)} /><Button text='Delete’'
onClick={dispatch(deleteTransport)} className={'bg-red-500 hover:bg-red-600'}/></div> */}
</div>
)
h

export default TransportCard

TransportSecondList.jsx
import { memo, useEffect } from 'react’;
import { useDispatch, useSelector } from 'react-redux';
import { fetchTransports } from '../../store/actions/transports';
import Transportltem from './Transportltem’;
const TransportList = () => {
const dispatch = useDispatch();
const { data, error, isLoading } = useSelector((state) => state.transports);
useEffect(() => {
dispatch(fetchTransports(1, 10));
}, [dispatch]);
return (
<div className=">
<div className='grid grid-cols-5 bg-green-800 py-4 px-4 rounded-t-lg text-white"
<div className='font-bold>Transport ID</div>
<div className='"font-bold">Name</div>
<div className="font-bold">Capacity</div>
<div className='font-bold>Fuel Consumption</div>
<div className="font-bold">Vehicle Type</div>
</div>
{isLoading ? (
<div>Loading...</div>
) s error ? (
<div>Error: {error}</div>
) : data && data.length >0 ? (
<div>
{data.map((transport) => (<Transportltem key={transport.id} transport={transport} />))}
</div>
) (
<div>No data available</div>)}
</div>);};
export default memo(TransportList);



Transportltem.jsx
const Transportltem = ({ transport }) => {
const { id, name, capacity, fuel consumption, vehicle type } = transport;
return (
<div className="grid grid-cols-5 gap-4 py-2 px-4 bg-white border-b border-gray-200">
<div>{id}</div>
<div>{name}</div>
<div>{capacity } </div>
<div>{fuel consumption}</div>
<div>{vehicle type}</div>
</div>
);
3

export default Transportltem,;

Button.jsx
const Button = ({ onClick, text, className =" }) => {
return (
<button
className={"bg-green-500 hover:bg-green-600 text-white font-bold py-2 px-4 rounded
transition duration-300 ease-in-out $ {className} "}
onClick={(e) => {
e.stopPropagation();
onClick();

i
>

{text}
</button>
);
¥

export default Button;

LoadDataComponent.jsx
import { useState } from 'react’;
import { useDispatch } from 'react-redux';
import {
fetchSetAndTrainData,
fetchPredict,
} from '../../../store/actions/utils';

const LoadFileComponent = ({ isVisible, onClose, onAct }) => {
const dispatch = useDispatch();
const [file, setSelectedFile] = useState(null);
const handleFileChange = (e) => {
setSelectedFile(e.target.files[0]);
¥
const fileToData = async (file) => {
const fileExtension = file.name.split(".").pop().toLowerCase();
switch (fileExtension) {
case 'json':
return file.text().then(JSON.parse);



case 'csv"
return file.text().then((text) => {
const [headers, ...rows] = text
.split("\n")
.map((row) => row.split(',"));
return rows.map((row) =>
Object.fromEntries(row.map((cell, index) => [headers[index], cell]))
);
1)
case 'txt":
return file.text().then((text) => {
return text.split(\n').map((line) => ({ line }));
1)
default:
return { error: 'File not acceptable format: json, txt, csv' };

H
K
const handleUpload = async () => {
if (Mfile) {
console.error('No file selected');
return;
H
const data = await fileToData(file);
if (data.error) {
alert(data.error);
return;
i
if (onAct === "train') {
dispatch(fetchSetAndTrainData(data));
} else if (onAct === "predict) {
dispatch(fetchPredict(data));

b
onClose();

¥
if (lisVisible) return null;
return (
<div className="fixed inset-0 flex items-center justify-center bg-black bg-opacity-50">
<div className="bg-white p-6 rounded-lg shadow-lg w-1/2">
<h2 className="text-2xI font-bold mb-4">Load File</h2>
<input type='file' className="mb-4' onChange={handleFileChange} />
<div className="flex justify-end">
<button
className='bg-red-500 hover:bg-red-600 text-white font-bold py-2 px-4 rounded mr-2'
onClick={onClose}>
Close
</button>
<button
className='bg-green-500 hover:bg-green-600 text-white font-bold py-2 px-4 rounded'
onClick={handleUpload}>
Upload
</button></div></div></div>);};
export default LoadFileComponent;



ErrorComponent.jsx
const ErrorComponent = (props) => {
const{error } =props
return (
<div className='bg-gray-100 text-center flex h-full flex-col justify-center items-center™
<p className="text-8x| font-extrabold text-green-500">{error.code}</p>
<p className="text-4xl font-medium text-gray-800">{error.message}</p>
<a href="/" className="mt-4 text-xl text-green-600 hover:underline">Go back home</a>
</div>);};
export default ErrorComponent;

ErrorComponent2.jsx
import { useRouteError } from "react-router-dom";
const ErrorComponent = () => {
const error = useRouteError();
const { status, statusText, data, message } = error;
return (
<div className="bg-gray-100 text-center flex h-full flex-col justify-center items-center
p-6">
<div className="max-w-md">
<p className="text-8xI font-extrabold text-green-500">{status || 'Error'}</p>
<p className="text-4xl font-medium text-gray-800 mt-4">{statusText || 'Something went
wrong'}</p>
{message && <p className="text-1g text-gray-600 mt-2">{message } </p>}
{data && <p className="text-Ig text-gray-600 mt-2">{data}</p>}
<a href="/" className="mt-4 text-xl text-green-600 hover:underline">Go back home</a>
</div>
</div>
);
§3

export default ErrorComponent;

Footer.jsx
const Footer = () => {
return (
<div className=" w-full flex flex-col items-center bg-zinc-30 text-center text-surface
bg-emerald-600 dark:text-white shadow-1g™
<div className='w-full bg-black/5 p-4 text-center >
@2024 Copyright: Created by Timurka
</div>
</div>
);
¥
export default Footer;

Header.jsx
const Header = () => {
return (
<header className="bg-emerald-500 text-white p-4 shadow-md">
<div className="container mx-auto flex justify-between'">
<hl className="text-3x] font-bold">Transports Routes</h1>



<nav>
<ul className="flex space-x-4 font-medium'">
<li><a href="/" className="block py-2 px-3 hover:text-gray-300">Home</a></li>
<li><a href="/transports" className="block py-2 px-3
hover:text-gray-300">Transports</a></li>
<li><a href="/routes" className="block py-2 px-3
hover:text-gray-300">Routes</a></1i>
<li><a href="/predict" className="block py-2 px-3 hover:text-gray-300">Train and
Predict</a></1i>
</ul>
</nav>
</div>
</header>
);
3
export default Header;

LoadComponent.jsx
const LoadComponent = () => {
return (
<div>
<div className="bg-gray-200 w-full min-h-screen flex justify-center items-center™
<div className="flex min-h-screen w-full items-center justify-center bg-gray-200">
<div className='flex items-center justify-center w-16 h-16 rounded-full animate-spin
border-y-2 border-solid border-green-500 border-t-transparent™
</div>
</div>
</div>
</div>
);
3

export default LoadComponent;

Layoutl.jsx
import Footer from './Footer’;
import Header from './Header";
const Layout 1 = ({ children }) => {
return (
<div className="flex flex-col h-screen™
<Header />
<div className='flex-1">{children}</div>
<Footer />
</div>
);
¥
export default Layout 1;

Home.jsx

import Layout from '../../layouts/Layout1’;

import backgroundImage from '../../assets/1.jpeg";
import { Link } from 'react-router-dom’;



const HomePage = () => {
return (
<Layout>
<div
className="flex flex-col items-center justify-center h-screen bg-cover bg-center
opacity-90'
style={{
backgroundlmage: "url($ {backgroundlmage})",
H>
<div className="text-center animate-fadeIn">
<hl className="text-5x1 font-bold text-white mb-8>
Welcome to Our Website
</h1>
<p className="text-1g text-white mb-4">
Explore our transport and more
</p>
<Link
to='"/transports'
className="'px-6 py-3 bg-green-500 text-white rounded-md hover:bg-green-600
transition duration-300">
View Transports
</Link>
</div>
</div>
</Layout>
);
¥

export default HomePage;

PredictPage.jsx
import { useEffect, useState } from 'react';
import { useDispatch, useSelector } from 'react-redux’;
import TransportSecondList from '../../components/TransportSecondList';
import Button from '../../components/Ul/Button';
import LoadFileComponent from '../../components/Ul/LoadDataComponent';
import Layout 1 from '../../layouts/Layoutl’;
import { fetchRoutes } from '../../store/actions/routes';
import {
fetchDataStructure,
fetchPredict,
fetchReTrainData,
fetchSetAndTrainData,
} from '../../store/actions/utils";
import RouteSecondList from '../../components/RouteSecondList';
const PredictPage = () => {
const { predictions, dataStructure } = useSelector((state) => state.utils);
const [isModalVisible, setlsModalVisible] = useState(false);
const [action, setAction] = useState(null);
const dispatch = useDispatch();
useEffect(() = {
dispatch(fetchDataStructure());
dispatch(fetchRoutes(1, 5));



}, [dispatch]);
const handleFetchDataStructure = () => {
dispatch(fetchDataStructure());
s
const handleReTrainData = () => {
dispatch(fetchReTrainData());
K
const handleSaveAndTrainDataFile = () => {
setAction('train');
setlIsModalVisible(true);
s
const handlePredictData = () => {
setAction("predict');
setlsModalVisible(true);
¥
const closeModal = () => {
setlsModalVisible(false);
s
const handleCopyStructure = () => {
navigator.clipboard.writeText(JSON.stringify(dataStructure, null, 2));
s
return (
<Layout 1>
<div className="p-4">
<hr className="my-4' />
<h2 className="text-2xI font-bold mb-4 text-lime-500">
Training values{' '}
<div className="text-base float-right™>
<Button
text='ReTrain Data'
onClick={handleReTrainData}
className="mx-2'/>
<Button
text='Save and Train Data File'
onClick={handleSaveAndTrainDataFile}
className="mx-2'/>
</div>
</h2>
<hr className="my-2' />
<div className="mb-4 p-2 bg-white shadow rounded™
<h3 className="text-x] font-semibold mb-2 text-emerald-400">
Example of route data
</h3>
<div className='overflow-x-auto"™
<RouteSecondList />
</div>
</div>
<div className="mb-4 p-2 bg-white shadow rounded™
<h3 className="text-xI font-semibold mb-2 text-emerald-400">
Example of transport data
</h3>
<div className='overflow-x-auto™



<TransportSecondList />
</div>
</div>
<div className="mb-4 p-4 bg-white shadow rounded™
<h3 className="text-xI font-semibold mb-2 text-emerald-400">
Predicted Values{''}
<div className="text-base float-right™>
<Button
text="Predict Data'
onClick={handlePredictData}
className="mx-2'/>
</div>
</h3>
<div className='overflow-x-auto"™
{predictions
? predictions.map((item, index) => <div key={index }>{item } </div>)
: 'No Predictions Available'}
</div>
</div>
<div className="mb-4 p-4 bg-white shadow rounded"™
<div className="flex justify-between items-center mb-2">
<h3 className="text-xl font-semibold text-emerald-400">
Data Structure
</h3>
<div>
<Button
text='Get Data Structure'
className='mx-2'
onClick={handleFetchDataStructure}/>
<Button
text='Copy Structure'
className="mx-2'
onClick={handleCopyStructure}/>
</div>
</div>
<div className='overflow-x-auto™
{dataStructure ? (
<pre>{JSON:.stringify(dataStructure, null, 2)} </pre>
) (
'No Data Structure Available'
)}
</div>
</div>
{isModalVisible && (
<LoadFileComponent
isVisible={isModal Visible}
onClose={closeModal}
onAct={action}/>
)}
</div>
</Layout_1>);};
export default PredictPage;



RoutePage.jsx
import { useDispatch } from 'react-redux’;
import Layout 1 from '../../layouts/Layoutl';
import { fetchRoutesPasang } from '../../store/actions/routes';
import { useEffect } from 'react’;
import RouteList from '../../components/RouteList';
const RoutePage = () => {
const dispatch = useDispatch();
useEffect(() = {
dispatch(fetchRoutesPasang());
}, [dispatch]);
return (
<Layout 1>
<RouteList/>
</Layout 1>
);
¥
export default RoutePage;

TransportPage.jsx
import { useEffect } from "react";
import { useDispatch, useSelector } from "react-redux";
import { useParams } from "react-router-dom";
import { fetchTransportDetails } from "../../store/actions/transports";
import Layout 1 from "../../layouts/Layout1";
import Routeltem from "./Routeltem";
const TransportPage = () => {
const { id } =useParams();
const dispatch = useDispatch();
const { data, loading, error } = useSelector((state) => state.transports);
useEffect(() = {
dispatch(fetchTransportDetails(id));
}, [dispatch, id]);
if (loading) {
return <div>Loading...</div>;
}
if (error) {
return <div>Error: {error}</div>;
i
if (!data || !data.transport) {
return <div>No transport data available</div>;
h
const { transport, routes } = data;
return (
<Layout 1>
<div className="p-2">
<hr className="my-2" />
<h2 className="text-2x1 font-bold text-green-400 text-center">{transport.name} </h2>
<hr className="my-2" />
<div className="bg-white shadow-md rounded-Ig p-2 m-2 text-center">
<hr className="my-2" />
<div className="grid grid-cols-2">



<p><strong>Vehicle Type:</strong> {transport.vehicle type}</p>
<p><strong>Fuel Consumption:</strong> {transport.fuel consumption} L/100km</p>
<p><strong>Fuel Type:</strong> {transport.fuel type}</p>
<p><strong>Company Tax:</strong> {transport.company_tax}</p>
<p><strong>Capacity:</strong> {transport.capacity } </p>
<p><strong>Maintenance Cost:</strong> {transport.maintenance cost}</p>
</div>
<hr className="my-2" />

</div>

<hr className="my-2" />

<h2 className="text-2xI| font-bold my-4 text-emerald-300 text-center">Transport

Routes</h2>
<hr className="my-2" />
<div className="grid grid-cols-7 gap-4 bg-green-800 py-4 px-4 rounded-t-Ig
text-white">

<div className="font-bold">Route ID</div>
<div className="font-bold">Date</div>
<div className="font-bold">Start Location</div>
<div className="font-bold">End Location</div>
<div className="font-bold">Start Time</div>
<div className="font-bold">End Time</div>
<div className="font-bold">Fare Amount</div>

</div>

{routes && routes.length > 0 ? (
routes.map((route) => (

<Routeltem key={route.route id} route={route} />

)
) (
<div>No routes available</div>
)}
</div>
</Layout 1>
)
}s
export default TransportPage;

Routeltem.jsx
const Routeltem = ({ route }) => {
const
{route_id,date,start location,end location,start time,end time,fare_amount,fare_amount cure
ncy}= route
return (
<div className="grid grid-cols-7 gap-4 py-2 px-4 border-b">
<div>{route id}</div>
<div>{date}</div>
<div>{start_location}</div>
<div>{end location}</div>
<div>{start_time}</div>
<div>{end_time}</div>
<div>
{fare_amount_curency} {fare _amount}
</div>



</div>
);
¥

export default Routeltem ;

TransportsPage.jsx
import { useDispatch } from 'react-redux';
import Layout 1 from '../../layouts/Layoutl’;
import {

fetchTransports
} from '../../store/actions/transports';
import { useEffect } from 'react’;
import TransportList from '../../components/TransportList';
const TransportsPage = () => {

const dispatch = useDispatch();

useEffect(() = {

dispatch(fetchTransports());
}, [dispatch]);
return (
<Layout 1>

<TransportList/>
</Layout 1>
);
¥
export default TransportsPage;

main.jsx
import React from 'react’
import ReactDOM from 'react-dom/client’
import App from './App.jsx’'
import './index.css'
ReactDOM .createRoot(document.getElementByld('root')).render(
<React.StrictMode>
<App />
</React.StrictMode>,
)

index.html
<!doctype html>
<html lang="en">
<head>
<meta charset="UTF-8" />
<link rel="icon" type="image/svg+xml" href="/vite.svg" />
<meta name="viewport" content="width=device-width, initial-scale=1.0" />
<title>Vite + React</title>
</head>
<body>
<div id="root"></div>
<script type="module" src="/src/main.jsx"></script>
</body>
</html>



