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Performance issues in mobile applications significantly degrade
experience and increase abandonment rates. This study inve:
poor development rpctices in iOS apps through analysis of
performance reports from four applications and 56 Stack Ove
discussions, identifying four critical afiatterns: (1) ignoring memo
warnings, (2) mairthread database operations, (3) table updates \
loops, and (4) Ul access from background threads. Analysis of 4z
projects revealed 52% contained at least one such issue, with v
warning neglect being most prevalent (63%), followed by riaieac
database calls (34%), while lodyased table updes and improper L
thread access each appeared in 2% of c@isesutomate detection, \
developed a static analysis tool for Swift codebases. The tool ac
96% accuracy for memory warnings, 87% for mtiiread databa:
operations, and 100% fdoop-internal table updates. Detection
background thread Ul access proved more challenging (50% acci
These results demonstrate both the widespread nature of perfor
hindering practices in iOS development and the effectivene
automated dettion for most antpatterns. The findings provis
developers with actionable insights to improve app performance (
development, while highlighting areas needing more sophisti
detection approaches. Our work contributes to better understandi
mitigation of performance issues in mobile applications.

1. Introduction and Related Works

According to a
approxi mately

6 .

report published in 2022,
6 billion, which account s

t h
f ol

smartphones play an essential aacgrod s iwa rdiaoulsy
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i ncluding soci al net wor king, Il nt ernet of Thi
mor e. I n 2022, over 1.2 billion users were ut
Store to discowear eandAsdoown |tohaadt syoefatr , t he App
million applications, including around 984, 0
uni nstall an application within 30 days of ir
Mobileappl i cati ons are typically categorized i
utility, and others. The wvast di versity of é
users with a wide range of chmpetest iwhe | enwsii
among developers. To remain competitive, deve
with useful features to attract new users an
chall enging obijreditd avtee talsatstlUd% eqsf applicati
mont hs of i nstallation [ 4] . Consequaearutall v ,t y d
software delivery to maintain user engagement
Smartphoneg ener al ly possess LUrmesedompmpetatoodalbk
ot her devices, particularly in terms of batt
Given these constraints, mobile applications
consumption, amdmovgrasbhgdevice usability thr
enuser s. Applications that consume excessive
causet dromgdamage to the device, resul tsiinmge sisn
| osses. Effective resource management t hus 1
devel opment, directly influencing user retent

Numerousst udi es have confirmed the neagpptliwatiom.

device performance [5]. Motivated by this is
|l eading to the concept of codé evmeéllinndi Batorc
poi nt to deeper strcotder. alThgrseb lienmdsi cian 0B ® U IC
mai nt enance, evolution, and future devel opme
deci sions or subopti mal programming practice:
necessarilapppriecvaentonadf rom functioning correc
over head, hi gher c¢crash risks, and greater su

i ncrease maintenance efforts and contribute t

Thema n iafteisotn o f code smells varies across ©pro
design patterns and coding standards adopted
performance code s npedtltserrrmesf etrh & os tkepmeecd & B ycu eatn

me mor vy, CPU, battery, and storage, ul ti mat el
Ul rendering del ays, excessive me mor y cons
l denti fying and mi t-r ghbh &ctoaldd suneH | p ercfamr maingrei
resource utilization and i mprove application
In2014, a study was condwouetatedoi sseasi fn Ppa
through a comprehensive revicfw rodc urrurlitn go | per cab
[ 13]. The investigation focused on eight app
reveal ed that such I ssues primarily manifest

and high memor ye ussaangee .t iAmeo,u naln otthher survey e
smells in mobile applications [12]. Through
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forums, and devel oper di scussi ons, t he aut
perforrmeded e code smel | s i n Androi d applicat:i
descriptively, whil e ot her s wer e formally

Getter/ Setter, Member 1l gnoring Method, and H
seraeda foundational reference for subsequent

Subsequens t udi es have analyzed the frequewaryl dand

applications. For instance, [ 13] and [14] ex:
| nt eSentatler / Gett er , Member Il gnoring Method, ar
t hat addressing these smells l ed to measur
Me mber l gnoring Method resulted in a whi. 4% .

optimizing HashMap Usage r educedmemeomoyr yc oc d nes
calls by 3. 6%.

Multiple st udiié 9] [ hdave consistently demonstrated
i mproved software perfoorrnkasdlcfeehave faddusednopn

i denti fyatntgerannst ispeci fically in Android appl
addr essed -rpeelradtoerdnacnacdee smel |l s in 1 OS applicat
[ 22] [ 23] [ 218n ,[ 2a8n]d, [r2e9s]Je.ar cher s empl oyed the F
I OS applications. They wutilized ANTLR4 -@,r a mm:
enabling the extraction of Abstract Sying ax
approach, they -sipdeecntfiifci ecdo dteh rsenee ddIrGSealt e g s imae ¢
analyzingbdsgé&d Samdt 2@ 3i Mbjappli veati ons, t he
freqguencies of code smells acomparboighi lOSn qwn:
applications, the study concluded that Andro
smel | s.

In [29], the authors compiled a-ofFriegented 8&86d
specific smel lrs sitnudioedsu c[eldO Ji[nl 1p]r[i208r]i.e nGfe dt hsens
and two -ameeacei fiiCsS Using a detection tool 1ins
source 1 0OS applications and identified sever
Clas I nternal Duplication, Message Chain, and
Given the widespread adoption of i OS as one
a study to exmpé¢loatep gtetadhtoir smnamictehi n t hr svieews ¢ ¢
performance issue reports -bfaasoerd fioS aapcptliivced tyi
a total of 193 relevant reports. To enrich
related to I OS perfor mamsed i UEK] t esreileecs uanly
frequency, and relevance. Foll owing wvalidat:i

consultation with three experienced-piaDfedes.
Subsequentl y, swed nmahneu aplrleyv agpsashetse r n § s Ewagcahs8
i OS applications. Observing their significan
code smell detectidasedoll OSaialppl edafoonsSwi €t
reporting the di-sebaterpddcpdefemmbheewi thin so

I n general, the primary objective of this res:s

T RQ1l: What are the compmonepasppnma®diSeodasn ? i
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Through a systemati cr edmaleysiiss saufe peerpfoartmsa

mai ntained 1 OS applications deveellaotpeedd diins cS

on Stack Overfl ow, we i dentpaftiteedr nfso.urT hperseev
T lgnoring memory warnings
T Invoking database commands on the main
T Updating table views within | oop constr
T Accessing or modifying Ul el ements from

RQ2: How dop athteesren sa natfif ectmaapg@el?i cati on perf
Based on our anal ysis and -paitmelrant,i omme odfbs
foll owing i mpact s:

T Invoking database operations on the mai

prevents the execution of toetsher tasks u
T Modi fying Ul components from background
di splay, visual anomalies, and potenti a
T Updating table views within | oops cause

consumpti on,e nadnedr iinngc oorfr edcatt ar.
9 Failure to handle memory warnings appro

memory saturation, and eventual applica

T RQ3: What percentage of 1 OS apyplaitd¢ &trincis e

A manual i NG peepgdaorome oif OS 8applications reve:

rates f epratetaecrhn:ant i

9 Thiegnoring memop#gt warni wgs present in 6.
applications, making it the most freque
T Thienvoking database coammatdtserom wdase fmaur
of cases.

T Botulpdating t abanaeds ciessiithg IUdomd ement s fr
threvedse relatively |l ess common, each ap

analyzadi ampl.i c

T RQ4: How can the dpattcernmn lbéd ahteomataedi ac

source codes?

To facilitate the automatic -pateneanrds cando
devel opers I n avoiding their desrgdedt iac
i mpl emented an i OS performance code smell
using the same set of 180 i OS application

resul ts:
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T Forighering memopyt war njcnctebses ftudodly sduet e c
of the instances.

T I n thei cvacskei mg dat abase commbBhdstoal tber
identified 67% of occurrences. While it
falsely flagged as bafef e ot e cogmd zteha@antdo
mi sclassifications, resulting in an ove

T Regarudidnag i ng t ab,|l etshel ntsoiodle alcohoipesved a p
100 %.

M Foaccessing Ul el ement,s tflreo nt BAlkdd toaichtde
cases accurately.

These findings demonstrate the effectiveness
perforrmedmdepdt aeatms, enabling developers to
efficiency of tblyeiarvoii @3S nagp Eluictha tpirommd emati c ¢

Thispaper makes sever al key <contributions to
systematically identifying, -raenladtyezd ngo de nsme
applicati ares.enkisr satn, einpipi cal-wdrmlviesits gae i nap
actively maintained i OS apps and Stack Overfl
ritical p@raftdremarsce (dntiignoring memorcy mmamrmd
n the main thread, (3) updating Ul Tabl eVi ev
rom background threads. Second, it provides
Sssues ackFrsoosusr cldd ASweigf etinO®Gn aappl evca@dlii ng that mo
uffer from at | east one of these performanc
tatic anal ysis t epoalt tfearnsd edti ecetcitngy time sSewidnt
ccur acdyarrtaitewl arl 'y f or me mo rrtyh rwaardn i dnagt ahbaansdel |
inal l vy, it eval uapeatst arhre ti hmrpawg h od o retarccl laend |
ow such poor coding practices degenacdee. aTphpel s
ontributions offer valwuable insights for de
nd efficiency of i 0OS applications.

e remainder of thislpagerctio®noR2gamnzedeayi
pdpopvideluding its history, key features,
&chamel y Swi f t-C.anTdh eO\bM éRexetiit ved | | er ( MVC) ar ch
ich is widely adopted in i OISn afgeodni c3at iande
vestigation-r €Ina o-p gtetnehiomrsmandent i fied i n thi
cludes the methodology wused to identify f
dat abase commands on stimg mdi cotmproeaacnt s( 2 )y oac
( 3) updating Ul Tabl eView inside | oops, and (

- — s c T4 90 TTM® OO~ OO0

5 53 T L unw o

anpattern on application performance is analy
syntheticr ewdsrtlichge xaanndp | e s . Design and i mplem
ai med at detecting t hebsaes epderif®3 nmeampclei ci astsiuoenss
Section 3. Section 4 provides compsameilsliosn. wlhtrt

to validity and Concluding remarks are al so
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2. Background: iOS Operating system

iIOSi s a proprietary mobile operating system de
l ine of mobile devices, including the i Phone
i Pad models prior to the ohttodagti o®Sof ankRks
most widely adopted mobile operating system

as the foundational pd ex d loog pne d o0 p e rhateien go t shyey
and watchOS.

Thef i rst version of 1 0OS was introduced in 200
has since been extended to support additiona
i OS is primarily conducted usibyg Awpl @r ofwa
Obje«€ti vflehe primary 1integrated devel opment e
Xcode. Il ntroduced in 2014, Swift was de&Gigne
and has rapidly gainedepdpuliarsi tsyy mprhdmrcg td/e v &l
features.

Thesof t ware devel opment architecture commonly
Mo di&l é@wontroll er ( MV C) design pattern, whi c
i nterconnected component s:

| Mod:el Tdomppnene ncompasses data structures and

i ncludes model object s, data parsers, net wo
handling business |l ogic and data persistence.
I I . :ViTehwelaysri ss@mponsi bl e for the visual repres
user i nterface el ements. It di spl ays i nforr
i nteraction. Reusabl e Ul component s are oft
mai nbali nay and reduce redundancy. For instanct
Ul Kit components such as Ul Label or Ul Butt o
application.

[ll. Controller: The controller acts as an intermediary betwedre tmodel and the view. It
receives input from the view, processés dfften by interacting with the modeland updates the

view accordingly. This layer encapsulates the application's flow logic and coordinates interactions
between the data and presentateyels.

3. Performance Code Smells in iOS Applications

To identify performanceelated antpatterns in iOS applications and address the research
guestions outlined in this study, we conducted a rplilfise investigation. Specifically, to answer

RQ1, we manally reviewed performance issue reports from four actively maintained iOS
applications and relevant discussions posted on Stack Overflow. To address RQ2, we analyzed the
effects of each identified anpiattern by simulating them in controlled test envinemts.
Subsequently, for RQ3, we performed a lasgale manual inspection of opsaurce iOS
applications to assess the prevalence of the discoverepadiains. Finally, to address RQ4 and
enable automated detection, we developed a dedicated toolleapihdentifying these
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performance code smells in Swifased source code. In the following sections, we elaborate on
the methodology and findings associated with each research question.

3.1.What Are the Common Performance AntiPatterns in iOS Applications?

Togain insights into prevalent perfor mhepgteh i s
analysis ofepatédr magceeports from four 1 0OS
selected these applications based on the foll

1 Actbeeel opment and Maintenance: We priorit
updated and under active development. Such
feedback, i nclruediantge dp eirsfsourensa,ncwehi ch can be

2.User Engagement and Testing History: We foc

available for at | east one year, ensuring
3. Access to Source Code: To performwas det ai l
essential. Therefore, we coll aborated with
granted us access to four internally devel
Thesel ected applications included:
9T A smart home control applicati bhowi mpgl aset
manage | oT devices.
T A social media platform akin to Instagram,
and interact with multimedia content.
T An a-bdbBed soci al net working app comparabl e
gru@ conver saggiames, and mini
T A task management and reminder application
Fromt hese four applications, we coll ected app
categorizing the reports, we isolatiednthiosel
i ssues related to responsiveness, memory CO.l
inefficiencies. These filtered reports for mec
lnaddition to internal applicatdeoar cheponm t St a o
[ 25] to gathet apedf osmaerscsereported by the gl
frequently post technical chall enges encount
peer s. Using r el ewvlaqwe rkfeoyr wma mocsemys mahy awdr ni ng
rendedamgbase perddidrfmaenseeer etri eved a tot al 0

we selected only those with verified soluti ol
i nedined set of 56 cases.

Table2 summarizes the key findings from the
dat daaeps i cati on i ssue r epdowet sc oammpdi | Setda cak cQovneprr
of 249 pereflat manciessues, fwhindlatisenvéadr as deini
perfor mpaceé eamsi in 1 OS applications.
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Table 1 The results obtained from the review of applications issue reports

Applica Categor Number o Number of perfor.

App 1 Lifesty 342 72

App 2 Photo & 214 61

App 3 Vi dde®ws 151 24

App 4 Product 145 36

Table 2 The results obtained from the issues raised in the Stackoverflow

Tot a Rel at Sl own Memor Wr ong Ul Net wc

260 56 24 7 12 13
Followingt he i ni ti al coll ecti on -raenlda tceadt eigsosruiezsa tfiro
reports and Stack Overflow discussions, we p
of ficial devel oper documenemttoncpBOijrmThhat

probl ems st emmed from deviations from recor
patterns.

I n addition to the documentation review, we
further verify demei vaeddispues. t ieese exper
behaviors were indeed the result of i mproper
potential to cause performance degradati on.

Subsequently we cl| assi fpieed otrhmea nweel ii sastueeds based on
three main categori es:

9 Thread Management | ssues: These encompasse
t hreading mechani sms, such as performing h
Ul poments from background threads.

T User I nterface Update Problems: This categ
incorrect updates to the wuser interface, s
anomal i es.

T MemoRegl at ed | s s ueeds :i miphreospee ri nnveomowr y handl i ng

respond to memory warnings and excessive m

Quantitatveanal ysi s of the categorized issues reve.

T Approxi mately 53% of the <capsreosblpeenrst.ai ned t
T About 38. 9% were associated with user inte
T Nearly 9% wer e artetlraitbeudt endi stnoa nnaegneomeyn t

Figuelpr ovi des an overview of the methodol ogy ¢
perfor mpratceé eamsi
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g ™\

Investigate issues
with developers
. y, Analysis and
discovery of patterns

Search and
select
performance
issues on
Stackoverflow

Extract problems
related to
performance

Review
reported
issues from 4
applications

from the problems

. . ] A raised
Investigate issues

raised and confirm with

i08 developer

documentation
\. /

Figure 1. The method of collecting inappropriate patterns

Thread managemémt | ©ISo mlpegpms:cati on devel opment
managi prigritizimgtdhe execution of tasks within the
i n mobile software désicgmgi dpeohtecmsnudJé rtkhat
i nrtaecdaroem gi ven 't he hi ghest priority. Thi s ‘
|l eading to a smoother and more responsi ve UuUSE¢

Threadingme chani sms enabl e developers to divide
executiomepyt hhsmprtove ng efficiency and respo

threading can |l ead to significarmtatpermner manoc
thread management were identified duridmsg omur
the main thread, and (2) manipulating Ul ¢ omg
Bl ocking t heBymadenf atuhlrte,adal | op@dn atcil s nign Uil O
and ptadassinare executed on the maindttlerlesaedvhenmn
When -dwommgi ng or computationally intensive ta
bl ocked, preventing the timely execution of
el ements or responding to user input.

Onecommon d$owsmucéd dl ocking behavior involbves t
particularly those invol vingorneadiengmafirnonm hore
Core Data is a widely wused framewor k fldry.mar
Whil e convenient, performing extensive dat at
significantly degrade performance, especiall\
For exampl e, if an application pemf ommst ha hme
thread, the user iIinterface may become unrespc
poor user experience, characterized by | aggy
T omitigatet hi s i scsounes,u miinmge opderlaed i ohfsl sehdbaud t 0o ba
using Grand Centr al Di spatch (GCD) or Operat
free torkekadmadleel Ulasks, ensuring continuous r e:

Quanalysisof performance r epod tSt acko nmOVAgprpf 110w Adips ¢

t hat t-tha tst eamt ii s frequently encountered i n
performance i mplications of executing databa:
devel opment tsst angeegsat iGuieveinmpiact on application

dat abase commands on t he meian ttehrrmead as t he f
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Calling Ul objects w0fnhea maa ok girhoruenadd tihsr eeaxdc | u
render updagingatmel user |interface. Any abBbsempt asto
Ul Label s, Ul Tabl @VMrewms ,a ®drackygvoewd thread m
behavior, i ncleardiimg, iwmicsoualecanamaldi es, or eve
During our investigptatomryr nwe noAper Bed whleir e a i

performelvateavd &cadchil asi odrest er mi ni ng o wihtehisni za
backgr ouwndt ot hirnepar ove perceived performance.

updates and unexpected failures. Additionall
where Ul attribut esmawer et hupdatse d rfersairhetinnogg i
applied or changes not taking effect at all

Accordingt o Appl e's offici-aél a@ltoedmepénat oons amu st
main thread to ensure consistency and correc
col or pafoparti esel ement from a background thr
outdated or corrupted dat a.

A's reault we i dentify invoking or modi fying Ul
seconpat@neétin that negattyebhwdatkécadbibotly Dhe

User interface Onpedatfe tphreo brleecrusr:r i ng per for mar
App 2, aimvalvedA pmpc 03 r ect 0 paarttai adu lsgrilayy i nconsi st e
across tabletrgwsi o@Qureveaked that t hpiast tiesrsnu e
i nvoking the reloadData method of a Ul Tabl eVi

| ©Sdevel opment , Ul Tabl eView is one of the mos:s
of csttwrued dat a. Each row (cell) typically rep
or an | mage. When the underlying data model

met hod to refresh the entire table and refl ec

Howevetr cal ling reloadDabtbaspepeatkbdl whensiedeha
net wor kdcraenqulksad to significant i nefficienc
rel oadData foraesmdehe at Ablve gt rleddenodhbhhs, dobown
associated resour-erec(erieglgatleidmal goegsi)c asnudc hr ea s
ani mati ons.

Thirepeatedr el oadi ng not only increases networ k |
el evated batemornyy ucswawgrheaadl. mMMor eover, It can
as outdated or partially |l oaded content bein
For instance, if a new i mage downl oadl bemgiyns
briefly show the previous | mageshidftame ri eplaa
effect or incorrect data presentation.

T allustrate consi der a scenario where a table vie

Firebaseh wiém eantaining an image URL and d
to reload the entire table after processing
attempt to render incomplete dat actmud tfilpdve dfi

rendering and introduces unnecessary comput at
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Gi v enegatveesmpact on application responsiveness,
we <classify wupdatingpaastatftl et hv ir ey apietr e o ania m C
applications.

Me mo-Rgl at edl nsisO08s:the di dRecei 9ddEmoed Wavi niht
Ul Vi ewContdiod liemvaoaked sby the system to notify
excessi we amedmorequires resource optimizati o
i mpl ement ed by devel opemmesmory ocoddi t itomn sh aefdl
triggered, it serves as a si gnelriftarc atl hgee easpopul
cached dat a, unused i mages, or background se
smooth operation [20, 21].

During the I|Iifecycle of an 1 0OS application,
acceptable threshotdsi amu,e itme fpfrioclioenngte do bejxeec t
caching. I n such cases, fai lcanrleeatio t be sppeanfdo
degradati on, unresponsi veness, or even appl.i
appropri atgi chawidtlhinng tlhoe di dRecei veMemoryWarr
unable to recover from memory pressur e, resu

experience.

Over ti me, especially with extendedprap@r arssig\
memory exhaustion, wultimately | eading to appl
i gnoring memory wapatitnersn atsh aat fsoiugntihf iacnatnit | y
reliability of 1 OS applications.

evel opdebrackeeon | d®at it eTraomd f LAmtther val i date t
reval ence of the foupatitidéerhixs ¢alkldi perdar ambas
he main thread, (2) backgreunds hngatdé, c 6 Bp cennvpsd B §
nsi de | oops, and ( 4)0 wieg ncoornidnugc t mme mocroyn swa t @
rofessional i OS developer s, each having at

he detail-gatotferenacahndangat hereedd otnh ep ar spoenraslp ec
ractices.

T Calling Database CommaAldls adevelhep das nadkhme
practice is common, particularly during ea

operations. They admi ttthed tagp phawicthg wp 1t dhvoiud

i mpact on performance. While they recogni z
background threads i mproves responsiveness
addi tional compl exity.

T Accessing Ulr Cmmpaonlqartcsudndl yT horeeaddevel oper
encountered this issue in prragltatced @ali analr:
the main thread. He confirmed that this | e

inconsi stencies and crashes.
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T Umplati ng Tabl e ViTehwes d envseildoep eLroso pi-pnadti tceartne di st |

more prevalent among novice developers. Al
this mistake regul arl y,retlhneaydDeagreg9di t eatt i
structures i s a common source of inefficie
intensive applications.

T lgnoring MemoAmornWartnhengksevel opers, only one
memory warning handl ers i n thoi snepgrloejcetcitnsg. tTh
citing-mematryl swenari os were rare in their
system to manage memory automatically. How

i mpl ementing proper menrreVv amatn apgeetmemtti aslt rfa:
memory pressur e.

Basedon the feedback received, we concluded that these foupaitérns are indeed prevalent in
realworld iIOS development and significantly affect application performance and maintainability.
Their iderification and mitigation are essential for enhancing software quality and ensuring
optimal resource utilization.

3.2. How do anti-patterns affect performance?

Toevaluate the i mpact of -ptahte eirchesnt iwfei eidmpp esrnfe
i ndividually i n a controll ed test environm
responsiveness, resource utilization, and use¢
Calling dmtaanbdass e ncaoa he Mai assdseadhe perfor ma
by executing database operations on the mair
relational dat abase model representinwi ahpgao
ontmmany relationship to products. Each categ

had four associated properties.

I nitially, we created five distinct categor.
test condlilgudat abase creation commands wer e
thread. Upon running the application, it W a ¢
seven seconds to complete this operation (nc
hardware specifications). During this period
execution orffelaamtyedtthesksUlsuch as rendering ir
i nput.

Thiddgdaysi gni ficantly degrasdeuws @rhse airsee rg eerxegrea li leyn
unresponsiveness | asting more than a few hur
i mpl emented the database operations using b
(GCD) . This medi theatmaom ahlrewd to remain re
being popul ated in the background. As a resul

components continued to function without not.i
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Table 3 Identified Anti-Patterns, Their Performance Impacts, and Refactoring Strategies

Code s Categt Expl anati ¢ Probl e Exampl e Refactori
Callin Thread Executing dat Blocks t Storing 10ffloadogaetab
databa manage (e.g., duereirgdst hread, products to background
comman synchronously Ul wupdat of five ¢GCD or Operat
the ma thread user int caus esdecao
thread unt il th freeze ir
complete . responsi\
Access Thread Updating or m Ul wupdat AttemptirEnsureralldt dd
Ul Obj manage components (e not be a change tlroperations ar
from Ul Button) wit corrkettlia Ul Labelthe main thre
Backgr threads to visua backgrourDi spadhQueue. me
Thread incorrec resulted
or appli or no vi ¢
crashes updat e
Updati User I nvoking relo from a r Leads to Displaying 50
Ul Tabl Il nterf method inside server)" redundanti mages and te
Il nside iterates over requests,flickering ro
Loop (e.g. me mory i mage downl oa
consumpti
inconsi st
di splay ¢
overl appi
rel oads
Il gnori Memory Failing to imApplicat In a socil mplement
Memory Manage respond to becomes app with di dReceiveMen
War ni ni di dReceiveMem unrespon:heavy tatto rel-eaisti na
met hod when s scrollin ignoring resources suc
is |low down, an warnings i mages Or unu
may c¢ras performarcontroll ers
memory degtada
exhausti prolongec
Calling Ul Component s fromo Bavkbuated t Mbkr ec
mani pul atingbdkckghthpeadpdwef romt anti ated a Ul Lal
properties (e.g., text, font, col or), and at
The i mmediate resul't was a rutneérn mmien atreasabr wp
outcome aligns with Apple's documehtbtaeidompew
must be performed on the main thread. Furthe
to Ul el ement s i nenbafcaiglreodu ntdo ttha keea desf foef ctt |, |
and i ncorrect state representation. These f
components outside the main thread introduc
behavimart,elwl tdiegrading both functionality and
Updating Ul Tabl eVi ew lenxsandienea tlhoeopper f or manc e
rel oadData() within a | oop, we developed a t
dat a istiesnt ecdo no f an I mage URL and descriptive
these items, with each row containing a UlIlm
we iteratively wupdated the table pie@ach ntsi idec
repeated calls to reloadData(), forcing the
Consequentl vy, the application initiated redt
resulting Iin excessmemometwom&kumptaigen, edmrdod alh &
due to overlapping download requests and asy!
unpredictably, and some rows showed outdated
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i mpact ed vtehde gouearlciety of the user interface an
the entire table mul tfieglcenitnigmecsy cduwer.i ng a sSi ng

l gnoring MemorWe Whirdhimgt conduct a <giateéeetr ni mg

t o i tdsocweneinted risks and predictableaemongeq
war ndlmysnot i mplementing the diddReacdesi vieoMemroa g
memory exhaustionunespgciapahplycani bosgtog drmads
media resources. Wh e n me mor y pressur e buil d
terminate the application to preserve system
sluggi shness, del ayed respomegsecandgfteqgiham
warnings is a criptatcalrnpemnfadr ndanceectdiyt iaff ec
scalability.

3.3. What Percentage of iOS Applications Exhibit the Identified Code Smells?

To assess the prevndldnecad @fepdthteanrdnosue ( la)dt ¢ al |
commands on the main thread, (2) accessing
updating Ul Tabl eView inside a dlweo pc,o nadnudc-t (edd) a
scale empirossal astegyesaentsatuirce s OBplagppdfi cap

Swi ft. For this purpose, we selected one of
applications hosted on GitHub [20]. Thie 1 e
coll ection of i OS softwar e, encompassing 37
cal endar s, media players, and mor e. Sever al

subcategories to better organize application

| otaL t he dataset comprises 76 distinct appl i
applications devel oped I n dimud Itu dil regC p@ bdRgeracadmin
Native, afdwelJhvaeabBtedpour analysis exicfltusiarselo
resear ch f obcausseeds iohS Sowe Vil opment practices.

From this curated dataset, we-smamual ISwide¢el ap
for the presemadtefrnshe Elachr a@pmpt iboathi ocsnt awa <
analysis and automated detection techniques
aggregated to esti mapatt b8enfwocerglad sicySE ad p pelaiccha

Table 4 Selected categories with their numbé&gapplications

Category|[Number of dCategnNumber of Category Number of &
Firebase|5 News 410 Fitness 5
CoreDat a Hacke| Contact

12 3 2

News Reference

Trip 4 News 11 Contact Tral7
Ti mer 4 Vi deo | 6 Heal t h 19
Not e 4 Photo|20 SpriteKit 10
Tasks 6 Gi f 5 Game 24
Soci al M{ 8 Conte|28 Crypto 9
Shopping|5 Audio|14 Finance 13
Password|®6 Ani moj1l File 5
Scan 5 Medi a| 8 Wi dget 7
Of ficial |11 Locat |8 Today 6
RSS 3 Ho me 2 Safari Ext e 3
Content 5 Educaf{l9 Communicati|21
Extensiol3 Githull1 Clock 1
Event 13 Devel (22 Col or 2
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Frothei ni ti al dataset, we extracted a total |
categoOahblegsr.dsent s t he selected application 4
applications in each category. Faelelt owiong ntch ius
those applications devel oped in the Swift [

excl usi veblaysedn iSG9 fdevel opment .

During the filtering process, we observed t h:
Swigar !l ier than version 5. Considering that

current devel opment practices predominantly
applications developed in Swift avteirosnalnes b eohw
decision is threefol d:

1.0l der versions of Swift may not accurately
2. Applications developed prior to Swift 5 ma
newer versions.

3.Analyzingodebdaesdcould introduce bias or

Thusensurgeohe rel evance and validity of our resu
in Swift 5 or higher.

Detection StrategyPdtotrerPres f or mance Ant i

To asspsesesdmee of the fourpadééinsicead | pagf d

commands on the main thread, (2) accessing L
Ul Tabl eView inside | oops, dawed e(np)l oiygendo r@f nogo nmi
static code analysis and manual i nspection t e
Fogachanpattern, we ddfeivredd iardd etatofr scachal sear ¢
or cl asagossibageesurce files. For instance:

T To detect usage C&brlodalt ajat awkeasearCcoded. fo
NSManagedObject Context, and related API s.
T To i1 demneifhyedl operations outside the main

Di spatchQueue. global (). async foll owed by U

M To det ectr etloaldes wigwi n | oops, we searched
tabl eView. reloadData() inside iterative co
T To check for memory warning handling, we s

di dRecei veMemoryWarning() method.

Oncepot enti al instances were | ocated, we condu
confirm wheptahtetrertnh ewaasntaictual ly present or i
been I mplemented. Each appl imrcditdatni naga se itthheenr

of apaanern or adherence to best practices.

Thissystematic approach ensured a -vwarglhd lienvsetl a no
performrmdmaded code smell s across Sa alpgprige aandn
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Other
5%

The lower
version
24%

Errorin
I execution
4%

Presence of a

least one

smell code
52

Useless
7%

Figure 2. The result of manually checking the frequency of antipatterns in source codes

Freqguency Anal ysi sPatft Premd oirmmain@® MAmplii cati on

Toevaluatee he preval ence of thpaidenths f i ed -spceanlfleo c 1
anal ysi s acr ossouar cdeatSvwsieftt oafp polpiecnat i ons host e
included 427 applications spanfntiemrg a&ppldyiifnfge
criteria based on | anguage version and code
applicationdeptuhtabbhky$ébps. in

Exclusion Criteria and Dataset Filtering

T Language Version: Out poefr otxhenad4 21 yappd)i aveetrie
using versions of Swift earlier than versi
compatibility and is now widely adopted, w
to ensure relevance ts.current devel opment

T Code Quality |Issues: After manual inspectd.i
execution errors or were incomplete implem

T No-Ahunctional Applications: Angootrhiezre d8@ % sof t
educational or demonstr-aoilod fpuwg¢teicosal Thye
representative of deployable i OS applicati

T Correct | mplementations: Among the remaini
utilized featupasteehatbdttomphemanted the
dat abase operations were explicitly dispat
executed on the main thread.

Preval ence of l denti fied Code Smell s

Ul ti mathe2ly of the 180 analyzed applications (
four i1 dentifiehtperfner malrmee eantsisues have t he



Author's full nameComputational Sciences and Engineeritd) (2025) 39-70 55

performance and require corredtciadn utsm gen sswreen
di stributi-patoér eaich smmmari zed bel ow:

T lgnoring Memory Warnings: Thi awdasrtnhe pmes
63% of the affected applications (®@dnyput o
devel opers either underestimate the i mport
applications winelmonroyt ceonncdo utnitoenrs .| oHo wever,

di dRecei veMemoapyWaeadngo) performance degr a

termimadan devices with Iimited resources.
9 Calling Database Command$aonetrme wdai meTlrrce
cases (45 out of 133). Performing heavy da

freezes and unrestpowbienwedess ) ngawiitbul ar ge
availability of concurrency mechanisms suc
remains widespread among i OS developers.

T Updating Ul Tabl eVi ew altn ®irde wasco g :u n(dd iiau taom

of 133). WBbsBlbehias Brmpasti ve network reqgue
rende&irs ngignificant, its | ow frequency may
' i mitations in our dataset.

T Accessing Ul Components fr &amiBmaathtgeiroru nwa s h:
found in 2% of the examined applications.
vi sual inconsistencies when it does occur,
practices.

Ceoccurrence of Multiple Code Smell s

In1% of the affected appipiaddateiroanswasmoprree stema n

Notably, t he most common combination invol ve
dat abase commands on the main threaod.l oWwhibse s:
practceds n one area are more | ikely t ocreixthiidadlt g«

of their code.

These findings highlight the need for i mpro
increased awaremnelsated eopedifromngmanaeti ces i n iC
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H Ignoring memory warning u Calling database commands on the main thread

u Calling Ul objects in a background thread Updating tables inside the loop.

Figure 3. frequency of code smells in source codes

3.4. Automated Detection of Performance AntiPatterns in iOS Applications

Given that manual i deealt af édatodal asHn@mrp le & eparevanbee, € maonrd t i
consuming process, we developed an automat-pat detrsctato!
source code | evel. This tool assists deveveolpepme nbty of
mai ntenance phases, enabling early intervention and mi

To ensure high accuracy and r obapthmestsudy dafetstcan dar d

Appl ebds official devel opelri deeomsestansoomn ahadat Eommani
and Apple Developer For ums. These resources hel ped us
correct implementatiomattredmded to the selected anti

Furthermore we <consudé egdr ofi & dhs itohnra | i OS develwoperd ¢todigm
practices, l' i brary usage, and typical i mpl ement ati on |

syntactic and semantic -patter whiabsdbormeddtWwiet basashf e

Considering that iOS applications are primarily developed using Swift within the Xcode environment, we
implemented the tool as a Swifased module, allowing seamless integration into existing developmeekiiows.
Developers can incorporate this module into their projects to automatically detect perforelatezk code smells
during the coding or refactoring stages.

3.4.1.Detection Methodology

To effectively idenpeffyormepmaaeaentsiobct hhes fa
codebases, we needed to analyze the syntact.i
required access to t hea Abisetrraarccth i Syant arxe pTrreesee n(
strucatureenabhl es precise code inspection.

We utilized tBeubweft ABTaopen21], which is s
source code and generate its corresponding
i nformati on alcautonwar icdhalsesse,s,futand met hod i nv
Tool Workflow Overview

Thepr oposed detection workflow consists of the
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l.lnput Source Code Parsing: The tool recei v
Swi ft dA&AaT,seist the code and constructs the AS
as function calls, variable declarations,

2.Code Structure Analysis: After generating
relevant mcolmpoinegpt s i

T Function definitions and invocations

T Class and method decl arations

T Thread management constructs (e.g., Di s

T Ul object manipul ations

9 Memory warning handling (di dRecei veMemo

3.Pattern Matching-PAgakombte Deli i ifedt A@atfiour i

patterns, we predefined a set of syntactic
empirical findings. During this phase, the

9 Calling database cathmabdseohi hgeswmachro

operations executed directly on the mai
T Accessing Ul components from background
met hods outside the main thread context
T Updating Ul TableView indicdcdalllcopo: rReéeoa
within iterative constructs.
T lgnoring memory warnings: Checking for
di dRecei veMemoryWarning() overrides.
4 Result Reporting: Upon completion of the a
whet hampabhtyerns were detected. I f no issue

stating the absence of the targetadd edcndse ag

identified, the tool provi des:
T A description of the detected issue
M The exactanfdi l e neamember where the issue

T Suggested remediation strategies based

Figure4i | l ustrates the overal/l architecture and
each component contribumnesef tpetieeram®eduacatde &
Swibfatsed 1 OS applications.
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Figure 4. Schematic representation of the proposed methodology for detecting perfonmiated antpatterns
3.4.1.1. Detection of "Calling Database Commands on the Maiimread"

Aspar-t of our automated detection framewor k,
i nstances where database opedatp®mfsoraman eeremr
that can | ead to Ul freezes and degraded wuser

Thedet ecti on process begins after parsing the

Abstract Syntax Tree (AST). The tool t hen id
Dat a o Pesmpaetciidns al |y t hose i nvolgeid®d | ecd taGcret
NSPersistent Container, or properties I|ike vi

of datebatsed | ogi c.

Oncet he relevant variables are identified, the
A funcltagaged sfdr further analysis if it cont a

¢ Il nvocations of Core Data methods such as f
operati ons.
9 Direct manipul ation of persistent data sto

Then e x t step involves tmatciimrgs taaer ousssa gteh eo f c otc
whet her they are dispatched to background t h
from the persppatteen,ofitt hmeastanbe executed
concurrencyspanshQuewns: glbDobal (). async, perf ol
performBlock and completionBl ock.

I f any of these patterns are present, the op
and the tool reports noommands HBHoweweamr,cut £dt
main thread without being wrapped in such co

presence -poat tteren. antti al so provides the exact
violation oevetopeensabli hgcate and fix the i:

Figurélmstradbywsephdeséeepi on -wat kelkraw hoght hgek
t ool analyzes variable declarations, functio
datase® operations are appropriately offl oaded



