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BEXAMEICTL CTEOPSHHA KPOCANaTHopMEHHX A0DaTKIE, U0 23063N89YH0TE BRCORY NPOGYSTHEHICTE TA AKKCTE KOPHETYEAULKOND SOCEIY,
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CAINEYBaHHA ¥ CNlNLHOT] JOIE0NAKTE WEWAKD BARENATA T8 YCYBATH NpoGnesA, pospoinATH HoE] §iyHRYIT T3 NOKPESIMBHHA, 3 TEKOX CHPARINTE
o0MIHY IHAHHAMM T8 AOCEI0M MK PO3POTHAKEMM. Lie CTEO[S0E NOZHTHEHS CEPaI0EMILS NNA IHHOESLN T8 POCTY, CAPMAE WEALHMY
nporpecy TexHanorid Ta nigesuye AKlcTe dHyesnx npoaykTie 1.
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JocaimxeHHs

Axrtyaaenicts. Ckimuenni aBromatn (FSM) e ogmmM 13 HaiilepCneKTHBHININX 1HCTPYMEHTIB TS VIIPABIIHHA CTAHAMH Y
MOOLIBHHX JofaTkax. BoHH 3a0e3meuyroTs WITKY CTPYKTYPOBAHICTEH, ONTHMIZVIOTE CKIATHI CleHapli pofOTH TOJATKIB, MIIBHINVIOTH
TPOAVKTHBHICTE Ta cTalimBHICTE POGOTH, MIHIMI3VIOTE PIBHKH TOMHIOK. /o Toro kX FSM chpomyioTs po3podKy TpOrpamMHOTO
MPOAYKTY, 3aBISKH BHKOPHCTAHHIO (DOPMATIBHOrO MIAXOIY A0 VIPABIIHHS HEePeXOZaMH MK CTAHAMH, IO B CBOK 4epry, poOHTE
IpOrpaMHHE KOJ OLIBII 3PO3YMUIHM 1 NITTPHMYBAHHM. 38BIIKH LBOMY CKIHUEHHI aBTOMATH CTAFOTH HE3AMIHHHM 1HCTPYMEHTOM ¥
KpocIuratgopMeHiil pozpobil, de TOZATKH MOBHHHI BIIMOBIOATH BHCOKHM CTaHZApTaM e()eKTHBHOCTI Ta AJANTHBHOCTL 10 PI3HHX
OIepAITHHIX CHCTEM.

AKTyalIpHICTh TEMH 3YMOBIEHA THHAMITHHM PO3BHTKOM TEXHOIOTIH Ta HEOOXITHICTIO 3ade3neueHHs SKICHOTO JOCTYITY 0
JAHHX HA PI2HHX OPHCTPOAX, HE3BAKAIOUH HA BLAMIHHICTE IXHIX OHEPALIiHIX CHCTEM, BIIPOBAUKEHHAM CYYAaCHIHX METOMIB VIPABIIHHIL
CTAHAME MOOLTEHHX TOJATKIE, AKi 3aT0BOIBHAIOTE TOTPe0H KOPHCTYBAUIE 1 2a0e3MeTVIOTE 1X KOHKYPEHTIOCTIPOMOKHICTE Ha PHHKY.

O6'ekT Ta Mera gocaiKenHs. MeTo TaHOTO JOCTUKEHHS € BHBUEHHS CYUACHHX IIXOMIB JO VIPABIIHHS CTaHAMH B
MOOLIPHHX JOATKAX Ta IHTerpamis KIHIEBHX AaBTOMATIB I/ ONTHMI3Alll YIPABIIHHA CTaHAMH KpPOCIUIAT()OPMEHHX MOOLIBHHX

TOTATKIB 3 METOI MITBHITEHHA iX IPOIYKTHEHOCTL, cTA0LTEHOCTL TA 3PYIHOCTI ITLTTPHMEIL.
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Orasig giTteparypu (aHAJIOTIB)

AHani3 HAYKOBHX Ta MpodeciiiHuy IKepeT MITBEPTKYE, 3HATHY VBaTy HAVKOBIIIB 1 IPAKTHKIB 10 BHKOPHCTAHHA KiHIIEBIX ABTOMATIB
(FSM), SIK IHCTPYMEHTY UTS MOIETIOBAHHS MOBEIIHKH CHCTEM TA VIPABIIHHS TXHIMH CTAHAMI.

CyuacH1 JOCTI/DKeHHS 31e0UIBIIOro COpsAMOBAHI HA ONTHMI3ANID apXiTeKTyp FSM, BKIHOUAKYH 3MeHINeHHS alapaTHHX BHTPAT,
MITBHITEHHA MPOIYKTHBHOCTI IAM’ATI Ta BIOCKOHATEHHA AITOPHTIMIB IIEPeXOIiB MUK cTaHaMu. Bomnouac, muTaHms iHTerpamii FSM vy
TporiecH po3po0KH  KpocmiaThOpMeHHHX MOOUTRHHX IOMATKIB 3aIHIIAIOTECS Maibke HemoomiukeHnMH. OOMeXeHO pO3TLIIAEThCS
BHKOpHCTaHHS FSM [UTs BHpIIEHHS 3aB/IaHb, OB S3aHAX 13 CKIATHOKO JTOTIKOK HABITAIl, 0GpoOKO0 acCHHXPOHHHX MOIIH a60 MHATPHMKO0
IHTePAKTHBHHX 1HTepdeiiciB KOpHCTYBATA.

Tpaauriiiel TIXOAH 10 VIIPABIIHES cTaHaMH, Taki sk Redux a6o MobX, xoua i € edeKTHBHHMH, MAalOTh 0OMEKEHHS ¥ KOHTEKCTL
CKTaIHHX MOOLTBHHX IOJaTKiB. BukopmeraHHa FSM y IBOMY KOHTeKCTI MOKE CTaTH NEPCIEKTHBHHM HAUPAMOM, IIO JO3BOJIHTE
ONITHMI?VBATH HPOIECH VIPABTIHHA CTAHAMIH.

3aramTom, pe3yibTaTH OTJLIIY CBIMYATh PO HEOOXITHICTH MOCHUTKeHHs iHTerpamii FSM y kpocmiathopMeHy MOOUTEHY PO3pPOOKY.
Tlomaneml JOCTIKEHHS B HI Tany3l COPHATHMYTH MOKPAIIEHHIO SKOCTI MOOUTBHHX JOJATKIB, MUIBHIIEHHIO iXHBOI CTaOUTRHOCTI Ta
3a0e3MeUeHHIO 3PYIHOCT] 1A KIHIIEBHX KOPHCTYBAUIE.
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ITocTanoBka 3amaui

TTocTanoBka 3a7aql mepeIdauae MOCTIKEHHSA Ta OIMMHKY e(eKTHBHOCTI 3aCTOCYBAHHS CKIHUEHHHX aBTOMATIB [T OITHMIZAIT
Ta IMIBHITEHHS e(peKTHBHOCTI KPOCILTAT(OPMEHNX MOOLTEHHX TOTATKIB.
Peaaizaniss HAyKoBoOro J0cTiIZKeHHS CKIAJAE€THCS 3 HACTYNHHX eTaMliB:
- aHaJi3 [epeBar Ta HeJOMIKIB 3acTocyBaHHA FSM Ha OCHOBI OIUIANY HayKOBHX JUKeper:
- po3poOKa METOIHKH MOPIBHATEHOTO aHAMI3Y e()eKTHBHOCTI BHKOPHCTAHHS TeKTapaTHBHAX Ta FSM MeToIiB T YIIpaBIiHHS
CTaHAMH MOOLIBHHX J0JATKIB;
- BH3IHAYEHHS] KPHTEPIIB OMIHKH e(heKTHBHOCTI;
- eKCIIepHMEeHTATBHE JOCIUKEHHS Ha OCHOBL PO3POOKH TECTOBOTO MOOLTBHOTO 3aCTOCYHKY 3 BHKOPHCTAHHAM
KpocIaThopMeHoro ModLUTEHOTO (hpeiiMBopky React-Native mis natdopm i0S ta Android:
- AHAaNI3 Pe3yNIbTATIB eKCIIepPHMEHTIB Ta HAIaTH PeKOMEeH/ Al o0 JOUUTEHOCTI BHKOPHCTAaHHA FSM.
OTpuMAaHi pe3VIBTATH TOCTITKeHHS MOKYTh OYTH BHKOPHCTAHI MPH NPOEKTYBAHHS Ta peatizamii kpocmaaTdopMeHHx

MODITLHNX 32CTOCYHKIB.
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MeTonmoJioris

JIns mpoBelleHHS eKCIIePUMEHTAIBPHOTO JOCILUKeHHS Oyl1o po3pobieHo TecToBl ekpaHH and miatdopm 10S Ta Android, 3
BHKOPHCTAHHAM JeKTapaTHBHOTO Miaxoay Ta FSM.
Inrepdeiic po3pobaeHnx eKpaHIB MICTHTE 0a30BHil (PYHKIIOHAT:
- (opmy arTOpH3aImIi TA BaMIAALIT;
- V3roJKeHHS TOMTHKH KOH(IJEHIIHOCTI Ta VMOB HAJTAHHS MOCTVT,
- KHONKY CTBOPEHHS HOBOTO OGIKOBOTO 2alliCy;,
- eMyILilif BXOIY 3 BHKOPHCTAHHAM 00MKoBOro 2amucy Google, Apple, LinkedIn;

- iHI[HKaTOp CTaHY 3aBaHTaXKEeHHI.

BukopnctaHi iHCTpyMeHTH Ta TeXHOJI0OTIL
- (pefiMBOopM I pO3pOGKH KpocHaaThopMeHHX MOOUTEHHX 101aTKIB React-Native;
- open-source 6i6mioTeka peakTHBHOTO ¢TaHY Legend-State;
- open-source 0i1dmioTeKa ommmcy criniB React-Native-Unistyles;
- cTaTHYHa MoBa nporpamyeaHHa TypeScript.

SE

software

ApXITEeKTypa CHCTEeMH JJISI IPOBEACHHS
eKCNePUMEHTAJBLHOI0 JOCTIIKEeHHS

Mative/Main Thread Javascript Thread NativeMain Thread Javaseript Thread

!

Background Thread Background Thread

i

S E Crapa apxitekTypa RN Hoga apxitexktypa RN
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Onuc nporpamHoro 3aée3ne4eHHs, mo 0yJa0
BHKOPHCTAHO Y TOCJIIKCHHI

J1g mpoBeIeHHA eKCIePHMEHTATEHOTO JOCTLTAKEeHHA 0Y10 06paHo BLINOBITHI TEXHOIOTLL, IHCTPYMEHTH Ta CepeIOBHINE PO3POOKI:
Modiabai mpuctpoi: [Phone 15 Pro - mporecop Apple A17 Pro (64-bit ARM), Samsung Galaxy SE (2022) — mpomecop ARM64
(Snapdragon).

Texuiuni napamerpu gppeiinpopky React-Native

- v0.76.6;

- supported min 10S version: 15.0;

- supported min Android version: 8.0;

- supported architectures: A - cepis uimis Apple, ARM, ARM64, x86, x86_64.

CepeIoBHING PO3POOKH:

- Cursor Editor — ocHOBHe cepeJJOBHIIIE PeJaryBaHHA KOIY;

- Xcode — ms 301pru Ta TectyBanmst 10S-1omaTka;

- Android Studio — ams 36ipku Ta TecTyBaHHT Android-gomaTka.

SE ,
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3MicT MpoBeAEHOTO eKCTEPUMEHTY

IIpouenypa BuMiproBaHHA NPOIYKTHBHOCTI 3 BUKOpHcTaHHAM iHcTpyMeHTY FlashLight 3a HactynHomw
HPOLETYPOIO:

- KOMIIIAMIS TpoeKTy 1t miatdopM i0S 1a Android B pexii release mode:

- zamyck mporpami FlashLight nactymamvm nmapamerpami: flashlight measure --skipRestart platforms:
10s, android:

- aktnBanig debug mode 1714 NiAPaXyHKY KITBKOCTI 3aTalbHIIX [IepeMaTioBaHb IHTepdeiicy;

- B3aeMomig 3 iHTepdeiicom ekpany mpotsarom 30 cekyaa (Declarative / FSM):

- 00uUNCIeHHA KTIOYOBIIX [0Ka3HIKIB eekTnBHOCTI: Average FPS, Average CPU usage, High CPU
Usage, Average RAM Usage:

- CTPYKTYPYBAaHHA Ta y3araTbHEHHA Pe3yIbTaTiB IPOBEICHOTO eKCIIePIIMEHTY.

SE
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IIpoBeneHHA eKCIIEPHMEHTY

(a)

Prcyrok 5.4 — 3aranbHi IOKA3HHEKH e()eKTHBHOCTI POGOTH MOOLILHOIO JONATKY

(TexTapaTHBHII NiTXin): (a) cTapa apXiTeKTypa: (0) HOBa apXiTeKTypa

C— —
!

IopiBHSTHASA MPOAYKTHBHOCTI MOOLTHHOTO T0AATKY 3 BHKOPHCTAHHAM

PI3HUX HIIXO/IIB (CTapa apXiTeKTypa)

(a)

PHCyHOK 5.8 — 3aranbHi MOKA3HIKH ed)eKTHBHOCTI pofoTH MOGLTBHOTO TOAATKY

(FSM): (a) cTapa apxiTekTypa: (6) HoBa apXiTeKTypa

MeTpuka [exnapatusHui Legend State PisHunug, %
nigxig, (FSM)
Average FPS, FPS 36,6 59,6 +62,84 %
Average CPU Usage, % 92,70 61,40 -33,76 %
High CPU Usage BIOCYTHI BIOCYTHI NIKOBI -
NiKOBi 3HAYEHHA 3HayYeHHs
Average RAM Usage, MB 143 2448 +71,33%
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IlopiBHSIHHA  NPOAYKTHBHOCTI  MOOIIBHOTO  O0AATKY 3

BHKOPHCTAHHSIM PI3HUX MiAX0JiB (HOBA apXiTeKTypa)

MeTpuka [exknapatueHuiA Legend State PisHnysa, %
nigxig, (FSM)
Average FPS, FPS 37,7 59,6 + 58,09 %
Average CPU Usage, % 71,10 39,10 -4501 %
High CPU Usage BiICYTHi BiZICYTHi NiKOBI -
MiKOBi 3HAYEHHSA 3HaYeHHs
Average RAM Usage, MB 172 316,3 + 83,84 %
software 11

enginsering

AHaJII3 OTPUMAHHUX PE3yJIbTATIB

Pe3yapTaT i3 3acTOCYBAHHAM cTapoi apXiTeKTypH:
- FPS 3pic 13 36,6 10 59.6, o0 CBLOUHTE PO 30LIRLUIEHHS CTAOLTBHOCTI 300paxeHH: Ha + 62,84%;
- cepenne HapaHTakeHHd Ha CPU amenmmmocs 3 92.7% g0 61,4%, mo miaTBepkye 3HIKEHHS HABAHTAXKEHHSI Ha
TeHTPATEHHIT TIPoTecop MOOLTEHOTO TeTedoHy Ha - 33,76%;

- BHKOPHCTAHHS ONEPAaTHBHOI maM’ AT 30utbmmminocs 3 143 MB xo 2448 MB, mo cxiagae + 71,33%.

Pe3ybTaTH i3 3acToCyBAHHSM HOBOI apXiTeKTypH:
- FPS 3pic i3 37,7 mo 59.6. mo cBiTUHTE TPO 30LTBIIeHAS cTaGLTEHOCTI 300paskenHs Ha + 58,09%;
- TIOKa3HHK HaBaHTa)KeHHA Ha IeHTpaasHHIl mponecop CPU 3Mermuses 3 71,1% 10 39,1%, mo ctaHOBHTE - 45,01%;

- 3POCJIO BHKOPICTAHHA OllepaTHBHOI mam 111 2 172 MB no 316,3 MB, mpupict cxiag + 83,84%.

SE
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BucHoBku

IIpu TeopeTHYHOMY BHBUEHHI CKiIHUeHHHX ABTOMATIB 0V.10 JOCIIIKEHO:
- apxitextypy FSM, sika e mpoBimHHM (akTOpoM sKHMI BIUTHBaE Ha e(DeKTHBHICTH PO3pOOKH, TeCTyBaHHs, BHKODHCTaHHS Ta
M ATPUMAHHS KPOCTITAT(GOPMEHIX MOOITRHITK TOTATKIB;

- BapiaHTH MOETHAHHA peakTHBHHX 6i6mioTek 3 FSM 1714 miABHITEHH TPOKYKTHBHOCTI KPOoCTIaT(opMeHHX MOOLTRHIX T0TATKIB.

Ha ocHOBi IPOBeIeHOI0 eKCIIePHMEHTAIbBHE T0CIIIKEHHS HiITBePIKEHO:

- rinoTesy Opo Te, Mo BIpoBamxeHHs State Machine-miaxonie mpu cTBopeH1 KpocIiaThopMeHHX MOOLTEHHX JOJATKIB HIABHITYIOTE
Ta OMTHMI3VIOTh iX eeKTHBHICTD;

- IOeIHAHHA HOBOTO apXITEKTYpHOro creky React Native 3 peakTHBHHMIE 6167110TeKaMH Ta ABTOMATO-OPIEHTOBAHHM YIIPABIIHHIM
CTAHOM [JeMOHCTPYE HafKpallle CIIBBITHONIEHHA MUK e(eKTHBHICTIO, AJANTHBHICTIO Ta MACIITA0OBAHICTIO I pPealbHHX
MOOLUIBHHX CHEHApIiB.

ITi BHCHOBKH MAKOTH NPAKTHYHE 3HAYEHHS /151 PO3POGHIKIB NPOrpaMHOro 3ade3neueHHs B raaysi kpocmiardopymennx

MOOILILHUX T0JATKIB.
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JIOJIATOK B

[ndopmariitai cuctemu ta texuosnorii ICT-2024

Exploring the methods for using state machines to optimize
and enhance cross-platform mobile applications

Vladyslav Martynov®**, [hor Shubin??, Victoria Skovorodnikova®.t

& Kharkiv Mo ckonar Dedeersity of Rodio Elecironics, Neoiy ave, 14, Khared, S1186, Frmaine

Abstract

Kowadays, contemporary mobile apps requine robust state management, particularly inocross-placform
frameworks such & React Native. Finite State Machines (FSMs) provide a structured methodalogy for
managing state transitons, enhancing swhility, performance, and testability bn complex applications.
This amiche txamines the advantages of FSMs and their practical applications in cross-platform
development, with a facus on React Native.

Keywords
F5M, Rizact, React-Native, XStane

1. introduction

Az modern mobile applications become increasingly embedded in wsers’ daily routines,
delivering responsive and efficient functionality is paramount. These applicatbons serve a vast
array of purposes—aquick access to information, seamless communication, sk management,
and bevond—placing high demands on developers to continually enhance fuomctionality,
performance, and reliability. Cross-platform frameworks like React-Native empaower developers
w deplay applications across multiple pladorms, streamlining development and reducing
regpuree expenditure. Yet, cross-platform solutions introduwce distinet challenges, particularly in
Slate management.

Effective state management remains a central challenge in cross-platform develapment
Complex applications, especially thase with multifaceted user interactions, asynchronous tasks,
and extensive use of device resources, rely on smooth state transitions to ensure consistent
behavior. Without a robust architecture for state management, applications risk crashes,
unpredictable behaviors, and a diminished user experience.

Finite $tate Machines (FiMz) offer a systematic approach to addressing these challenges. By
rigorously defining all possible states and permissible transitions, F5Ms enforce predictable and
stable application behavior, proving especially useful in managing navigaton Aows, handling
agynchronous operations, and structuring complex logic. Within mobile applications, FSMs excel
at optimizing scenarios driven by external and internal events, such as uwser authentication and
Server requests, where precise state control is essential.

A major advantage of FEM3 is their abilioy to impose a well-defined struocture on application
cantral logic, minimizing errors and simplifying state wracking. This structure snhances
testability, allowing developers to independently astess each state and transition and

dnformation Systems amd Techeoksaies (T5T-2024), Newemubar 26-28, 2024, Khardiy, liraineg
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proactively identify potential issues. Furthermore, FSMs contribute to performance aplimization

by streamlining trransitions and reducing unnecessary computations, a critical consideration for
cross-platfiorm solutions where execution speed directly impacts user satisfaction

2. Review of the literature

The concept of state is very familiar. Cansider a toaster: inftially, the toaster is in the off state;
when you push the bever dawn, a transition is made ta the on state and the heating elements are
wrmed on; finally, when the timer expires, a irangition & made back to the off state and the
heating elements are wrmed off.

A finite state machine [F5M] consists aof a ser of states 5, and a set of transitions between
pairs of states =, 5 . A ransition s labeled conditonfaction: a condition that causes the
rangition to be taken and an action that is performed when the transition is taken. F5Ms can be
displayed &= a state diagram Fig 1.

"\"\-\.\_\ I choem - huem heatl on

'?f:\lll'_-_-_-__ T - A alf = loastar alf
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e — — o Tkl
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Figure 1: State diagram

A state is denoted by a circle labeled with the name of the state. States are given short names
to save space and their full names are given in a box pext to te state diagram. The incoming
arrow denotes the initial szate. A transition is shown as an areow from the source state to the
target state. The arrow is labeled with the condition and the action of the ransition. The action
is not continuing; for example, the action turn left means set the motors so that the robot turmns
to the left, but the transition to tee next state is aken without waiting for the robaot o reach a
apecific position [1].

Heact Native is an open source framework for building Android and i0% applications using
React and the app platform’s native capabilities. With React Mative, you use |avaSeript to access
your platform®s AlFls as well as to describe the appearance and belavior of your Ul using React
components: bundles of reusable, nestable code [2]

Unlike hybrid frameworks that mun within a web view, React Native compiles to native
components, providing applications with a look and feel similar to those built with platform-
apecific languages like Swilt for i05 or Kotlin for Android.

However, managing complex user flows in React Native can be challenging due 1o platform-
specific differences, which impact component behavior, navigation patterns, and resource
management. These differences often require additional logic to handle varied platform
responses, such as asynchronous tasks, permission handling, and native animations, which can
lead to increased complexity and potential inconsistencies in user experience. Addressing these
challenges effectively reguires a structured approach to state management, particularly when
handling intricate navigation and interactive flows across platforms

Finite Scate Machines [FEMs) offer an effective solution for such state management challenges
by enforcing a sirict and predictable sequence of states and transitions. In scenarios involving
complex workflows—like muli-step forms, authentication fows, or dynamic content
rendering—FSMs provide developers with a clear framework for defining each state and its
permizsible wansitions This structure mitigates the unpeedictability thar can arise from
asynchronous tasks or varying platform belavior, helping to ensure consistent responses o user
actions across i0% and Android
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By using F5Ms within React Mative applications, developers gain the ability to encapsulate
complex wser intersctions in & way that is both testable and maintainable. Each state trangition
is explicitly defined, which reduces the likelihood of unintended behaviors and facilitates
debugging. In cross-platform environments where maintaining uniformity is essential, F5Ms
provide a rveliable approach for handling intricate application states, enhancing both the
predictability and resilience of mobile applications.

3. Experiments

In this experiment, the basic authentication screen will be implemented swith advanced,
specialized library called Xstate and then will be compared with default React Native
implemeantation.

¥State is a state management and orchestration solution for Javaseript and Typescript apps.
It uses event-driven programming, state machimes, statecharts, and the actor model to handle
complex bogic in predictable, robust, and visual ways. X¥State provides a powerful and Aexible
way o manage application and workflow state by allowing developers to model logic a5 actors
and state machines. [t integrates well with React, Vue, Svelte, and other framescorks and can be
used in frontend, backend, or whersever |avaseript runs [3]

X5tate enhances the clarity and robusmess of state management through its advanced syntax,
which allows developers to encapsulate and manage state logic directly within the machins
configuration. X5tate's internal context functions as a dedicated data store, mamaging stabe-
specific information such as walidation fags, input values, and error messages. This
encapsulation minimizes reliance on external state management solutions, consolidating all
relevant logic and data within a single, cohesive unit.

4. Results

To evaluate the performance of both the Resct Native default implementation and XSuare
implementations, we used three key metrics: the React Mative Ul thread, the |5 thread, and FPS
drap. The Ul and |5 thread metrics measure the responsivensss of the application by tracking
frame rates on each thread, with higher values indicating smoother performance. FPS drop, an
the other hand, reflacts any decrease in feames per second during interactions, with lower values
indicating fewer disruptions in user experience. These metrics provide a comprehensive view of
each implementation's ability to handle complex interactions smoathby.

Based on Table 1 metrics, ¥Srate demonstrates superior performance across multiple
dimension [n the X5tte implementation, both the Ul and |5 threads maintain a steady average
af &0 frames per second [FPSL This consistent performance indicates thar XState eficiently
handles state transitions and user interactions without everloading either thread. The minimal
FPS drog (2-3) further suggests that XState is capable of processing complex interaction patterns
smoothly, keeping the application responsive and ensuring a seamless user experience even
under heavy usage conditions. This level of stability is crucial in maintaining an interactive flow,
especially on an authentication screen where real-rime validation and feedback are essential

Il contrast, the React Mative default implementation shows performance limitations, with the
Ul thread averaging 55 FPS and the |5 thread at 50 FPS. This reduction in frame rated suggests
that it introduces more lead on the system, patentially diee ta less optimized transition handling
ar higher averhead in managing state changes. The FPFS drop is also significantly higher, ranging
from 10 o 12 FPS during intensive interactions This larger drop indicates that default
implementation experiences performance bottlenecks under complex wser actions, resulting in
occasional stutters and a less fuid experience. Swch delays can negatively impact user
perception, especially in scenarios where users expect immediate feedback, such as entering
begin credentials.
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In summary, X5tate's structured approach and optimized handling of state transitions
provide a clear advantzge in terms of performance, maintaining high frame rates on both Ul and
|5 threads and minimizing FPS drops.

Table 1
Performance metrics
Metrics Xrate React Mative default
implementation
Ul Thread a1 55
1% Thread a1 S0
FFS Drop 2-3 1-12

5. Conclusion

This study demonstrates the effectivensss of uging finite state machines o manage complex
interactions within mobile applications, particalarly in cross-platform frameworks like React
Mative. By implementing an authentication screen in two varianis — React Native defaul
implementation and the XSrate library—we explored the performance, maintainahility, and user
experiente benefits of each approach.

The ¥5tate implementation proved to be superior in terms of performance, with consistently
high frame rates and minimal FPS drops, ensuring a smooth and respongive experience. lis
advanced abstractions, such as context landling, hierarchical state management, and visual state
charts, make it especially well-suited for applications with intricate interaction flows. The ability
o visualize state charts not only aids in understanding and debugging complex workilows but
also facilitates collabaration among team members and provides a form of living documentation
as the application evolves.

Heact Native default implementation, demonsirated some limitations in handling resource-
intengive transitions and maintaining consistent frame rates under heavy user interactions.
Althowgh it offers bagic state management, the overhead associated with managing states
manually makes it bess suitable for highly interactive or complex forms, especially when
compared to the modular and declarative approach offered by XState.

In conclusion, X5uate is a powerful tool for makaging complex forms and dynamic interactions
across various applications. s structured approach to state management makes it versatile
epough for a wide range of use ceses, including multi-step forms, onboarding fows,
authentication processes, and any scenario requiring predictable state ransitions The library's
modular design allows developers o maintain a clean codebase, improve performance, and
enhance user experience. As mobile applications continue to grow in complexity, adopting a
wiell-defined state management solution like X5tate can play a critical role in building robust,
scalable, and maintainable applications.

Future woark could explore extending this approach to more intricate applications involving
real-time  updates, multi-user collaboration, or machine leaming-driven interactions.
Furthermare, the potential for combining X5tate with other tools in the React Mative ecosystem,
such as gesture handlers and animations, opens up possibilities for crafring highly interactive
and intuitive user experiences.
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In the modem world, mobile applications play a crucial role in
communication, productivity, and entertainment. As these applications grow in
complexity, efficient stale management becomes a significant challenge,
especially in cross-platform  frameworks like React Native. Traditional
approaches such as Redux often lead w performance bottlenecks and
mamnfenance difficulties due to complex state handling. Finnte State Machines
(FS8Ms) provide a structured methodology for state transitions, enhancing
stabality, predictability, and mantainability. This work explores the apphcation
of FSMs in React Native, demonstrating therr advantages over conventional
state management techniques and evaluating their impact on performance and
usability.

Muobile applications are a fundamental part of contemporary digital
interactions, facilitating communication, productivity, and enteftainment. The
rnse of cross-platform  development has  provided sigmficant  advantages,
enabling developers to write code once and deploy 1t across multiple platforms.
However, this approach introduces mherent challenges, particularly m state
management. [ssues such as state inconsistencies, redundant computations, and
inefMcient updates often degrade the user experience, increasing the complexity
of debugeing and performance optimization.

Firute State Machines (FSMs) present a potential solution to these ssues by
offering a structured approach o handling application states. Unlike
conventional stafe management fechnigues, FSMs define explicil transitions
between  states, reducing ambiguity and ensuring  predictable  application
behavior. By emploving FSMs, developers can creale more robust workflows,
especially in complex scenarios such as authentication, navigation, and real-time
user interactions. This siudy examines the implemeniation of FSMs in a React
Mative application and evaluaies their mpact on  performance and
maintainability.

State management in mobile applications 15 one of the most critical et
challenging aspects of development. Tradiional approaches such as Redux and
the Context API have been widely adopted, but as applications scale, significant
limitations emerge. Fedux, for instance, relies on a global state container,
leading to excessive re-renders and unnecessary computations, making it
difficult to mantain a clean architecture. Additonally, developers ofien
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encounter asynchronous state updates, resulting in race conditions and
unpredictable  behavior, making debugging tedious and tme-consurming.
Moreover, existing solutions require tracking multiple Boolean flags, bloating
the codebase and reducing readability. Consequently, applications suffer from
performance degradation due to excessive event processing and uncontrolled
updates, reducing responsiveness.

To address these challenges, modern state management solutions are
increasingly using modular and event-driven architectures. One such approach is
Nitro-Modules, which enhances state encapsulation by offerning independent,
reactive state contamners that seamlessly imtegrate with finite state machines.
Unhke monolithic state managers, Nitro-Modules allows fine-grained control
over stale updates, reducing unnecessary redraws and increasing application
modulanty. Combiming this approach with FSM further improves state
transitions and ensures that updates are predictable and efficient across different
parts of the application.

Finmite State Machines represent a paradigm shift in handling state
transitions in mobile applications. Unlike traditional approaches, FSMs employ
a well-defined structure where states are expheitly defined, and transitions oceur
based on a finite set of predefined rules. This structured approach eliminates the
need for disparate Boolean flags and unpredictable event handling, ensuring a
more predictable and rehable application flow. By encapsulating state changes
into well-defined transiions, FSMs simplify debugging and improve testability.
Addinonally, the modulanty of FSMs enhances maintanability, making it easier
to extend applications without introducing unforeseen side effects.

While FSMs have been widely utilized in embedded systems and game
development, their potential remans largely untapped in mobile applications,
particularly mn cross-platform frameworks such as React Native. This research
takes the first step toward integrating FSMs into React Native applications and
demonstmtes how structured state management can resolve longstanding
inefMiciencies, resulting in more performant and mantaimable applications.

To evaluate the effectiveness of FSMs m stale management, this study
implements FSMs in a React Native application using XState, an advanced
lhibrary designed to manage complex state transitions. The primary objective is to
measure improvements mm Ul responsiveness, JavaScenpt execution efficiency,
and overall apphcation stability. A practical test case 15 developed in the form of
a mobile authentication flow - a scenario that involves managing multiple
asynchronous requests, handling vahdation states, and dynamically responding
to user interactions. In standard React Native implementations using Redux or
the Context APL these transitions are managed manually, often leading to
excessive re-rendenng, increased memory consumption, and mace conditions in
the authentication loge.

By integrating FSMs via XState, the application benefits from explicit state
defimiions and structured transitions, ensuring a determimstic flow at each
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authenticabion step. This implementabon ehmnales unnecessary computalions,
as state changes occur only when predefined conditions are met. Additionally,
F5Ms provide a clear visual representation of application states, making
debugging more mintive and facilitating collaboration among development teams.

Empirical measurements from expenments reveal significant performance
improvements. The FS5M-based implementation maintmns consistently high
frame rates and ensures smooth Ul responsiveness. Unlike traditional
approaches, where uncontrolled state wpdates often lead to frame drops and
performance degradation, FSMs optimize transitions, reduce resource overhead,
and improve execution speed. Furthermore, applications utilizng FSMs exhibat
fewer inconsistencies, as each transition is explicitly validated before execution.

The adoption of FSMs in React Native marks a transformative shift in
mobile development methodologies. Whale traditional stale management
technigques have long struggled with mefficiencies, FSMs offer a robust
alternative that not only enhances performance but also simplifies
mamntainability. The findings of this smdy highlight the untapped potential of
F5Ms in mobile application development, signaling the beginning of a new era
in structured state management solutions.

The results emphasize the benefits of FSMs in cross-platform mobile
development, demonstrating  their  ability 1o improve performance,
maimntainability, and scalability. By applying FSMs in React Native applications,
developers can miligate common 1ssues related to inconsistent states and
complex user interactions.

Future research could expand on these findings by explornng F5M
applhications i real-ime collaborative systems, Al-dnven user interfaces, and
highly interactive mobile expenences. Investigating the mtegration of FSMs
with other state management paradigms may further refine best practices for
achieving optimal performance in cross-platform  applications. As mobile
development continues to evolve, adopting structured methodologies like FSMs
will be essential for bulding robust, user-friendly apphlications that meet the
demands of modem digital ecosystems.
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