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 Performance issues in mobile applications significantly degrade user 

experience and increase abandonment rates. This study investigates 

poor development practices in iOS apps through analysis of 193 

performance reports from four applications and 56 Stack Overflow 

discussions, identifying four critical anti-patterns: (1) ignoring memory 

warnings, (2) main-thread database operations, (3) table updates within 

loops, and (4) UI access from background threads. Analysis of 427 iOS 

projects revealed 52% contained at least one such issue, with memory 

warning neglect being most prevalent (63%), followed by main-thread 

database calls (34%), while loop-based table updates and improper UI 

thread access each appeared in 2% of cases.  To automate detection, we 

developed a static analysis tool for Swift codebases. The tool achieved 

96% accuracy for memory warnings, 87% for main-thread database 

operations, and 100% for loop-internal table updates. Detection of 

background thread UI access proved more challenging (50% accuracy). 

These results demonstrate both the widespread nature of performance-

hindering practices in iOS development and the effectiveness of 

automated detection for most anti-patterns. The findings provide 

developers with actionable insights to improve app performance during 

development, while highlighting areas needing more sophisticated 

detection approaches. Our work contributes to better understanding and 

mitigation of performance issues in mobile applications. 
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1. Introduction and Related Works 

According to a report published in 2022, the global number of smartphone users has reached 

approximately 6.6 billion, which accounts for about 83.32% of the worldôs population [1]. Today, 

smartphones play an essential role in daily life and are widely used across various domains, 
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including social networking, Internet of Things (IoT) device control, financial transactions, and 

more. In 2022, over 1.2 billion users were utilizing iPhones [2], most of whom access Apple's App 

Store to discover and download software. As of that year, the App Store hosted approximately 3.9 

million applications, including around 984,000 games [3]. According to [24], nearly 47% of users 

uninstall an application within 30 days of installation. 

Mobile applications are typically categorized into groups such as educational, entertainment, 

utility, and others. The vast diversity of available applications across these categories provides 

users with a wide range of choices while simultaneously creating a competitive environment 

among developers. To remain competitive, developers must continuously update their applications 

with useful features to attract new users and retain existing ones. User satisfaction is a critical yet 

challenging objective, as studies indicate that 75% of applications are uninstalled within three 

months of installation [4]. Consequently, developers are compelled to ensure high-quality 

software delivery to maintain user engagement. 

Smartphones generally possess limited computational resources compared to desktop systems and 

other devices, particularly in terms of battery capacity, CPU performance, memory, and storage. 

Given these constraints, mobile applications must efficiently utilize system resources. Battery 

consumption, memory usage, and overall device usability throughout the day are key concerns for 

end-users. Applications that consume excessive resources may lead users to uninstall them or 

cause long-term damage to the device, resulting in both user dissatisfaction and potential business 

losses. Effective resource management thus remains a crucial challenge in mobile application 

development, directly influencing user retention and business sustainability. 

Numerous studies have confirmed the negative impact of inefficiently designed applications on 

device performance [5]. Motivated by this issue, researchers have investigated underlying causes, 

leading to the concept of code smells. A code smell refers to a surface-level indicator that may 

point to deeper structural problems in source code. These indicators can hinder application 

maintenance, evolution, and future development. Code smells often arise due to poor design 

decisions or suboptimal programming practices [11]. While the presence of a code smell does not 

necessarily prevent an application from functioning correctly, it can lead to increased processing 

overhead, higher crash risks, and greater susceptibility to errors [26]. Additionally, code smells 

increase maintenance efforts and contribute to technical debt [27]. 

The manifestation of code smells varies across projects and development teams, depending on 

design patterns and coding standards adopted by organizations. In the context of mobile platforms, 

performance code smells refer to specific anti-patterns that directly affect system resources such as 

memory, CPU, battery, and storage, ultimately degrading the user experience. Examples include 

UI rendering delays, excessive memory consumption, and sluggish interface responses. 

Identifying and mitigating such performance-related code smells can significantly enhance 

resource utilization and improve application efficiency. 

In 2014, a study was conducted to identify performance-related issues in Android applications 

through a comprehensive review of multiple apps and the definition of recurring problem patterns 

[13]. The investigation focused on eight applications known to exhibit performance problems and 

revealed that such issues primarily manifest in three forms: UI lag, excessive power consumption, 

and high memory usage. Around the same time, another survey explored the existence of code 

smells in mobile applications [12]. Through systematic analysis of datasets derived from blogs, 
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forums, and developer discussions, the authors identified and documented 30 distinct 

performance-related code smells in Android applications. Some of these were described 

descriptively, while others were formally defined. Notable examples included Internal 

Getter/Setter, Member Ignoring Method, and HashMap Usage. This set of identified smells later 

served as a foundational reference for subsequent research. 

Subsequent studies have analyzed the frequency and impact of these code smells in real-world 

applications. For instance, [13] and [14] examined the effects of modifying certain smells, such as 

Internal Setter/Getter, Member Ignoring Method, and HashMap Usage. Their findings indicated 

that addressing these smells led to measurable improvements. Specifically, refactoring the 

Member Ignoring Method resulted in a 12.4% enhancement in application performance, while 

optimizing HashMap Usage reduced memory consumption and decreased in-memory collection 

calls by 3.6%. 

Multiple studies [15ï19] have consistently demonstrated that eliminating code smells leads to 

improved software performance. In addition, several works [6ï9] have focused on defining and 

identifying anti-patterns specifically in Android applications. In contrast, fewer studies have 

addressed performance-related code smells in iOS applications. Among the notable exceptions are 

[22][23][28], and [29]. In [28], researchers employed the PAPRIKA tool to detect code smells in 

iOS applications. They utilized ANTLR4 grammars to generate parsers for Swift and Objective-C, 

enabling the extraction of Abstract Syntax Trees (ASTs) for further analysis. Based on this 

approach, they identified three iOS-specific code smells alongside four object-oriented smells. By 

analyzing 176 Swift-based and 103 Objective-C iOS applications, they found comparable 

frequencies of code smells across both languages. Furthermore, when comparing iOS and Android 

applications, the study concluded that Android apps tend to contain a higher prevalence of code 

smells. 

In [29], the authors compiled a list of 36 code smells by combining object-oriented and iOS-

specific smells introduced in prior studies [10][11][28]. Of these, 34 were object-oriented smells 

and two were iOS-specific. Using a detection tool inspired by Paprika, they analyzed 273 open-

source iOS applications and identified several prevalent smells, including Long Method, Lazy 

Class, Internal Duplication, Message Chain, and Ignoring Memory Warning. 

Given the widespread adoption of iOS as one of the leading mobile operating systems, we initiated 

a study to explore performance-related anti-patterns within this ecosystem. Initially, we reviewed 

performance issue reports from four actively maintained Swift-based iOS applications, collecting 

a total of 193 relevant reports. To enrich our dataset, we also examined Stack Overflow posts 

related to iOS performance issues, selecting 56 cases based on criteria such as answer quality, 

frequency, and relevance. Following validation against Apple Developer Documentation and 

consultation with three experienced iOS developers, we identified four distinct anti-patterns. 

Subsequently, we manually assessed the prevalence of these anti-patterns across 180 open-source 

iOS applications. Observing their significant occurrence, we proceeded to develop a dedicated 

code smell detection tool tailored for Swift-based iOS applications, capable of identifying and 

reporting the discovered performance-related code smells within source code repositories. 

In general, the primary objective of this research was to address the following research questions: 

¶ RQ1: What are the common performance anti-patterns in iOS applications? 
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Through a systematic analysis of performance-related issue reports from four actively 

maintained iOS applications developed in Swift, as well as performance-related discussions 

on Stack Overflow, we identified four prevalent performance anti-patterns. These include: 

¶ Ignoring memory warnings 

¶ Invoking database commands on the main thread 

¶ Updating table views within loop constructs 

¶ Accessing or modifying UI elements from background threads 

¶ RQ2: How do these anti-patterns affect application performance? 

Based on our analysis and simulation of each identified anti-pattern, we observed the 

following impacts: 

¶ Invoking database operations on the main thread leads to thread blocking, which 

prevents the execution of other tasks until the operation completes. 

¶ Modifying UI components from background threads results in inconsistent data 

display, visual anomalies, and potential application crashes. 

¶ Updating table views within loops causes excessive network usage, increased battery 

consumption, and incorrect rendering of data. 

¶ Failure to handle memory warnings appropriately leads to sluggish scrolling, 

memory saturation, and eventual application termination. 

¶ RQ3: What percentage of iOS applications exhibit the introduced anti-patterns? 

A manual inspection of 180 open-source iOS applications revealed the following prevalence 

rates for each anti-pattern: 

¶ The ignoring memory warnings anti-pattern was present in 63% of the examined 

applications, making it the most frequently occurring issue. 

¶ The invoking database commands on the main thread anti-pattern was found in 34% 

of cases. 

¶ Both updating tables inside loops and accessing UI elements from background 

threads were relatively less common, each appearing in approximately 2% of the 

analyzed applications. 

¶ RQ4: How can the detection of these anti-patterns be automated across different 

source codes? 

To facilitate the automatic identification of these performance anti-patterns and support 

developers in avoiding their introduction during development, we designed and 

implemented an iOS performance code smell detection tool in Swift. We evaluated the tool 

using the same set of 180 iOS applications analyzed in RQ3 and obtained the following 

results: 
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¶ For the ignoring memory warnings anti-pattern, the tool successfully detected 96% 

of the instances. 

¶ In the case of invoking database commands on the main thread , the tool correctly 

identified 67% of occurrences. While it failed to detect 11% of cases, only 13% were 

falsely flagged as affected, and the tool was able to recognize and avoid such 

misclassifications, resulting in an overall accuracy of 87%. 

¶ Regarding updating tables inside loops , the tool achieved a perfect detection rate of 

100%. 

¶ For accessing UI elements from background threads , the tool detected 50% of the 

cases accurately. 

These findings demonstrate the effectiveness and reliability of the proposed tool in identifying 

performance-related anti-patterns, enabling developers to proactively enhance the quality and 

efficiency of their iOS applications by avoiding such problematic coding practices. 

This paper makes several key contributions to the field of mobile software engineering by 

systematically identifying, analyzing, and addressing performance-related code smells in iOS 

applications. First, it presents an empirical investigation based on real-world issue reports from 

actively maintained iOS apps and Stack Overflow discussions, leading to the identification of four 

critical performance anti-patterns: (1) ignoring memory warnings, (2) calling database commands 

on the main thread, (3) updating UITableView inside loops, and (4) accessing UI components 

from background threads. Second, it provides a comprehensive analysis of the prevalence of these 

issues across 180 open-source Swift-based iOS applications, revealing that more than half of them 

suffer from at least one of these performance problems. Third, the paper introduces an automated 

static analysis tool for detecting these anti-patterns directly in Swift source code, achieving high 

accuracy ratesðparticularly for memory warning handling and main-thread database operations. 

Finally, it evaluates the impact of each anti-pattern through controlled experiments, demonstrating 

how such poor coding practices degrade application performance and user experience. These 

contributions offer valuable insights for developers and researchers aiming to improve the quality 

and efficiency of iOS applications. 

The remainder of this paper is organized as follows:  In Section 2, an overview of the iOS platform 

is provided, including its history, key features, and the primary development tools and languages 

used ð namely Swift and Objective-C. The ModelïViewïController (MVC) architectural pattern, 

which is widely adopted in iOS application design, is also described.  In Section 3, a detailed 

investigation into performance-related anti-patterns identified in this study is presented. This 

includes the methodology used to identify four critical performance code smells: (1) calling 

database commands on the main thread, (2) accessing UI components from background threads, 

(3) updating UITableView inside loops, and (4) ignoring memory warnings. The impact of each 

anti-pattern on application performance is analyzed, based on empirical results obtained from both 

synthetic testing and real-world examples. Design and implementation of a static analysis tool 

aimed at detecting these performance issues in Swift-based iOS applications are also described in 

Section 3. Section 4 provides comparison with static analysis tools for mobile code smells. Threats 

to validity and Concluding remarks are also provided in Sections 5 and 6, respectively. 
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2. Background: iOS Operating system 

iOS is a proprietary mobile operating system developed by Apple Inc., specifically designed for its 

line of mobile devices, including the iPhone. It has also been used historically in iPod Touch and 

iPad models prior to the introduction of iPadOS in 2019. As of today, iOS ranks as the second 

most widely adopted mobile operating system globally, following Android. Furthermore, it serves 

as the foundational platform for three other Apple-developed operating systems: iPadOS, tvOS, 

and watchOS. 

The first version of iOS was introduced in 2007 alongside the launch of the original iPhone and 

has since been extended to support additional Apple devices. Native application development on 

iOS is primarily conducted using two programming languages provided by Apple: Swift and 

Objective-C. The primary integrated development environment (IDE) for iOS development is 

Xcode. Introduced in 2014, Swift was designed by Apple as a modern alternative to Objective-C 

and has rapidly gained popularity among developers due to its simplicity, performance, and safety 

features. 

The software development architecture commonly employed in iOS applications follows the 

ModelïViewïController (MVC) design pattern, which divides application logic into three 

interconnected components: 

I. Model: This component encompasses data structures and their management mechanisms. It 

includes model objects, data parsers, network managers, and other entities responsible for 

handling business logic and data persistence. 

II. View: The view layer is responsible for the visual representation of the application's data and 

user interface elements. It displays information derived from the model and allows user 

interaction. Reusable UI components are often defined within this layer to enhance code 

maintainability and reduce redundancy. For instance, developers may define custom subclasses of 

UIKit components such as UILabel or UIButton for repeated use across different parts of an 

application. 

III.  Controller : The controller acts as an intermediary between the model and the view. It 

receives input from the view, processes itðoften by interacting with the modelðand updates the 

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

between the data and presentation layers. 

3. Performance Code Smells in iOS Applications 

To identify performance-related anti-patterns in iOS applications and address the research 

questions outlined in this study, we conducted a multi-phase investigation. Specifically, to answer 

RQ1, we manually 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 anti-pattern by simulating them in controlled test environments. 

Subsequently, for RQ3, we performed a large-scale manual inspection of open-source iOS 

applications to assess the prevalence of the discovered anti-patterns. Finally, to address RQ4 and 

enable automated detection, we developed a dedicated tool capable of identifying these 
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performance code smells in Swift-based 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 Anti-Patterns in iOS Applications?  

To gain insights into prevalent performance issues in iOS applications, we conducted an in-depth 

analysis of performance-related bug reports from four iOS applications developed in Swift. We 

selected these applications based on the following criteria: 

1. Active Development and Maintenance: We prioritized applications that are continuously 

updated and under active development. Such applications typically receive regular user 

feedback, including performance-related issues, which can be valuable for our analysis. 

2. User Engagement and Testing History: We focused on applications that have been publicly 

available for at least one year, ensuring sufficient user exposure and testing history. 

3. Access to Source Code: To perform a detailed analysis, access to the source code was 

essential. Therefore, we collaborated with an iOS software development company that 

granted us access to four internally developed applications. 

The selected applications included: 

¶ A smart home control application similar to Apple Home and BroadLink, allowing users to 

manage IoT devices. 

¶ A social media platform akin to Instagram, enabling users to share events, engage in chats, 

and interact with multimedia content. 

¶ An audio-based social networking app comparable to Clubhouse, supporting voice calls, 

group conversations, and mini-games. 

¶ A task management and reminder application. 

From these four applications, we collected approximately 852 issue reports. After filtering and 

categorizing the reports, we isolated those directly related to performance degradation, including 

issues related to responsiveness, memory consumption, UI rendering anomalies, and network 

inefficiencies. These filtered reports formed the basis of our initial dataset. 

In addition to internal application reports, we conducted a systematic search on Stack Overflow 

[25] to gather performance-related issues reported by the global developer community. Developers 

frequently post technical challenges encountered during implementation, seeking guidance from 

peers. Using relevant keywords such as slow , performance , memory , memory warning , UI 

rendering , database performance , and UI freeze , we retrieved a total of 260 posts. From these, 

we selected only those with verified solutions, higher frequency, and thematic similarity, resulting 

in a refined set of 56 cases. 

Table 2 summarizes the key findings from the Stack Overflow analysis. Combining both 

datasetsðapplication issue reports and Stack Overflow casesðwe compiled a comprehensive list 

of 249 performance-related issues, which served as the foundation for identifying common 

performance anti-patterns in iOS applications. 
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Table 1. The results obtained from the review of applications issue reports 

Application Category Number of issues Number of performance issues reports 

App 1 Lifestyle 342 72 

App 2 Photo & Video 214 61 

App 3 Video-News 151 24 

App 4 Productivity  145 36 

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

Total Related Slowness Memory Wrong UI Network 

260 56 24 7 12 13 

 

Following the initial collection and categorization of performance-related issues from application 

reports and Stack Overflow discussions, we proceeded to validate these findings against Apple's 

official developer documentation [30]. This step was undertaken to confirm that the observed 

problems stemmed from deviations from recommended development practices and design 

patterns. 

In addition to the documentation review, we consulted with three experienced iOS developers to 

further verify the validity of the identified issues. These experts confirmed that the reported 

behaviors were indeed the result of improper implementation patterns and acknowledged their 

potential to cause performance degradation. 

Subsequently, we classified the validated performance issues based on their functional impact into 

three main categories: 

¶ Thread Management Issues: These encompassed problems related to improper use of 

threading mechanisms, such as performing heavy operations on the main thread or accessing 

UI components from background threads. 

¶ User Interface Update Problems: This category included issues arising from inefficient or 

incorrect updates to the user interface, such as unnecessary UI refreshes or rendering 

anomalies. 

¶ Memory-Related Issues: These involved improper memory handling, including failure to 

respond to memory warnings and excessive memory allocation. 

Quantitative analysis of the categorized issues revealed the following distribution: 

¶ Approximately 53% of the cases pertained to thread management problems. 

¶ About 38.9% were associated with user interface update inefficiencies. 

¶ Nearly 9% were attributed to memory-related mismanagement. 

Figure 1 provides an overview of the methodology employed in identifying and classifying these 

performance anti-patterns. 
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Figure 1. The method of collecting inappropriate patterns 

 

Thread management problems: In iOS application development, threads are responsible for 

managing and prioritizing the execution of tasks within the application lifecycle. A core principle 

in mobile software design is to ensure that user-facing operationsðsuch as UI rendering and 

interactionðare given the highest priority. This approach enhances perceived performance, 

leading to a smoother and more responsive user experience. 

Threading mechanisms enable developers to divide and distribute workloads across different 

execution paths, thereby improving efficiency and responsiveness. However, improper use of 

threading can lead to significant performance degradation. Two critical anti-patterns related to 

thread management were identified during our investigation: (1) invoking database commands on 

the main thread, and (2) manipulating UI components from background threads. 

Blocking the main thread: By default, all operations in iOS applicationsðincluding UI updates 

and data processingðare executed on the main thread unless explicitly dispatched elsewhere. 

When long-running or computationally intensive tasks are performed on this thread, it becomes 

blocked, preventing the timely execution of other essential operations such as rendering UI 

elements or responding to user input. 

One common source of such blocking behavior involves the invocation of database commandsð

particularly those involving reading from or writing to local storageðon the main thread. In iOS, 

Core Data is a widely used framework for managing model objects and persisting data locally. 

While convenient, performing extensive database operations directly on the main thread can 

significantly degrade performance, especially when dealing with large datasets. 

For example, if an application performs a heavy database query or write operation on the main 

thread, the user interface may become unresponsive until the operation completes. This results in a 

poor user experience, characterized by laggy interactions and delayed visual feedback. 

To mitigate this issue, time-consuming operations should be offloaded to background threads 

using Grand Central Dispatch (GCD) or Operation Queues. By doing so, the main thread remains 

free to handle UI-related tasks, ensuring continuous responsiveness. 

Our analysis of performance reports from App 1, App 4, and Stack Overflow discussions revealed 

that this anti-pattern is frequently encountered in practice. Developers often overlook the 

performance implications of executing database logic on the main thread, particularly during early 

development stages. Given its negative impact on application responsiveness, we classify calling 

database commands on the main thread as the first identified anti-pattern. 
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Calling UI objects on a background thread: The main thread is exclusively responsible for 

rendering and updating the user interface. Any attempt to manipulate UI componentsðsuch as 

UILabels, UITableViews, or UIViewsðfrom a background thread may result in undefined 

behavior, including incorrect rendering, visual anomalies, or even application crashes. 

During our investigation, we observed this anti-pattern in App 3, where the developer attempted to 

perform view-related calculationsðsuch as determining the size of UI elementsðwithin a 

background thread to improve perceived performance. However, this led to inconsistent UI 

updates and unexpected failures. Additionally, several Stack Overflow reports highlighted cases 

where UI attributes were updated from non-main threads, resulting in incorrect values being 

applied or changes not taking effect at all. 

According to Apple's official documentation, all UI-related operations must be executed on the 

main thread to ensure consistency and correctness. For instance, modifying the frame, text, or 

color properties of a UI element from a background thread may cause race conditions or render 

outdated or corrupted data. 

As a result, we identify invoking or modifying UI components from background threads as a 

second anti-pattern that negatively affects both the stability and reliability of iOS applications. 

User interface update problems: One of the recurring performance issues identified in App 1, 

App 2, and App 3 involved incorrect data displayðparticularly inconsistent or flickering images 

across table rows. Our investigation revealed that this issue stemmed from a common anti-pattern: 

invoking the reloadData method of a UITableView within a loop during data updates. 

In iOS development, UITableView is one of the most widely used components for displaying lists 

of structured data. Each row (cell) typically represents a specific data item, such as a textual label 

or an image. When the underlying data model changes, developers often call the reloadData 

method to refresh the entire table and reflect the updated information. 

However, calling reloadData repeatedly inside a loopðespecially when each iteration triggers a 

network requestðcan lead to significant inefficiencies. Specifically, every invocation of 

reloadData forces the table to re-render all visible cells, initiating redundant downloads of 

associated resources (e.g., images) and re-executing UI-related logic such as layout adjustments or 

animations. 

This repeated reloading not only increases network bandwidth consumption but also leads to 

elevated battery usage and memory overhead. Moreover, it can cause visual inconsistencies, such 

as outdated or partially loaded content being displayed before the latest data becomes available. 

For instance, if a new image download begins while an older one is still in progress, the UI may 

briefly show the previous image before replacing it with the new oneðresulting in a flickering 

effect or incorrect data presentation. 

To illustrate, consider a scenario where a table view fetches data items from a remote server via 

Firebase, with each item containing an image URL and descriptive text. If the developer chooses 

to reload the entire table after processing each individual item inside a loop, the system will 

attempt to render incomplete data multiple times. This behavior disrupts the expected flow of data 

rendering and introduces unnecessary computational load on both the client and server sides. 
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Given its negative impact on application responsiveness, user experience, and resource utilization, 

we classify updating a table view inside a loop as a third performance anti-pattern in iOS 

applications. 

Memory-Related Issues: In iOS, the didReceiveMemoryWarning() methodðdefined within the 

UIViewController classðis invoked by the system to notify an application when it is consuming 

excessive memory and requires resource optimization. This method must be explicitly 

implemented by developers in order to handle low-memory conditions effectively. When 

triggered, it serves as a signal for the application to proactively release non-critical resources (e.g., 

cached data, unused images, or background services) to free up memory and ensure continued 

smooth operation [20, 21]. 

During the lifecycle of an iOS application, situations may arise where memory usage exceeds 

acceptable thresholds due to prolonged execution, inefficient object management, or excessive 

caching. In such cases, failure to respond to memory warnings can lead to performance 

degradation, unresponsiveness, or even application termination. If developers do not implement 

appropriate handling logic within the didReceiveMemoryWarning() method, the system may be 

unable to recover from memory pressure, resulting in abrupt process termination and a poor user 

experience. 

Over time, especially with extended app usage, ignoring memory warnings can cause progressive 

memory exhaustion, ultimately leading to application instability or crashes. Therefore, we classify 

ignoring memory warnings as a fourth anti-pattern that significantly impacts the performance and 

reliability of iOS applications. 

Developer Feedback on Identified Anti-Patterns: To further validate the relevance and 

prevalence of the four identified performance anti-patternsð(1) calling database commands on 

the main thread, (2) accessing UI components from background threads, (3) updating table views 

inside loops, and (4) ignoring memory warningsðwe conducted consultations with three 

professional iOS developers, each having at least four years of industry experience. We presented 

the details of each anti-pattern and gathered their perspectives based on personal development 

practices. 

¶ Calling Database Commands on the Main Thread: All developers acknowledged that this 

practice is common, particularly during early development stages or in lightweight 

operations. They admitted to having previously used this approach without considering its 

impact on performance. While they recognized that offloading database operations to 

background threads improves responsiveness, they also noted that doing so introduces 

additional complexity. 

¶ Accessing UI Components from Background Threads: Only one developer had 

encountered this issue in practice, primarily when performing layout-related calculations off 

the main thread. He confirmed that this led to unpredictable behavior, including UI 

inconsistencies and crashes. 



50 A. Kohansal, F. Feyzi/ Computational Sciences and Engineering 5(1) (2025) 39-70  

 

¶ Updating Table Views Inside Loops: The developers indicated that this anti-pattern is 

more prevalent among novice developers. Although none of them admitted to committing 

this mistake regularly, they agreed that improper use of reloadData() within iterative 

structures is a common source of inefficiency and visual anomalies, especially in data-

intensive applications. 

¶ Ignoring Memory Warnings: Among the developers, only one had actively implemented 

memory warning handlers in his projects. The other two admitted to neglecting this aspect, 

citing that low-memory scenarios were rare in their applications or that they relied on the 

system to manage memory automatically. However, they acknowledged the importance of 

implementing proper memory management strategies to prevent potential failures under 

memory pressure. 

Based on the feedback received, we concluded that these four anti-patterns are indeed prevalent in 

real-world iOS development and significantly affect application performance and maintainability. 

Their identification and mitigation are essential for enhancing software quality and ensuring 

optimal resource utilization. 

3.2. How do anti-patterns affect performance?  

To evaluate the impact of the identified performance anti-patterns, we implemented each one 

individually in a controlled test environment and observed their effects on application 

responsiveness, resource utilization, and user experience. 

Calling database commands in the main thread: To assess the performance degradation caused 

by executing database operations on the main thread, we designed a test scenario involving a 

relational database model representing a product store. The schema included five categories with a 

one-to-many relationship to products. Each category contained four attributes, and each product 

had four associated properties. 

Initially, we created five distinct categories and populated each with 1,000 products. In the first 

test configuration, all database creation commands were executed synchronously on the main 

thread. Upon running the application, it was observed that the system required approximately 

seven seconds to complete this operation (note: execution time may vary depending on device 

hardware specifications). During this period, the main thread remained blocked, preventing the 

execution of any other UI-related tasks such as rendering interface elements or responding to user 

input. 

This delay significantly degraded the user experience, as users are generally unwilling to tolerate 

unresponsiveness lasting more than a few hundred milliseconds. To mitigate this issue, we re-

implemented the database operations using background threads via Grand Central Dispatch 

(GCD). This modification allowed the main thread to remain responsive while the database was 

being populated in the background. As a result, the application maintained its interactivity, and UI 

components continued to function without noticeable delays. 
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Table 3. Identified Anti-Patterns, Their Performance Impacts, and Refactoring Strategies 
Code smell Category Explanation Problem Example Refactoring 

Calling 

database 

commands in 
the main 

thread 

Thread 

management 

Executing database operations 

(e.g., insertions, queries) 

synchronously on the main 
thread 

Blocks the main 

thread, preventing 

UI updates and 
user interaction 

until the operation 

completes 

Storing 1000 

products for each 

of five categories 
caused a 7-second 

freeze in the UI 

responsiveness 

Offload database operations 

to background threads using 

GCD or Operation Queues 

Accessing 

UI Objects 
from 

Background 

Threads 

Thread 

management 

Updating or modifying UI 

components (e.g., UILabel, 
UIButton) within background 

threads 

UI updates may 

not be applied 
correctly, leading 

to visual artifacts, 

incorrect values, 
or application 

crashes 

Attempting to 

change the text of 
a UILabel in a 

background thread 

resulted in a crash 
or no visible 

update 

 

Ensure all UI-related 

operations are dispatched to 
the main thread using 

DispatchQueue.main.async 

Updating 

UITableView 

Inside a 

Loop 

User 

Interface 

Invoking reloadData()" 

method inside a loop that 

iterates over fetched items 

(e.g. 

from a remote 

server)" 

Leads to 

redundant network 

requests, excessive 

memory 

consumption, and 
inconsistent data 

display due to 

overlapping 
reloads 

Displaying 50 items with 

images and text resulted in 

flickering rows and repeated 

image downloads 

Ignoring 

Memory 

Warnings 

Memory 

Management 

Failing to implement or 

respond to 

didReceiveMemoryWarning() 
method when system memory 

is low 

Application 

becomes 

unresponsive, 
scrolling slows 

down, and app 

may crash due to 
memory 

exhaustion 

In a social media 

app with photo-

heavy tables, 
ignoring memory 

warnings led to 

performance 
degradation after 

prolonged usage 

Implement 

didReceiveMemoryWarning() 

to release non-critical 
resources such as cached 

images or unused view 

controllers 

 

Calling UI Components from Background Threads: To evaluate the consequences of 

manipulating UI objects from background threads, we instantiated a UILabel object, configured its 

properties (e.g., text, font, color), and attempted to update its content within a background thread. 

The immediate result was a runtime crash, causing the application to terminate abruptly. This 

outcome aligns with Apple's documentation, which explicitly states that all UI-related operations 

must be performed on the main thread. Furthermore, even when no crash occurred, updates made 

to UI elements in background threads often failed to take effect, leading to visual inconsistencies 

and incorrect state representation. These findings confirm that accessing or modifying UI 

components outside the main thread introduces instability and disrupts expected application 

behavior, ultimately degrading both functionality and user experience. 

Updating UITableView Inside a Loop: To examine the performance implications of invoking 

reloadData() within a loop, we developed a test application that fetched data from Firebase. Each 

data item consisted of an image URL and descriptive text. We used a UITableView to display 

these items, with each row containing a UIImageView and a UILabel. In the experimental setup, 

we iteratively updated the table view inside a loop for a total of 50 items. This approach triggered 

repeated calls to reloadData(), forcing the table to reload all visible cells after each iteration. 

Consequently, the application initiated redundant image downloads and layout recalculations, 

resulting in excessive network usage, elevated memory consumption, and battery drain. Moreover, 

due to overlapping download requests and asynchronous rendering, the displayed images flickered 

unpredictably, and some rows showed outdated or incorrect content. These anomalies severely 
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impacted the perceived quality of the user interface and demonstrated the inefficiency of reloading 

the entire table multiple times during a single data-fetching cycle. 

Ignoring Memory Warning: We did not conduct a direct implementation of this anti-pattern due 

to its well-documented risks and predictable consequences. Failing to respond to low-memory 

warningsðby not implementing the didReceiveMemoryWarning() methodðleads to progressive 

memory exhaustion, especially in long-running applications or those handling large datasets and 

media resources. When memory pressure builds up without mitigation, iOS may forcibly 

terminate the application to preserve system stability. Even before termination, users experience 

sluggishness, delayed responses, and frequent crashes. Therefore, neglecting to handle memory 

warnings is a critical performance anti-pattern that directly affects application reliability and 

scalability. 

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

To assess the prevalence of the four identified performance anti-patterns (1) calling database 

commands on the main thread, (2) accessing UI components from background threads, (3) 

updating UITableView inside a loop, and (4) ignoring memory warningsðwe conducted a large-

scale empirical study across a representative sample of open-source iOS applications written in 

Swift. For this purpose, we selected one of the largest publicly available repositories of iOS 

applications hosted on GitHub [20]. This repository is widely recognized as a comprehensive 

collection of iOS software, encompassing 37 primary application categories such as browsers, 

calendars, media players, and more. Several of these categories, including media, further include 

subcategories to better organize application types.  

In total, the dataset comprises 76 distinct application groups. While the repository includes 

applications developed in multiple programming languagesðincluding Objective-C, React 

Native, and JavaScriptðwe limited our analysis exclusively to those implemented in Swift, as our 

research focuses on Swift-based iOS development practices.  

From this curated dataset, we manually selected and analyzed 180 open-source Swift applications 

for the presence of the four anti-patterns. Each application was inspected using both static code 

analysis and automated detection techniques (as described in Section 3.4). The results were then 

aggregated to estimate the frequency of each anti-pattern across real-world iOS applications. 

Table 4. Selected categories with their number of applications 
 

Category Number of applications Category Number of applications Category Number of applications 

Firebase 5 News API 10 Fitness 5 

CoreData 
12 

Hacker 

News 
3 

Contact Tracing 

Reference 
2 

Trip 4 News 11 Contact Tracing 7 

Timer 4  Video 6 Health 19 

Note 4 Photo 20 SpriteKit 10 

Tasks 6 Gif 5 Game 24 

Social Media 8 Content 28 Crypto 9 

Shopping 5 Audio 14 Finance 13 

Password 6 Animoji 1 File 5 

Scan 5 Media 8 Widget 7 

Official 11 Location 8 Today 6 

RSS 3 Home 2 Safari Extension 3 

Content Blocking 5 Education 19 Communication 21 

Extension 3 Github 11 Clock 1 

Event 13 Developer 22 Color 2 
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From the initial dataset, we extracted a total of 427 iOS applications spanning 47 distinct 

categories. Table 4 presents the selected application categories along with the number of 

applications in each category. Following this categorization, we filtered the dataset to include only 

those applications developed in the Swift programming language, as our research focuses 

exclusively on Swift-based iOS development. 

During the filtering process, we observed that some of the source codes were based on versions of 

Swift earlier than version 5. Considering that Swift 5 introduced binary compatibility and that 

current development practices predominantly use Swift 5 or later, we decided to exclude 

applications developed in Swift versions lower than 5 from our analysis. The rationale behind this 

decision is threefold: 

1. Older versions of Swift may not accurately reflect current development practices. 

2. Applications developed prior to Swift 5 may have undergone significant refactoring in 

newer versions. 

3. Analyzing outdated codebases could introduce bias or irrelevant findings into our study. 

Thus, to ensure the relevance and validity of our results, we focused solely on applications written 

in Swift 5 or higher. 

 

Detection Strategy for Performance Anti-Patterns 

To assess the presence of the four identified performance anti-patternsð(1) calling database 

commands on the main thread, (2) accessing UI objects from background threads, (3) updating 

UITableView inside loops, and (4) ignoring memory warningsðwe employed a combination of 

static code analysis and manual inspection techniques. 

For each anti-pattern, we defined a set of code-level indicators and searched for relevant keywords 

or class usages across the source files. For instance: 

¶ To detect usage of local databases (e.g., Core Data), we searched for references to CoreData, 

NSManagedObjectContext, and related APIs. 

¶ To identify UI-related operations outside the main thread, we looked for invocations of 

DispatchQueue.global().async followed by UI updates. 

¶ To detect table view reloads within loops, we searched for patterns involving 

tableView.reloadData() inside iterative constructs such as for or while loops. 

¶ To check for memory warning handling, we searched for the implementation of the 

didReceiveMemoryWarning() method. 

Once potential instances were located, we conducted a detailed review of the surrounding code to 

confirm whether the anti-pattern was actually present or if appropriate mitigation strategies had 

been implemented. Each application was then marked accordingly, indicating either the presence 

of an anti-pattern or adherence to best practices. 

This systematic approach ensured a high level of accuracy in identifying real-world instances of 

performance-related code smells across a large and representative sample of iOS applications. 
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Figure 2. The result of manually checking the frequency of antipatterns in source codes 

 
 

Frequency Analysis of Performance Anti-Patterns in iOS Applications 

To evaluate the prevalence of the identified performance anti-patterns, we conducted a large-scale 

analysis across a dataset of open-source Swift applications hosted on GitHub. Our initial dataset 

included 427 applications spanning 47 different categories. However, after applying filtering 

criteria based on language version and code quality, we narrowed down the final sample to 180 

applications suitable for in-depth analysis. 

Exclusion Criteria and Dataset Filtering 

¶ Language Version: Out of the 427 applications, 83 (approximately 7%) were developed 

using versions of Swift earlier than version 5. Given that Swift 5 introduced binary 

compatibility and is now widely adopted, we excluded these older versions from our study 

to ensure relevance to current development practices. 

¶ Code Quality Issues: After manual inspection, we found that 21 applications (8%) contained 

execution errors or were incomplete implementations, rendering them unsuitable for testing. 

¶ Non-functional Applications: Another 8% of the applications were categorized as 

educational or demonstration projects. These lacked real-world functionality and were not 

representative of deployable iOS applications suitable for the App Store. 

¶ Correct Implementations: Among the remaining applications, 31 (approximately 11%) 

utilized features related to the anti-patterns but implemented them correctly. For instance, 

database operations were explicitly dispatched to background threads instead of being 

executed on the main thread. 

Prevalence of Identified Code Smells 

Ultimately, 52% of the 180 analyzed applications (94 applications) exhibited at least one of the 

four identified performance anti-patterns. These issues have the potential to degrade application 
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performance and require correction to ensure optimal behavior under typical usage scenarios. The 

distribution of each anti-pattern is summarized below: 

¶ Ignoring Memory Warnings: This was the most frequently observed anti-pattern, present in 

63% of the affected applications (84 out of 133). This high prevalence indicates that many 

developers either underestimate the importance of memory management or assume their 

applications will not encounter low-memory conditions. However, neglecting 

didReceiveMemoryWarning() can lead to performance degradation and even application 

termination on devices with limited resources. 

¶ Calling Database Commands on the Main Thread: This anti-pattern was detected in 34% of 

cases (45 out of 133). Performing heavy database operations on the main thread leads to UI 

freezes and unresponsiveness, particularly when dealing with large datasets. Despite the 

availability of concurrency mechanisms such as GCD and Operation Queues, this issue 

remains widespread among iOS developers. 

¶ Updating UITableView Inside Loops: This anti-pattern was found in only 2% of cases (2 out 

of 133). While its impactðsuch as excessive network requests and incorrect data 

renderingðis significant, its low frequency may be due to increased awareness or 

limitations in our dataset. 

¶ Accessing UI Components from Background Threads: Similarly, this anti-pattern was also 

found in 2% of the examined applications. Although infrequent, it can cause crashes and 

visual inconsistencies when it does occur, emphasizing the need for adherence to best 

practices. 

Co-occurrence of Multiple Code Smells 

In 13% of the affected applications, more than one anti-pattern was present simultaneously. 

Notably, the most common combination involved both ignoring memory warnings and calling 

database commands on the main thread. This suggests that developers who fail to follow best 

practices in one area are more likely to exhibit poor practices in other performance-critical aspects 

of their code. 

These findings highlight the need for improved developer education, better tool support, and 

increased awareness of performance-related coding practices in iOS development. 
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Figure 3. frequency of code smells in source codes 

 

3.4. Automated Detection of Performance Anti-Patterns in iOS Applications  

Given that manual identification of performance-related code smells can be a labor-intensive, error-prone, and time-

consuming process, we developed an automated detection tool to identify the previously identified anti-patterns at the 

source code level. This tool assists developers by flagging potential performance issues during development or 

maintenance phases, enabling early intervention and mitigation. 

To ensure high accuracy and robustness in detection, we conducted an in-depth study of standard iOS design patterns, 

Appleôs official developer documentation, and community-driven discussions on platforms such as Stack Overflow 

and Apple Developer Forums. These resources helped us understand common usage patterns, misuse scenarios, and 

correct implementations related to the selected anti-patterns. 

Furthermore, we consulted with three professional iOS developers to gather insights into real-world coding 

practices, library usage, and typical implementation pitfalls. Based on this comprehensive analysis, we defined precise 

syntactic and semantic patterns associated with each anti-pattern, which formed the basis for our detection logic. 

Considering that iOS applications are primarily developed using Swift within the Xcode environment, we 

implemented the tool as a Swift-based module, allowing seamless integration into existing development workflows. 

Developers can incorporate this module into their projects to automatically detect performance-related code smells 

during the coding or refactoring stages. 

3.4.1. Detection Methodology 

To effectively identify instances of the four performance anti-patterns across different Swift 

codebases, we needed to analyze the syntactic and structural components of the source code. This 

required access to the Abstract Syntax Tree (AST) ða hierarchical representation of the program's 

structure that enables precise code inspection. 

We utilized the SwiftAST open-source library [21], which is specifically designed to parse Swift 

source code and generate its corresponding AST. This library allowed us to extract detailed 

information about variables, functions, classes, and method invocations throughout the codebase. 

Tool Workflow Overview 

 

The proposed detection workflow consists of the following steps: 

63%

34%

1%
2%

Ignoring memory warning Calling database commands on the main thread

Calling UI objects in a background thread Updating tables inside the loop.
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1. Input Source Code Parsing: The tool receives the Swift source code files as input. Using 

SwiftAST, it parses the code and constructs the AST, capturing all syntactic elements such 

as function calls, variable declarations, and control structures. 

2. Code Structure Analysis: After generating the AST, the tool traverses the tree to extract 

relevant components including: 

¶ Function definitions and invocations 

¶ Class and method declarations 

¶ Thread management constructs (e.g., DispatchQueue usage) 

¶ UI object manipulations 

¶ Memory warning handling (didReceiveMemoryWarning) 

3. Pattern Matching Against Defined Anti-Patterns: For each of the four identified anti-

patterns, we predefined a set of syntactic and semantic rules based on best practices and 

empirical findings. During this phase, the tool scans the AST to match these patterns: 

¶ Calling database commands on the main thread: Detecting synchronous Core Data 

operations executed directly on the main thread. 

¶ Accessing UI components from background threads: Identifying calls to UIKit 

methods outside the main thread context. 

¶ Updating UITableView inside loops: Recognizing repeated calls to reloadData() 

within iterative constructs. 

¶ Ignoring memory warnings: Checking for the absence of 

didReceiveMemoryWarning() overrides. 

4. Result Reporting: Upon completion of the analysis, the tool generates a report indicating 

whether any anti-patterns were detected. If no issues are found, a confirmation message 

stating the absence of the targeted code smells is returned. If one or more anti-patterns are 

identified, the tool provides: 

¶ A description of the detected issue 

¶ The exact file name and line number where the issue occurs 

¶ Suggested remediation strategies based on Apple's guidelines 

Figure 4 illustrates the overall architecture and workflow of the detection tool, highlighting how 

each component contributes to the accurate identification of performance-related code smells in 

Swift-based iOS applications. 
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Figure 4. Schematic representation of the proposed methodology for detecting performance-related anti-patterns 

3.4.1.1. Detection of "Calling Database Commands on the Main Thread" 

As part of our automated detection framework, we implemented a specific module to identify 

instances where database operations are executed on the main threadða performance anti-pattern 

that can lead to UI freezes and degraded user experience. 

The detection process begins after parsing the Swift source code using SwiftAST to generate the 

Abstract Syntax Tree (AST). The tool then identifies all variables and functions related to Core 

Data operationsðspecifically those involving classes such as NSManagedObjectContext, 

NSPersistentContainer, or properties like viewContext. These elements are considered indicative 

of database-related logic. 

Once the relevant variables are identified, the tool examines the functions in which they are used. 

A function is flagged for further analysis if it contains: 

¶ Invocations of Core Data methods such as fetch, object, registeredObject, or similar 

operations. 

¶ Direct manipulation of persistent data stores within its body. 

The next step involves tracing the usage of these functions across the codebase to determine 

whether they are dispatched to background threads. For a database operation to be considered safe 

from the perspective of this anti-pattern, it must be executed within one of the following 

concurrency constructs: DispatchQueue.global().async, performAndWait, performBlockAndWait, 

performBlock and completionBlock. 

If any of these patterns are present, the operation is deemed to be offloaded from the main thread, 

and the tool reports no issue. However, if the database commands are executed directly on the 

main thread without being wrapped in such constructs, the tool generates a warning indicating the 

presence of the anti-pattern. It also provides the exact file name and line number where the 

violation occurs, enabling developers to locate and fix the issue efficiently. 

Figure 5 illustrates the step-by-step detection workflow for this anti-pattern, highlighting how the 

tool analyzes variable declarations, function calls, and threading constructs to determine whether 

database operations are appropriately offloaded to background threads. 

 


