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JIOJIATOK B
KOJI CTBOPEHMI V SQL-PEJJAKTOPI SUPABASE

1 -- Create a table for public users

2 create table users (

3 id uuid references auth.users not null primary key,

4 email text unique,

5 full_name text,

6 avatar_url text,

7

8 constraint email_length check (char_length(email) >= 3)

9 );

10 -- Set up Row Level Security (RLS)

11 alter table users

12 enable row level security;

13

14 create policy "Public users are viewable by everyone." on users
15 for select using (true);

16

17 create policy "Users can insert their own profile." on users
18 for insert with check ((select auth.uid()) = id);

19

20 create policy "Users can update own profile." on users

21 for update using ((select auth.uid()) = id);

22

23 -- This trigger automatically creates a profile entry when a new user signs up via Supabase Auth.
24 create function public.handle_new_user()

25 returns trigger

26 set search_path = '1

27 as %%

28 begin

29 insert into public.users (id, full_name, avatar_url)

30 values (new.id, new.raw_user_meta_data->>'full_name', new.raw_user_meta_data->>'avatar_url');
31 return new;

32 end;

33 s$$ language plpgsql security definer;

34 create trigger on_auth_user_created

35 after insert on auth.users

36 for each row execute procedure public.handle_new_user();

37

38 -- Set up Storage

39 insert into storage.buckets (id, name)

40 values ('avatars', 'avatars');

41

42 -- Set up access controls for storage.

43 create policy "Avatar images are publicly accessible." on storage.objects
44 for select using (bucket_id = 'avatars');

45

46 create policy "Anyone can upload an avatar.'" on storage.objects

47 for insert with check (bucket_id = 'avatars');

48

49 create policy "Anyone can update their own avatar." on storage.objects

50 for update using ((select auth.uid()) = owner) with check (bucket_id = 'avatars');

Pucynoxk b.1 — Kox 11t po6oTu 3 npodiisiMu KOpUCTyBadiB Ta 30€piraHHsIM aBaTapiB



1 CREATE OR REPLACE FUNCTION public.update_partner_average_rating()

2 RETURNS trigger

3 LANGUAGE plpgsql

4 AS $functions

5 BEGIN

6 -- Update the average mark for each partner using weighted average
7 UPDATE public.partners

8 SET average_mark = COALESCE((

9 SELECT

10 CASE

11 WHEN SUM(c.coefficient) > @ THEN SUM(m.mark #* c.coefficient) / SUM(c.coefficient)
12 ELSE @ -- Set to @ if there are no coefficients

13 END

14 FROM public.marks m

15 JOIN public.criterias c¢ ON m.criteria_id = c.id

16 WHERE m.partner_id = partners.id

17 ), @) =-- Use COALESCE to set average_mark to @ if NULL

18 WHERE id IN (SELECT DISTINCT m.partner_id FROM public.marks m); -- Update only partners with marks
19
20 RETURN NEW; -- Return the new criteria row
21 END;

22 sfunction$;

Pucynok b.2 — Kop 1 OHOBIIEHHSI CEpeIHBOT OLIIHKY MapTHEpa
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rREATE TRIGGER update_partner_ratings_after_update_criteria
AFTER UPDATE ON public.criterias

FOR EACH ROW

EXECUTE FUNCTION public.update_partner_average_rating();

CREATE TRIGGER update_partner_ratings_after_delete_criteria
AFTER DELETE ON public.criterias

FOR EACH ROW

EXECUTE FUNCTION public.update_partner_average_rating();

CREATE TRIGGER update_partner_ratings_after_insert_criteria
AFTER INSERT ON public.criterias

FOR EACH ROW

EXECUTE FUNCTION public.update_partner_average_rating();

CREATE TRIGGER update_partner_ratings_after_update_mark
AFTER UPDATE ON public.marks

FOR EACH ROW

EXECUTE FUNCTION public.update_partner_average_rating();

CREATE TRIGGER update_partner_ratings_after_delete_mark
AFTER DELETE ON public.marks

FOR EACH ROW

EXECUTE FUNCTION public.update_partner_average_rating();

CREATE TRIGGER update_partner_ratings_after_insert_mark
AFTER INSERT ON public.marks

FOR EACH ROW

EXECUTE FUNCTION public.update_partner_average_rating();

Pucynok b.3 — Kox nonaBanust Tpurepis
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1 CREATE OR REPLACE FUNCTION get_partner_marks(
2 CUSTOM_CRITERIA_ID INT,
3 CUSTOM_USER_ID UUID
4 )

5 RETURNS TABLE (
6

7

8

9

id bigint,
name TEXT,
type TEXT,
avatar_url TEXT,
10 average_mark float,
11 mark_id bigint,
12 mark bigint,
13 criteria_id bigint
14 )
15 LANGUAGE plpgsql AS $$%
16 BEGIN
17 RETURN QUERY
18 SELECT
19 p.id,
20 p.name,
21 p.type,
22 p.avatar_url,
23 p.average_mark,
24 m.id AS mark_id,
743 m.mark AS mark,
26 m.criteria_id
27 FROM public.marks m
28 FULL OUTER JOIN public.partners p ON m.partner_id = p.id
29 AND m.criteria_id = CUSTOM_CRITERIA_ID
30 WHERE p.user_id = CUSTOM_USER_ID;
31 END;
32 $$;

Pucynoxk b.4 — Kox fu1st moBepHEHHS CIIUCKY MMApTHEPIB 3 OLIHKaAMH

1 CREATE OR REPLACE FUNCTION get_marks_and_criteria(
2 p_partner_id bigint,

3 p_user_id UUID

4 )

5 RETURNS TABLE (

6 id bigint,

7 name TEXT,

8 coefficient float,

9 mark_id bigint,

10 mark bigint,

11 partner_id bigint

12 )

13 LANGUAGE plpgsql AS $%

14 BEGIN

15 RETURN QUERY

16 SELECT

17 c.id,

18 c.name,

19 c.coefficient
20 5
21 m.id AS mark_id,
22 m.mark,

23 m.partner_id

24 FROM public.marks m

25 FULL OUTER JOIN public.criterias c¢ ON m.criteria_id = c.id
26 AND m.partner_id = p_partner_id
27 WHERE c.user_id = p_user_id;

28 END;

29 s$%;

Pucynoxk b.5 — Kon fu1st moBepHEHHS CIIUCKY KPUTEPIiB 3 OLIIHKAMU
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CREATE OR REPLACE FUNCTION get_criteria_correlations(
p_user_id UUID
)
RETURNS TABLE (
criteria_id_1 BIGINT,
criteria_name_1 TEXT,
criteria_id_2 BIGINT,
criteria_name_2 TEXT,
occurrences BIGINT,
correlation NUMERIC
)
LANGUAGE plpgsql AS $$
BEGIN
RETURN QUERY
SELECT
cl.id AS criteria_id_1,
cl.name AS criteria_name_1,
c2.id AS criteria_id_2,
c2.name AS criteria_name_2,
COUNT () AS occurrences,
ROUND (CAST(CORR(m1.mark, m2.mark) AS NUMERIC), 2) AS correlation
FROM public.marks ml
JOIN public.marks m2 ON ml.partner_id = m2.partner_id AND ml.criteria_id < m2.criteria_id
JOIN public.criterias c1 ON ml.criteria_id = cl.id
JOIN public.criterias c2 ON m2.criteria_id = c2.id
WHERE cl.user_id = p_user_id AND c2.user_id = p_user_id
GROUP BY cl.id, c2.id
ORDER BY correlation DESC;
END;
$$;

Pucynoxk b.6 — Kox ¢yHKIiT 15151 KOpessiii MiX KpUTEPIsIMU
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JIOJIATOK B

TTPOTPAMHUI KOJI JUUTS TIPOBEJIEHHS JOCTHKEHH S

return StoreConnector(
distinct: true,
converter: _ViewModel.new,
ignoreChange: _ViewModel.ignoreChange,

class _ViewModel extends TableViewModel<Partner, GeneralTablePointers> {
_ViewModel(super.store);

static bool ignoreChange(AppState state) =>
state.tablesState.getTable<Partner, GeneralTablePointer>().1isLoading &&
state.tablesState.getTable<Partner, GeneralTablePointer>()
.items.isNotEmpty;

100

Pucynok B.1 — YHUKHEHHSI HETOTP1OHOTO MOBTOPHOI'O BIAITBOPEHHS KOy BIIXKETIB

class PartnersPage extends StatelessWidget {
const PartnersPage( { super.key });

@override Widget build(BuildContext context) {
return Scaffold(
body: const SafeArea(
child: Column(
children: [
PartnersTableActionBar(),
Expanded(child: PartnersTable()),
1,
),
)1
floatingActionButton: FloatingActionButton(
child: const Icon(Icons.add),
onPressed: () => StoreProvider.of<AppState>(context).dispatch(
OpenPageAction(Destination.createPartner),
),
),
d;
}
}
class PartnersPage extends StatelessWidget {
const PartnersPage( { super.key });

@override Widget build(BuildContext context) {
return Scaffold(
body: SafeArea(
child: Column(
children: [
PartnersTableActionBar(),
Expanded(child: PartnersTable()),
1,
)’
)’
floatingActionButton: FloatingActionButton(
child: Icon(Icons.add),
onPressed: () => StoreProvider.of<AppState>(context).dispatch(
OpenPageAction(Destination.createPartner),
),
))
PH
}
}

Pucynok B.2 — Koj 13 KOHCTaHTHUMHM BiJPKETaMH Ta 0€3 HUX
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class PartnersTableActionBar extends StatefulWidget {
const PartnersTableActionBar( { super.key });

@override State<PartnersTableActionBar> createState() =>
_PartnersTableActionBarState();
}

class _PartnersTableActionBarState extends State<PartnersTableActionBar> {
@override Widget build(BuildContext context) {
return StoreConnector(
distinct: true,
converter: TableViewModel<Partner, GeneralTablePointer>.new,
builder: (context, viewModel) => Padding(
padding: const EdgeInsets.all(8.0),
child: Row(
children: [
Expanded(
child: SearchField(
hintText: context.strings.searchPartners,
isLoading: viewModel.islLoading,
search: viewModel.search,
)7
))
const SizedBox(width: 16),
FilterButton(
isEmpty: viewModel.filter.isFilterByEmpty,
onPressed: O {
1
),
])
)’
)’
);
}
}

class PartnersTableActionBar extends StatelessWidget {
const PartnersTableActionBar( { super.key });

@override Widget build(BuildContext context) {
return StoreConnector(
distinct: true,
converter: TableViewModel<Partner, GeneralTablePointer>.new,
builder: (context, viewModel) => Padding(
padding: const EdgeInsets.all(8.0),
child: Row(
children: [
Expanded(
child: SearchField(
hintText: context.strings.searchPartners,
isLoading: viewModel.islLoading,
search: viewModel.search,
)7
))
const SizedBox(width: 16),
FilterButton(
isEmpty: viewModel.filter.isFilterByEmpty,
onPressed: ) {

U, Upen T1LTers page

}7
)!
]’
)’
)7
);
}
}

Pucynox B.3 — /IBa BUnmaiku Bizyasizaiii THX CAMUX KOMIIOHEHTIB 33 JOTIOMOI'OO
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class PartnersPage extends StatelessWidget {
const PartnersPage({super.key});

@override
Widget build(BuildContext context) {
return Scaffold(
body: SafeArea(
child: Column(
children: [
Expanded (
child: StoreConnector(
distinct: true,
converter: _ViewModel.new,
ignoreChange: _ViewModel.ignoreChange,
builder: (context, viewModel) {
return LoadMoreScrollListener(
loadMore: viewModel.downloadItems,
child: TableRefreshIndicator<Partner, GeneralTablePointer>(
builder: (context, iosRefreshIndicator) =>
CustomScrollView(
slivers: [
iosRefreshIndicator,
if (viewModel.items.isEmpty)
SliverFillRemaining(
hasScrollBody: false,
child: EmptyTablePlaceholder(
isLoading: viewModel.islLoading,
title: Text(context.strings.noPartnersFound),
subtitle: Text(
viewModel.filter.isEmpty
? context.strings.addYourFirstPartner
: context.strings.changeYourSearchQuery,
)y
icon: Icon(
HomePageTabType.partners.activeIconData),
)y
)
else
SliverList(
delegate: SliverChildBuilderDelegate(
(context, index) => PartnerCard(
key: ValueKey(viewModel.items[index].id),
onPressed: () {},
partner: viewModel.items[index],
) ’
childCount: viewModel.items.length,

class PartnersPage extends StatelessWidget {
const PartnersPage({super.key});

@override
Widget build(BuildContext context) {
return Scaffold(
body: const SafeArea(
child: Column(
children: [
Expanded(child: PartnersTable()),

Pucynoxk B.4 — Koz 3 BUKOPHCTaHHSIM IOBTUMX Ta KOPOTKUX METO/IIB



SliverList(
delegate: SliverChildBuilderDelegate(
(context, index) => PartnerCard(
key: ValueKey(viewModel.items[index].id),
onPressed: O {3},
partner: viewModel.items[index],
),
childCount: viewModel.items.length,
),
)

SliverList(
delegate: SliverChildBuilderDelegate(
(context, index) => _buildPartner(
context,
viewModel.items[index],
D,
childCount: viewModel.items.length,
D,
D,
1,
),
D,
);
1,

}

);

Widget _buildPartner(BuildContext context, Partner partner) {
return ListTile(
onTap: O {3},
leading: CircleIconPreview.user(
imageUrl: partner.avatarUrl,
radius: 28,
),
title: RichText(
text: TextSpan(
text: partner.name,
style: Theme.of(context).textTheme.bodylLarge,
children: [
TextSpan(
text: ' (${partner.type.getDisplayText(context)})’',
style: Theme.of(context).textTheme.bodySmall,
),
1,
),
),

subtitle: RatingView(rate: partner.averageMark ?? 0),

);

Pucynok B.5 — Koa noOy0Bu CIIUCKY 3 METOJJaMH Ta OKPEMUMU BiXKeTaMu
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SliverList(
delegate: SliverChildBuilderDelegate(
(context, index) => PartnerCard(
key: ValueKey(viewModel.items[index].id),
onPressed: OO {},
partner: viewModel.items[index],
D,
childCount: viewModel.items.length,
D,
)

SingleChildScrollView(
child: Column(
children: viewModel.items
.map((item) => PartnerCard(
key: ValueKey(item.id),
onPressed: O {3},
partner: item,
)
.toList(Q),
D,
D)

Pucynoxk B.6 — Kon 3 Bukopucranssm SliverList 1 SingleChildScrollView

Future<List<Color>> getAverageColors(List<SimpleImageProvider> images) async {
final bytes = await Future.wait(images.map((item) => item.toBytes()));

return compute((bytes) {
final colors = bytes.map(_getAverageColor).toList(Q);
return colors;
}, bytes, );
}
.. Future<List<Color>> getAverageColors(List<SimpleImageProvider> images) async {
final bytes = await Future.wait(images.map((item) => item.toBytes()));

return bytes.map(_getAverageColor).tolList();
}

Pucynoxk B.7 — Kop 13 BUKOpUCTaHHSM 130J5TIB 1 0€3 HUX



Visibility(
visible: islLoading,
replacement: Row(
mainAxisAlignment: MainAxisAlignment.center,
mainAxisSize: MainAxisSize.min,
children: [
IconTheme(
data: IconTheme.of(context).copyWith(color: color, size: 32),
child: icon,
),
const SizedBox(width: 10),
Flexible(
child: DefaultTextStyle(
style: Theme.of(context).textTheme.bodyLarge!.copyWith(
color: color,
),
child: title,
),
),
1,
),
child: const StyledlLoader.primary(size: 32),

return Container(
alignment: Alignment.center,
padding: const Edgelnsets.symmetric(vertical: 16, horizontal: 32),
child: islLoading
? const StyledLoader.primary(size: 32)
: Row(
mainAxisAlignment: MainAxisAlignment.center,
mainAxisSize: MainAxisSize.min,
children: [
IconTheme(
data: IconTheme.of(context).copyWith(color: color, size: 32),
child: icon,
),
const SizedBox(width: 10),
Flexible(
child: DefaultTextStyle(
style: Theme.of(context).textTheme.bodyLarge!.copyWith(
color: color,
),
child: title,
D)
),
1,
),
);

Pucynok B.8 — Kop i3 Opacity ta 6e3 Hei
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List<Partner> partners = [];

final values =
result.map((item) => PartnerDto.fromlson(item).toDomain()).toSet();

for (final value in values) {
partners.add(Cawait getPartnerDetails(value.id)).result!);
}

final values =
result.map((item) => PartnerDto.fromlson(item).toDomain()).toSet();

final partners =
await Future.wait(values.map((item) => getPartnerDetails(item.id)));

Pucynok B.9 — IlocniioBHi Ta napaiesibHi 3auTH

return Image.network(
widget.imageUrl,
placeholder: (context, url) => const CircularProgressIndicator(),
errorWidget: (context, url, error) => const Icon(Icons.error), );

return CachedNetworkImage(
imageUrl: widget.imageUrl,
placeholder: (context, url) => CircularProgressIndicator(),
errorWidget: (context, url, error) => Icon(Icons.error), );

Pucynoxk B.10 — 3BuuaitHuil BIDKET 1 BIKET, 110 MIATPUMYE KEIIyBaHHS JaHUX
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JIOJATOK T
CJIAWIU ITPE3EHTALIIT

JlocyipxkeHHs cr1oco6iB
onTuMi3alii

3aCTOCYHKIB

Ko6a 10.10,, I113Mm-23-1
HaykoBu# KepiBHUK: K.H.T., fol. Hazapos O.C.

11 yepBHs 2025

Pucynok I'.1 — Cnaiin 1 npe3enraiii

JlocaimpxeHHs

@ AKTyanbHicThb:

3pocrae notpe6a y NPoAYKTUBHYX,
KpocnnaTtdopMHUX MOBINBHMX 3aCTOCYHKaX.
Flutter y noeaHaHHi 3 cepsepnec-
apxiTekTypoto (Supabase) ao3Bonse
CTBOPHOBATU MacLuTaboBaHi Ta ebekTuBHI Ul-
pilleHHs 6e3 3aiBoi iHbPaCTPYKTVDW.

¢ Hanpam gocnimkeHHs:

JocnimxkeHHs MeTOAiB peanisaLlii ceppepnec

KOPUCTYBALIbKOrO iHTepdeicy.

¢ 06'eKT AoCniAKEHHN:
Flutter-aoaaTtku Ta niaAxoan Ao X onNTUMI3aLlii.

«

4y supabase

——
| —

Pucynoxk I'.2 — Cnaiin 2 npe3enrairii
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Orisj iiTepaTypu (aHasI0TiB)

Ta6muus 2.1 - IopiBHAHEA MeTONB

BucHoBKku 3 ornsgy:

AsTopH L rocnizokenms | BuKopHCTani Pesynbratn n| — CepBepnec-TexHonorii K iHCTpYyMeHT
etoa prenosia onTuMisauii;
Luo et al | Onrumizauis Mogeni onmumisaui | ITiasuienss .
(024) possiera poykTHBHocTi —  pOJib METOAIB MaLLIMHHOIO HaBYaHHS;
KoMIToHeHTiB cepBepiec-10AaTKiB — KkpocnnatbopmHi  AoAaTKM:  iHHOBALVHI
Raza et al. | Kondirypauis Craructiune 3MEHIICHHA 3aTPHMOK ni axoan.
(2023) CepBEP/IEC-I0AATKIB | HABYAHHS y pobori ozatkis
MporanuHu:
Mampage et | Macurrabysanns Iboke Edexrnsre
al (2023) | momarxis TiKpi pecypein | —  BIACYTHICTb  yHidiKOBaHMX CTaHzapTiB Ans
HaBuanHA cepsepnec-nnatpopm;
Nanavaietal. | Ommovisaui Texaia Higssernis - HejoCTaTHA yBara Ao 6e3neku;
(2024) Flutter-noarkis inansHOro TPO/IYKTHBHOCTI Ta
wanaurrysanss | craGinsocri - MixnnatgopmHa iHTerpauys.
F —
9
Pucynok I'.3 — Craiin 3 npe3enrauii

€ MerTa:

[AocnianTn NpOAYKTUBHICTL METOAIB peanisaulii cepsepiec-Aoaatkis Ha Flutter
i 3aNpONOHYBaTV ONTMMI3aLii peHAePVIHTY KOPUCTYBAaLLKOro iHTepdency.

¢ OuikyBaHi pesynbTaTu:

*  Po3pobka AeMOHCTPaLINHOIO 3aCTOCYHKY 3 BUKOPUCTaHHAM Supabase

* 3acTocyBaHHS Pi3HWX NiAXO0AIB A0 ONTUMI3aLLil peHAepuUHry

* AHani3 ebeKTMBHOCTI LUMX NiAXOAIB 3a AONOMOIrOoK perpeciiHux mogeneii

(——
| —

Pucynok I'.4 — Cnaiin 4 npe3enrairii
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MeTopoJorid

¢ BukopuctaHi meToau:

+ [lopiBHANLHWI aHani3 xMapHUX naatdopm (Supabase, Firebase ToLo) 3
BUKOPWUCTAHHAM METOAIB NPUINHATTA pilleHb (TOPSIS, WSM)

+ [lobysaoBa perpeciiHux Mogeneit 6e3 3anexHocTein Mix ¢pakropamu Ans
OUiHKM edeKTMBHOCTI onTuMisauin Ul

¢ IHCTPYMEHTU Ta TEXHONOTii:

* Flutter — kpocnnatdopmHa po3pobka MOb6iIIbHUX A0AATKIB

+ Supabase — cepsepnec backend (ayTeHTudikaLis, 6a3a gaHnX, GyHKLLT)

* Visual Studio Code — cepegoBuLLe pO3p0O6KU

* PostgreSQL — ocHOBa Ansl 36epexeHHs 4aHNX

* Flutter DevTools — npodintoBaHHA peHAEPUHTY

[ ——
! — 5

Pucynok I'.5 — Cnaiin 5 npe3enraiii

ApxiTeKTypa cucTeMa AJisl IPOBeleHHA
eKCIlepUMeHTaJIbHOTO J0C/iIKeHHS

. Frameworks and drivers
D Interface adapters
Entities [l Application business rules

D Enterprise business rules

Pucynok I'.6 — Cnaiin 6 npe3enrairii



ApxiTekTypa cuctema il NpOBeJeHHS
eKCIIepUMEHTAJIbHOTO JOC/iIXKEeHHS

EXECUTABLE

DOMAIN
Ul (Widget)

Pucynok I'.7 — Cnaiin 7 npe3enraiii

ApxiTeKTypa cucTeMa AJis NpOBeJEeHHS
eKCIIEpUMEHTAJIbHOTO JOC/i>KEeHHS

Pucynok I'.8 — Cnaiin 8 npe3enrairii
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Onuc nporpaMHoOro 3abe3nevyeHHs, 110 0yJ10
BUKOPHUCTAHO Y AOCIiIKEeHHI

¢ MNpouec po3po6Ku:
* [lobyaoBaHo ekcnepumMeHTanbHWK Flutter-goaatok 3 iHTerpadieto Supabase

* PeanizoBaHO pi3Hi MeTOAM oNTUMI3aLlii peHAepUHrY iHTepdency
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3MicCT IIPOBEAEHOI'O EKCIIEPUMEHTY
¢ Metoau: ¢ KpurTepii:
 TOPSIS (TeChnique for Order . nOﬂyﬂﬂpHiCTb cepes Flutter-
Preference by Similarity to PO3PO6GHUKIB
Ideal Solution) « KinbkicTb 6€3KOLUITOBHNX
+  WSM (Weighted Sum Method) 3anuTiB
¢ Bxiaui gani: «  BapTicTb 3anuTiB nicns
* Aokymentauinpo NepeBunLLEHHS KBOTM
bescepsepHuX cepsiciB +  Be3KoLITOBHWI 06csr 6asm
* [pancuHr JaHVIX
* Biarykun 3 ¢popymis «  KinbKicTb MOB
nporpaMyBaHHs
——
— G 10
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PGBYJI bTAdTHU €EKCIIEPUMEHTY

Tabmuua 4.1 — MoaemoBaHHs 3a7a4i NPUHHATTA pillleHb Ui BUOOpY XMapHOL

wiaThopMu Ul 6e3cepBEPHUX 3aCTOCYHKIB

» 'E ) E -
< Eia £ - E & ¢z
= ZEE a Ll ) g5
g 8.2 = B B | g 8 g8 2’
2 R} 2 8.8 8 = g© o
g eds |EEZE |EZRE |E3 iE
= 288 (28§ |8E288 (&% 2 &
Firebase 10 1,5 0,39 1 7
AWS 8 0,5 0,3 5 10
Amplify
Azure 7 1 0,2 32 30
Functions
DynamoDB | 6 0,5 0,3 5 10
Supabase 7 10 0 5 7

(— p—
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Pe3ysibTaTy eKClIepUMEHTY

Tabmuus 4.3 — HopmanizoBani fgani Tabnuui 4.2.

> E i E =
=)
. S5z 2 = E |E8 g3
S == ) 8 5 8 s g
2 a2 = =) A = 2 gz
g 3 2 2 & = 58 9 8
s 5w o Z2 0B . 2 S 2
= c2% |Z2E |EEEE|E5 3
. o
= 28 |28§8 |£E88| 8¢ 2 E
Firebase 1 0,15 0 0,3 0
AWS 0,5 0,05 0,23 0,16 0,13
Amplify
Azure 0,25 0,1 0,49 1 1
Functions
DynamoDB | 0 0,05 0,23 0,16 0,13
Supabase 0,25 1 1 0,16 0
m——
d h
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Pe3yJsibTaTU eKClIEPUMEHTY

Tabnuus 4.4 — JliniiiHa aAMTHBHA PO3rOPTKA 3 BATOBUMHU Koe(illieHTaMH.

] 4]
|2
g8 = | EE| 8
§‘ E 8 28 S -
ge & | Ez | E 2E |,
g 2 g & SE | £x | %8 |7
2 & 3, g e a 5 = B2
& g g 5 5 ERE 83
k=4 2 gl 25 =’ c X Z g
;‘ [ 2= a2 E_ (%) z o= 25
E S _E% 58 = & 2 a9 5
E o X \© MnE j2-1t-] g E
Firebase 1 0,15 0 0,3 0 0,115171
AWS
Amplify 0,5 0,05 0,23 0,16 0,13 0086164
Azure
Functions | 2> | %! 0,49 b ! 0315737
Supabase 0,25 1 1 0,16 0 0,382928
Hopwmyioui
MHOXHHKH | 0,5 0,76923077 | 0,581395 | 0,617284 | 0,884956
Barosi. 005 |03 02 03 0,05
koedirieHT

13
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AHaJi3 OTpYUMaHUX pe3yJibTaTiB

3 po3paxyHKy NiHINHOT aAUTUBHOI PO3ropTKX BUMINBAE, WO Supabase
(nepeBaxae 3 HanbinbLWKMM KoediLieHToM (0,382928)), € HaKpaLLUM
BMOOPOM ANSA AOCNiIAKEeHHA oNTUMiI3aLii 6e3cepBepHuX Flutter-3acTocyHkiB
3aBAsKM CBOIM BUCOKMM OLiHKaM 3a KpUTepissMm1 eKOHOMIYHOT BUroAN
(6e3koLwITOBHI 3aNnTK, 36epiraHHsa AaHKX) i NONynApHOCTI cepes Flutter-
cninbHOTW. IHLWI cepB.icK, Taki Ak Azure Functions i Firebase, Takox MatoTb
CBOI NepeBaru, ane He MOXyTb 3a6e3neynT Taky eKOHOMIYHY ePeKTUBHICTb,
sk Supabase. AWS Amplify BusB1Bcst HalMeHLW NprBabAMBMM BapiaHTOM
Yyepes NOro BUCOKY BapTiCTb Ta O6MeXeHHS 3a KiNbKicTHo 6@3KOLTOBHUX
3anuTiB i 36epiraHHsA JaHuX.

o —

! — 14
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3MIiCT IpOBE/IEHOT0 EKCIIEPUMEHTY

¢ MeToaum: 9 MocninoBHICTb:
+ [lobyaoBa perpecinHmx * Po3pobka 6azosoro Flutter-
Mozenen 6e3 3anexHocTen AoJaTKY
MiXX pakTopamu A1 OLiHKA *  BuMiproBaHHA KNKYOBUX METPUK
edeKTMBHOCTI oNTUMI3aLii NPV BUKOHaHHI 0AHaKOBUX
Ul 3a/,a4 3 BUKOPUCTaHHAM i 6e3
¢ BxiaHi aaHi: BUKOPWUCTaHHS ONTUMI3aLiiHNX
* Flutter-3actocyHok (Ul- TEXHIK
KOMMOHEHTW, NOrika) ¢ BumiploBaHHs:
¢ Kpurepii: * BwukopwucTtaHHa Timer,
* Yac peHaepuvHry B6ygoBaHoro y Flutter-
iHTepdeincy dperimBOpK
(—
—
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Pe3ysibTaTy eKClIepUMEHTY

®akTop

BILJIHB

=

HanmipHa nepepo6ka BipkeTiB

KiJIbKiCTh KOHCTAaHTHHMX BiIDKETIB

x

Kinskicts Stateful BimxeriB

x
)

O6csar build-meronis (y psiaxax)

HasBHicts helper-merozis

x
v

=

PennepuHr ycix BUIXKETIB y AepeBi

KinpkicTs BipkeTiB 3 BuKkopuctanHaM Opacity

x
~

=
© ) o - [N Y

=

Bukopucranss isolates

=

KinpKkicTh mapasebHUX 3aIUTiB

KenyBanus kapTHHOK
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Pe3ysibTaTu eKClIEPUMEHTY

Tabnuus 4.6 — BepxHi Ta HIXKHI 3Ha4eHHs (PAKTOPIB BILIUBY.

®dakTOp BIUIUBY BepxHe 3HaueHHs Huxue 3HaUeHHS

X1 on off
X, 20 4
X3 20

Xy 120 30
X5 on off
Xe on off
X7 20 0
Xg on off
X9 20 0
X190 on off

software

enaineering

Pucynok I'.17 — Cnaiig 17 npesenrariii

Pe3yJsibTaTU eKCIEpUMEHTY

SUMMARY OUTPUT
Regression Statistics
Multiple R 0,974760454
R Square 0,950157943
Adjusted R Square 0,932971027
Standard Error 0,547145948
Observations 40
ANOVA
of 55 ms F Significance
Regression 10 1655023718 16,55023718 55,28379493 3,71564E-16
Residual 29 8681691966 0,299368688
Total 39  174,1840638
Coefficients Standard Error tstat Pvalue Lower 95% Upper 95% Lower 95,0% __ Upper 95,0%
Intercept 5,505615896  0,336548243 16,35906888 3,51331E-16 4817297453 6,19393434 4,817297453 6,19393434
X Variable 1 0077319531 0,128494983 0601731909 055202822 -0,185482216 0340121278 -0,185482216  0,340121278
X Variable 2 0,336867997  0,214011174 1,57406733 0126319759 -0,100833999 0774569993 -0,100833999  0,774569993
X Variable 3 0,445928093  0,201418678 2,213936156 o, [ o,
X Variable 4 0269740417 0,17713534 1,52279278 0,138641729 Y ) o
X Variable 5 0,273767726 0,13034176 2,10038384 0,044505649 0,007188895 0,540346557 0,007188895 0,540346557
X Variable 6 0111107668 0,102727241 1,081579409 0288351747 0, 0,321208466
X Variable 7 0,157021809  0,118115601 1,329390927 0,194082819 -0,08455172 0398595338 -0,08455172  0,398595338
X Variable 8 -1,912738248  0,088774063 -21,54613849 2,16153€-19 -2,094301592 -1,731174903 -2,094301592 -1,731174903
X Variable 9 0486456715 0,095395103 5099388726 1,924286-05 0,2913518; o, o, o,
X Variable 10 -0,122151305 _0,095078101 -1,284746995 0209048371 -0,316607855 0072305246 -0,316607855 _0,072305246

software

engineering
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Pe3yJsibTaTU eKClIepUMEHTY

Tabmuus 4.8 — KoedinienTn piBasHEA perpecii
ko 5,505615896
ky 0,077319531
k, 0,336867997
ks 0,445928093
ks 0,269740417
ks 0,273767726
ke 0,111107668
ks 0,157021809
kg -1,912738248
ko 0,486456715
kyo -0,122151305

PiBHsHHS perpecii:
Y =5,505615896 + 0,077319531x, + 0,336867997x; + 0,445928093x;
+0,269740417x4 + 0,273767726x5 + 0,111107668x,
+0,157021809x, — 1,912738248x + 0,486456715x9

S E —0,122151305x;0
software 19

engineering

Pucynok I'.19 — Cnaiig 19 npesenrariii

Pe3ysbTaTu eKClIEpUMEHTY

1234567 8 91011121314151617 181920 21 22 23 24 25 26 27 28 29 30 31 32

(| G eme [|DOTHO3

engineeri na
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AHasti3 OTpUMaHUX pe3yJ1bTaTiB

1) x5 (P = 0.0445);

2) xg (P = 2.09 x1075):

Lli 3MiHHi MalOTb 3HaYHWI BNIVB Ha 3a1eXHY 3MiHHY Y.

6) 3MiHHI 3 BUcokmu P-value (P-value > 0.05):

1) x4, X2, X3, X4, X, X7, X10-

IX BNAVB MeHLL 3HauyLLMIA, | IX MOXHA PO3rNSHYTU ANS BUKIFOYEHHS 3 MoZeni.

B) 3MiHHA xg: (P = 2.16 * 1071%) — BucOKUiA BNAWB, ane koedilieHT HeraTuBHUIA (-1.9127), wo
CBiAYNTb NPO CUNbHE 3HVKEHHS Y 3i 36ibLLEHHSAM Xg.

Ha ocHOBI HagaHux ¢akTopiB BN/MBY Ta pe3ynbTaTiB perpeciiHoro aHanily, MoxHa iHTepnpeTyBaTu
3HaYeHHSs 3MiHHWX i IXHi/ BNAWB Ha 3aneXHY 3MiHHY Y.

(— p—
ﬂ h
21
Pucynoxk I'.21 — Cnaiin 21 npe3enramii
KniouoBi ¢pakTopm Bnamsy:
1) koediuieHT: —=1.9127, P-value: ayxe Husbke (<0.001);
2) BMUCHOBOK: BMKOPUCTaHHS isolates Mae Ayxe CUNbHWUIA NO3UTUBHWIA BMNAUB, LLO AO3BOMISKOTL 3MEHLUUTU Yac
PEHAEPUIHTY;
B) X9 (KiNbKiCTb NapanenbHUX 3anuTis):
1) koediuieHT: 0.48650, P-value: 0.0005.
2) BUCHOBOK: 36i/IbLLIEHHS KiNbKOCTi NapanenbHUX 3anuTiB CyTTEBO /i MO3UTVMBHO BM/IMBAE HA Pe3yNbTaT; Lie MOXe
03HayaTy, WO NapanenbHiCTb ONTUMI3YE Yac BUKOHAHHS 3a4aY.
(— p—
d h
22
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AHaJ1i3 OTpUMaHUX pe3yJIbTATIB

®axTopH 0e3 3HAYHOI0 BILIMBY:
- x, (HagMipHa mepepoOKa BiIDKETIB): HE Ma€ CTAaTUCTUYHO 3Hauymoro BBy (P=0.5520).
- X, (KUIBKICTh KOHCTAaHTHHUX BIIDKETIB): He 3Hauyumii (P=0.1263);

- x3 (xinpkicth Stateful BimkeriB): He 3Hauywii (P=0.8579);

- Xg (PEHOEPHHT yCiX BUDKETIB y AepeBi): He 3Hauymwmii (P=0.3210);
- X (KUIBKiCTH BUDKETIB i3 BUKopucTaHHAM Opacity): He 3Hauymmmit (P=0.1941);

- Xq0 (xemryBaHHS KapTHHOK): He 3Hauymui (P=0.2090).

P —
— 93
Pucynok I'.23 — Cnaiig 23 npesenrariii
[Iyb6aikaris pe3yabTaTiB
Te3n Ha TeMy «Using Flutter Technology for Developing Cross-platform
Applications»
: 24
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[ly6aikaris pe3yabTaTiB

CratTs Ha Temy «Research on methods of optimizing Flutter applications
rendering using a linear regression model»

s » 7 7
* Qloniten SIEMoom0. -+ 1950 93n=a

' .ET.OH WA
o THTEAEKT Y
:;”"I T . 8

"HAYKOBO-TexXHINHMA Xy PHAA

25
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[lizcymku

Y xo4i AocniaXeHHs 6yn10 NpoaHani3oBaHo be3cepsepHi Flutter-3acTocyHku Ta
MEeTOAM IX ONTUMI3aLil 3 BAKOPUCTaHHAM XMapHUX CepBiciB. 3aCTOCOBAHO
baraTokpuTepianbHWM NiAXi4 Ans BU6OPY ONTUMAaNbHOMO PilleHHs, 06paHo
nnatpopmy Supabase. Po3p0o61eHO apXiTeKTYpy 3aCTOCYHKY, CNPOEKTOBaHO
6a3y faHWX Ta CTBOPEHO NPOTOTUM. EKCNnepuMeHTanbHe A0CNIKEHHS
BK/1OYA/10 aHani3 NPOAYKTUBHOCTI peHAepPUHTY iHTepdelcy 3 BUKOPUCTaHHAM
NiHIMHOI perpeciHoi MoJeni. Pe3ynbTaToM CTano CTBOPEHHS ONTUMI30BaHOIo
Flutter-3acTocyHKy 3 NigBYLLIEHOO NPOAYKTUBHICTIO Ul, cnctematmsadiero
MeTOAiB ONTVMi3aLlii Ta NPakTUYHUMU PEKOMEHAALLIAMW AN PO3POOHUKIB
MOBiNbHUX A0AATKIB.

F—

alasein 26
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Using Flutter Technology for Developing Cross-platform
Applications

Yuliia Koba’! and Oleksii Nazarov®*!
1 Kharkiv National University of Radio Electronics, Nauky Ave. 14, 61166 Kharkiv, Ukraine

Abstract

The article discusses cross-platform mobile app development tools, focusing on Google's Flutter SDK.
It explains that Flutter uses the Dart language to build native-feeling apps for multiple platforms,
highlighting features like its Skia graphics engine, ahead-of-time compilation, and platform integration.
The text concludes that Flutter is one of the best solutions for cross-platform development.

Keywords

cross-platform development, Dart, Flutter, software development.

1. Introduction

In the past, mobile application development for Android and i0S required the use of different
programming languages: Kotlin or Java for Android, and Swift or Objective-C for i0S. Having two
separate codebases became a challenge for companies developing mobile apps, leading to the
rise of cross-platform development.

Cross-platform app development involves creating mobile applications that can run on
multiple platforms. In this type of development, code is written only once, making it compatible
with Android, i0S, or Windows. Cross-platform development has become popular due to its
features and tools that developers appreciate.

2. The Evolution of Cross-Platform Development Tools

Among popular cross-platform development tools are Xamarin by Microsoft, React Native by
Facebook, and PhoneGap by Adobe. Each of these development tools has its own features,
advantages, and disadvantages. Developers are always looking for something new and improved
to make app development efficient and cost-effective. This constant evolution of technology gave
rise to Flutter.

3. Flutter Overview

The Flutter SDK (Software Development Kit) was created by Google to simplify cross-platform
app development. Flutter SDK can be used to develop applications that provide a native user
interface for Android, i0S, web applications, as well as Linux, Windows, and macOS. To write
applications using Flutter, you will need to use the Dart programming language. Dart is a
programming language also developed by Google. It is an object-oriented language that can

Information Systems and Technologies (IST-2024), November 26-28, 2024, Kharkiv, Ukraine
*Corresponding author.
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optionally compile to JavaScript. Dart supports a wide range of programming constructs, such as
interfaces, classes, collections, and generics [1].

Dart uses the Skia C++ graphics engine, which includes all protocols, compositions, and
channels. Thanks to the built-in Skia engine, Flutter minimizes interaction with OS components
and does not require a bridge that could slow down app performance, as is the case with React
Native. Notably, with high-speed C++ at the core, Flutter achieves a high frame rate (animations
at 60 or 120 frames per second), making the application feel native [2]. Flutter does not use
native components in any form, so developers do not need to create bridges to communicate
with them. Instead, like game engines such as Unity or Unreal (which provide highly dynamic
user interfaces), Flutter draws the interface independently. Buttons, text, media elements,
backgrounds—everything is rendered within the Skia graphics engine in Flutter [2].

Flutter operates by compiling code. It does not use a virtual machine or interpreted code, so
it also does not require an intermediate compilation step. Instead, a Flutter application is
compiled once—typically during development—and then runs on any device where it's
deployed. This means that Flutter applications perform quickly, and users don’t have to wait for
them to start up or load [3].

Flutter provides several compatibility mechanisms, whether a developer is adding custom
controls to a Flutter app or embedding Flutter into an existing application. Flutter allows
developers to add custom code for mobile and desktop apps through the Platform Channel
method. This is a straightforward mechanism for communication between the platform-specific
code of the host application and Dart code.

Developers can send and receive messages between platform components written in
languages like Swift or Kotlin and Dart by creating a shared channel. Data is serialized from Dart
into a standard format and then deserialized into an equivalent representation in Kotlin or
Swift [4].

4. Conclusion

Therefore, the Flutter SDK is one of the best solutions for writing cross-platform applications.
The architecture of applications built with this technology has a simple structure, and the
framework itself offers fast compilation and an active GitHub community. The Dartlanguage has
a clear C-like syntax, and the large number of libraries supported by other developers makes the
coding process faster and simpler. As a result, this technology can be used to create a software
application [5] that includes both mobile and web clients.
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RESEARCH ON METHODS OF OPTIMIZING FLUTTER APPLICATIONS
RENDERING USING A LINEAR REGRESSION MODEL

The research focuses on optimizing the rendering performance of Flutter applications using a linear regression
model. The objective & to analyze and compare various rendering optimization technigues by constructing regression
equations that model their impact on performance. The study involves identifying critical factors influencing rendering
efficiency, applying optimization methods, and using the regression model to evaluate their effect This approach
provides insights into improving Ul flow rendering in Flutter applications, contributing to enhanced performance and
user experience.

CROSSPLATFORM, LINEAR REGRESSION, MOBILE APPS, OPTIMIZATION, RENDERING

KoGa 10.10., Hasapos 0.C., Hazaposa H.B. [locaiuaenss Metojis omeizauil pessepunry nosarxis Flutter 3a no-
BOMOros Moaei inifnol perpecii. [OCYIKCHHR J0CEPEIIKEHO Ha ONTHMISALIT NPOAYKTHEHOCT] BIsyanisaulil nporpas
Flutter 3a gonosorow Moxeni aikifinol perpecii. Mera nowirae g voMy, o0 NPOAHATITYEITH T2 NOPISHATH pisHi
METOXM ONITHMIZANE BI3YATI3ALE HEXoM NODYA0EN PIBHAHE perpecii, SXi MOACAOKOTS IXHI BILIME Ha NPOYYKTHE-
HicTs, JOCAUDKeHHA nepenfadae BUARICHHA KPRTHIHKX PAKTOPIR, MO0 BIUIHENOTE HA eEeXTHRHICTS PEHICPHHTY,
SACTOCYBAHHA METOALB ONTHMIAUL T2 BHKOPHCTAHHA perpeciftiol Mogen: pns ouisxm ix edexmusroct. Lleft niaxin
J3€ IMOTY 3POIYMITH, AX [OXPAUINTH BlIyANISALLI0 NOTOKY iHTepdeficy KopreTysata B nporpasax Fluttes, cnpusois
NUIBHIGCHHIO TIPOIYKTHBHOCT] Ta BIAEMO/L 3 KOPHCTYBA9eM.

TrLLce t

KPOCILUIAT®OPMA, JIIHIMHA PETPECIS, MOBUIbHI ITPOIPAMM, ONITUMIBALIA, PEHAEPHHT

Introduction

In today’s fast-paced world of mobile technology in-
novation and escalating demands for application perfor-
mance, optimization has emerged as a cornerstone of
successful software development. The ability to optimize
applications not only enhances the user experience but
also determines the competitive edge of an application in
the saturated mobile market. As user expectations evolve,
smooth performance, minimal latency, and cfficient re-
source utilization have become non-negotiable.

Flutter, a widely adopted cross-platform framework
|1], has revolutionized the app development landscape.
Its ability to enable scamless application development for
multiple operating systems while reducing development
time and resources makes it an ideal choice for modem
dewelopers. However, creating a functional application is
only the first step. To truly excel, it is imperative to op-
timize the application’s performance, ensuring that users
cnjoy an exceptional and consistent experience. This is
particularly critical in an industry where even minor per-
formance issucs can deter potential users or tarnish an ap-
plication’s reputation.

This article delves into the study of Flutter applications
with a particular focus on methods for their optimization.
The choice of this topic underscores the significance of
leveraging cutting-cdge technologics to refine the soft-
ware development process. Among the various factors that
influence app performance, rendering cfficiency stands

out as a critical component. Rendering is the process re-
sponsible for displaying interface elements on the screen,
and its optimization directly impacts the smoothness and
responsivencss of the application. Morcover, enhancing
rendering performance can significantly reduce a device's
energy consumption, leading to prolonged battery life - an
aspect highly valued by users.

Optimizing rendering processes addresses common
challenges such as delays and resource bottlenecks, which
can otherwise compromise the overall performance of an
application. Within this rescarch, various strategics for im-
proving the user interface (Ul) flow are explored. These
strategics focus on minimizing the computational load on
devices, ensuring applications remain both cfficient and
visually appealing. By adopting such approaches, develop-
ers can craft applications that offer intuitive and scamless
interactions, mecting the high expectations of today’s us-
crs.

The study further systematizes methods for optimiz-
ing Ul flow, offering practical recommendations tailored
to developers. These actionable insights provide a founda-
tion for enhancing application performance across diverse
projects. By implementing these techniques, developers
can not only clevate the quality of their current applica-
tions but also streamline their development processes,
achieving greater efficiency and cffectiveness.

The findings and recommendations presented in this
article arc invaluable for mobile application developers
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striving to optimize their projects. They highlight the impor-
tance of balancing performance with user-centric design,
paving the way for software that not only meets but exceeds
industry standards. Ultimately, this rescarch contributes to
the broader ficld of mobile software development, present-
ing new avenues for innovation and excellence.

1. Why is performance important?

Performance in Flutter apps is crucial for scveral rea-
sons, as it directly impacts user experience, app adoption,
and long-term success.

Performance is the backbone of a great user experi-
ence, and Flutter apps arc no exception. Users today are
accustomed to fast and fluid interactions in mobile apps,
and any deviation can lead to dissatisfaction [2):

— instant feedback: when users tap a button or scroll
through a list, they expect immediate feedback. A lag of
cven a few milliseconds can make the app feel unrespon-
sive;

— smooth scrolling and transitions: apps with janky
scrolling or choppy animations create a sense of poor
quality. Flutter is designed for fluid 60 FPS animations,
but without optimization, heavy Ul clements or ineffi-
cient code can disrupt this;

— perceived quality: high performance is often sub-
consciously associated with professionalism and trustwor-
thiness. A smooth app feels polished and reliable, while a
slow app can crode user confidence.

— Retaining users is just as important as acquiring
them, and performance plays a critical role in this [3]:

— avoiding frustration: studies show that even slight
performance issucs can lead to users abandoning an app.
For instance, a I-seccond delay in response time can de-
crease customer satisfaction by up to 16%;

— positive feedback loop: users who enjoy a fast and
smooth app are more likely to leave positive reviews, rec-
ommend the app to others, and return for repeated usage;

— gamified and real-time features: Flutter apps often
include interactive or real-time features like leaderboards,
chat systems, or live updates. These require robust perfor-
mance to maintain engagement.

— The mobile app market is saturated, and competi-
tion is fierce. Performance optimization can be a key dif-
ferentiator [4):

— standing out from the crowd: with thousands of apps
vying for user attention, those that offer superior perfor-
mance arc more likely to be noticed and retained;

— App Store rankings: performance directly impacts
app ratings and reviews, which are critical for app store
visibility. Apps with poor performance often face negative
reviews and lower rankings, making them harder to dis-
cover.

Flutter is designed to create apps that work across a
wide range of devices and operating systems. Ensuring
good performance means your app remains accessible to
cveryone, regardless of their hardware [5]:
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— support for low-end devices: not every user has ac-
cess to high-performance smartphones. Optimizing per-
formance ensures that users on older or less powerful de-
vices still get a good experience;

— global reach: in many regions, low-end devices
dominate the market. A poorly optimized app could al-
icnate a significant portion of potential users.

— High-performance apps often correlate directly
with better business outcomes:

— increased conversion rates: for e-commerce apps,
performance issues can lead to cart abandonment. A
smooth checkout process ensures users complete their
transactions;

— improved retention metrics: retained users are more
likely to make in-app purchases, subscribe to premium
features, or engage with ads, driving higher revenue;

— lower cost of acquisition: satisfied users are more
likely to recommend the app, reducing the need for ex-
pensive user acquisition campaigns.

Performance isn’t just about speed - it's also about ef-
ficiency [6]:

— battery life: poorly optimized apps drain battery life,
frustrating users. Flutter developers must ensure cfficient
use of resources like CPU and GPU to preserve device
power,

— memory usage: apps that consume excessive mem-
ory can slow down the entire device or lead to crashes.
Efficient memory management is essential for a smooth
uscr experience;

— data cfficiency: apps that minimize unnccessary
network requests and efficiently compress or cache data
provide a better experience for users with limited data
plans.

— As your app grows, its performance needs to scale
with it:

— handling more users: apps that perform well under
stress - such as during a sudden influx of traffic - are more
likely to succeed. Poorly optimized apps may crash or
slow down during high usage;

— adding features: a well-optimized codebase makes it
casier to add new features without significantly impact-
ing performance. Flutter's modular architecture supports
this, but dewelopers must implement best practices to
maintain scalability.

Flutter’s unigue architecture offers many benefits, but
it also requires specific attention to performance [7]:

— widget hicrarchies: Flutter's declarative approach
relies heavily on widgets. Deep or overly complex widget
trees can slow down rendering. Developers need to op-
timize widget structures and usc tools like the Flutter
DevTools profiler;

— frame budget: Flutter aims for 60 FPS (or 120 FPS
on devices with high refresh rates), meaning cach frame
must be rendered in under 16 milliseconds. Exceeding
this budget leads to dropped frames and visible lag;
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— Dart performance: Flutter uses Dart, which is fast
but requires careful management of asynchronous tasks,
memory allocation, and heavy computations to avoid
blocking the Ul thread.

Building high-performance apps also reduces long-
term maintenance and operational costs [8):

— fewer bugs: optimized apps arc often more stable,
leading to fewer user complaints and less time spent on
bug fixes;

— reduced technical debt: addressing performance
carly prevents the accumulation of inefficient code that
becomes harder to fix later;

— infrastructure costs: cfficient apps reduce server
load, bandwidth usage, and other infrastructure costs, cs-
pecially important for apps with large-scale operations.

Lastly, performance isn't just about technical metrics -
it’s about delighting users.

— micro-interactions: small details like button anima-
tions, loading indicators, and page transitions can make
an app feel alive. Performance cnsures these clements
flow scamlessly;

— flow state: apps that perform well create a sense of
flow, where users remain engaged without being distracted
by lag or glitches.

Performance in Flutter apps isn't just a technical con-
cern — it's a fundamental aspect of delivering value to
users, growing your audience, and succeeding in a com-
petitive market. By prioritizing performance, developers
can ensure their Flutter apps stand out, delight users, and
drive long-term business success.

2. Productivity factors and methods
of their optimization

In the context of Flutter applications, performance is
primarily focused on two key indicators [9):

— rendering speed — the speed at which Flutter can
generate the pixels that make up the application interface
on the screen. Ideally, Flutter should render cach frame
in approximately 16 milliscconds (ms) to achicve smooth
playback at 60 frames per second (FPS). This ensures a
scamless and responsive user interaction;

— frames per second (FPS) — FPS indicates the num-
ber of times per second the application interface is updat-
ed and redrawn on the screen. A higher frame rate leads
to a smoother and more fluid user experience. Conversely,
a low frame rate can causc jerks, delays, and a sensc of
sluggishness.

Ensuring optimal rendering speed and high frame rate
is critically important for achieving high performance and
user satisfaction in Flutter applications.

Several factors can influence the performance of a
Flutter application. Here are the main ones:

— widget tree complexity: Flutter builds the applica-
tion interface using a widget hicrarchy. A complex widget
tree with many nested clements may require more time to
render, which will impact performance;

— widget reconstruction frequency: Flutter rebuilds
the entire widget subtree every time there is a change in
its state, even if the change affects only a small part of the
interface. This can become a performance bottleneck for
frequently updated widgets or those deeply nested in the
widget tree;

— state management strategy: How the application
statc is managed can significantly impact performance.
Improper statc management practices Can Cause Unneces-
sary widget rebuilds, leading to slowdowns;;

— interface complexity: Visually complex interfaces
with rich animations, heavy layouts, or large images may
require more computational resources for rendering, po-
tentially affecting performance:;

— device capabilities: Application performance will
also depend on the user's device. Devices with low com-
putational power, limited memory, or slow network con-
nections will experience application slowdowns.

Considering these factors, it is important to carcfully
optimize a Flutter application to cnsure the best perfor-
mance and user experience. For the rescarch, the follow-
ing optimization methods can be highlighted:

— avoiding unnecessary widget reconstruction;

— using constant constructors;

— minimizing the usage of Stateful widgets;

— minimizing the length of build methods;

— minimizing the usage of helper methods:;

— rendering only widgets that are visible on the cur-
rent screen;

— minimizing the use of opacity in widgets;

— cfficient usage of asynchronous functions and mul-
tithreading;

— optimizing network requests;

— data caching.

3. Selection of a linear model for evaluation
of optimization methods

To conduct a performance study of optimization
methods, a decision was made to build a mathematical
experiment model in the form of a lincar model without
factor dependencics for several reasons [10], substanti-
ated by the specifics of rendering optimization methods
rescarch in serveriess Flutter applications:

— independence of optimization methods: The pri-
mary reason for choosing a lincar model is that cach Ul
layer rendering optimization method is applied separately,
and their cffectiveness does not depend on cach other.
This allows using a simple lincar model where cach factor
(optimization method) has its own impact on the result
(rendering time) without creating interdependencics be-
tween them. Thus, changing one method will not directly
affect the results of others, which allows building a model
without considering complex interactions;

— simplification of experiment complexity: The lincar
maodel is one of the simplest mathematical models that ef-
fectively evaluates individual factor influences without the
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nced to complicate the model with interdependent vari-
ables. Since the rescarch focuses on comparing the effec-
tiveness of various optimization methods, the simplicity
of the lincar model maintains analysis transparency and
reduces the possibility of errors in result interpretation;

— measurement and comparison capability: For cach
optimization method, the Ul layer rendering time will be
measured in two scenarios: with and without optimiza-
tion techniques. The lincar model allows for a clear com-
parison of these two variants for cach method, evaluating
which method specifically impacts performance improve-
ment. Each method can be considered as a scparate fac-
tor, the impact of which is measured independently of
other methods;

— convenience for results analysis: Lincar regression
allows for a clear assessment of cach optimization meth-
od's contribution to the overall result. This provides an
opportunity to cvaluate not only the total rendering time
but also quantitatively determine how much cach meth-
od affects the application's performance. This approach
yiclds specific and intuitively understandable results that
arc convenient for further analysis and decision-making
regarding the sclection of the most effective methods:

— minimizing the influence of random variables: A
lincar model without dependencics between factors al-
lows minimizing the impact of random variables and data
noise. Since cach method is evaluated scparately, its effec-
tiveness can be measured more accurately without distort-
ing the results through method interactions, ensuring high
experimental reliability.

Given the aforementioned factors, the lincar model is
an optimal choice for rescarching rendering optimization
method cffectiveness, as it provides accuracy, simplicity,
and analysis convenience while minimizing experiment
complexity.

4. Software development for conducting research

For the rescarch, a page was created that would dis-
play a list of items. The study will be conducted in this
environment, as lists are onc of the most used ways of dis-
playing information in applications. Below is the code for
cach of the optimization aspects defined above.

The aspect of “avoiding unneccessary widget re-render-
ing” involves avoiding additional calls to sctState methods
and ViewModel updates. In this case, we will consider us-
ing the ignoreChange method (Fig. 1), which will block
re-rendering the page when it is not needed.

retumn StareCommectar(
distinct: true,
comeerter: _Viewodel new,
ignarelionge: _Viessodel . ignareChangs,

class  Viewodel extends TobleViewwtodel dartser, Generalloblefointers {
Mendodel (super . store);

steric bool |groreOnange(lppSiate stone) ==
state. teblesState getToblePertrer, GeserclToblePstmtern(). Lsloading &8

state. tebleaState getToblePartrer, GeserclTablefotrtenrs()
JAtems . 1aMotingty;

Fig. 1. Avoiding unnecessary widget re-rendering code
78

Constant constructors allow you to create immuta-
ble widgets. This allows Flutter to reuse them in memory
more efficiently, which reduces the cost of rendering and
obiject creation. The result is a reduced memory footprint
and improved performance. Below is the code (Fig. 2)
with and without constant widgets.

class PortnersPoge extends Stotelesshidget {
const PortnersPage( [ seper.key ));

Soverride Midget butla(iutl@ontext context) {
return Scaffold(
body: const SafeAreal
child: Column(
children: [
PartnersTebleActicntar(),
Exponded(child: PartnersTable()),

1.
).

J,
floatinpActionButton: FlostingActionButton(

child: const Icon(Icors. oad),

orPressed: O o StoreProvider of dgpitetes{context) dispateh{
OperPageAction{Destination. createfartner),

b]
bR
b
}

}
closs PortnersPage extends StotelessMidget {
const PortnersPoged { ssper_key });

Soverride Midget butla(iutlaContext context) {
return Scoffold(
body: SafeArea
ohild: Column(
children: [
PartnersTebledcticnlar(),
Expended(child: PertnersTeble()),
1.
b
),
floatingAct iond: FlostingAct Long C
onild: Icon(lcons.odad),
orPressed: () = StoreProvider, of dgpStates{context) dispatch(
OperPagedction{Destination, createfartner),

Fig. 2. Code with and without constant widgets

Stateful widgets are more expensive than Statcless
widgets because they have state that needs to be stored
and updated. Too many of these widgets can slow down
your application. Therefore, below (Fig. 3) arc two cas-
¢s of rendering the same components using Stateful or
Statcless widgets.

The build methods are executed every time the widg-
ct is redrawn. If the method is large and complex, it can
cause delays in the interface. The following is code using
the long and short build methods (Fig. 4).

Helper methods inside build often create new ob-
jects on cach call, which impacts performance. Below is
the code using list building with methods and individual
widgets (Fig. 5).

Rendering clements that are not visible to the
user consumes device resources without any benefit.
Therefore, it is better to use ListView (or SliverList) than
SingleChildScrollView. The code for using both is given
below (Fig. 6).
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closs PortnersTebledctiondor extends StetefulWidger {
const PortrersTasleActienBar( { super.key 1)

Fuverrive Mutesrie L s TUlob L e e s Lrestedlulel) =
PartnersTobletctionkorState();
}

closs PertrersTobleActiorBarState extends State<PortnersTabledctionBers {
foverride Widget butld(Buildlontext context) {
return StoreCosnector(
distinct: tree,
comverter: TableViewodelcPortner, GenerolTeblefointers. sem,
butlder: (costaxt, viewModel) o Poddi;
padding: const Fdgelsaats.ali(s ),

L
oile: SeorchFleld(
hiseTent: costest.strings. searchPertsers,
islooding: viesMedel .isloading,
sasrch: viewModel  seorch,
»
const SizecBos(mtdth: 15),
Filterdutton{
LsEmpty: viesModel fileer. isFilterSyEmpry,
arPressed: O {

TOOO; Opan filters poge

closs PartnersTzbleActionlor extends Stotelesshidget {
const PortnersTasleactionBar( { super. key ),

#override Widget butld{BuildContext context) {
return StoreCosnector(
distinct: true,
comverter: TableViewModel<lortner, GenerolTsblefointers. sem,
butlder: (costest, viewModel) == Pod@ing(
podding: const Edgelesets.oli(f @),
child: Now(
anildren: [
E

ovild: SeorchField(
histTeat: comtext strings. searchPortsers,
1slooding: vieaModel  1sloaging,
search: viewsodel seorch,

b
const SizedBan(aldth: 16),

FilterSutton(
talmpty: viewModel filter.isfilterdyteopty,
orPressed; O {

TOE0: Opan Filters pupe

| 8

b

.
N
bN
bH
)
}

Fig. 3. Two cases of rendering the same components
using Stateful or Stateless widgets

The Opacity widget adds a rendering layer, which
increases the load on the GPU. Using alternatives like
Colors.transparent or style management is more cfficient.
The Visibility widget also relies on the Opacity widget.
Below is the code using this widget and an alternative
without it (Fig. 7).

Asynchrony and isolates allow you to perform re-
source-intensive tasks (data loading, calculations) outside
the main thread responsible for rendering the Ul Below
is a class that defines the dominant color of an image list
with and without the use of isolates (Fig. ).

Improper request handling, such as redundant or fre-
quent calls, can overload the network and slow down the

class PartrersPege extesds Statelesswicget (
const FartrersPage| (saper.bey));

et er
Widget budleiBulldContect costeat) |
reters Scatfolal
bedy: SateAreal
Mo Columnl
children: |
Expaned|
child: Starelassecter!
aistinet: tree,
comvertar: _Wisode . rew,

bullder: (contest, viewModel) (
return LosdfereScrolilistenerl

child: TadlefefreahlindicatorePartser, CereralTablePataters(
Bullaers (content, LosRefreshisdicater) o
CantanScrolIView!
shivers: |
sasdafreshirdicator,
AF (wiewmedel, Llews, Lstmgty )
SliverfillRemaining!
Sasscrolibody: false,
caile: FaptyTable? Lacessider!
Asleeding: viewModel. isleeding,
titles Text|contest, strings. roPartnersfound),
sebtitle: Text|
viewwodel, filter, iskapty
T context.strisgs. sddYourf iratPartner
| CONTENT, STEAMYS. CAIRgeYourSaarovdeery,

Y.
Acent 1conl
temePageTaaTyae. partrers. act ivelconOata),
%
else
Slivertist!

delegate: SLiverOnildselidertelegatel
(conteat, Index) « Parteeriarel
hey: Ve lusey | viewiedel. ttem | index|, 1),
webressedi 1) (F,
pertrer: viewModel. itess |index|,
).
chileCount: viewModel. itesa. length,

class PartrarsPage extesds Statelesseicget {
Const Pertrerifoge!| (super.bey)):

faverride
Widger bed 1o Bulladontest contest) |
reters Scaffoldl
Moyl Corat Sateareal
chilg: Column|
Chloren) |
Cxpanced|child: PartreraTablell],

Fig. 4. Code using the long and short build methods

application, and some independent calls can be made si-
multancously. Below is how to usc sequential and parallel
requests to the server (Fig. 9).

Caching reduces the number of recalculations and
data downloads from the network or databasc. Below is
an implementation of displaying avatars using a regular
widget and a widget that supports data caching (Fig. 10).
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Slivertist(
delegate: SliverOnildiuilderDelegate(
Ccontext, index) == PortnerCoral
key: ValueKey(viesModel , 1tems[index]) . 1d),
onPressed: O {3,
partner: viewModel.itess[index],

c"“\xm: wiewModel  1tews, length,

b

Stivertist(
delegate: SliverOnildiuilderDeleagotel
(context, index) s _buildPertner(
context,
viesModel Ltems[index],

.
ehilalount: viewModel.itess. length,

Widget _builaPortner(Bulldlontext context, Partner partner) {
roturn ListTile
onTap: O 0,
leading: ClrclelcenPreview. user(
trogelrl: partner. avaterUrl,
rodivs: 28,

.
title: RichText(
text: TextSpan(
text: partner.name,
style: These of(context). textThess bodylarge,
children: [
TextSpond
text: ' (${partner.type.getDisployText(context)})",
style: These. of(context). textThese bodySeall,

).
N bl
s:btitlc: RatingVien(rote: partner . averageMark 77 0),
¥
Fig. 5. Code using list building with methods
and individual widgets
Stivertist(
delegate: Sliver{hilaBuilderDelegote(
(context, index) <> PartnerCard(
key: ValueKey(viemogel  Ltems[index]. (@),
onPressed: O 0.
partner: viewModel , {tews[index],
d.
i idount: viesModel  ttems, length,
b]
;mg!e(h\ldkrollvu-(
onild: Colum

children: viewModel.items
mep(Citem) =» PartnerCard(
key: Valuekey(item. id),
onPressed: O {},
partner: ites,
»
JolistQ),

>

Fig. 6. Code using ShiverList and SingleChildSeroliView

Following these recommendations allows you to create
fast, stable, and cnergy-cfficient applications that provide
a positive user experience.

WisibiletyC
winible: talooding,
replocement : Row(
moinAetsAligment : MaindatsAligement  conter,
woinAxlsSize: MalranisSize win,
children: [
TeonT
date: ToonTheme of {cantext) copy®ith(color: caler, size: 1),
aild oo,
b))
const Stizedlas(width: 10),
Flesipled
ahtld: DefasltTextStylel
style: Theme. of(contect). textThene bodylarge! . copyWith
color: calor,

.
child: title,

.
1

Child: const StyledLooder grimony(size: 30,

return Contal rer(
aligrment: Aligrment.center,
padding: corst Edgelrasts, symmetric{wertical: 16, hartacetal: 12),
old: isleading
T const Styledlceder.prisery(size: 20)

malrAxisAl Lgomerrt: Mot ndxi sALLgrment . certer,
matrAxisSice: MoinAxtsSize.min,

doto: [cenTheme of(contest) copyWieh(color: colos, size: 12),
child: Leon,
).
corst Stzechon{nigeh: 10),
Flexiblel
child: SefoultTestStylel
style: Theme.of(comtext). textThene bodylarge! . copy®ithl
color: color,

.
child: title,

Fig. 7. Code with and without Opacity

Futured (steloloms getverapeColors{ii stSinplelmagedroviders (mages) async {
final bytes = anglt Future, salt{images map({{iten) = {tee. tolytes()));

retum computel(ytes) (
final colors = bytes, map(_gethvenageCalar), tat 1st0);
retum coloms;
N }, brtes, );

Futured i stlolomns ge ageCalors{il st<Sinplelnag ders images) asme {
final bytes = omait Future.mait{imoges. mop({item) = ites. tolytes()));

3 retum bytes sopl_getiverageColor), tlistO))
Fig. 8. Code with and without isolates usage

ListePortners portners = 0;

final values =
result mop{(iten) == PartnerDto. fromlsondites) . teDomain()) . toSer();

for (Fimal value in values) (
portners. osd{(owalt petPartnerDetot1sCvolue. 1d)). resultl);

Finel values =
resslt . scp{(iten) « PartrerOto, from)sonditen) . tolomain()) . toSet();

final partrers =
owgit future watt{values map((iten) > getPartnerDetatla(iten, 1d)));

Fig. 9. Sequential and parallel requests

return Imoge network(
widget imageli-l,
pleceholder: (context, wrl) w const CircularProgressindicator(),
errorfiidget: (context, wrl, error) o comst lIcon(lcens.error), );

return CachedNetnorkInoge(
imagelrl: widget.lsagelrl,
placeholder: (context, wl) = ClrculorProgressIngicator(),
errorfiidget: (context, wl, error) = Icon(Icons.error), );

Fig. 10. Regular widget and a widget
that supports data caching
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5. Conducting an experimental study of selected rendering
optimization methods

5.1. Stage 1. A priori information analysis.

Let the following become known during the analysis of
a priori information about the software:

— the software is a mobile application written in the
Dart programming language using the Flutter framework:

— the software runs on a mobile device running the
Android or iOS operating system;

— the software uses Supabase as a server..

We will use the mathematical model of the experiment
in the form of a lincar model without dependencics be-
tween factors. The task is reduced to finding the values of
the cocfficicnts ki of the regression equation.

y=ky+kx +. .+ kX,

The factors with the largest values will have the great-

est influence on the output characteristic.

5.2. Stage 2. Selection of influencing factors.
The impact factors are selected as a result of the analy-
sis of a priori information about the software (Table 1)

Factor Upper value Lower value
X, on off
Xy 20 0
X, on off
Xy 20 0
X on off
5.4. Stage 4. Compilation of the matrix of planning
and conducting experiments.

Y is the time of loading and rendering of the table.
The matrix and the results of the experiment arc shown
in Fig 11.

Co— ) TN T— - Co—
L

MARERARS

1
i

it

Table 1 d
Factors of influence I — " -
Factor Description g
X Excessive widget processing l:
X, Number of constant widgets ;  w— — ) m— |
X, Number of Stateful widgets Fig. 11. Matrix of experiments and results
x, Amount of build methods (in rows) 3.5. Stage 5. Analysis of results.
Using data analysis in Microsoft Excel, we will per-
X Availability of helper methods form a regression analysis (Fig. 12).
X Rendering of all widgets in the tree e
— Ty
x, Number of widgets using Opacity : =
Xy Using isolates T B Bl
X Number of parallel requests T e e B e
X, Caching pictures = = ==
5.3. Stage 3. Selection of upper and lower levels ===

Jor factors.
We sclect the upper and lower levels for cach fac-
tor (Table 2).

Table 2
Upper and lower values of inflaence factors.
Factor Upper value Lower value
X on off
x, 20 4
X 20 2
X, 120 30
X on off

Fig. 12. Regression analysis of research results

The main conclusions:

— Multiple R: 0.9748 — strong corrclation between
independent variables and dependent variable:

— R Square: 0.9502 — model explains 95.02% of the
variation of the dependent variable;

— Adjusted R Square: 0.9329 — the adjusted coeffi-
cient takes into account the number of variables and the
sample size;

— Significance F 3.715*107" (very low value) — the
maodel is statistically significant.

The cocfficients of the regression eguation can be
found as:
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k =

N
pIETRP

! N
Table 3
Coefficients of the regression equation
Ky 5,505615896
&, 0,077319531
k, 0,336867997
k 0,445928093
k, 0,269740417
ke 0,273767726
ks 0.111107668
k, 0,157021809
k, -1,912738248
k, 0,486456715
Ky -0,122151308
Regression equation:

Y =5.505615896 + 0,077319531x, + 0,336867997x, +
0,445928093x, +0,269740417x, +0,273767726x, +
0.111107668x, + 0.157021809x, — 1,912738248x, +
0,486456715x, - 0,122151305x,,

Visualization of forecasting results is shown in Fig. 13.

20
B o G T o

1 357 91113151719212325272931

0

— ( —OITHOS

Fig. 13. Prediction results

Analysis of the significance of variables (P-value):

a) statistically significant variables (P-value < 0.05):

1) x, (P=0.0445);

2) x, (P=2.09"107):

These variables have a significant effect on the de-
pendent variable Y.

6) ariables with high P-valuc (P-value > 0.05):

1) X)X, X, X, X, X5, X)g -

Their influence is less significant and can be consid-
cred for exclusion from the model.

B) variable x,:(P=2.16"10"") — a high influence,
but the coefficient is negative (-1.9127), which indicates a
strong decrease in Y with an increase in x; .

Based on the given influencing factors and the results
of the regression analysis, it is possible to interpret the
values of the variables and their effect on the dependent
variable Y. Below is a more detailed analysis.

Key influencing factors:

a) x; (availability of helper methods):

82

1) coefficient: 0.2737, P-value: 0.0445;

2) conclusion: the presence of helper methods nega-
tively affects the dependent variable; the impact is signifi-
cant, so it is not recommended to use helper methods for
optimization.

6) x, (using isolates):

1) coefficient: —1.9127, P-value: very low (<0.001);

2) conclusion: the use of isolates has a very strong pos-
itive effect, allowing to reduce rendering time;

B) X, (number of parallel requests):

1) coefficient: 0.48650, P-value: 0.0005.

2) conclusion: an increase in the number of parallel
requests significantly and positively affects the result; this
may mean that parallelism optimizes the exccution time
of tasks.

Factors without significant influence:

X, (excessive widget recycling): no statistically signifi-

cant cffect (P=0.5520);
X, (number of constant widgets): not significant
(P=0.1263);

X, (number of Stateful widgets): not significant
(P=0.8579);

X, (length of build methods): not significant
(P=0.1386):

X, (rendering of all widgets in a trec): not significant
(P=0.3210);

X; (number of widgets using Opacity): not significant
(P=0.1941);

X, (image caching): not significant (P=0.2090).

Conclusion

In the competitive landscape of modern mobile tech-
nology. the optimization of Flutter applications is essen-
tial for delivering an exceptional user experience. This
study underscores the importance of rendering optimiza-
tion, highlighting its critical role in achicving smooth and
responsive user interfaces while minimizing energy con-
sumption. By systematically exploring various optimiza-
tion strategics, the rescarch provides actionable insights
for developers aiming to enhance the performance of their
applications.

The findings reveal that certain practices significantly
influence the efficiency of Flutter applications. Notably,
the use of helper methods negatively impacts performance
and is not recommended as an optimization strategy duc
to its adverse cffects on rendering time. On the other hand,
employing isolates demonstrates a remarkably strong
positive effect, enabling a significant reduction in render-
ing time by offloading computationally intensive tasks to
scparate threads. Additionally, increasing the number of
parallel requests emerges as a powerful technique, as it
enhances task exccution cfficiency and optimizes overall
application performance.

These insights emphasize the importance of thought-
ful and informed optimization practices. Developers arc
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encouraged to prioritize strategies like isolates and paral-
lelism while avoiding techniques that may inadvertently
hinder performance. By implementing these recommen-
dations, developers can create Flutter applications that
arc not only visually appealing but also cfficient and re-
source-friendly, catering to the high expectations of mod-
€I users.

In conclusion, this rescarch provides a robust frame-
work for optimizing Flutter applications, paving the way
for superior software dewclopment. By adopting these
practices, developers can improve both the performance
and the user experience of their applications, ensuring
long-term success in the dynamic mobile technology
market.
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