JIOJIATOK A

3BIT pe3y/bTaTiB MEPEBIPKU HA YHIKAIBHICTH TeKCcTy B 6a31 XHYPE

: 5 fiata 3sity 6/12/2025
[5‘] StrikePlagiarismcon !E A
[lata peparysanHHf ===

3BiT noaibHocTi

meTagaHi

Haazea opranizauii
Kharkiv National University of Radio Electronics
3aronosok

2025_M_MNI_IN3m-23-1_dininenko_A_B_ckopouyeHunin

AsTOp Hayxosuit kepisuuk / Excnept
®ininenko Anartonin B 4€Esrex K

niapoaain

kacp. Nl

OGcsar 3HanaeHux nogibHocTen

KoediuienT nogibHOCT BU3Ha4aE, SKMi BIACOTOK TEKCTY NO BIAHOLIEHHIO A0 3aranbHoro o6esry TeKCTy Byno 3HanaeHo B piskux axepenax. 3BepHiTs yBary, Wo BUCOK
3HaueHHs koedilieHTa He aBTOMAaTU4HO 03Ha4alTL Nnariat. 3siT Mae aHanisysaTty KOMNETEeHTHa / yoBHOBaXeHa 0coba.

0.45% 0.07%

0.45% 0.07%
K1

25 11254

NlomkuHa (pasn ana koedillieHta nogiGHocTi 2 i

89900

TpuBora

Y usomy po3aaini Bu 3Haigere iHopMauilo LWOAO TEKCTOBUX CNOTBOPEHb. LIl CNOTBOPEHHA B TEKCTI MOXYTh rosoputy npo MOXKITUBI maninynauii e Tekcri. CnotsopenHs 8
TEKCTi MOXYTb MaTh HaBMMCHUIA XapaKTep, ane YacTilue XapakTep TeXHiHHMX NOMMNOK NPX KOHBEpTaLLi AoKyMEeHTa Ta ioro 36epexeHHi, TOMy M1 peKOMEeHAYEMO Bam
NiAXOAMTI 0 aHanidy UbOro MOAYNS BIANOBIAANGLHO. Y Pa3i BUHMKHEHHS 3anUTaHb, NPOCKMO 3BEPTATUCA A0 HALWOT CNYXOM NIATPUMKK.

3amina byks R 0
InTepsanu A 0
MikponpoBinu } 0
Bini 3Haku B 1
Mapadpasu (SmartMarks) a 3

Pucynoxk A. 1 — Pe3yabpTaTi nepeBipky Ha YHIKAIbHICTh TEKCTY(PUCYHOK BUKOHAHUI

CaMOCTIHHO)




JIOIATOK B

Crnaiiau pe3eHTartii

. MIHICTEPCTBO mém::‘i:‘“
w ‘ O M yxeainm @E ‘ imi:‘,’.‘éiilomm
JlocipKeHHs: MeTO/IiB OIITUMI3allil Ta
APXITEeKTYPHUX PillleHb [JI1d MiABULIEHHA
NPOJAYKTUBHOCTI Ta MACIITAO0OBAHOCTI
3aCTOCYHKIB Ha OCHOBI React

ct. I'p. [MI3M-23-1 ®dininenko A.B.
HaykoBui1 KepiBHUK: K.T.H., JoLieHT. Kad. [l 'ossa1 H.B.
(— p—
),
19 yepBHsa 2025

Pucynok A. 1 — 1 cnaiia (puCyHOK BUKOHAHUN CAMOCTIHHO)

JlocupKeHHS

3pocTaEe NonNuT Ha LWBKUAKI, MacliTaboBaHi Ta iHTepakTUBHI Beb6-3acTocyHKW. React i Next.js
CTanu CTaHAapToOM Y po3pobLi cknagHux SPA | SSR-pilLeHb.

*  HanpAMKOM AOCAiAXEeHHS € aHani3 i NpakTMYHe BNpPoBaKeHHA MeTOAiB onNTUMIi3auil
NpoAyKTMBHOCTI React-3acTocyHKiB. MOpIBHAHHA pe3ynbTaTiB 40 Ta NicNs 3aCTOCyBaHHS TaKMX
MeTogiB, Ak SSR + CSR, BipTyanizauig, memo, lazy loading, kelwyBaHHs APl 3anuTie.

¢ O6'ekTOoM AoCNigxeHH: € BeB6-3aCTOCYHOK, CTBOPEHMWIA 3a Aonomorok Next.js Ha 6azi React. [lpa
BapiaHTWX peanisauii: 6e3 onTMMi3aLil Ta 3 TOBHUM HabopoM TeXHIK ANS NigBULLEHHS
NPOAYKTUBHOCTI.

* MerTa poboTW - NPaKTUYHWIA aHani3 MeToAiB ONTUMI3aLlii il apXiTekTypHUX pilleHb React-
3aCTOCYHKIB, BUSIBNEHHS IXHiX NepeBar i HeJoNiKiB Ta BU3HAYEHHS YMOB BUKOPUCTaHHA ANS
NiABMLLEHHS NPOAYKTMBHOCTI i MaclUTaboBaHOCTI.
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Pucynok A. 2 — 2 cnaiig (puCyHOK BUKOHAHUH CaMOCTIHHO)




Orsaz iiTepaTypu (aHaIoTiB)

*  OcHoBHI fxepena: odiuiniHa sokyMeHTaList React i Next.js, cTaTTi 3 TexHi4HMUX 6noriB.

* O.l. Bezverhiy and O. |. Kutsenko, «LLInsxu onTuMmizauii kpocnnatbopMeHHUX JoAaTKiB i3
BUKOpUCTaHHAM 6ibnioTekn React Ta ¢ppelimBopky React Native», ctp. 30 - 35, 2024, doi:
10.32782/2521-6643-2024-1-67.5.

*  BusaBneHi nporannHun: BIACYTHICTb production-KeiciB, KinbkicHUX MeTpuk FCP/LCP/TTI go/nicns
onTuMisauii Ta rMmMbuHHoro SSR/SSG-aHanisy.

Pucynok A. 3 — 3 cnaiij (pucyHOK BUKOHAHUN CaAMOCTIHHO)

[TocTaHoBKa 3aza4i

3agava nonsirae y cuUCTeMaTtUYHOMY JAOCAIAKeHHI, MOPIBHAHHI Ta 3acTOCYBaHHI
edpeKTUBHNX MeTOAIB ONTUMI3aLii 1 apXiTeKTypHUX pilleHb A8 3aCTOCYHKIB Ha OCHOBI React 3
MeTOoH NiABULLEHHS TXHbOI NMPOAYKTUBHOCTI Ta MOAIMLeHHs KOPUCTYBaLbKoro Aocsigy. Ha
NpakTUYHOMY piBHI NepesbayaeTbCs peanisalis NPOTOTUMNY 3aCTOCYHKY, NobyaoBaHOro Ha 6asi
React 3 BuKkopuctaHHaM dpenimBopky Next.js, a TakoX CTBOPEHHS NOro afbTepHaTUBHOI BepCii
6e3 onTUMI3aLiHMX NoKpalleHb. Mojanblie NOPIBHAHHA OTPUMAaHUX pe3ynbTaTiB 403BOINUTb

BU3HAYNTN ePeKTVBHICTb 3aCTOCOBAHMX MiAXOAiB.

Pucynok A. 4 — 4 cnaiin (puCyHOK BUKOHAHUH CaMOCTIHHO)




MeTopoJ0rist

EKkcnepyMeHTaNnbHUM AN3aiiH: JBa NPOTOTUMNW: KOHTPOIbHWUIA Ta ONTUMI30BaHWIA.
OnepauiliHi 3MiHHi: MNokasHuky Web Vitals (FCP, LCP, TTI, TBT).
YmoBu Ta cepegoBumLle: Chrome Lighthouse B pexxumi «Incognito», ctabinbHe 3'eAHaHHS.

Mpoueaypa BUMiptoBaHb: Tpy MPOroHN A8 KOXHOI KOH®irypadlii, OoTpUMaHHS ycepeaHeHHs
pe3ynbTaTiB.

MeToau 06po6ku gaHux: CTaTUCTUYHE YcepeAHeHHS!, MOPIBHANLHUIA aHani3.

Pucynok A. 5 — 5 cnaiij (pucyHOK BUKOHAHUNA CAMOCTIHHO)

ApxiTeKTypa cucTeMa AJis IPOBeJleHHS
eKCIIepUMEHTAJIbHOTO JOCAIKEHHS

| | |
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Onuc nporpaMHOro 3abe3ne4yeHHs, 10 0yJi0
BUKOPUCTAHO Y JOCJIPKEHHI

*  Onuc npouecy po3po6KK: NiAroTOBKA TECTOBUX AaHUX, CTBOPEHHS ABOX BepCiil 4oaaTKy

(6azoea Ta oNTKMMI30BaHa), iIHTerpauis iHCTPYMEHTIB BUMipHOBaHHSA NPOAYKTMBHOCTI.

* Bu6paHi MmoBKn, ppeiimBopKK Ta 6i6nioTekn: TypeScript, React 19, Redux, Next.js 15, react-

window, TanStack Query.

Pucynok A. 7 — 7 cnaiig (puCyHOK BUKOHAHUN CAMOCTIHHO)

3MICT NPOBEJEHOT0 EKCIIEPUMEHTY

MeToan onTrMmi3aLii:

* BipTyanizauia cnuckis (react-window).

*  Memoizauia komnoHeHTiB (React.memo, useMemo, useCallback).
*  [nHami4HWiA iMNopT KoMnoHeHTiB (Next.js dynamic).

* Lazyloading 306paxeHs.

*  KewyBaHHs API-3anuTis (TanStack Query).

* BwkopuctaHHA SSR 1a CSR.

Bxigni gaxi:
*  Cnwckn 3i 200+ npoaykTie Ta 40+ pi3HNX 306paxeHsb.
¢  LTy4Hi API-BignoBi4i 3i cnnckamMm KopucTyBadiB 4o 225-T1 efneMeHTiB.

Pucynoxk A. 8 — 8 cnaiia (puCyHOK BUKOHAHUM CaMOCTIITHO)




3MICT IPOBeJIEeHOI'0 EKCIIEPUMEHTY

Kputepii ouiHK®:

*  FCP (First Contentful Paint).

*  LCP (Largest Contentful Paint).

* TTI(Time To Interactive).

*  3araneHwui 6an npoaykTMBHOCTI 3a Lighthouse.

[MocniaoBHICTL:

* CTBOpEHHA NPOCTO CepBEPHOro 3aCTOCYHKY ANA iMiTauii OTPYMaHHSA AaHWX.
*  KoHTponbHWIK NMpoToTun (6e3 onTumisaLin).

* [locnigoBHe 3aCTOCYBaHHA KOXHOMO MeTojy.

*  ®iHanbHa Bepcia NpoToTMNY(3 yciMa onTuMizauiamMm).

BumiptoBaHHs:

*  Chrome Lighthouse y pexxumi «Incognito».

*  Tpwu 3anycky AnA KOXHOI KOHirypauii Ans gectonHoi Ta MobinkHOI BEpCiiA.
*  OTpUMaHHSA ycepeAHeHOoro pesynbTaTty AK1IA 3ycTpiYaeTbea HadacTiwe.

o
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Pucynok A. 9 — 9 cnaiij (pucyHOK BUKOHAHUN CAMOCTIHHO)
Pe3y/sibTaTh eKCIEPUMEHTY
HeonTumizoBaHa Bepcis
— Desktop device ' Mobile Device
) (= 10
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Pe3ysbTaTu eKClIEpUMEHTY

OnTuMmi3oBaHa ¢iHasbHa Bepcis

Desktop device Mobile Device
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Pucynok A. 11 — 11 cnaiin (pucyHOK BUKOHAHHM CAMOCTIIHO)
Bepcia FCP (First Speed Index LCP (Largest TBT (Total
Contentful Contentful Blocking Time)
Paint) Paint)
HeonTumisosan 86 02s 07s 12s 290 ms
a (peckron)
HeonTumizosaH 53 08s 14s 52s 1930 ms
a (mo6inbHa)
OnTuMisoBaHa 98 03s 11s 10s 50 ms
SSR + memo
(neckTon)
OnTtumizoBaHa 88 09s 19s 33s 230 ms
SSR + memo
(mobBinsHa)
+ TanStack 99 02s 07s 09s 10 ms
Query
(peckTon)
+ TanStack 89 09s 18s 36s 130 ms
Query
(mMobinsHa)
+ Biptyanizauia 99 03s 03s 09s 0ms
cnmckis
(neckton)
— —
+ Biptyanizauia = 92 09s 09s 33s 70 ms
e CrInckiB
(mobinsHa) 12
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AHaJ1i3 OTpUMaHUX pe3yJbTaTiB

* bBazoBa Bepciga gana xopoLi 4ecKTOMN-MNOKa3HNKKW, ane Ha MobinbHoMy Score byB KPUTUYHO
HU3bKUM Yepe3 BUCoKMiA LCP i TBT.

* [JlogaBaHHs SSR + memo nigBuLLKMNO Score 0b6ox Bepcild, 0cobA1MBo MobiNBHOI, Ta 3HaYHO
3MEHLUNNO 3aTPUMKK peHaepy.

* KewyBaHHA APl yepes TanStack Query gano 3Mory MUTTEBO OTPMMYBATW Ta BigobpaxaTn gaHi
NpW 34iNCHeHHI Hagirawii MiXk CTOpiHKaMu.

*  BipTyanisaLig cnyckiB NPakTU4YHO ycyHyna 610KyBaHHSA ocHoBHOMo noTtoky (TBT = 0).
* lazyloading gonomir ycyHyTK 3aBaHTaxeHHs Bigpasy yCix 306paxeHsb.

*  ONTUMaNbHUM BUABWUNOCA KOMBIHOBaHe 3aCTOCYBaHHSA YCiX METOL,B.
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Web Using
Strategies in Next.js

Asatolii Filipenko* and Nataliis Golian®
Kharksy National Universty of Rodbo Electronics, Ny Avewue, 14, Kharktv. 61166, Ukraine

Abstract

by u“ﬂ-g b ssdeiog s 2ed Bl pochemanor famiioion. Thic pper

seMemo.

wseCallback). lst virwalztion (eact-window), lazy loding (Nextjs dynamic aports s
and Query)

deskiop and mobile contexts. The optimized
Aenion consstealy ousperformed the busclin. achieving up 1o 100/100 scores, halving
s

Larpest
that a combined approach 1o serves-side and clcat- nlkupuﬂml.nyiddsn‘m(xa-w
i responsr cness s wser expericnce

Keywords.

Memoization, Lazy Loading. Vietualization, TanStack Query, Nextjs, SSR, CSR. Web

Application Optimization, Test automatson, Sofiware systems development techpologics.
formance

1. Introduction

These days, keep evol o hande s
necdto make

e of both clicnt-side.
Usens expect smooth and quick expericnces, 50 its crucial to mimmize delays and keep everything
runaing cfficiently. Luckily, there are proven ways 1o boost web app performance. Techniques like
memoization, lazy loading, lst vinualization, and frameworks that support Scrver-Side Rendering

th Next
Toad, and improve how the app performs

overall
Nextjs has become a very popular chaice for many developers because it offers hybeid rendering

ot of the bo. bl ool 1o optmize performance. anda lexble archiectur. Combined with the
lable, and SEQ-friendly web apps that

mect modern standards.
The sim of this work s o anshyas snd experonetally sudy the mpact of these opiization
t and the Nextjs framework,

ine their
2. Description of the main optimization methods

Memorization remains a significant opiimizaion technique in React, avoiding redundant
calculations and repested componcat rendering. React memo, useMemo, and useCallback prescrve the
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outcomes of costly logic or maintain stable function references, reducing CPU cycles and memory

ap up
st scrolling cascful deployment of these mechaisms lowers frame render duration and sustains fluid
sual output

Applyng memoation exerywhere comes & ost. trcking dependencies and soring results
. ik

garbage collection. Focusing memotzation on the heaviest work — functions or calculations that run
most often, yiekds the greatest benefit. Tools such as useCallback kecp function references stable so
Sinilarly.

useMemo holds derived data steady, peeventing flicker in components that aggregate or trunsfonm
rowig dutmon. Thonghefl slecon of memoisuion poiets cvess o perocasce widomt

e vevaion mitigates rendering strin when Vast datasces populate the user imterface.
Traditionl draw cach cniry, burdcaing the browser and croding respoasivencss.
Virwualization renders oaly rows inside or near the viewport and replaces off-screen clements with

nto steader uch as pull Mfmh infinite
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The built-in Iimage clement defers image roquests until cach swual nears the viewpart, coonnating
resources far mare effectively than conventional React pipelincs.
-Swde Rendering (CSR). Server-Side Rendering (SSR), and Staic Site Generation (SSG)

represca contral rendering paradigis in Next . CSR asscmbies content within the browser afler &
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3. Performance measurement tool

ighthouse, Google's open-source auditing platform, provides a straightforward way to evaluate
e spplcaion mects medern quaity and peformance bencbnarka{5). It caris out
scarch-cngine

optimization, findings
1t Mg g s Cgs . Develgers and s v can e i v o sk
their projects with cuereat industry standards,
“Mmlhﬂmwnlhemmlﬂnldomm!lhmm\ FCP and LCP register the finst
appearaace of meaningful content. Spocd Index estimates how quickly the page scems visually
complt. Totl Blocking Time (TBT) rcors rtches when the mainthread i 10 by to espond
Collectively, these llusrate how loading speed.
respomnivencas, and ot stabily shape the visitor’s cxperience. Lighthouse can also cmulaic page
Joads on mobile and desktop devices. replaying them 1o uncover bottienecks that could ocherwise go

3 e e

Oher tools also beip in measuring and tuning web performance. React Profiler, buit isto the React
DevTools, tracks componcat rende times and pinpoints slow spots in Ul updates. WebPageTest ruas
full-page test from various hocations and beowsers, delivering waterfall charts and detailed resource
timing breakdowns. Lighthouse stands out by combining multple andit categories o oo report,
offering both lab and simulated feld data, and peoviding actionable, prioritized fixes right alongside
scores - making it nes

4. Analysis of the results of implementing optimization methods

Two versions of the same web spplcation were developed for comparison — one lefl unoptimized
iques. Both relied on Neatjs 13 App Router and o
mined renderiog wrsey tht combines severide rendring for the il pin with u.a.. ide

rendering The main poge wd
and s e s, whakldlhlmulmndwdﬂmhimpuﬂu-uhﬂuumuhyd
ISON d 4 fetched

an the client with nmm«y ‘or standard fetch calls.
sort search.

C grew large

ial markup, clicat components managed uscr inlcractions, and React hooks such as uscMcno and
scCallbock Siminsedrodumdant culesution. Heary p-mm-u code loaded only on dermand
via dynarmic s busltin
azy loading.
Lig deskiop.

achicved a perfect score of 100 with a LCP of 0.7 5, compared with 88/100 and an LCP of 1.1 5 for the
bascline. On mobile, the optimized build regitered 88100 and an LCP of 28 5, whereas the
‘noptimized version reached only 56100 with an LCP of 5.1 5. The data confirm that disciplined use
of memotzation, virtualization. lary loading. and stratcgic data fetching sharply reduces render times
and maintains responsivencss cven when processing largs datascis. These findings supply concreie

‘and hybeid SSR'SSG applcations.

uscCallback). list

23

Conclusions

The rescarch confirmed that introducing a modern optimization toolkit into a React / Next js project
can markedly sharpen both \poed md subclny Memorization techniques (React.memo, useMemo,

d d loading with dynamic() and the
component, and intelligent request cu:hmg through TanStack Query worked together to cut the load
time of core interface clements by nearly half. Lighthouse scores, which had fluctuated between 56 and
88, rosc consistently to the 88-100 band across desktop and mobile tests — a gain felt most clearly on

mobile handsets, where limited hardware makes every saved millisccond count.

Beyond headline numbers, the tuncd build drew less CPU time and memory, making interactions
noticeably smoother when rendering large datasets or updating the Ul in rapid bursts. By stripping out
unnecessary DOM work and trimming network traffic, visualization and lazy loading allowed the

application to stay responsive cven under heavy, sustaincd load.

Taken as a whole, the evidence suggests that a balanced approach — splitting work sensibly between
server and client components, pairing SSR/SSG with client-side hydration, and layering in targeted
performance pattems — serves today's single-page and hybrid apps exceptionally well. Developers
looking to ship fast, resilient interfaces can lean on these results: thoughtful optimization not only raises
performance scores but also cases CPU pressure, scales gracefully, and simplifies long-term

maintenance.

Crucially, user testing backed up the metrics. Page changes felt instant, long lists scrolled fluidly

even when they contained hundreds of items, and modals, buttons, or search filters reacted at once to

every tap or click. In short, trimming technical overhead translated dircctly into a 'lsl:r, more
dable, ik

and more cnjoyable cxpy that front-cnd

dividends for everyday users.
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m
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[lizcymku

Byno 3po6ieHO TeopeTUYHWI Ta NPaKTUYHWIA aHaNi3 MeToAiB ONTUMI3aLii 1 apXiTeKTYpHMX pilleHb
React-3acTocyHKiB, BUSIBNEHO iXHi nepeBaru i HefoNikuy, Ta BU3Ha4YeHO YMOBU BUKOPUCTAHHS ANS
NiABULLIEHHS NPOAYKTUBHOCTI 1 MacLLUTaboBaHOCTI.

MOXNNBUIA PO3BUTOK AOCAIAKEHb:
*  JlocnigkeHHs HOBUX CTpaTeri onTUMi3aLii 415 pPi3HMX KnaciB NPUCTPOIB.
* ABTOMaTM3aUia NepeBipkun Ta onTuMisauii yepes CI/CD i Performance Budgets.

* |HTerpauia ML-meToAiB ANst ANHAMIYHOIO NiA6opY TeXHIK KeLlyBaHHS.

17
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Improving Web Application Performance Using Optimization
Strategies in Next.js

Anatolii Filipenko” and Nataliia Golian®
¢ Kharkiv National University of Radio Electronics, Nauky Avenue, 14, Kharkiv, 61166, Ukraine

Abstract

Next.js has emerged as a leading framework for building high-performance React applications
by offering hybrid rendering modes and built-in performance optimizations. This paper
investigates the impact of key optimization strategies — memoization (React.memo, useMemo,
useCallback), list virtualization (react-window), lazy loading (Next.js dynamic imports and
Image component), and network request caching (TanStack Query) — on web application
performance. Two versions of a sample Next.js 13+ application were developed: one without
optimizations and one integrating the techniques which were mentioned before. Performance
was measured using Lighthouse metrics for desktop and mobile contexts. The optimized
version consistently outperformed the baseline, achieving up to 100/100 scores, halving
Largest Contentful Paint times and reducing main-thread blocking. These results demonstrate
that a combined approach to server-side and client-side optimizations yields significant gains
in responsiveness and user experience.

Keywords

Memoization, Lazy Loading, Virtualization, TanStack Query, Next.js, SSR, CSR, Web
Application Optimization, Test automation, Software systems development technologies,
Performance

1. Introduction

These days, as web technologies keep evolving, apps are becoming more complex and handle larger
amounts of data than ever before. This brings new challenges for developers, because they need to make
sure apps run fast, respond instantly, and make smart use of both client-side and server-side resources.
Users expect smooth and quick experiences, so it's crucial to minimize delays and keep everything
running efficiently. Luckily, there are proven ways to boost web app performance. Techniques like
memoization, lazy loading, list virtualization, and frameworks that support Server-Side Rendering
(SSR) and Static Site Generation (SSG), with Next.js being a prime example, can make a big difference.
These methods help cut down loading times, reduce network load, and improve how the app performs
overall.

Next.js has become a very popular choice for many developers because it offers hybrid rendering
out of the box, built-in tools to optimize performance, and a flexible architecture. Combined with the
React ecosystem, it provides everything needed to build fast, scalable, and SEO-friendly web apps that
meet modern standards.

The aim of this work is to analyze and experimentally study the impact of these optimization
methods on the performance of web applications based on the React library and the Next.js framework,
and to determine their effectiveness and feasibility for practical projects.

2. Description of the main optimization methods

Memorization remains a significant optimization technique in React, avoiding redundant
calculations and repeated component rendering. React.memo, useMemo, and useCallback preserve the
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outcomes of costly logic or maintain stable function references, reducing CPU cycles and memory
allocation during demanding computations or rapid state updates. Under conditions such as continuous
list scrolling careful deployment of these mechanisms lowers frame render duration and sustains fluid
visual output.

Applying memoization everywhere comes at a cost: tracking dependencies and storing results
demands extra memory and processing. Overuse can bloat an application’s memory footprint and slow
garbage collection. Focusing memoization on the heaviest work — functions or calculations that run
most often, yields the greatest benefit. Tools such as useCallback keep function references stable so
cffect hooks trigger only when truly necessary, avoiding unintended reruns and timing bugs. Similarly,
useMemo holds derived data steady, preventing flicker in components that aggregate or transform
growing datasets. Thoughtful selection of memoization points ensures smooth performance without
needless overhead.

List virtualization mitigates rendering strain when vast datasets populate the user interface.
Traditional approaches draw each entry, burdening the browser and eroding responsiveness.
Virtualization renders only rows inside or near the viewport and replaces off-screen elements with
lightweight placeholders. The browser consequently performs fewer style calculations, which translates
into steadier frame cadence during rapid scrolling. Interaction patterns such as pull-to-refresh, infinite
scroll, and scroll-linked animations benefit directly from the lower, predictable DOM weight.

Tools such as react-window and react-virtualized deliver components like FixedSizeList [1] that
automatically determine the number of active rows suited to the visible area. Consequently, catalogues
containing tens of thousands of records appear rapidly while only a small fraction resides in the DOM,
conserving memory and ensuring smooth, uninterrupted interaction. Fine controls governing scroll
physics, row height, and render strategy contribute further resilience during intensive usage.

TanStack Query streamlines retrieval and management of server state within React applications [2].
Automatic caching stores previously fetched objects, preventing surplus requests and easing backend
strain while heightening responsiveness. Cache-time holds onto less-used data longer before clearing
it out, so heading back to a section soon after leaving feels fast since no extra network request is needed.
Optimistic updates apply changes right away — whether submitting a form or reordering a list, and then
sync with the actual server response, undoing everything only 1if the update 1s rejected.

Lazy loading postpones component or asset delivery until required [3], shrinking the initial footprint,
accelerating first paint, and improving the time-to-interactive metric. In Next,js, the dynamic() helper
divides components from the primary bundle, integrating more deeply than React.lazy and Suspense[4].
The built-in Image element defers image requests until each visual nears the viewport, coordinating
resources far more effectively than conventional React pipelines.

Client-Side Rendering (CSR), Server-Side Rendering (SSR), and Static Site Generation (SSG)
represent central rendering paradigms in Next,js. CSR assembles content within the browser after a
minimal HTML shell reaches the client, supporting rich interactivity yet extending initial load and
complicating search-engine indexing. SSR outputs complete HTML on the server for every call,
accelerating first paint and elevating search visibility — a critical advantage for performance-sensitive,
highly discoverable platforms. SSG compiles pages during build into static files, enabling exceptionally
swift delivery and favorable SEO where content changes infrequently. Route-level configuration in
Next.js enables coexistence of these strategies: an analytics dashboard may employ CSR for intensive
client-side state transitions, a product landing page may prefer SSR for instant shareable previews,
while documentation and blog sections can rely on SSG.

Next.js version 13 refines this architecture through Server Components and Client Components.
Server Components generate markup wholly on the server without dispatching surplus JavaScript,
trimming bundle weight and memory use. Client Components take care of all browser-side interactions,
leaving Server Components to produce static markup on the server. This clear split keeps load times
low by sending only essential code for interactive parts when needed. Critical secrets like API keys and
database credentials stay locked in Server Components, never exposed to the browser and boosting
security.

Combining memoization, virtualization, TanStack Query, lazy loading, Server Components and
Client Components forms a layered optimization strategy. Memorization reduces computation
overhead; virtualization constrains DOM size, TanStack Query limits network chatter, lazy loading cuts
mitial payloads, rendering paradigms place HTML generation where it performs best, Server
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Components remove unnecessary JavaScript and Client Components, on the contrary, provide
mnteractivity. Each layer addresses distinct performance pressures — CPU time, memory footprint,
network latency, and first-paint speed — yet all cooperate to create a cohesive, responsive interface
capable of handling modern data-rich requirements. Proper instrumentation through tools such as React
Profiler, WebPageTest and Lighthouse confirms improvements across metrics including First
Contentful Paint (FCP), Time to Interactive, Total Blocking Time, and Cumulative Layout Shift.

3. Performance measurement tool

Lighthouse, Google’s open-source auditing platform, provides a straightforward way to evaluate
how well a web application meets modern quality and performance benchmarks[5]. It carries out
automated tests in five core areas: performance, accessibility, adherence to best practices, search-engine
optimization, and progressive-web-app capabilities, and then compiles the findings into a single report
that highlights strengths and flags issues. Developers and site owners can use this overview to align
their projects with current industry standards.

What sets Lighthouse apart is the user-centered design of its metrics. FCP and LCP register the first
appearance of meaningful content. Speed Index estimates how quickly the page seems visually
complete. Total Blocking Time (TBT) records stretches when the main thread is too busy to respond.
CLS quantifies unexpected layout movements. Collectively, these figures illustrate how loading speed,
responsiveness, and visual stability shape the visitor’s experience. Lighthouse can also emulate page
loads on mobile and desktop devices, replaying them to uncover bottlenecks that could otherwise go
unnoticed and offering clear, data-driven guidance for performance improvements.

Other tools also help in measuring and tuning web performance. React Profiler, built into the React
DevTools, tracks component render times and pinpoints slow spots in Ul updates. WebPageTest runs
full-page tests from various locations and browsers, delivering waterfall charts and detailed resource
timing breakdowns. Lighthouse stands out by combining multiple audit categories into one report,
offering both lab and simulated field data, and providing actionable, prioritized fixes right alongside
scores — making it a one-stop shop for quickly spotting and resolving a broad range of issues.

4, Analysis of the results of implementing optimization methods

Two versions of the same web application were developed for comparison — one left unoptimized
and another refined with modern performance techniques. Both relied on Next.js 13 App Router and a
mixed rendering strategy that combines server-side rendering for the initial paint with client-side
rendering for interactivity. The main page presents a card-based user list featuring pagination, sorting,
and instant name search, while additional routes display detailed user profiles and a modal overlay of
recent purchases that includes product images. JSON data 1s delivered through API routes and fetched
on the client with React Query or standard fetch calls.

In the unoptimized build, every sort, search, or page change triggered full re-renders because caching
and memoization were absent, increasing CPU usage and slowing the browser once the lists grew large.
The optimized build mitigated that overhead through several measures: server components supplied the
initial markup, client components managed user interactions, and React hooks such as useMemo and
useCallback climinated redundant calculations. Heavy purchase-modal code loaded only on demand
via dynamic import, and images were delivered progressively through the Next.js component’s built-in
lazy loading.

Lighthouse benchmarks highlighted the impact of these changes. On desktop, the optimized edition
achieved a perfect score of 100 with a LCP of 0.7 s, compared with 88/100 and an LCP of 1.1 s for the
baseline. On mobile, the optimized build registered 88/100 and an LCP of 2.8 s, whereas the
unoptimized version reached only 56/100 with an LCP of 5.1 s. The data confirm that disciplined use
of memoization, virtualization, lazy loading, and strategic data fetching sharply reduces render times
and maintains responsiveness even when processing large datasets. These findings supply concrete
evidence that targeted optimization markedly improves speed and stability in data-intensive single-page
and hybrid SSR/SSG applications.
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5. Conclusions

The research confirmed that introducing a modern optimization toolkit into a React / Next.js project
can markedly sharpen both speed and stability. Memorization techniques (React.memo, useMemo,
useCallback), list virtualization via react-window, on-demand loading with dynamic() and the
component, and intelligent request caching through TanStack Query worked together to cut the load
time of core interface elements by nearly half. Lighthouse scores, which had fluctuated between 56 and
88, rose consistently to the 88-100 band across desktop and mobile tests — a gain felt most clearly on
mobile handsets, where limited hardware makes every saved millisecond count.

Beyond headline numbers, the tuned build drew less CPU time and memory, making interactions
noticeably smoother when rendering large datasets or updating the Ul in rapid bursts. By stripping out
unnecessary DOM work and trimming network traffic, visualization and lazy loading allowed the
application to stay responsive even under heavy, sustained load.

Taken as a whole, the evidence suggests that a balanced approach — splitting work sensibly between
server and client components, pairing SSR/SSG with client-side hydration, and layering in targeted
performance patterns — serves today’s single-page and hybrid apps exceptionally well. Developers
looking to ship fast, resilient interfaces can lean on these results: thoughtful optimization not only raises
performance scores but also eases CPU pressure, scales gracefully, and simplifies long-term
maintenance.

Crucially, user testing backed up the metrics. Page changes felt instant, long lists scrolled fluidly
even when they contained hundreds of items, and modals, buttons, or search filters reacted at once to
every tap or click. In short, trimming technical overhead translated directly into a faster, more
dependable, and more enjoyable experience-evidence that front-end performance work pays real
dividends for everyday users.
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