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Jlocainzkennsi miaxoaiB 10 iHTerpamii kaprorpagiyanx

cucreM vV React Native 3acToCcyHKH

KonoBanos b. B., III3m-22-5

HayxoBuit kepiBHuK: ipod. PyTkac A.T'.

HocaigKeHHs1

AKTyaJbHICTh Ta CTaH PO3BUTKY ramay3i: Hame nocmimkeHHs B ramy3i iHTerpanii kaprorpagidaux
cucteM y React Native 3acTOCYHKH € BaXIIUBUM, aJKe i3 3p0cTOM HOTpeO HA NEeBHUH QyHKIIOHAT YU
meBHi ocobnuBocTi kapTorpadiuaux SDK — 3pocTae HEOOXiAHICTD 1 B AKICHIH iHTerpamii MAX CUCTEM
y Mo0OinbHI React Native 3acTocyHkH. AJpke MOTPeOH KOPUCTYBadiB Ta 3aMOBHUKIB MOXYTb CyTTEBO
BiJIPI3HATHCH, @ HATOMICTh ONITHMAIBHOI'0 METOY iHTeTpawii 9u eTadbHUX JOCIiHKEHb — 00MaIb.

YiTke BU3HAYEHHS HANIPSIMY A0CJaiIkeHHs1: Hame mocimikeHHs CIpsAMOBaHE Ha aHai3 Ta
MMOPiBHSAHHS BeO-111IX0Ay Ta HATHBHOTO I IXOAY JI0 iHTerpamii KapT B MOOLIBHI 3acTOCyHKH. MeTa
MOJIATa€ Y BU3HAYEHHI, SIKU METOJ] HalO1IIbII e()eKTUBHUM y IIaHi MPOAYKTUBHOCTI, BAKOPUCTaHHS
pecypciB Ta 3a0e3MeYeHHs ONTUMANIEHOTO JOCBIy KOPUCTYBaYiB.

O0’exT nocaimkeHHs: MeTOX iHTerpanii kaprorpadiuaux cucteM y React Native 3acTocyHKH.
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ITocTranoBKa 3axaui

IlocTanoBKa 3axaui: YV xo/1i Hamoi po6oTu Oy1e IpoBeaeHO AOCTIIKEHHS IHTerpaii
KapTorpadiuHuX cucTeM Yy MOOLIBHI 3aCTOCYHKH Ha maTdopmi React Native,
30CepeKYIOUNCh Ha MTOPIBHAHHI BeO-IIIX0y Ta HATUBHOTO MiIX01y. MU BUBYHMO, SKI €
0COOIHBOCTI Y KOXKHOTO MiIX0AY Ta 0OMEKEHHS 1 K 1€ BIUIUBA€E Ha IIPOIYKTUBHICTH Y
3aCTOCYHKY Ha KOPHCTYBAIlbKUX MIPHCTPOSX.

MeTomoJioris

Onuc BAKOPUCTAHAX METOIB A0CTiKkenHs: 3aMipH TIPOBE/ICH] B IPOAAKIIIH, BUMIPSHO
CPU, ITam'sth, FPS, RAM, UI/UX 3a nomoMororw 6eHIMapK CUCTEM.

IncTpymenTapiii Ta TexHoJ0rii, BUKOpHCTaHi B po0oTi:

- IImardpopmu: React Native

- 3aco6bu tecryBanss: Bundle Size, MacBook Screen Recorder, Android Studio Profiler, XCode
profiler.

- Mosga nporpamyBanus: TypeScript, Swift, Java

- biGmioreku: react-native-maps

e
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JlocaigxkeHHS MPOO6JIEeEMaTUKHU

- Byno pocnimxeHo aHanoru
- JocmimkeHo mpukiaay iHTerpanii icayrounx SDK
- Byno BusBneHo HeocTady 1H(opMarlii Mpo iHTerpario kapTorpadiqyHuX CUCTEM

- Byno BusiBeHO HEOOXIAHICTH Y TECTYBaHHI IBOX MiIXOMIB iHTETparii

JHocaimxenns miaxoais yepe3 SDK

- Byno po3riasHyTO Ta AeTanbHO JOCTIIKEHO METOIU IHTETpaIi
gepe3 SDK.

SDK Development Native Code Integration in | | Version Control | | Build & Release

Developer Environment (i0S/Android) = | Testing & QA Mobile App System Management

Develop New Features
_—

Commit Changes to Repository

Submit for Testing

Perform Functional & Compatibility Tests

Report Testing Results

Fix Issues (if any)

Integrate SDK into App

Prepare New App Version

Compile
Submit Updated App for Final Testing
Verify New Features in App
Approve for Release
| — Developer SDK Development | | Native Code | Testing & QA Integration in | | Version Control | | Build & Release
' Environment (ioS/Android) Mobile App System Management



Jocaimxkenns migxoaiB Web migxin

- Byno po3risHyTO Ta A€TalbHO JOCTIHKEHO METOIM iHTerpaltii
gepe3 Web cepenosuie.

Developer Web Interface Code | | Web Server Mobile App (Web View)

Develop/Update Features

Deploy Updated Code

Serve Updated Content
B

Render New Features in Web View

DeVé[oper Web Interface Code | | Web Server Mobile App (Web View)

IIpoBeneHHs1 JOCTIIKEHHSA

Y Hamomy JOCHiIKEHHI MH 3aCTOCOBYEMO KOMIUICKCHHH MiIXiJ JUIS OIlIHKH
IPOAYKTUBHOCTI iHTerpamii KapTorpagidHUX CHCTEM Yy MOOLUIBHI 3aCTOCYHKHU
React Native, BUKOpHCTOBYIOUH JIBa pi3HI MeTOU: BeO-B’10 Ta HaTuBHMIA SDK.
Ham Bubip 30cepemKyeTbcsi Ha KIIOYOBUX METPHUKAX: po3Mip IakKera,
BukopuctanHs CPU ta mam'sti, kagpu Ha cexyHnay (FPS), gac Biaryky ta gac

3aIyCcKy JOJaTKy.
Hamu Oyne BM3HA4eHO HACTYIIHI METPHKH:
— Bundle size;
— FPS;
- CPU;
SE= RAM.
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PO3POBKA MATEMATHYHOI MOJIEJII METPUK

JU1ss po3paxyHKy 3HIDKEHHsS KOHBEpCIHHOI CTaBKH
(CR) yepe3 30LTBIIICHHS po3Mipy JoJaTKa

BHKOPHCTOBYE€THCS HAaCTyIIHaA (l)OpMy.TIaZ

Jlns BuzHauenHs BBy FPS Ha 3a710BoeHICTD

KOPHCTYBa4iB MOXKHA BHKOPHCTOBYBATH HACTYIIHY

ACK = <%>X 1%

ACK _ syipa KOHBEpCIITHOI CTaBKII;

A\ S — 36insmenns po3mipy goxatka (8 MB).

AS = (%)xm%

A'S —3MiHa piBHS 32/I0BONEHOCT] KOPHCTYBAIB;

A FPS — 3yina kinmbkocTi KapiB B CeKyHILY.

PesyabTaTi TectyBanHsa Android

dopmyay:
(— —
ey e
. app-release.apk 21,8 Mb
Bundle size y web
(p— —

. app-release.apk 21,1 Mb

Bundle size y native
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PesyabTaTn TecTyBaHHs Android
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PesyabTaT TecTyBanHs Android

| e m— FPS y web FPS y native
! —
PesyabTaTn TectyBanus 10S
[ J [ ] «mapApproaches»
¢== p===Bundle size y web Bundle size y native

o —
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AHAJII3 PE3YJ/IbTATIB

Mnardgopma MeTpuka Be6 nigxin HatuBHu
nigxig

Bandle size 21.1 Mb 21.8 Mb
Android FPS 59 FPS 55 FPS
CPU 18 % 40 %
3aBaHTaXEHOCTI 3aBaHTaXEHOCTi
XonoaHunm ctapt 45c. 4.2c.
Bandle size 72 Mb 98 Mb
FPS 60 FPS 45 FPS
CPU 10 % 35 %
3aBaHTaXeHOoCTi 3aBaHTaXXEHOCTi
XonoaHunm ctapt 3.8c. 19c.

PE3YJIbTATHU IEPEBATM HATUBHOI'O IIJIXO/Y

KOpUCTYBauiB
KOHBepCis 0.12%
FPS 8%

KOHBepCis 4.33%
FPS 30%




BucHoBkH

e Ilo pe3ynpraTax, MOXKHA 3pOOHTH BUCHOBOK IO BeO-B'F0 MIAXiJ € OUIBII MIAXOISIIUM
JUISL TIBUAKOI PO3pOOKH Ta MPOCTHX 3aCTOCYHKIB, OCOONIMBO KOJIH KOMaHJa OOMeXeHa Yy
pecypcax. BiH 103BOJISIE€ JIETKO OHOBIIOBATH KOHTEHT, Ma€ THYYKICTh Yy JM3ailHI Ta CIIPOILy€e
nporec po3poOku. IIpore, BiH Moke OyTH MEHII HPOAYKTHBHHM 1 MAaTH OOMEKEHHS Yy
BUKOPHCTAaHHI HATUBHUX (QYHKITIH IPUCTPOIO.

e Haromicts SDK miaxij Bumarae OuIbIlle Yacy Ta TeXHIYHOI eKCIIEpTHU3HU JUISI pO3POOKH,
aje TPOIOHY€e Kpally MPOAYKTHBHICTh, OUIBII MOXJIMBOCTI KacToMi3alii Ta TIIOBHY
IHTerpallif0 3 HAaBUBHHUMH MOXJIHMBOCTSIMHU HpHUCTporo. Ileil miaxij Kpaiie HiIXOIUTh IS
CKJIAJTHUX JIOJATKIB Ta KOMaH/I 3 JOCBIZIOM Y poOOTi 3 HATHBHUMH IIaTHOPMaMH.

= =
o —
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SECTION 7.
COMPUTER AND SOFTWARE ENGINEERING

Bohdan Konovalov
Student at the Faculty of Computer Science
Kharkiv National University of Radio Electronics, Ukraine

Research supervisor: Anatolii Rutkas
Doctor of Physical and Mathematical Sciences, Professor,
Chair Professor of Software Engineering Department
Kharkiv National University of Radio Electronics, Ukraine

REVIEW OF APPROACHES TO INTEGRATING
CARTOGRAPHIC USER INTERFACES INTO REACT
NATIVE MOBILE APPLICATIONS

React Native is a cross-platform framework for mobile application development. In 2013,
when the Facebook team began its creation, the main goal was to provide users with the ability to
interact with their service not through a mobile browser, but through a separate application on
their smartphone. This was intended to address the problem of underdeveloped mobile browsers,
on which the social network could not achieve the same UI/UX performance as on the desktop
web version [1]. When the opportunity arose to generate native interface elements using the
JavaScript language, the team realized that they could leverage their flagship React library in the
mobile development world. Such a combination allowed for the use of the same code for both 10S
and Android platforms, which would speed up development, make the design and content of the
application identical [2]. Additionally, website developers could now implement features in the
mobile world as well, thanks to the identical programming language and similar paradigms. Thus,
React Native was born.

As we can see, nothing was mentioned about interaction with cartographic systems. The
focus was on simple user interface elements such as buttons, lists, blocks, text, etc. Has anything
changed now?

According to the latest public activity of Meta (formerly Facebook) team representatives,
we observe quite frequent emphasis on the concept of "Lean Core" in React Native. This means
that the framework should implement only the most necessary things that will be used by
developers in any project in 90% of cases, while everything with less common usage will be
outsourced to separate libraries maintained by the community [3].

Therefore, from the above, we can conclude that cartography in React Native has not been
and will not be built-in. So, how does such a popular framework for 11 years enable developers to
integrate maps into their applications? As mentioned above - through separate JavaScript libraries.

Currently, in the world of React Native, there are the following more or less stable
cartographic libraries: react-native-maps, (@mmmapbox/maps. The choice is quite limited,
considering the fact that they all provide a different set of features, have different architectures,
and limitations. Also, not all popular map provider systems are represented in our list. And here
we come to the main problem: What if the library of the required provider is missing or not suitable
for various reasons?
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To find the answer to this question and consider approaches to its resolution, it is necessary
to understand what constitutes a cartographic library for React Native. It consists of two layers:
the visualization layer and the control layer. Approaches are built depending on visualization,
methods - depending on how we plan to exercise control. To see the approaches, we first need to
clarify what types of cartographic systems can exist (or, in simpler terms, be displayed) in the
mobile environment.

In the mobile world, there can be 2 types of cartographic systems:

1) built for native (10S/Android) environments;

2) built for browser (Web) environments;

From this, we can draw a logical conclusion. If a cartographic system is not designed for
native or browser environments, meaning it does not work in a browser and on 10OS/Android
mobile phones, then it cannot be integrated into React Native.

Now let's consider our approaches. Let's start with integrating the cartographic system
through the native environment.

As we remember from the first paragraph, React Native combines two worlds: the JavaScript
world and the native world (10S/Android). Currently, React Native has the capability to build
software for Windows, watchOS, tvOS, and even visionOS, but for the purposes of this work, we
are only considering the operating systems that run on mobile phones - iOS and Android.
Therefore, if React Native communicates with the native world to reproduce simple things, can it
also allow developers to interact with something more complex, such as cartographic systems?
Indeed, React Native enables developers to communicate with the native world independently.
Within the scope of this work, we do not explore the possibilities of the new React Native
architecture because at the time of writing, it is in an experimental mode. Currently, the
implementation of such interaction is possible through two entities: Native Module [4] and Native
Component [5]. One of the main differences between these two lies in whether we need to visually
display something to the user or just retrieve data from the native world. In the case of a map, we
need to display the map, so we are interested in the second entity.

Implementation of a Native Component for the cartographic system entails having SDKs
(Software Development Kits) for iOS and Android. It's the SDK in the native environment that we
will control through our entity. And it's the SDK that will display our map on the smartphone
screen. This approach has the following advantages:

e canonicality, meaning this is how integrating maps is recommended by the
documentation and the React Native community [5];

¢ more mobile phone functions are provided by Mobile SDKs;

o Dbetter performance since Mobile SDKs can utilize all phone resources and are not limited
to browser APIs (Application Programming Interfaces) alone;

e React Native provides all necessary methods for effective and consistent control over
Mobile SDKs (props, synchronous and asynchronous commands, UI element reconciliation
mechanism with optimizations, etc.);

o flexibility in implementing application functions, building cartographic integration
architectures;

e cartographic system design adapted to mobile standards.

Among the disadvantages, we can mention:

o developers need to have programming experience for iOS and Android.

Let's move on to the second approach.

As we know, browsers are widely used on smartphones. Today, every browser has a built-in
mechanism - canvas, which allows working with various 2D graphics. It is thanks to this tool that
cartographic system providers create their libraries for browsers. To use the browser in a mobile
application, you need to use the WebView component. By the way, it is also provided as an RN
library recently according to "Lean Core". For programmatic interaction with the map (control)
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within this approach, we have three methods: 1) the "injectedJavaScript" property or
"injectJavaScript" method, 2) "postMessage", 3) "onMessage". This approach will have the
following advantages:

e no need for skills to program for iOS and Android (for the average RN developer,
programming in JavaScript in the browser is more understandable);

o the browser regulates the use of smartphone resources, and developers will have fewer
optimization problems;

o faster initial integration time, launching a native project requires more time and resources.

The following disadvantages are present:

o limited number of functions available through the browser API;

e worse performance;

o limited set of control tools, which does not allow building projects with heavy loads on
the cartographic system fully;

e design not adapted to mobile standards.

In conclusion, it is important to note that the majority of existing cartographic libraries in
React Native are implemented using the first (native) approach. The second approach can be used
as a temporary alternative at the beginning of a project or at the MVP (Minimum Viable Product)
stage. Also, the browser-based approach may be acceptable if there is no mobile implementation
for the cartographic system or if there is a lack of programming skills for i0OS/Android within the
team. In all other cases, the native approach should be the foundation, as it is capable of handling
cartographic integrations of maximum complexity, providing developers with all the necessary
control tools, which ensures long-term solutions.
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