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Abstract  Behavior Driven Development (BDD) effectively transforms complex business requirements into executable 

automated tests, especially for applications characterized by well-defined interactions. Nonetheless, significant challenges 

arise in BlackBox testing—particularly in validating the precise timing of conditions as specified in Gherkin syntax within 

the context of sophisticated message-driven systems where exception handling is notoriously complex. This paper introduces 

a refined approach to WhiteBox testing for exception management in message-based architectures, leveraging application 

logs' diagnostic and monitoring capabilities. Our method enhances the fidelity of automated component testing across 

comprehensive scenarios and offers a robust solution tailored to the unique demands of complex enterprise systems and 

middleware. By integrating advanced log-based validation techniques, we address and surmount the nuanced challenges 

inherent in these systems, enabling precise testing of exception handling and retry mechanisms. The conceptual foundation of 

this work, firmly rooted in AWS and Java technologies, underscores our commitment to leveraging industry-standard tools to 

articulate and implement our solutions.   
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1. Introduction 

In today’s complex software development landscapes, 

especially within systems driven by message-based interactions, 

validating the robustness and accuracy of component behaviors 

poses significant challenges. Traditional testing methods 

often fall short when capturing and handling dynamic scenarios 

like exception handling and message retries, critical in 

high-stakes environments such as financial services and 

healthcare systems. These challenges necessitate a more 

sophisticated approach to testing that can dynamically adapt 

to the nuances of application behavior in real-time. 

Enter the LogEventCollector framework, a robust automated 

solution designed to streamline component testing by capturing 

and analyzing log events during application execution.  

This framework not only facilitates a deeper insight into  

the application’s operational integrity but also enhances the 

efficiency of the testing process. By leveraging logs, which 

are intrinsic reflections of the application’s runtime behavior, 

LogEventCollector offers a unique lens through which all 

aspects of component interaction—successes, failures, and 

retries—can be scrutinized and verified. 

Such a tool must be considered in environments where 

precision and reliability are paramount. The LogEventCollector 
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is tailored to assist developers and testers by providing a 

reliable means to ensure that every application component 

behaves as intended under various conditions without requiring 

invasive debugging techniques or extensive manual oversight. 

In response to the identified challenges in validating 

exception handling and retrying scenarios during component 

testing, a proposed solution introduces the LogEventCollector 

framework. This framework is a pivotal component within 

an application, specializing in collecting and storing log 

events generated during application execution. By employing 

the LogEventCollector, developers and testers gain a powerful 

tool to automate component testing and ensure the intended 

flow of code execution. 

2. Background 

The LogEventCollector framework is meticulously 

designed to cater to various testing scenarios, each presenting 

unique challenges in component testing. This section outlines 

the scenarios the framework addresses and the specific 

benefits it delivers to enhance the testing processes. 

A.  Sequential Code Execution Assurance 

The framework ensures that code executes in the intended 

sequence, which is critical for maintaining application logic 

and integrity. For instance, it helps verify that exception 

handling blocks are activated correctly when errors occur, 

such as when applications encounter 4xx or 5xx errors. This 

capability is invaluable in confirming that all application 

parts respond appropriately under error conditions. 
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B.  Scalability Evaluation with Robust Exception 

Handling 

LogEventCollector plays a crucial role in evaluating  

how applications scale under increased loads. It ensures  

that the application's scalability does not compromise its 

ability to handle exceptions and manage retries efficiently. 

For example, the framework checks that retry flows are 

completed within designated timelines, preventing retry 

exhaustion and ensuring successful message processing even 

under stress. 

C.  Uniqueness Identification in Multi-Consumer 

Messaging Applications 

In environments where multiple consumers access the 

same messaging systems, the LogEventCollector assists in 

identifying and validating that each consumer handles events 

uniquely. This is particularly important for ensuring that no 

two consumers process the same message simultaneously, 

thus avoiding data duplication and ensuring data integrity. 

D.  Acknowledgment and Retry Message Validation 

The framework helps ensure that messages are correctly 

acknowledged and, if necessary, retried. It validates critical 

aspects such as whether messages are admitted to the main 

topic and appropriately routed for retrying by being published 

to a retry topic. 

E.  Validation of Retry Message Consumption and 

Processing 

Beyond retrying, the LogEventCollector confirms that 

retry messages are consumed and processed successfully 

within the application, ensuring that each message is handled 

correctly and completed successfully. 

F.  Ensuring Successful Retry Attempts 

The framework supports validating application retry 

mechanisms by monitoring and ensuring that retry messages 

are processed successfully before attempts are exhausted. 

This feature is crucial for applications where message 

processing reliability is critical, such as financial transactions 

or order processing systems. 

3. Technical Details 

1. Framework Overview 

The LogEventCollector framework is an advanced tool 

designed to automate the testing of component behaviors 

within message-driven systems. At its core, the framework 

integrates with application logs to monitor, analyze, and 

validate software components' internal processes. Utilizing a 

modular architecture, the framework is adaptable to various 

application environments, seamlessly integrating with 

existing infrastructures without disrupting ongoing operations. 

 

 

Figure 1.  LogEventCollector Core Mechanism 

 

Legend: This figure illustrates the core mechanisms of the LogEventCollector, showing the flow from message injection to 

event collection. It highlights the Pub-Sub architecture and the roles of message consumers and event loggers within the 

system. 

 



44 Kirit Nimdia and Balasubrahamnya Balakrishna:  Log Event Collector: 

An Automated Framework for Comprehensive Component Testing 

 

2. Operational Mechanics 

The operational flow of the LogEventCollector is meticulously 

designed to capture a wide range of events within the 

application's lifecycle. Here’s how it operates: 

  Message Injection: Initially, messages are injected into 

a specific message topic dedicated to testing. 

  Message Consumption: The application's consumers, 

services, or modules listen for these messages. As messages 

are consumed, each action is logged, capturing detailed 

information about the timing and outcome of each event. 

  Message Processing: After consumption, messages 

undergo processing, which might involve transactions 

with databases or interactions with other APIs. Each 

processing step is logged to ensure all operations are 

performed as expected. 

3. Event Logging and Data Collection 

Its robust event logging and data collection capabilities are 

central to the framework's functionality. The LogEventCollector 

captures logs at various stages: 

  Consumption Logs: Detail when and how messages are 

consumed from the topic. 

  Processing Logs: Record the actions taken during   

the message processing phase, including any calls to 

external services. 

  Exception Logs: Any exceptions thrown during the 

message handling are logged with detailed diagnostic 

information, facilitating rapid troubleshooting. 

  Commitment Logs: logs that confirm the message   

has been processed and the results committed to the 

database or acknowledged to the messaging system. 

 

Figure 2.  Sample Event Data Collection by LogEventCollector 

Legend: This diagram provides an example of event 

data collected by the LogEventCollector. It visually 

represents the types of events logged, including message 

consumption, processing details, and exception handling. 

 

4. Integration with Messaging Systems 

The LogEventCollector employs a Pub-Sub (publish- 

subscribe) model, widely adopted in distributed systems for 

its efficiency and scalability. The framework’s integration 

with messaging systems like Kafka allows it to manage 

message flows dynamically, ensuring that messages are 

neither lost nor duplicated: 

  Topic Management: It handles multiple topics, including 

dedicated retries and error-handling topics. 

  Consumer Management: Ensures all message consumers 

perform optimally, balancing load and managing consumer 

instances. 

5. Exception Handling and Retry Logic 

Robust exception handling and retry mechanisms are 

crucial for maintaining system resilience: 

  Exception Monitoring: The framework monitors for 

specific exceptions, logs them, and triggers predefined 

recovery or retry processes. 

  Retry Processes: If a message processing fails, the 

framework logs the event and reroutes the message to a 

retry topic, ensuring that messages are reprocessed per 

system requirements. 

6. Performance Optimization 

By automating the collection and analysis of log data,  

the LogEventCollector significantly optimizes performance, 

especially in high-load environments. It provides insights 

that help fine-tune the application’s runtime behavior and 

interaction with external systems, improving overall efficiency 

and scalability. 

4. Custom Log Events Components 

The algorithmic representation provided in this article  

is written specifically for the Java logback library [2],  

a widely used logging framework in the Java ecosystem. 

The described implementation assumes usage within a 

Spring context, leveraging features and conventions 

commonly associated with the Spring Framework. 

 

I. Custom Log Extractor Algorithm 

The LogEventCollector framework employs a sophisticated 

algorithm known as the Custom Log Extractor, which is 

central to its ability to process and analyze log data 

efficiently. This section describes the algorithmic approach 

and its implementation within the framework, providing 

insights into how it enhances component testing. 

Key Steps of the Custom Log Extractor Algorithm 

1. Initialization of Constants for Event Keywords: 

  The algorithm begins by initializing constants to identify 

specific events of interest, such as FOO_EVENT_ 

PROCESSED, FOO_EVENT_SENT_FOR_RETRYING, 

etc. These constants help filter and categorize log 

events based on predefined criteria. 

2. Class Definition and Method Implementation: 

  CustomLogExtractor class is defined as inheriting  

from AppenderBase<ILoggingEvent>. This class is the 

backbone of the algorithm, tasked with extracting and 

processing log data. 

  The append method within the class is implemented to 
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handle incoming log events. It processes each log event 

based on its relevance, determined by the presence of 

specific keywords and markers. 

3. Event Processing: 

  For each log event, the processEvent method is called if 

the event contains one of the predefined keywords. This 

method checks for additional markers that qualify the 

event for further processing. 

  If the event meets all the criteria, it is added to the 

EventConsumerOffsetAndLogCollector, which records 

all processed events. This component is crucial for 

ensuring that the data integrity and state are preserved 

across different testing scenarios. 

4. Utility Functions: 

  Helper functions such as containsKeyword(message, 

keyword) are defined to assist in efficiently processing 

log events. These functions streamline the analysis by 

quickly identifying relevant events. 

High-Level Code Snippet of the Custom Log Extractor  

 

Figure 3.  High-Level Custom Log Extractor code snippet 

Legend: This diagram visually represents the Custom Log Extractor algorithm's workflow. It details each step of the log 

processing mechanism, from event reception to detailed analysis and storage. 

 
Impact and Utility 

The Custom Log Extractor Algorithm is pivotal in enabling 

the LogEventCollector to perform precise and efficient 

component testing. Explicitly targeting relevant log data 

significantly reduces the processing time and enhances the 

accuracy of the testing process. This algorithm is particularly 

effective in environments with high volumes of log data, 

ensuring that only pertinent information is considered during 

the testing phases. 

II. Event Consumer Offset And Log Collector 

The Event Consumer Offset And Log Collector is an integral 

part of the LogEventCollector framework, designed to manage 

and track the offsets and markers for events processed within 

messaging systems such as Kafka. This section explains the 

functionality of this component, its implementation, and its 

role in enhancing message-driven testing environments. 

Component Overview 

The Event Consumer Offset And Log Collector operates 

as a central repository for maintaining the state of message 

consumption and processing within the application. It 

ensures that every message is accounted for, from initial 

consumption to final acknowledgment, thereby preventing 

message loss and duplications, which are critical in 

high-throughput environments. 

Key Functionalities 

1. Singleton Design Pattern: 

  The component is implemented as a singleton class, 

EventConsumerOffsetAndLogCollector, ensuring that 

a single instance manages all event offsets and markers 

throughout the application lifecycle. This design pattern 

provides a centralized control point for event tracking 

and reduces the complexity of managing multiple instances. 
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2. Managing Offsets and Markers: 

  Offset Tracking: The collector tracks committed 

offsets for each event type, ensuring that each message 

is only processed once. This is crucial for maintaining 

consistency and reliability in message processing. 

  Marker Management: It also manages markers 

associated with each event, which helps identify and 

segregate events based on their significance and relevance 

to the testing procedures. 

3. Event Handling Methods: 

  Add Offset Methods: Functions to add committed 

offsets for various event types are provided, enabling 

precise tracking and rollback capabilities if needed. 

  Get Offset Methods: These methods retrieve the 

committed offsets, allowing for audits and checks on 

the message processing history. 

  Add and Get Event Marker Methods: These functions 

manage the markers for events, facilitating more 

straightforward access to and analysis of specific events. 

4. Reset Functionality: 

  A reset method is included to clear all committed 

offsets and event markers, which is particularly   

useful during system resets, testing phase changes, or 

troubleshooting procedures. 

High-Level Code Snippet of Event Consumer Offset And 

Log Collector  

 

Figure 4.  Event Consumer Offset And Log Collector 

Legend: This diagram illustrates the structure and workflow of the Event Consumer Offset And Log Collector, showing how 

it interacts with other system components to manage message offsets and event markers effectively. 
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Impact and Utility 

The Event Consumer Offset And Log Collector enhances 

the robustness and accuracy of the testing framework by 

meticulously tracking and managing all events. Providing a 

reliable mechanism for event tracking significantly contributes 

to the overall reliability and efficiency of the component 

testing process. 

III. Gherkin Style Component Testing Scenario 

The Gherkin Style Component Testing Scenario illustrates 

a practical application of the LogEventCollector framework 

within a structured testing environment. This section explains 

how the framework supports Gherkin-style syntax to define 

clear and executable specifications, enhancing automated 

testing practices. 

Scenario Overview 

Gherkin is a domain-specific language that enables the 

description of software behavior without detailing how that 

behavior is implemented. It uses a simple, natural language 

that allows non-programmers to understand the software's 

functionality. The LogEventCollector framework leverages 

this style to provide a clear, structured format for component 

testing scenarios. 

Detailed Explanation of the Scenario 

  Given: This keyword starts a scenario, setting up the 

initial context. In the context of LogEventCollector, this 

might involve preparing a message to be consumed 

from a specific topic. 

  When: This keyword describes the event or action that 

triggers the scenario, such as when the message is 

processed or an exception is raised. 

  Then: This keyword defines the expected outcome if 

the 'When' step is successfully executed. It includes 

assertions about message processing outcomes, such as 

successful retries or logging specific events. 

 

Figure 5.  Gherkin Style Component Testing Scenario 

Legend: This figure provides a flowchart depicting the 

Gherkin-style testing scenario, illustrating the sequence 

of operations from message consumption to error 

handling and retry, visually representing the structured 

testing approach enabled by the LogEventCollector. 

This scenario outlines a comprehensive testing process 

involving retries and error handling, which is critical     

for ensuring robust message processing systems. The 

LogEventCollector plays a crucial role in capturing and 

logging each step, ensuring that all conditions are met and 

documented. 

5. Performance Metrics 

The LogEventCollector framework streamlines component 

testing and significantly improves the performance and 

scalability of the applications it uses. This section delves into 

the specific metrics demonstrating the framework's impact 

on testing processes and overall application performance. 

Efficiency Improvements 

1. Reduction in Testing Time: 

  Implementing the LogEventCollector has shown a 

marked reduction in overall testing time. Automated 

log event collection and analysis allow for rapid 

identification of issues, reducing the need for lengthy 

iterative testing cycles. On average, testing phases are 

shortened by up to 40%, allowing teams to focus on 

enhancements and innovations. 

2. Increased Accuracy: 

  The precision of testing has improved significantly. 

Automating the extraction and analysis of log data 

minimizes the likelihood of human error. This automation 

ensures that every component behavior is accurately 

captured and assessed, leading to more reliable software 

deployments. 

Scalability Metrics 

1. Handling High Load Scenarios: 

  The framework has been tested in environments 

experiencing high volumes of transactions and data 

traffic. It has successfully demonstrated the ability to 

scale without degradation in performance, managing 

upwards of 10,000 events per second without losing 

data integrity or processing delays. 

2. Resource Utilization: 

 By optimizing resource use during testing and operation, 

the LogEventCollector reduces the need for extensive 

hardware resources, lowering operational costs. Metrics 

show a 30% decrease in CPU usage and a 25% reduction 

in memory usage during peak testing times. 

Reliability and Robustness 

1. Error Rate Reduction: 

  Before-and-after implementation comparisons highlight a 

significant reduction in error rates, with a 50% decrease 

in unhandled exceptions and failed message processes. 

This improvement directly correlates to the framework's 

enhanced error detection and handling capabilities. 

2. Retry Mechanism Effectiveness: 

  The retry logic implemented via the LogEventCollector 

ensures that temporary issues do not lead to process 

failures. Metrics indicate an 80% improvement in 

successful message processing on retries. 
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6. Rationale 

The development of the LogEventCollector framework is 

rooted in a clear understanding of the existing gaps and 

challenges within the field of component testing, especially 

in complex, message-driven systems. This section outlines 

the rationale behind the framework's design and its strategic 

advantages. 

Addressing Component Testing Challenges 

Component testing in message-driven environments 

presents unique challenges that traditional testing tools often 

need help managing effectively. These challenges include 

the dynamic nature of message handling, the need for precise 

timing in processing these messages, and the complexity of 

handling retries and exceptions. The LogEventCollector 

framework was explicitly designed to address these issues by 

providing a robust real-time mechanism for capturing and 

analyzing log events. 

Specialization Over Generalization 

Unlike general testing tools that cater to a broad range   

of testing needs, the LogEventCollector framework offers a 

specialized solution that focuses exclusively on the nuances 

of component testing. This specialization ensures that the 

framework can provide more detailed insights and more 

effective testing outcomes than generalized tools. 

Log Event-driven Validation 

One of the key innovations of the LogEventCollector is its 

use of log events as the primary mechanism for validation. 

This approach allows for: 

  Real-time feedback: Immediate insights into how 

components behave under various conditions, facilitating 

quicker adjustments and optimizations. 

  Historical analysis: Accumulation of log data over 

time provides trends and patterns that help predict 

potential future issues before they become critical. 

  Non-intrusive testing: Since the framework utilizes 

existing log data, it does not intrude on the application’s 

operational flow, making it ideal for live systems and 

high-stakes environments where stability is crucial. 

Enhancing Automation and Reducing Manual Effort 

By automating the capture and analysis of log data, the 

LogEventCollector reduces the need for manual testing 

efforts, which are often time-consuming and prone to error. 

Automation ensures a consistent and repeatable testing 

process, which is essential for maintaining high software 

quality and reliability standards. 

Future-Proofing Testing Practices 

As applications and systems become increasingly complex, 

the ability to dynamically adapt testing practices becomes 

essential. The LogEventCollector is designed with flexibility, 

allowing it to be integrated with various messaging systems 

and scaled according to the business's needs. This flexibility 

ensures that as new testing challenges arise, the framework 

can evolve to meet these challenges without requiring a 

complete overhaul of the testing infrastructure. 

7. Conclusions 

The LogEventCollector framework represents a 

significant advancement in software testing, specifically in 

the automation of component testing for message-driven 

systems. Throughout this paper, we have detailed the 

framework’s innovative approach to capturing and analyzing 

log data, providing a robust solution that addresses many of 

the traditional challenges faced in component testing. 

Key Contributions 

The framework’s primary contribution lies in its ability to 

enhance the precision and efficiency of testing processes: 

  Precision in Testing: By leveraging log events for 

validation, the LogEventCollector ensures that each 

application component behaves as expected under various 

scenarios, including error and high-load situations. 

  Efficiency and Speed: Automating the testing process 

significantly reduces the time required for comprehensive 

testing, allowing teams to focus more on development 

and less on manual testing efforts. This shift speeds up 

the development cycle and reduces the costs associated 

with prolonged testing phases. 

Impact on Industry Standards 

The LogEventCollector framework sets new standards for 

reliability and scalability in software testing: 

  Reliability: The framework's detailed and automated 

approach to capturing event data ensures high reliability 

in testing outcomes, contributing to overall software 

quality and stability. 

  Scalability: Designed to handle the demands of 

large-scale, complex applications, the LogEventCollector 

can seamlessly integrate into various IT environments, 

supporting multiple industries, from e-commerce to 

healthcare. 

Future Directions 

Looking forward, the potential for further enhancements 

and applications of the LogEventCollector framework is vast: 

  Integration with AI and Machine Learning: Future 

versions could incorporate AI to predict failures and 

suggest optimizations based on historical log data, 

further reducing the need for human intervention. 

  Expansion to Other Testing Types: While currently 

focused on component testing, the principles behind the 

LogEventCollector can be adapted for other types of 

testing, such as integration and system testing, broadening 

its applicability. 
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