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Transport logistics plays a pivotal role in global supply chains and business process
efficiency. As international trade expands and transportation volumes increase, the
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importance of this sector is on the rise. Software systems in transport logistics are
crucial for ensuring productivity, accuracy, and operational efficiency. However, rapid
technological changes and growing market demands necessitate continuous
improvement of existing software solutions. This research aims to analyze the current
state of software in transport logistics and identify potential directions for its
enhancement. The focus is on identifying the main challenges faced by transport-
logistics companies and proposing ways to enhance software effectiveness and
functionality.

Key software components in transport logistics include Transportation
Management Systems (TMS), Warechouse Management Systems (WMS), Enterprise
Resource Planning (ERP) systems, Supply Chain Management (SCM) systems, GPS
and cargo tracking systems, and analytical and optimization tools. Each of these plays
an important role in enhancing the efficiency and flexibility of transport logistics,
contributing to improved customer service and reduced logistics costs.

TMS is integral for optimizing and managing all aspects of transportation
operations. Modern TMS use advanced technologies like GPS integration, big data
analytics, and Al to enhance decision-making. WMS focuses on automating and
optimizing warchouse processes, while ERP integrates various business processes in
real-time. SCM systems coordinate and optimize all stages of the supply chain.

The integration of software automation in transport logistics faces several
challenges. Firstly, the rapid pace of technological change demands continual
adaptation and upgrade of software systems to remain competitive. Secondly, logistics
companies grapple with integrating diverse software systems such as TMS, WMS, and
ERP to ensure seamless data exchange and process optimization.

Data security and privacy concerns are paramount, as logistics systems handle
sensitive information. Additionally, the complexity of supply chains necessitates
software capable of handling diverse, dynamic scenarios. The need for customization
and scalability in software also presents challenges, requiring solutions that can adapt
to various company sizes and operational scopes.

The integration of Al and machine learning for predictive analytics and decision-
making introduces complexities in terms of data quality requirements and algorithmic
adaptability. Finally, cost constraints and the need for a skilled workforce to manage
and utilize advanced software systems are significant challenges for many logistics
companies.

Advancements in Al and machine learning offer significant potential for enhancing
logistics software. These technologies can improve demand forecasting, route
optimization, and inventory management. The integration of IoT devices provides real-
time tracking and monitoring of shipments, enhancing transparency and operational
efficiency.

Cloud-based solutions can offer scalability and accessibility, facilitating remote
management and data sharing. Automation in warehouse operations, such as the use of
robotics and advanced inventory management systems, can significantly enhance
efficiency and reduce manual errors.

567

Pucynoxk b.2 — Cropinka myOmikarii 2




S7

Scientific Research: Theoretical Foundations and Practical Applications

Adopting green logistics software solutions can contribute to sustainable practices
by optimizing routes and reducing carbon emissions. Moreover, the development of
user-friendly interfaces and customization options can improve the accessibility and
effectiveness of logistics software for diverse users.

The utilization of neural networks in logistics software brings a new dimension to
data processing and decision-making. Various neural networks, each with unique
capabilities, are compared for their suitability in logistics applications. For instance,
Convolutional Neural Networks (CNNs)[3] excel in processing visual data, making
them suitable for tasks like cargo recognition and damage assessment. On the other
hand, Recurrent Neural Networks (RNNs)[4], especially Long Short-Term Memory
(LSTM)[5] networks, are adept at handling sequential data, crucial for predicting
supply chain disruptions or transportation delays.

Deep Learning techniques can optimize routing and load balancing, reducing costs
and improving delivery times. However, the complexity of training and implementing
these networks remains a challenge. The choice of a neural network in logistics
software depends on specific operational needs, data availability, and computational
resources.

In selecting the best software solution for transport logistics, a multicriteria
decision-making approach is essential. This approach evaluates software options based
on various criteria, including cost-effectiveness, scalability, integration capabilities,
user-friendliness, and technological advancement. The decision-making process
involves weighting these criteria based on their importance to the organization's
specific needs. For instance, a company prioritizing cost savings might favor a solution
offering robust functionality at a lower price point, even if it means compromising on
some advanced features. Conversely, a company focusing on long-term scalability and
integration with existing systems might invest in a more advanced, albeit expensive,
solution. This methodical approach ensures a balanced consideration of all relevant
factors, leading to a more informed and effective software selection.

In conclusion, the automation of software in transport logistics 1s a dynamic and
evolving field, facing challenges such as integrating diverse systems, data security, and
adapting to technological advancements. The potential for improvement 1s vast, with
Al, machine learning, loT, and cloud-based solutions offering significant
enhancements in efficiency, data processing, and decision-making.

Future perspectives in this domain are promising, with ongoing innovations likely
to further revolutionize logistics operations. The focus will likely shift towards more
sustainable practices, enhanced real-time data analytics, and autonomous systems for
logistics management. As technology continues to evolve, so too will the capabilities
and efficiency of transport logistics systems, offering exciting opportunities for
businesses to optimize their supply chains and enhance their competitive edge in the
global market.
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POJIb MATEMATHYHHX MOJIEJIEN
Y COEPI TPAHCIIOPTHOI JIOTICTUKH
Aped’es O. O.
Hayxosuii kepiBuuk — npod. [Hoctak [. B.
XapKiBchbKHH HalllOHATLHAN YHIBEPCHTET pajiloeeKTpoHikH, kad. I1I,
M. XapkiB, Ykpaina
e-mail: oleksii.arefiev(@nure.ua
This work explores the significance of mathematical models in enhancing
efficiency and decision-making in transport logistics. By employing models like
linear programming, logistics operations can achieve cost reductions and service
improvements. The discussion also covers the challenges of model development
and the potential integration of advanced technologies such as Al and machine
learning. Ultimately, the work underscores the indispensable role of
mathematical models in transforming transport logistics into a more adaptive,
efficient, and customer-focused field.

JloricTuka € 3HAYHUM TpaBIeM Y CBITI Oi3Hecy, SIKHH TMIATPUMYE
ruodaneHy eKOHOMIKY. BoHa OXOIUTIOE HH3KY pI3HHX cdep, K1 J0IMOMAararThb
KOMIIaHISM mpainioBatd e(ekTHBHO. CTOCOBHO TPaHCHOPTHOI JIOTICTHKH — €
BaKIIMBOIO CKJIAJOBOKO TI7100anbHOI €KOHOMIKH, 1110 CIIPUSiE PyXy TOBapiB BiJ
BHPOOHUKIB 10 cHoxHBa4diB. BoHa oXommoe Bcl TIpollecH, IIOB'A3aHl 3
MJIAHYBaHHAM, peali3alli€ld Ta KOHTPOJIEM TpaHCHOpPTyBaHHA 1 30epiraHHs
TOBapiB. 3 TOCTIHHUM PO3MIMPEHHAM TJI00aNBEHOI TOPriBI IpodIeMaTHKa
e)eKTHBHOCTI CHCTEM TPAHCHOPTHOI MOTICTHKH CTajlla [MeplioYeproBHM
3aBJIAHHAM SIK 1715 O13Hecy, TaK 1 JJ1 eKOHOMIKH.

OpHUM 3 TOIIOBHHMX €JIeMEHTIB JIOTICTHKH € MaTeMaTH4YHI MOoJeni —
1H(opMaIIiiiHI MOJIenl, y SKHX 3aJIeKHOCTI MIJK BIaCTUBOCTAMHU 00’ €KTa Ta HOTO
3B A3KAMH 3 IHIMHMH OO0 €KTaMH OIHCYIOThCA MaTeMaTHYHHMH (hopMylIaMH,
(PYHKIIISAMH, PIBHAHHAMH, HEpPIBHOCTAIMH TOINO. Y cdepl ITOTICTHKH BOHH
Bap1IOIOTELCS BiJI IPOCTHX JIHIHHAX MoJelei 10 OLIbII CKIIaJHHX.

3acrocyBaHHA MaTeMaTHYHHX MOJeliedl Yy TPaHCIIOPTHIH JIOTICTHIII 3HAYHO
BILTMHYJI0O HAa cnoci0 IUIaHyBaHHA Ta BHUKOHAHHS JIOTICTHYHHX onepamiid. Ll
MOJeNl JONOoMaraloTb ONTHMI3YBaTH IUIAHYBaHHS MapUIPYTIB, CKJAJChKI
omepailii, ynpasBIiHHS 3allacaMy Ta 3arajbHy e(eKTHBHICTh JIAHIIOTa MOCTABOK.
Hanpuknan, momem 3agad mapmpyTHzailii TpaHcnopTHHX 3acobiB (VRP)
JIOTOMAraoTh BH3HAYHUTH HAHOLIBII €KOHOMIYHO e(eKTHBHI MAapIIpyTH IS
po0OTH aBTOMAPKY, BPAaXOBYIOUHM Takl (akTopH, SK MICTKICTE TPaHCIIOPTHOTO
3aco0y, 4YacoBl BIKHA JOCTaBKH Ta MICIIe3HAXO/KEeHHA KI€HTa. Tak camo
MOJENl  yIOpaBIiHHSA  3armacaMHd  BHKOPUCTOBYIOTbCS  JI7I1  BU3HAYEHHS
ONTHMAJIbHUX PIBHIB 3alaciB, $fKI MIHIMI3YIOTb BHUTpaTH, ajle NpH LbOMY
3a/J0BOJILHAIOTH NOMHUT. [HIIHM NpPHKIAZOM € MPOEKTYBAHHS Mepeskl JaHIIOTIB
MOCTaBOK, JIeé MaTeMaTH4YHI MOJIeNl JOMOMaraloTh y NPHIHATTI pilleHE 1010
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po3TallyBaHHA Ta TMOTYKHOCTI CKIaIIB 1 PO3MOAUIBYHX I[EHTPIB, MI00
MIHIMI3YBaTH JIOTICTHYHI BUTpATH, 3a0€3Me4y04H NPH LLOMY CBOE€YACHY JOCTABKY
ToBapiB. ToOTO HIeTbCA PO MIHIMI3ALIIKD BUTPAT Ta 30UIbIIEHHS IPHOYTKY.

Onni€0 3 HANMOMIUPEHINIHX 1 HANBIUTMBOBIIIHX MaTeMaTHUYHHX MOJIeleH
30KpeMa y cepi TPaHCTOPTHINH JTOTICTHIN € MOJENE JIHIMHOTO TIPpOrpaMyBaHHS
(JIIT). 3amaua JIII € onmTumizamis JiHIHHOI HUTHOBOT (YHKINI, MIO MiJIATAE
NeAKHM 00MeKeHHAM.

Moneni JIII BUKOPUCTOBYIOTHCS /IS ONMTHMAJILHOTO PO3MOJILTY PECYPCIB,
HANpPHUKIaa, 1718 BH3HAYEHHS HaWOLIbII €KOHOMIYHO e()EKTHBHOTO PO3MOJILTY
TOBapiB B JIEKUIBKOX MOCTA4albHHUKIB O JEKUIBKOX  CIOKHBaYiB.
TpancrmopTH1 3amadl  30cepe/DKEH]I Ha IIOIIYKY HAHICHICBIIOIO CIIOCO0Y
pPO3MOJILTY TOBapy BiJ JAEKUIBKOX MOCTA4YaJIbHHKIB JIO JIEKIJTBKOX CIOYKHBAYIB,
3a/TOBOJIGHAIOYH TIPH IILOMY O0OMeKeHHS Ha momuT 1 npomno3uniio. s mMoxens
0cOoOMMBO KOpPHUCHA B JIOTICTHINl /NS ONTHMI3allli MapmpyTiB 1 rpadikis
nepeBe3eHb, THM CaMHUM 3HIDKYIOUH TPAHCHOPTHI BHTPATH 1 IOKPALLYHOYH
piBEHBb OOCIIYTOBYBaHHS.

Oxpeme Miclie Yy 3ajadax JIIHIHHOIO IporpaMyBaHHS 3aliMae CHMILICKC-
METOJI — 1I€ IIHPOKO BHKOPHCTOBYBAHHH aJITOPHTM Y JIIHIHHOMY MpOTpaMyBaHHI
JUISL PO3B'S3aHHSI ONTHMI3ALIMHUX 3a]1a4, € MeTo € Makcumizaulis abo
MIHIMI3ALlA JIHIAHOT (QYHKIIT IOpH JHIHHUX oOMexkeHHAX. Pospobnenmii
Jikopmxem [lanmurom y 1947 porn, meit MeToj CHCTEMaTHYHO JOCITIIKYE
BEPIIMHKA OaraTorpaHHUKa JUIS 3HAXO0/DKEHHS ONTHMAIBHOTO 3HAYEHHS 11JThOBOL
¢yuxiii. He nuBnsguncek Ha Te, 110 HOro MPHHIMUIT € IOBOJI TIPOCTHM, CHMILIEKC-
METO]T € TMOTYKHHUM IHCTPYMEHTOM, 3/JAaTHUM BHPINIYBATH CKJIaIHI MpobIeMH 3
Oaratema 3MIHHUMH Ta oOMexkeHHAMH. MeToa nepedbupae JOMycTHMI po3B'S3KH
B MekKaxX OOMEKEHBb, NMOKH HE 3Hal/e pO3B'30K, SKUH € ONTHUMAJILHHM Ta
3a/10BOJIbHAE 0OMexkeHHs. Lleif MeTo 3acTOCOBY€EThCS B PI3HUX raly3sax, TAKHX
K. EKOHOMIKA, IHXKEHEpIsA Ta JOTICTHKA, M0 J0Ka3ye€ CBOIO YHIBEPCAIBHICTh Ta
e()eKTHBHICTh Y PO3B's3aHHI 3a/1a4 JIIHIMHOI OITHMI3AII].

IcHye TakoK TpaHCIOPTHHI CHMIUIEKC-METOJ — II€ CIEIall30BaHHi METO/I
JMHIHHOTO  INporpamMyBaHHs, SKHH  BMKOPHCTOBYETLCS  JUISl  IOLIYKY
Hale(DEeKTHBHILIONO  cHocody  po3noauly  OpOAYKLII Bl JAEKUIBKOX
MOCTAYATBHUKIB JI0O YHMCIIEeHHWX crokuBauiB. Lleil mMeTon MiHIMI3ye 3araibHi
TPAHCTIOPTHI BHUTPATH HAa OCHOBI TMOTYKHOCTEH TMMOCTAa4YalbHHUKIB, TTOMHTY
CTMOKUBAYIB 1 TPAHCMOPTHHUX BHTPAT MK KOXKHHUM T[OCTAaYaTbHHUKOM 1
cnokuBaueM. BiH nepebupae moTeHIiHI pINIEHHA, KOPHUTYIOUHM TMOCTaBKH 3a
MapIpyTaMH 3 METOI 3HMKEHHS BHTpPAT MPH OJHOYACHOMY JOTPHMAaHHI BCIX
odOMmexkeHb momuTy 1 mpomosumii. lled miaxin € BHcokoedeKTUBHUM s
BHPIMICHHA BEJIHKOMACIITaA0OHUX TPAHCIOPTHHX 1 JIOTICTHYHHX ITPO0IIEM.

Tak Ak TexHoJOr1i MOCTIHHO PO3BHBAIOTLCHA, 0CO0IMBO CepH IITYYHOTO
IHTEJICKTY Ta MAalIMHHOTO HaBYaHHA, Y HaHOmMmKx4oMy MaiOyTHROMY Oyie
3pocTaTH iX MOEIHAHHS 3 MAaTEMAaTHYHHMH MOJIEIISIMH, [0 Oyze SBIATH cOOO0I0
3HAQYHMH 3CyB B aHall3l Ta ONTHUMI3alli  JIOTICTUYHHX  OIepaLlil.
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BukopucTtoByroun BenmdesHi 00’eMH JaHHX, aIrOPUTMH MAalIHHHOTO HAaBYaHHSA
MOKYTh BHSBJIATH CKJIagHI 3aKOHOMIPHOCTI Ta TIPOTHOCTHYHI BHCHOBKH,
BUTpa4yaloyH Ha Ile MeHIIle Yacy, ajie Ha/lalouil MaibKe TakKui caMHil pe3ylbTarT,
AK 1 TpaALIHHI MOJIE.

Cumynauii, KepoBaHl IITYYHUM IHTEIIEKTOM, MOKYTh MOJICIIOBATH BEIIHKY
KUIBKICTh CII€HApiiB, HaAJaloud ocobam, AKI MpUHMAaIOTh PIIIeHHS, HArJISIHY
iHhopMario 1S 3MEeHIIeHHS PU3HKIB 1 BUKOPHCTAHHS MoXIuBocTeil. Kpim
toro, Il moxe MIABHIIMTH aJanTHBHICThL JIOTICTHYHMX MEpEeXk 10 MIHIHBHX
PHHKOBHX YMOB, YI10/100aHb KIIEHTIB 1 30BHIIIHIX 3001B.

Hespaxaroun Ha YMCIEHH1 MepeBard MaTeMaTH4YH1 MO/l B TPaHCIIOPTHIH
JIOTICTHIII TAKOK MalOTh 1 CBOI 0OMeKeHHS, Takl AK 1MmoTpedba B TOYHHX JaHUX I
CKJIAJIHICTh po3poOKH Mojenei, Kl TOYHO BlI0OpakaloTh peaibH1 CIeHapii.
HasBuicts numre mgobpe npojaymaHoi Ta peanizoBaHOT MaTeMaTHYHOI MOJIENi
MOJKe TapaHTYBaTH JOBOJI TOYHI pe3yJIbTaTH.

Pi3H1 mMareMaTH4YHI MOJIENl ONTHMAILHO MIIXOAATE IS PI3HHX acICKTIB
TpaHCMOPTHOI JoTicTHKK. Hanmpuknas, Moemn JiHIHHOTO IporpaMyBaHHA 4acTo
3aCTOCOBYIOTECH JIJISI PO3pPaxyHKY ONTHMAQIbHHX MAaplIpyTiB JIOCTABKH Ta
pO3MOLTY TOBapiB, TOA1 SIK MOJIENIl MepeXKeBOro IIaHyBaHHSA J00pe MiaXxoaaTh
JUIsL ONTHMI3AIl CKIAJACRKMX Ta Mepex posnoaury. Mertoan KepyBaHHS
3anacaMi, Takl K mozielb EOQ (Economic Order Quantity), BUKOpPUCTOBYHOTLCS
JUTsT BU3HAUCHHA PO3MIpPY MapTii ToBapy, fAKa MIHIMIZYE 3arajibHi BHTpPaTH Ha
30epiranis Ta 3amMoBiIeHHA. Tomy mponec BuOOpYy Mojieni, sSKa Hadkparile
BIIMOB11a€ KOHKPETHHM [0TpedaM 1 00MeKEHHAM KOXKHOTO CErMEHTa JIOTICTHKH €
KPHUTHYHO Ba;KJIMBOIO TOUKOIO B1J] SIKOI 3aJIeJKUTh YCIIIIHICTE IIPOEKTIB.

OTke, MaTeMaTHYHI MOJEN BIIITPalOTh KJIIOYOBY POJib B ONMTHMI3AIl Ta
e(peKTHBHOMY YIIPaBlIlHHI TPaHCHOPTHOIO JoricTHKol. HesBakaioum Ha ix
CKJIAJIHICTh Ta IepeBarv, SKI BOHH HAAAOTH IS TOJIMNIICHHS JIOTICTHIHHX
omepaiii 1 TpoleciB OPHHHATTA pillleHb, BOHH BCE Illé € HENPOCTHMH B
peamizalfii, ocoOIMBO y TmpoekTax 3 Oaratbma 3MIHHMMH. OCKUTBKH cdepa
JIOTICTHKH MPOJOBKYE MOKPANIyBAaTHCA 3 PO3BUTKOM TEXHOJOTIH 1 aHAIITHKH
JAaHUX, 3aCTOCYBaHHA 1 PO3BHTOK MaTeMaTHYHUX Mojelel, Oe3cyMHIBHO, Oyne
MPOIOBKYBATH CTHMYJIIOBATH 1HHOBAIlT Ta MIIBHIEHHSA e()eKTHBHOCTI CHCTEM
TPaHCIOPTHOI JIOTICTHKH B YChOMY CBITI.

CrHcoK BHKOPUCTaHHUX Kepelr:

1. What is logistics // Qyivo. URL: https://quivo.co/us/what-is-logistics-
simply-explained (nata 3Beprenns: 19.03.2024).

2. Linear Programming: Definition, Methods and Problems // Analytics
Vidhya. URL: https://www.analyticsvidhya.com/blog/2017/02/lintroductory-
guide-on-linear-programming-explained-in-simple-english  (1ara 3BepHeHHS::
19.03.2024).

3. Simplex method // Britannica. URL: https://www.britannica.com/
topic/simplex-method (nata 3Bepuenns: 19.03.2024).
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nNiAroToBKA 40O
NMPOBEAEHHA AOCNIAXEHHSA

ToyHicTe  WBMAOKicTe CKnapgHicTe Macwrabo BapricTb 3a
DaHux obpobkM  BnpoBamkKe aHicTb 750
(%) HHA CAMBONIB
(1000
TOKeHiIB)

nNiAroToBKA Ao
NMPOBEAEHHSA AOCNIAXEHHA

TouHicTe  LWeuakicte CknagHicTe Macwraboe BapTicTb 3a Q*
AaHWUX 06pobKu BNpoOBamKe aHicTb 750
(%) HHA CUMBONIB
(1000
TOKEHIB)

Q* - pe3ynbTaT 3acTOCYBaHHA NiHIMHOI aOUTMBHOT 3rOPTKKU
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3AO0AMNA PO3NoOAINy
PECYPCIB

3arasibHa dpopma MaTeMaTUYHOI Mon,eni i = objective_coefficients,
A_ub = matrix_coefficients,
b_ub = limits,

Z = 10xq + 70x, + 50x3 + 100x, + 60x5 - max G e
le + 4x2 + SX4 + 3x5 S 500 o : Optimization terminated successfully.
3X2 + SX3 + 4X4 + ZXS < 250 — MECRSSS - SYme

8x1 + 2x, + 3x3 + 4x5 < 300

4x; + 2x5 + 3x3 + 2x4 + 2x5 <100 J t: i

Yy X, X, X Xe =10 ~ e

Yac BUKOHaHHSA
327.612
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nporpamMHe BUpPiLLEHHS

objective_coefficients = [-10, -70
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matrix_coefficients = [[2, 4, @
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00,

coefficient_bounds = [(@, float('inf'))] * 5 e

NOPIBHAHHA
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NMPOrPAMA PEANISALIA

rate mode_ dsc tpt.day cnt Carrier type

minm_wgh_qty max_wgh_qty minimum cost rate tpt day cnt

Supply chain logisitcs problem.xisx
E iy i " Perform next tasks | provide for FreightRates sheet

. " Give next information about number values for each colum
The document "Supply chain logisitcs problem.xisx” contains supply chain logistics data. e 5 =

T, F count, mean, std, min, 25%, 5
Take the "FreightRates" sheet and show first 5 rows

Provide this information as table.

ows of the "FreightRates" sheet are as follows:

minimum
X X the numerical columns in the "FreightRates" sheet:
orig_port.cd destport.cd minm_wgh gty max wgh_qty

PORTOS PORT09

max_wgh_gty
minimum cost

PORTOS PORTO09

This table includes details on the carrier, origin and destination port codes, minimum and maximum

These statistics provide a comprehensive overview of the numerical data within the "FreightRates
weight quantities, service codes, minimum cost, rate, mode of transport, transportation day count ¢

sheet, including the count, mean, standard deviation, minimum, 25th percentile, median (50th
and carrier type. b-

percentile), 75th percentile, and maximum values for each numerical column, >




rPADIKM .
3AJIEXXHOCTEMN
MIDX KOJIOHKAMM

NMPOrPAMHA PEAJIBALIA

def calc_iqr_limits(column_nam
_iqr_ ( =
Q1 = freight_rates[column_

3 = freight_rates

return

GPT-4

Detect outliers and remove them

Before removing outliers, the "FreightRates" sheet contained 1,540 rows. After outlier detection and
removal using the Interquartile Range (IQR) method, 1,089 rows remain. This process removed

outliers across all numerical columns in the dataset. -]
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NMPOrPAMHA PEAJI3ALIA

Give pairplot data

Here's the pairplot for the numerical columns in the "FreightRates" sheet after removing outliers. This
ualization helps to understand the distribution of each variable and the relationships between

them with a cleaner dataset. [

CTBOPEHHA
PErPECIMHOI
MOLAENI
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NMPOrPAMHA PEANISALIA

MACUBU OJ1d HABHAHHA
TA LIJIbOBOIO 3MIHHOIO

HABYAHHYA

from sklearn.linear_model import LinearReg

coeff_df

.0 .coef_,X.columns, s=["Co Sl KOEDILIEHTN OTPUMAHOI MOJENI
coeff_df

minm_wgh_qty
max_wgh_qty
rate

tpt_day ent

GPT-4 PEANISALIA TA
NOPIBHAHHA METPMUK

MPOrPAMHA PEAJIIBALLIA GPT-4 PEATI3ALIA

from sklearn import metrics Now begin to train re: n model.
Features to train: 'minm_wgh_qty’,'max_wgh_qty
print('MAE: ' mean_absolute_e

rate!, 'tpt_day_cnt’;
test, predictions)) Target variable: 'minimum cost’.

print("' redictions))

print('RM y_test, predictions))) Provide MAE, MSE and RMSE
MAE: ©.

MSE: 1.6

RMSE:

After training the linear re ion model with ‘minm_wgh_qty', 'max_wgh_gty’, 'rate’, and

day_cnt' as features and 'minimum cost’ as target variable, the model evaluation metrics are
Mean Absolute Error (MAE): 0.79
Mean Squared Error (MSE): 216

Root Mean Squared Error (RMSE): 147

metrics provide insight into the average errors in predicting the minimum cost using the

d features. [>
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NOPIBHAHHA NIPA®IKIB

MPOrPAMHA PEANI3ALLIA GPT-4 PEAJTIBALIA

Actual vs. Predicted Minimum Cost

Provide scatter plot for test and prediction data

Actual vs. Predicted Minimum Cost

Predicted Minimum Cost

10 15
Actual Minimum Cost

NMNIACYMKM
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- HagaHO TeOPEeTUYHUIN MaTepian
OO0 TPAHCMNOPTHOI IOMCTUKU

- BigibpaHa Mogenb WTY4YHOro
iHTeneKTy 3a 4OMOMOrolo NMiHINHOI
aOUTUBHOI 3ropTKU

- cdopMOBaHO Ta BUPILLEHO
6araTokpuTepianbHy 3agady 3a
[OMOMOrolo CUMMIEKC MeToay

- MOpPIBHAHO peanisauii aHanisy
OaHUX: MporpaMHy Ta 3i
3aCTOCYBaHHSAM LUTYYHOro
iHTenekTy

AFKYIO 3A YBAI'Y




