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Pucynok A.1 — Crnaiin 1
JlocnimKkeHHA

AKTyanbHIicTb BUBOPY HalikpalLoi TexHonorii po3pobku Kpoc-nnathopmMHUX
MOBINBHUX 3aCTOCYHKIB 6a3yETLCA Ha LLUBUAKOMY PO3BUTKY iHAYCTPIl
MOBiNbHUX TexHonorii. LLlopoky KinbKicTb NPUCTPOIB i NnnaT$opm 3pocTacE, i Le
CTBOPIOE NONUT Ha edpeKTUBHI Ta LUBWAKI CNocobK CTBOpEHHs NporpaMHoro
3abe3neyeHHs.

MeToto poboTK € NpoBejeHHS AOCNIKEHHA CydacHUX Kpoc-naaTGopmMHMX
¢$peiiMBOPKIB, fIKi BUKOPUCTOBYHOTLCA B iHAYCTPIT MOBINBHNX 3aCTOCYHKIB,
3pobuTK X aHanis, Ta 3anponoHyBaTW BAOCKOHaNEHHsA cTpaTerii po3pobku.

O6'ekTOM gocnigxeHHs € Kpoc-NnaThopmMHi GpeiMMBOPKKN ANS HanNMCaHHA
MOBINbHUX 3aCTOCYHKIB.
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Pucynok A.2 — Cnaiin 2



OrJisj aiTepaTtypu (aHaoriB)

AocnipxkeHHn edekTuBHOCTI ¢permBopky Flutter npu po3pobui Bucoko
ANHaMIYHUX MOBINBHNX AoAaTKIB

AocnipxeHHn edekTMBHOCTI ¢peidlmBopky React Native npu po3pobui
MoBinbHUX AoAaTKiB

Pospobka nporpamHoro 3abesneyeHHs AN AOCNIAKEHHA epeKTUBHOCTI
3acoby Flutter npu po3pobui MobinbHUX goaaTKIB

JocnigxeHHs moxnmsocted .NET MAUI

— —
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Pucynok A.3 — Crnaiin 3

[IporanuHu y gocaipkeHHAX

BiacyTHiCTb NopiBHAHHA HegonikKiB
bpakye eMnipn4HNX AaHUX
O6bmexeHe oxonneHHs UX/UI acnekTiBs
IrHOpYETbCA HaBYanbHa KpK1Ba

He po3rasaHyTa gokymeHTauis

— —
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Pucynok A.4 — Cnaiin 4
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[locTaHoBKa 3aau4i
Po3pobutn kpocnnatpopmHi MOBINLHI 3aCTOCYHKM Ta BU3HAYUTL HabinbLU
3pYyYHUA Ta epeKTUBHUIA CNOCI6 po3pobaaTK AKICHI MOBINBHI 3aCTOCYHKW.

MpoBecTn peTenbHWIA TeXHIYHWIA ornaa KoxHoro ¢peiimsopky 3 Flutter, React
Native Ta MAUI.

MNpoBecTy aHanis MOB NporpaMyBaHHsA Ta apXiTeKTYpPHWX pilleHb, NepeBipuTn
MPOAYKTUBHICTL KOXHOro ¢ppeiMBOKY B Pi3HUX yMOBaXx.

Hagatn komnnekcHe po3ymiHHA y BUBOPi TEXHONOrYHOro pilleHHs ans
MabyTHIX NpoeKTiB Yy cdepi MobiNbHOI po3pobKMK.

| — —
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Pucynok A.5 — Craiin 5

MeToposiorid

MeTogu gocnigpKeHHs:

- TeopeTh4He AoCnigXeHHA

- [pakTn4yHe gocnigKeHHs

IHCTpYyMeHTapiiA Ta TexHonoril:

- ®peiimBopku Flutter, React Native, MAUI.

- Moswu nporpamysaHHa Dart, Java Script, C#.

- CepepoBuie po3pobku Visual Studio Code, XCode, Android Studio.

— —
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Pucynok A.6 — Craiin 6
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3MiCT NpOBEeAEeHOI'0 eKCIIEPUMEHTY

- Tpy MOBIiNbLHI 3acTOCYHKM Ha KoxeH ¢ppecsBopk: React Native, Flutter, MAUI
- OTpumaHHA gaHuX 3 APl Ta BMBIA AaHWX Ha eKpaH

- ABTOMaTl4yHe BUMIpIHOBaHHA Yacy Ha BignpaLoBaHHsA 3anunTy, 3anyck
3aCTOCYHKY Ta BMBIj AaHWX Ha Ul

F_
|

Pucynok A.7 — Cnaiin 7

PekoMeHioBaHi npakTukH Flutter

- ApxiTekTypHWiA natepH BLoC

- IHTerpauis i3 RESTful API 3a gonomoroto 6ibnioTeku Retrofit
- BukopucranHs Material Design i Cupertino

- YHWKaHHA HenoTpibHoro setState()

- BiggaBaHHA nepeBarn ogHoOMYy BigXxeTy Ha $aiin

- BukopucrtaHHs SizedBox 3amicTb KOHTelHepiB

- ¥Tinisauis noTokis nnwe 3a HeobXiAHOCTI

- BUKOPUCTaHHSA KOHCTaHTHUX KOHCTPYKTOPIB

m— -
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Pucynok A.8 — Craiin 8
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[TpakTHyHe gocaimkeHHs Flutter

3anuT Bignpaytosas 3a 309 Mc
3anyck 3acToCyHKy 3arHsaB 1207 mc
PenaepuHr Ul Bigbyscsa a 14 Mc
3py4YHe BUKOPUCTAHHSA

AeTanbHa JoKyMeHTauis

AKiCHUI iHTepdeinc

—
s

PexoMeHjoBaHi mpakTHKu React Native

Pucynok A.9 — Craiin 9

- IHTerpaujs i3 RESTful API 3a gonomoroto Axios

- BukopuctaHHa Redux gns ynpaeniHHA cTaHaMu

- TprmaTtn 6i3Hec-noriky oKpemo Bif Koay iHTepdeicy

- BukopucraHHsa PureComponent i memo

Students

0 Harry Potter
Hermione
Granger
e Ron Weasley
@ Draco Malfoy
Q Cedric Diggory @

- YHWKaHHA BUKOPUCTaHHA IHAEKCY, AK KNKOYO0BOI BNaCTUBOCTI

- EkoHoOMHe BMKOPWUCTAaHHA Bﬁy,ﬂ,DBaHH}C cTunie

- BukopuctaHHs B6yaoBaHOro ApaiiBepa, Konu Le MOXJIMBO

— —
| —

Pucynok A.10 — Crnaiin 10
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[IpakTuyHe gocaimxeHHsa ReactNative

3anuT Bignpaytosas 3a 333 Mc
3anyck 3acToCcyHKy 3aHsaB 25803 Mc
PeHgepuHr Ul BigbyBcs 3a 32 Mc

He 3pyyHe BUKOPUCTAHHSA
AeTanbHa JoKyMeHTauis

AKiCHUI iHTepdeinc

—
s

Pucynok A.11 — Crnaiin 11

PexomeHnoBani npakTuku MAUI

- ApxiTekTypHWiA nigxig MVWM

- IHTerpauijs i3 RESTful APl 3a gonomorotwo HttpClient

- BukopuctarHsa x:Bind 3amictb Binding

- BusBneHHs nomunkm XAML Ha piBHi koMmninauii

- OunweHHs pecypcie Bpy4dHy (Dispose())

- YHUKaHHA 3anexHocTeln Big ¢ppeiimBopkis

- MepeBara y BUKOPWUCTaHi KOoMaHAM, a He 06pobHWKK Noain

- BukopuctarHa CollectionView 3amicTb Lists
——
— —

Pucynoxk A.12 — Cnaiig 12

o QD

Harry Potter

Hermione
Granger

Ron Weasley

Draco Malfoy

POCSO@

12
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2 16:10 - T -
[IpakTuuHe pocaimxeHusa MAUI PR v
. Harry Potter
- 3anuT BignpauroBas 3a 262 Mc ]
- 3anycK 3aCTOCYHKY 3aHaB 888 MC
Hermione Granger '

- PeHgepuHr Ul Bigbyscs 3a 33 Mc 9

- 3py4He BUKOPUCTAHHA 0 Ron Weasley e

- Ctucna gokymeHTauis

- SkicHWI iHTepdeiic Draco Malfoy '
— —
e —
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Pucynok A.13 — Crnaiin 13

[TopiBHSJIbHA TabJIHIIA
Kpwtepin___  [Flutter [React Native |MAUI|
MpocToTta scTaHoBneHHs komnoxeHTis (8ig 1 go 10) 9/10 5/10 8/10
YacToTa BUHUKHEHHA nomunokK (sio 1 Ao 10) 2 4 4
2 s 8
Yac signpautoBaHHAa 3anuTy (B Mc) 309 333 262
1207 25803 88
4 2
AxicTe iHTepdeitcy (sig 1 ao 10) 10 7 9
3py4HicTk BukopucTaHHs (sig 1 o 10) 10 6 10
Hewas — Hewas €
AxicTe aokymeHTauji (eig 1 go 10) 10 8 5
9 0 5
F  ——
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Pucynok A.14 — Crnaiin 14
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'padik nopiBHAHHA KpOC-IJIaTGOPMHHUX
[IpOorpaMHHX pillleHb

Mpadbik NOpiEHAHHA Kpoc-NNaThOopPMHWX pilleHb
1.2

.-—-.._____‘_‘__‘_—‘__‘-‘-‘__‘ /
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Yae pospobo MpagyKTHEHICTs BapTicTe npoekTy FladcTh apxiTekTyDH

" i Lt = eactMative —s=hMAL

Pucynok A.15 — Crnaiin 15

AHasi3 OTpUMaHUX pe3yJIbTaTiB

- Flutter mae HalikpalLi NOKa3HUKK 3a YacoM peHAepiHry

- Flutter mae kpally agokymeHTaLjilo

- React Native noka3ae cebe Ak He 3py4HWIA Ta NOBINLHUWA GperiMBOpPK
- MAUI ma€ xopoLwli NokasHWKW LWBUAKOCTI

- MAUI Ma€e MOXIMBICTb CTBOPUTK BaraTo NoTokiB

— —
— —

Pucynok A.16 — Crnaiin 16
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Pucynok A.17 — Cnaiig 17

Y pamkax ksanigikauiinHoi poboTi:
- [poBegeHo TeopeTUUHe gocnifxkeHH:A
- ChopmynboBaHo KpuTepii Anst NOpPiBHAHHSA 3-X ¢peiMBOpKiB

- N5t NpoBeAeHHsA NPaKTUYHOrO AOCNIMKEHHS CTBOPEHO TP 3aCTOCYHKU 3

BUKOPWUCTaHHAM Pi3HUX PppeiiMBOpKiB
- 3pobneHo aHanis oTpUMaHuX pesynbTaTiB
- MogaHo cTaTTo y XypHan «Cucremun 06pobkm iHpopmaLyii»

- Ony6nikosaHo Tean y XXVIII MIXHAPOAHW MOMOAIKHWUIA dOPYM

«PAAIOENEKTPOHIKA TA MONOAbL ¥ XXI CTONITTI»

SE

softwarea
sngineer g

Pucynox A.18 — Cnaiin 18
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JIOJIATOK B
ATNIPOBAIIIS PE3VJIBTATIB POBOTH

XAPKIBCBKHUHA HALIIOHAJIBHUH YHIBEPCHUTET
PAJIIOEJIEKTPOHIKH

«PAQIOEJIEKTPOHIKA TA MOJIOb
Yy XXI CTONITTI»

MaTtepianu XXIX MixxHapogHoro
MonogiXKHoro popymy

«Mpobnemun KOMN'LOTEPHOT iHXeHepil

TOMS5: ;
Ta 3axucTy iHhopmauii»

XapkiB, 2025

Pucynok b.1 — Ilepmia cropinka 36ipauka XXVIII MixxHapoHOTo MOJIOA1>KHOTO

dopymy «PAJIOEJEKTPOHIKA TA MOJIOJIb V XXI CTOJITTI» (32 nanumu
[13])
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YK 004.415:621.396.946
HNEPCHEKTHBH MOBLIbHHUX TEXHOJIOI'TH. FLUTTER
Hepeinceka ALJL
e-mail: anastasiia.chervinska@nure.ua
XapKiBChKHiT HAlIOHANBHUI YHIBEPCHTET paaiocIcKTpoHikH, Kad. I11
M. XapkiB, Ykpaina

Mobile technologies are fundamentally changing the very nature of
communication and professional operations. Due to this architecture, Flutter, the
framework behind cross-platform applications introduced by Google became an
essential tool in developing mobile, web and desktop apps all using the same code
base. Flutter design interface usability, as compared to other technologies such
as React Native or Xamarin, provides higher performance and ease of use in
interface design. Current trends include integration with Material 3 Design,
graphics enhancements through Impeller, and support for artificial intelligence.

MoGineHI  TexHOMOTl JOKOPIHHO 3MIHHIH CHoco0H  COUIKYBAaHHA,
npodeciiinol JisuikHOCT] Ta noBeskiedHoro xurrs. [locriiine posiimpenss
MOXTHBOCTCH cMapTQoHIB BHMarac BiI po3poOHHKIB 1 MAOPHCMCTE
IHHOBAIIHHUX MIIXOOIB A8 CTBROPCHHA C(CKTHBHHMX 1 IKaBMX HHDPOBHX
pimens, Flutter nabupae nonyisprocti sk iardgopma juisi poboru  Hajl
MOGITBHEMH 3acTocyHKaMu. Ha pa3i BiH ¢ JigepoM cepell MOMYIAPHHX KPOc-
mwIaTQopMHHX (HpeiiMBOPKIB.

Flutter ¢ inHoBawiiinum dpeiimBopkoM Juis  po3podku  MODLILHUX
sacrocyHKiB. Flutter pospobnenmii kommanicto Google. Flutter monermye
CTBOPCHHA DPi3HHX OOOATKIE M MOOGITbHHX, BeO Ta OCCKTOMHHX IIAThOpM,
BHKOPHCTORYIOUM €/IMHY Kojlory Oasy. Edexrusnicts ¢pelimBopky 1os’ssana 3
fiOr0  COPONICHO — apXITEKTYPOK Ta  ONTHMIZAICK)  MPOIYKTHBHOCTI.
Bukopucrosyioun moy nporpamysanns Dart, Flutter mae senmkuii nabip
BUKETIB Ta IHCTPYMEHTIB A1 po3podKH, 110 JO3BOIAC CTBOPIOBATH CKIIAMIHI
KOpHCTYBAaIlbKL 1HTepdeiicH.

Ocobuusictio Flutter € dynkris «Hot Reload» (rapsue nepesasanramenns),
SIKA JIO3BOJISIE PO3POOHUKAM BHOCHTH 3MIHH JIO KOJIY B PEKHMI peaibHOIO Yacy
Oe3 mepesanmycky nporpamu. Il MOKIHMBICTE 3HAYHO IIPHCKOPIOE IIpOIEC
pozpobKu Ta MJIBKIIYE TTPOJYKTHRHICTL. BijloMi kopriopaii, taki sk Alibaba Ta
Google Ads, iHTerpyBanu Flutter y cBoe mnporpamsHe 3ade3medeHHsA dHepes
MaciTaboBaHOCTI Ta BHCOKIH NPO/IyKTHBHOCTI.

Xoua Flutter € 3pyunus Ta pyHKIIOHATBHAM (PpeiiMBOPKOM, ICHYIOTE SIKICHI
anbTepHAaTHBHI TexXHomorii y cdepi mobinbHOI pos3podku. KoHkypeHTHI
tpeiiMBopkn BrItouaioTs React Native, Kotlin Multiplatform(KMM), Xamarin.

Pospobnennii Facebook, React Native eukopucrorye JavaScript mns
CTBOpeHHA  MOOIMBHHMX  3acTocyHKiB. [ligTpumka  kpoc-maTdopMHOTO
MOBTOPHOTO BUKOPHCTAHHA KOJY Ta BeJInKa ekocHcTeMa 6ibniorek pobnsts foro
yHiBepcanbHUM 1HcTpyMeHToM. [IpoTte Flutter Mae BHIITY NpoyKTHBHICTE M1J Hac
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BHKOHAHHA nporpamMd Ta Oulbll UUNCHHA Au3ailH 1HTepdeiicy Ha OCHOBI
BUDKCTIB, YCYBAlOUH 3alcKHICTH Bif  crenudiuuux wid  niatdopMmu
KOMITOHEHTIB.

Google Buznan Kotlin nalikpauiowo Moot st pospodbku mij Android.
Mosknusocti KMM 103B0s1s110TE NOBTOPHO BHKOPHCTOBYBATH Ko Ha Android Ta
108, Bare, cranpapraa apxitektypa Bipkeris Flutler cipouiye y3rojukeHicThb
iHTepdeiicy Ha pi3HUX MIATHOPMAX, 110 CKOPOUYIOE Yac Po3poOKH.

@peitmpopk Xamarin Bia Microsoft BukopuctoBye moBy C# amst pozpobku
kpoc-riatrhopMumx 3acTocynkin., Horo Gesmiosna inTerpaiiis 3 eKocHCTeMOIO
NET poburts fioro kpaium BHOOPOM /1 pillicHb KOPHIOPATHBHOIo piBHs. Onnak
cyuacHi iHctpymeHTd  Flutter Ta  dyHkiis  rapsuoro  nepesaBaHTameHHsd
NPOIOHYIOTE OlIbII JIMHAMIuHY Ta npuBaGiuBy pospobky, a takox OGiibi
AKICHHIT Ta npHCMEHI cyuacHmil iHTepdeiic.

Esomonis  MoOUILHUX  TEXHONONH  XapakTepusyerbes  HIBHJKUMH
rpancopMaliiiiHUMK TeHJIeHILIAMH, cepejl TaKuX HenloiasHi inHosaiii Flutter:

- Flutter tenep marpumye Material 3 Design, 1o gac 3Mory cTBOPHOBATH
JIMHAMIYHIT KOJILOPOBI TEMH ‘Ta 11IepCoHalizoBanl inTepeicn;

- TOKpAalllcHa NPOJYKTHBHICTHL 3apiaaku Impeller, cygacHOMY ABIMKKY
peHACPHHTY, 1o 3abe3neyyc OLIBII MIABHY aHIMALIIO Ta MOKpaicHi rpadidHi
MOMIIMBOCTI;

- 3aBIAKK IUIaridaM Ta inTerpadiam Flutter mosermyc iHTerpattio Moaenci
MAaIIHHHOTO HABYAHHA, JO3BOIAIYH po3po0HHKAM CTBOPIOBATH OUIBIN PO3YMHI
TA 4JIANTHBHI JIOJIATKH,

InHoBauli  MOOIIBHHX — TCXHOJIOTIH  IIPOJOBMKYIOTE  PO3BHBATHCE,
HPOMOHYIYH  Ge3MpelCICHTHI MOMIHBOCTI I8 po3poOHHKIB 1 KIHUCBHX
kopucrysavis. Taki peiimBopkn, sk Flutter, y noejiHanni 3 TeXHOIOITYHAM
TporpecoM y cdepi 3p'43Ky Ta IITYYHOTO IHTCICKTY, CTaHYTh PYIIIHOK CHIIOH
HACTYITHOIO eTally po3BUTKY MOOUIBHMX Texnonorid. Tpaektopis poisnTKy
MOOUIBHOTO 3B'A3KY MIAKPeCTIoc MaiOyTHE, O XapaKTCPH3YCThCA MIABHIICHOK
B3aCMOIOB'A3aHICTIO, PO3MIMPCHO0 (PYHKIIOHAIBHICTIO Ta TpaHchopMaiiiiHumM
NOTEHIIAIOM,

Crucok BHKOPHCTAHUX JKEpel:

1. Curuuk P. C. Pospobka nporpamuoro sabesieqenns JUis JIOCHEKEHHS
edexturHocTi 3acoby Flutter npu po3pobii MobineHUX gonatkis, Jduinpo, 2020,
- 105 c. URL:
https://ir.nmu.org.ua/bitstream/handle/123456789/157541 /sytnyk_121m_19 1
diploma_last.pdf?sequence=1&isAllowed=y.

2. Chajjed, Sandip. Probabilistic Prediction of Coalescence Flutter Using
Measurements: Application to the Flutter Margin Method. Carleton University.
2016.

3. Sufyan bin Uzayr. Basics of Flutter. CRC Press. 2022,
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MOBILE CROSS-PLATFORM TECHNOLOGIES. FLUTTER. XAMARIN. REACT
NATIVE

The article presents a comparative analysis of architectural solutions for cross-platform software development,
including React Native, Flutter, and Xamarin. The relevance of the problem of choosing the optimal tool for
developing applications running on iOS and Android is substantiated. The current state of development of cross-
platform technologies is considered. React Native, thanks to its support for JavaScript and a wide community,
demonstrates a high development speed, but is inferior in performance due to its dependence on native modules.
Flutter, which uses the Dart language and its own rendering engine, provides high speed of application execution
and support for complex graphical interfaces. Xamarin, which integrates with the Microsoft ecosystem, can
significantly reduce the time for developing corporate solutions due to code reuse and C# support. The research
methodology included the analysis of technical documentation. Formulas for evaluating rendering performance and
code integration models are presented. Recommendations for choosing tools depending on the type of project are
offered. The results can be used to improve existing architectural approaches to software development. The
prospects for further research in combining the advantages of different platforms to create universal development

models are substantiated.

Keywords: cross-platform, framework, Flutter, React Native, Xamarin.

Introduction

General Problem Statement. Today, everyone has
a smartphone, and it is far from just a fashionable gadget.
A smartphone is an integral part of our lives. It allows
you to communicate with friends and family anywhere in
the world, send messages and quickly find the infor-
mation you need.

But it's not just about communication, it's a great
tool for development. Through smartphone, you can learn
new things, listen to audiobooks and podcasts, watch
video tutorials, and learn about different cultures. They
also help you to maintain a healthy lifestyle, to follow a
diet or water balance. After installing these types of apps,
you can get a fitness tool or a food diary.

Modern mobile apps have many features. From
booking tickets to online banking or online dating. Just a
few taps can easily solve a problem that used to take
hours. And solve the problem in a few minutes.

These technologies make our lives easier, help us
work and studying remotely. These devices have become
an integral part of our daily lives.

In today's world, mobile applications provide many
opportunities and make our everyday life more comforta-
ble. It is important that the success of mobile applications
is related to the quality of their software and the speed of
their development and updating to adapt to the constant
changes in modern realities.

Today, developers are faced with many technolo-
gies that can be used to develop mobile applications.
When choosing a technology, a developer needs to con-

sider previous experience, the functionality of the future
software, and the timing of the project.

Due to the rapid development of technologies and
changing requirements, many developers choose cross-
platform solutions. There are many reasons for this: fast
implementation for different platforms, easy support due
to a common code base, and time savings.

For a developer, when choosing a technology to
create an application the balance between software quali-
ty and development speed is important.

A good mobile application should meet all func-
tional requirements and work smoothly on different de-
vices and operating systems. That is why developers
choose technologies that ensure reliability and speed.

Recently, cross-platform solutions have been at-
tracting more and more attention. They not only reduce
development time but also help to create products that
look and work equally well on any device. This is what
you should pay attention to in this article.

Analysis of the Recent Research and Publica-
tions. The development process on Flutter is very fast
and efficient, the system with widgets system allows
you to realize any idea without much effort, and the
implementation of animations is also very fast thanks to
the mechanisms built into the framework. That is, if you
need to implement non-standard interfaces and anima-
tions, Flutter allows you to do it in record time. On the
other hand, this ease can cause problems if the develop-
er is not experienced enough and does not fully under-
stand the principles of clean code and architecture [4].

Flutter is more modern than the React Native
framework, and boasts higher performance, customiza-
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tion, and better documentation [5]. It was found that the
native approach has the highest product quality, but also
the highest development cost, as it requires two separate
development teams.

A hybrid application has a lower development
cost, but also a lower quality of the product. The best
option was a cross-platform application that combines
the strengths of both approaches, namely, relatively low
development costs and high quality of the developed
solution [6]. In its turn, React Native continues to out-
perform Flutter in the following parameters:

— the current number of developers who are able to
develop a program using this technology is greater than
that of Flutter; Using a more common programming
language programming language (JavaScript instead of
Dart);

— some parts of the logic can be reused in web ap-
plications that are written with the React.js library.
There are still more vacancies on the market than Flut-
ter.

In turn, Xamarin has been on the market since
2011 and during this time it has gained wide recognition
among developers, as well as a stable base of tools and
libraries. Xamarin provides access to all the APIs and
features of the iOS and

Android operating systems using Xamarin.iOS and
Xamarin.Android. This allows developers to work with
the platform at the native level, which is not always
possible to achieve with React Native or Flutter.

Thanks to compilation to native code, Xamarin
provides high application performance. In comparison,
React Native uses a JavaScript bridge to communicate
with native modules, which can create delays. Flutter
although it has high performance, depends on its own
rendering engine, which can take up more resources.

Aim of the Research. This research is aimed at
studying current methods and technologies used in the
mobile application software industry and exploring the
advantages and disadvantages of frameworks.

Main part

1. Analysis of the subject area

Nowadays, when everyone uses mobile apps in
their daily lives, it is important to know which technol-
ogies applications in their daily lives, it is important to
know which technologies best meet the requirements of
the market and user requirements. Technical solutions
have a direct impact on functionality, performance, and
user experience. They are the basis for the success of a
mobile application's success.

Increasingly, developers are choosing cross-
platform solutions instead of native development. There
are several reasons for this:

— cross-platform frameworks allow developers to
use the same code for different platforms, which saves

time and resources compared to writing separate native
apps for Android and 108S;

— development for both platforms at the same time
allows you to release a product faster product to the
market faster, reducing the time from idea to implemen-
tation;

— development costs are much lower, which allows
you to invest more money in marketing and attract more
users.

In today's world of mobile app development, the
question arises of the most optimal and effective cross-
platform solution.

The choice is complicated by the fact that there are
many different technologies available on the market. Let
us consider the most popular ones: Flutter, React Na-
tive, and Xamarin.

React Native is a cross-platform open-source
framework for the development of mobile applications
for 10S and Android platforms, which was created by
Facebook in 2015. It uses Java Script as a programming
language. React Native has the following advantages:

— React Native's live reload feature allows you to
see and work with changes in real time; the developer
can make corrections in the code while the application
is loading, and it will be reflected in the application with
automatic reloading;

— React Native has extensive rendering capabilities
and uses a component-based approach that makes it
easy to create both simple and complex interface de-
signs;

— the ability to reuse React Native code, which
helps to save development costs;

— React Native offers many different plugins, in-
cluding native and based on Java Script;

— React Native has a community of more than
100,000 [1] active members, which can provide expert
support;

— Facebook engineers are constantly updating and
improving the framework.

This framework was used to create such well-
known projects as Instagram, Bloomberg, and Pinterest.

Flutter is a set of tools and an open-source frame-
work for mobile applications for Android and 10S, web
applications and desktop applications for Windows,
macOS and Linux using the Dart programming lan-
guage developed by Google.

Flutter is popular because of:

— the “hot reload” function allows you to see up-
dates in real time without overloading the program;

— Flutter apps work on par with native mobile
apps;

— has a growing community that can help with
problems;

— has clear documentation;
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— there are many YouTube videos available for
those who want to start learning Flutter or improve their
skills;

— Flutter provides tools that simplify the testing
process.

There are several large companies that actively use
this framework: Google Ads, eBay Motors, SpaceX Go.

Xamarin is an open-source platform designed to
create modern applications for I0S, Android, and Win-
dows with .NET. It uses C# programming language.

Advantages of using Xamarin:

— the code can be used to develop applications on
several platforms; the program coding is based on C#
and .NET libraries;

— Xamarin offers many APIs and plugins and sup-
ports cross-platform application development, which
allows developers to enjoy native-level interaction with
the device hardware;

— Xamarin doesn't require developers to build code
from scratch.

Several large applications have been written on
this platform: Alaska Airlines, BBC Good Food, and
Novarum DX.

With so many different technologies available,
there is a need to research of these technologies and
their architectural solutions.

The relevance of choosing the best technology for
developing cross-platform mobile applications is based
on the rapid development of the mobile technology in-
dustry. The number of devices and platforms is growing
every year, and this creates a demand for efficient and
fast ways to create software.

Study will help to determine the advantages, dis-
advantages, and limitations of each technology.

In addition, the research will focus on architectural
solutions and their impact on the performance, adapta-
bility, and stability of mobile applications.

2. Theoretical study

Flutter allows you to build applications using ar-
chitectural patterns such as BLoC (Business Logic
Component), MVVM (Model-View-ViewModel), and
Redux.

The most recommended for cross-platform devel-
opment is BLoC because of the following advantages:

— ensuring a clear separation of business logic and
interface;

— the possibility of code reuse;

— ease of testing components;

— each state that BloC goes through can be record-
ed and analyzed;

— BloC is easily combined with other Flutter li-
braries;

— scalability for large projects.

BLoC implements the «streams» pattern, which al-
lows you to separate events and states, which simplifies

the management of complex scenarios. The key features
are support for reactive programming, which provides
automatic updating of the of the interface in response to
state changes, as shown in Fig. 1.

State * Feqient

ul e BLoC ) peiponce Data
Fig. 1. Scheme of BLoC operation
Source: developed by the authors.

Ul is short for User Interface.

Events define what should happen in the application.
For example, a user presses a button, and this generates an
IncrementCounter event. Events notify the BLoC that a
certain action needs to be performed.

State reflects the current status of the application, for
example: data loading, successful, error. Each state change
updates the user interface.

The BLoC is a central component that receives
events, processes them, and outputs new states. The main
function of the BLoC is the mapEventToState method,
which determines how an event is converted to a state.

Threads are used to pass events and states between
components. Events are received by the BLoC through the
add(Event) method. The state is passed back to the Ul via a
stream.

This approach improves productivity, reduces the risk
of errors, and makes it easier to project support.

Integration with RESTful APIs is best done using the
Retrofit library.

It has the following advantages:

— convenient support for HTTP requests (GET,
POST, PUT, DELETE) through annotations;

— automatic deserialization of data in the model;

— high flexibility and extensibility due to interspersers
and converters.

Retrofit is built on the Dio library.

Annotations are used to describe API methods, such
as @GET, @POST, @PUT.

The library uses the build runner package to generate
client code.

Also, it supports serialization/deserialization of JSON
data through libraries such as json_serializable.

Retrofit has an advantage over other approaches due
to clear typing, automation of query processing, and the
ability to work with large data sets.

Flutter allows you to use Keys to optimize the re-
drawing of components to optimize redrawing. For exam-
ple, using a GlobalKey provides access to the state ofa of a
widget without the need for a complete redraw.

Flutter provides a single code base for Android and
i0S, which allows you to follow Material Design and Cu-
pertino guidelines. They provide a platform-specific user
interface. Material Design is designed to provide a unified
modern design on Android devices, with a focus on color
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palettes, shadows, and animations. It includes ready-made
components such as FloatingActionButton, SnackBar, and
BottomNavigationBar. Cupertino, in its tum, is designed
for iOS devices, providing users with an experience that
complies with Apple's Human Interface Guidelines. Com-
ponents such as CupertinoButton, CupertinoNavigation-
Bar, and others, allow you to create interfaces that look and
feel like native iOS apps.

This is how you can measure the time it takes to ren-
der an interface for further analysis:
wWidget build(Bui -ontext context) |

topwatch() ..start();
1App (home: app):

g: ${stopwatch.elapsedMilliseconds) ms');

Fig. 2. An example of code to measure the time of the
render interface
Source: developed by the authors.

To determine the time of data rendering, you can use
WidgetsBinding instance.addPostFrameCallback to meas-
ure the time from start to the end of the rendering page.

We also analyzed and created a list of Flutter best
practices:

— using Material Design and Cupertino;

— avoiding unnecessary setState();

— preferring one widget per file;

— using SizedBoxes instead of containers;

— implementing threads only when necessary;

— use of constant constructors.

React Native supports many architectural pattems,
such as Flux, Redux, and MVVM. The most common is
Redux, which provides centralized state management and
simplifies the interaction between components. Redux
allows you to store state in a single container (store), which
makes it ideal for complex programs (see Figure 3).

Store is a global object that stores all the state of an
application. In Redux, there is only one store for the entire
application.

Actions describe what happened in the application.
These are ordinary objects with type (action name) and, if
necessary, payload (additional data) fields.

Reducers are functions that take the current state and
action, process it, and return a new state.

Dispatch is a method that sends actions to the reposi-
tory.

Selectors are functions that allow you to get the data
you need from a state.

contains

e

/ friggers

Reducer
sent to

Fig. 3. The Redux workflow
Source: developed by the authors.

updates

Ul is short for User Interface.

The main advantages of Redux:

— centralized data storage;

— predictability of the state due to clearly defined
rules (reducers);

— easy testing of application logic.

To integrate with the API, React Native usually uses
Axios, which supports all standard HTTP requests (GET,
POST, PUT, DELETE). In addition, Axios has the follow-
ing advantages:

— easy to configure interspersers to handle requests
and responses;

— built-in support for timeouts and error handling;

— the ability to work with tokens for authorization.

Axios integrates with Redux for state management
and allows you to optimize network interaction by caching
requests.

Axios in React Native works as an intermediary be-
tween the application and the server to exchange data via
the HTTP protocol. When you want to send a request, Ax-
ios first generates a configuration that includes all the nec-
essary parameters, such as the address, request method,
headers, and data. This configuration is passed through
special interceptors that can modify or add to it, such as
adding an authentication token.

Axios then wuses low-level tools, such as
XMLHttpRequest in a browser or http in Nodejs, to actu-
ally execute the request. The sent request goes to the serv-
er, which processes it and returns a response. This response
also passes through interceptors, where you can check the
status or extract useful data, and then returns as a promisso-
ry note. If an error occurs, it can be processed depending
on the type: it can be a timeout, a network problem, or a
server response with an error status.

React Native uses Virtual DOM to minimize compo-
nent rendering of components. Dynamic interface updates
are provided by the diffing mechanism that finds differ-
ences between the current and previous state and updates
only the necessary parts.

React Native supports the use of platform-oriented
components to create intuitive, user-friendly interfaces. For
example:
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— for Android, use Material Design components such
as TouchableNativeFeedback or BottomNavigation;

— for 108, use Cupertino components such as Ac-
tionSheetIOS or DatePickerlOS.

React Native also provides performance monitoring
tools such as Flipper. Using memoization (React.memo)
and optimizing lists with FlatList or SectionList can signif-
icantly improve performance.

This is how you can measure the time it takes to ren-
der an interface for further analysis:

const start = performance.now();

AppRegistry.registerComponent ("Main', () => {
const end = performance.now();
console.log( Build time: ${end - start} ms’);
return App;

hz:

Fig. 4. An example of code to measure the time of the
render interface
Source: developed by the authors.

We also analyzed and created a list of React Native
best practices:

—using the React Native CLL;

— keep the business logic separate from the Ul code;

—using PureComponent and memo;

— avoid using index as a key property;

— use platform-oriented components to create intui-
tive interfaces;

— economical use of built-in styles;

—use the built-in driver whenever possible.

Xamarin allows you to use several architectural ap-
proaches, such as MVVM (Model-View-ViewModel),
MVC (Model-View-Controller), and MVP (Model-View-
Presenter). MVVM is the most common for Xamarin due
to its integration with the Xamarin.Forms library and sup-
port for Data Binding (see Figure 5).

@ View | = /\ﬂawModel\ ’/mw A
K_/; \_/ t\ /

Fig. 5. The Redux workflow
Source: developed by the authors.

Model is responsible for working with data. It can in-
clude classes for working with APIs, databases, or business
logic. A Model is independent of a View or ViewModel.

A View displays data to the user. In Xamarin, these
are pages and interface elements (XAML + Code-Behind).
It has a minimum of logic that relates exclusively to work-
ing with the UL

ViewModel is an intermediate layer between Model
and View. Contains logic that provides data representation
for the View. It implements properties and commands that
link user actions to the state of the application.

The main advantages of MVVM:

— clear separation of logic and interface;

— support for code reuse between platforms;

—simplified testing of business logic.

To integrate with the Xamarin API, the documenta-
tion recommends use the Refit library. It provides the fol-
lowing advantages:

— a simple and convenient interface for creating
REST requests using annotations;

— automatic processing of JSON responses and con-
version to typed objects;

— support for asynchronous requests.

Refit greatly simplifies the work with APIs thanks to
a declarative approach to customizing requests. Instead of
manually writing requests and processing responses, the
developer describes the API as an interface with methods
that correspond to each route or request. This interface
contains special annotations that indicate what type of re-
quest is being used, what parameters are passed in the URL
or request body.

At runtime, Refit automatically creates a client that
implements this interface. When an interface method is
called, the library generates a corresponding HTTP request,
sends it to the server, and processes the response. Refit also
automatically converts the response data into a convenient
format, for example, into models used in the application.

In Xamarin.Forms, support for dynamic interface up-
dates is implemented through the Data Binding mecha-
nism. This allows you to automatically synchronize data
between the model and the interface.

Xamarin.Forms allows you to create a single inter-
face for both platforms, using such elements as Grid,
StacklLayout, and CollectionView. For platform-specific
design, Xamarin supports the use of Custom Renderers.
For Android, it is possible to implement Material Design
through Visual Material.

For 108, support for Apple Human Interface Guide-
lines through native components.

You can measure the application startup time:
! Stopwatch = new Stopwatch();

Console.Writeline ($"Hac: {buildStopwatch.ElapsedMilliseconds}

Fig. 6. An example of code to measure the application
startup time

Source: developed by the authors.

To measure the time it takes to draw data, you can al-
so measure the time between data acquisition and its dis-
play on the screen can also be measured with Stopwatch.

General performance optimization can be done with
the Xamarin Profiler. It allows you to identify performance
bottlenecks, such as memory usage memory consumption
or long pauses in execution (jank).

We also analyzed and created a list of Xamarin best
practices:

— using Custom Renderers for platform-specific de-
sign;

— detecting XAML errors at the compilation level;

— avoiding dependencies on frameworks;
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— the advantage of using commands rather than event
handlers;

— setting the BindingContext in the CodeBehind
View;

—using Observable Collections instead of Lists;

— placing asynchronous method calls in OnAppearing
in the CodeBehind View;

Conclusions

As a result of the work, popular cross-platform
frameworks and identified their advantages and disad-
vantages. Flutter, React Native, and Xamarin are the three
most popular frameworks for developing cross frame-
works for developing cross-platform applications, each
with its own strengths.

All three frameworks provide the ability to create a
single code for different platforms, which significantly
reduces the cost of developing and maintaining applica-
tions. Flutter stands out due to its own rendering engine
and the ability to precisely control over the UL React
Native provides fast development by using JavaScript
and many ready-made libraries.

Among the advantages of Flutter is that it relies on

plugin libraries to access native features of the platforms.
React Native makes it easy to integrate native code
through Native Modules. Xamarin provides the tightest
integration with platforms using native APIs.

If we compare the user interface, Flutter offers a
single approach to UI through the Material and Cupertino
libraries. They provide the same look and feel across all
platforms. React Native uses native components, which
guarantees a platform-specific design. Xamarin supports
both native components and cross-platform elements
through Xamarin.Forms.

Each of the technologies is a good tool for develop-
ing cross-platform mobile applications. All frameworks
can provide high quality of the product.

The study opens opportunities for further research in
optimizing cross-platform solutions and studying their
impact on the development of large and complex mobile
projects. Also, additional research may also consider new
frameworks that will appear on the market.
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JIOJIATOK B
TEKCT MPOTPAMHOI PEAJIIBALIT FLUTTER 3ACTOCYHKY

@RoutePage ()
class HomePage extends StatelessWidget implements AutoRouteWrapper {
const HomePage ({super.key}) ;

Qoverride
Widget wrappedRoute (BuildContext context) ({
return BlocProvider (
create: (context) => locator.get<HomeCubit>()..init(),
child: const HomePage(),
) ;
}

Qoverride
Widget build(BuildContext context) {
return Scaffold(
appBar: AppBar (
title: Text (AppStrings.students),
),
body: BlocConsumer<HomeCubit, HomeState> (
listenWhen: (previous, current) => previous.status 1=
current.status,
listener: (context, state) {
if (state.status == HomeStatus.error) {
ScaffoldMessenger.of (context) . showSnackBar (
SnackBar (
content: Text(state.errorMessage),
behavior: SnackBarBehavior.floating,
backgroundColor:
Theme.of (context) .colorScheme.onErrorContainer,
),
) ;
}
},

builder: (context, state) {
if (state.status !'= HomeStatus.initial) {
return const Center (
child: CircularProgressIndicator(),
) ;
}

return HomeBodyView (students: state.students);

class HomeBodyView extends StatelessWidget {
final List<Student> students;



69

const HomeBodyView ( {
super . key,
required this.students,

})

Qoverride
Widget build(BuildContext context) {
WidgetsBinding.instance.addPostFrameCallback((_) {
log('Frame rendered') ;

})

return SafeArea (
top: false,
child: ListView(
padding: const EdgeInsets.all(16),
children: students.map((student) ({
return Container (
margin: const EdgeInsets.all (4),
padding: const EdgeInsets.symmetric (
vertical: 8,
horizontal: 12,
),
decoration: BoxDecoration (
color: Theme.of (context) .colorScheme.surfaceContainer,
borderRadius: BorderRadius.circular(16),
),
child: Row(
children: [
ClipOval (
child: CachedNetworkImage (
height: 100,
width: 80,
fit: BoxFit.cover,
imageUrl: student.image,
errorWidget: (context, url, error) => Container (
height: 100,
width: 80,
color:

Theme.of (context) .colorScheme. surfaceContainerHighest,
)I
),
),
SizedBox (width: 24),
Expanded (
child: Column (
crossAxisAlignment: CrossAxisAlignment.start,
children: [
Text (
student.name,
style:
Theme.of (context) . textTheme.headlineSmall,
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),
Text (
student.alternateNames. join(', '),
style:
Theme.of (context) . textTheme.labelSmall?.copyWith (
color: Theme.of (context) .dividerColor,

),
SizedBox (width: 12),

Image.asset(
student.house.getImage(),
width: 50,
height: 50,

),

1,
),
) ;
}) .tolList (),
),
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JTOJIATOK I
TEKCT POTPAMHOI PEAJIBALIE REACT NATIVE 3ACTOCYHKY

export default function StudentsList () {
const loading = useSelector (state => state.data.loading);
const students = useSelector(state => state.data.students);
const dispatch = useDispatch() ;
useEffect (() => {
if (students.length > 0) ({
const start = performance.now() ;
requestAnimationFrame ( () => {
const end = performance.now() ;
console.log( Render Time: ${end - start} ms’);
}) s
}
dispatch (fetchStudents()) ;

}, [dispatch]);
if (loading) {
return (
<View style={styles.centeredContainer}>
<ActivityIndicator />
</View>
)
}
return (
<SafeAreaProvider>
<SafeAreaView style={styles.container}>
<View>
<FlatList
data={students}
keyExtractor={item => item.id}
renderItem={ ({ item }) => <StudentItem
student={item} />}
contentContainerStyle={styles.listContainer}
/>
</View>
</SafeAreaView>
</SafeAreaProvider>
) ;
};
const StudentItem = ({ student }) => {
const getHouseImage = (house) => {
switch (house.toLowerCase()) {
case 'gryffindor':
return require('../assets/houses/gryffindor.webp') ;
case 'slytherin':
return require('../assets/houses/slytherin.webp');
case 'hufflepuff':

return require('../assets/houses/hufflepuff.webp');
case 'ravenclaw':
return require('../assets/houses/ravenclaw.webp') ;

default:
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return null;

}
};
return (
<View style={styles.card}>
{student.image == '' *? null : <Image source={{ uri:
student.image }} style={styles.image} />}
<View style={styles.detailsContainer}>
<Text style={styles.name}>{student.name}</Text>

<Text
style={styles.alternateNames}>{ (student.alternate names |
[1).join(', ') }</Text>
</View>
<Image source={getHouseImage (student.house)}
style={styles.houseImage} />

</View>
);
};
const styles = StyleSheet.create ({
card: {
flexDirection: 'row',
backgroundColor: '#£f1£f1f1',
borderRadius: 16,
marginBottom: 16,
padding: 16,
alignItems: 'center',

b,

image: {
width: 80,
height: 100,

borderRadius: 200,
},
detailsContainer: {
flex: 1,
marginLeft: 16,
},
name: {
fontSize: 24,
},
alternateNames: {
fontSize: 14,
color: '#555',
},
houseImage: {
width: 50,
height: 50,
}I
});
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JTOJATOK ]I
TEKCT IPOI'PAMHOI PEAJIIBAIIII MAUI 3BACTOCYHKY

<ContentPage NavigationPage.HasNavigationBar="False"
Title="Students List"
xmlns="http://schemas.microsoft.com/dotnet/2021/maui"
xmlns:x="http://schemas.microsoft.com/winfx/2009/xaml"
x:Class="MauiDiplomApp.MainPage"
xmlns:local="clr-namespace:MauiDiplomApp"
xmlns:convert="clr-namespace:MauiDiplomApp.Converters"
xmlns:model="clr-namespace:MauiDiplomApp.Model"
>
<ContentPage.Resources>
<convert:HouseImageConverter x:Key="houseImage"/>
<convert:StringJoinConverter x:Key="stringJoin"/>
<convert:StringNotEmptyConverter x:Key="stringNotEmpty"/>
</ContentPage.Resources>
<Grid RowDefinitions="Auto, *">

<CollectionView ItemsSource="{Binding Students}" Grid.Row="1"
Margin="8">
<CollectionView.ItemsLayout>
<LinearItemsLayout Orientation="Vertical"
ItemSpacing="10"/>
</CollectionView. ItemsLayout>
<CollectionView.ItemTemplate >
<DataTemplate x:DataType="model:Student">
<Frame Padding="10" Margin="8">
<Grid ColumnDefinitions="Auto, *, Auto"
VerticalOptions="Center">

<Frame CornerRadius="40"
WidthRequest="80" HeightRequest="100" Padding="0"
IsClippedToBounds="True">
<Image Source="{Binding Image}"
WidthRequest="80" HeightRequest="100" Aspect="AspectFill"
IsVisible="{Binding Image,
Converter={StaticResource houselImage}}"/>
</Frame>
<VerticalStackLayout Grid.Column="1"
Padding="10">
<Label Text="{Binding Name}"
FontSize="20" FontAttributes="Bold"/>
<Label Text="{Binding
Alternate names, Converter={StaticResource stringJdoin}}"

FontSize="14" TextColor="Gray"/>
</VerticalStackLayout>

<Image Source="{Binding House,
Converter={StaticResource houselImage}}"
WidthRequest="50" HeightRequest="50"
Grid.Column="2"/>
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</Grid>
</Frame>
</DataTemplate>
</CollectionView.ItemTemplate>
</CollectionView>
</Grid>
</ContentPage>
public partial class MainPage : ContentPage
{
private readonly StudentViewModel _viewModel;
private readonly Stopwatch _stopwatch = Stopwatch.StartNew() ;

public MainPage ()

{
InitializeComponent () ;
_viewModel = new StudentViewModel () ;
BindingContext = _viewModel;

}

protected override void OnAppearing()
{
base.OnAppearing() ;
_stopwatch.Stop () ;
Debug.WriteLine ($" [ Yac BaBaHTaXeHHST MainPage:
{_stopwatch.ElapsedMilliseconds} mc");
_viewModel.LoadStudentsCommand.Execute (null) ;

}
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