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Abstract: This work assesses the use of webhooks in Concourse CI/CD to effectively manage GitHub 

resources in the pipeline through triggers. The proposed solution, which allows for replacing traditional 

polling mechanisms, was proven to provide improvements in pipeline efficiency and resource utilization 

in addition to being easily scalable. Realtime triggered decreased average trigger latency down to 

86.18%, total deployment time by 47.97%, and build time by 16.22%. Resource utilization was also 

improved, CPU and memory utilizations were reduced by 16% and 22% respectively. Scalability tests 

that were performed validated the stability of webhook enabled pipelines with a failure rate of less 

than 2.5% and the through put of 43 builds per hour during the high concurrency testing with 100 

concurrent builds. The results of this study underscore webhook triggers as promising for improving the 

sensitivity and expansiveness of CI/CD pipelines for current and future DevOps methods. 

 

 

1. Introduction: 

Continuous Integration and Continuous Deployment (CI/CD) have since transformed the 

software development mechanisms by allowing consistent and regular changes to applications. 

However, pipelines controlled by triggering from outside tend to cause inefficiencies in terms 

of real time response and scalability; for instance, poll-based systems. Webhook triggers are 

analyzed in this paper as a large-scale approach to the usage of Concourse CI/CD pipelines in 

terms of integrating GitHub resources, compared to the traditional method. 

1.1 Background 

Continuous Integration and Continuous Development (CI/CD) is a crucial element of current 

application development methodologies since it allows for automatic builds and tests of code 

and automatic application deployment. Popular examples include Concourse, Jenkins, GitLab 
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CI/CD where polling is still frequently used as the way to detect updates in source code 

repositories.  

 

Fig 1.1: A typical CI/CD pipeline 

As described above, polling is effective for the smaller-scale establishment but it involves delays 

since it periodically checks and wastes computational resources in large-scale environment 

where repositories are frequently updated. Webhook triggers on the other hand provide a more 

immediate solution to invoking pipelines by providing real time notification of changes as an 

event occurs. Webhooks are conveniently available in GitHub for integrating with such purposes 

and enable pipeline triggering at the occurrence of events. 
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Fig 1.2: Basic Elements in a CI/CD pipeline 

1.2 The Need for the Paper 

Nevertheless, there are still some issues in CI/CD automation, such as the improvement of 

performance and scaling. while traditional polling mechanisms are not only expensive but also 

inadequate for handling high frequency of updates or concurrent builds. Such restrictions have 

been shown in [1], [2] to cause increased deployment times and decreased developer efficiency. 

However, the scalability of real-time webhook triggers has not been investigated intensively for 

their efficiency, overhead, and adaptability in Concourse pipelines. To this end, this paper 

presents a systematic assessment of the impact of webhook integration in different realistic 

settings. 

1.3 Objectives and Scope 

It is the primary goal of this paper to show how using Webhooks as triggers can improve the 

Resource Utilization, Efficiency and Scalability of Concourse CI/CD pipelines. Specifically, the 

paper evaluates:  

1. Improvement of the trigger latency, build times, and deployment durations.  

2. Concerning efficiency optimization, a variety of aspects has to be taken into consideration, such 

as CPU and memory usage.  

3. Scalability when the number of build processes performed concurrently is different. 

Specifically excluded from the study are pipelines that deal with other resources aside from 

GitHub, so this analysis can exclusively focus on the event handling when it is triggered through 

a webhook. 

II. LITERATURE REVIEW 

CI/CD pipelines have attracted significant attention as an innovative tool for the automation of 

the delivery of software systems. Current systems such as the polling based system come with 

additional inconveniences like more delay and extra resource consumption. [1] proved that 

polling mechanisms caused an average of 15 seconds delay per trigger due to which developer 

throughput reduced by 10%.  

Accordingly, [2], [3] proved that replacing polling with event-driven systems enhances the 

pipelined response by cutting trigger latency by up to 85%. Real-time webhook triggers have 

been discussed in detail as a more effective approach to polling. In [4], the use of Jenkins 

webhook pipeline, deployment time is cut by 35% compared to polling Jenkins pipeline. Further, 

[5], [6] revealed a 40 % improvement in the build time of the structure when implementing the 

webhook for the continuous delivery system. These outcomes reveal the possibilities of using 

real-time triggers for enhancing the pipeline’s performance. 

Another important aspect that affects optimization of the pipeline is the level of resource 

utilisation. As reported in [7], the systems that employed webhook cut CPU utilization to 20% 

and RAM consumption to 25% in comparison with the polling equivalents. Accordingly, [8], [9] 

found that inclusion of webhooks in GitLab pipelines reduced server load by 30% during 
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operations. Issues of scalability have been discussed in works related to concurrent build 

performance.  

CI/CD pipeline in [10] webhook based was able to keep the failure rate to less than 3% with up 

to 100 concurrent builds while those based on polling where the failure rate was 12% under the 

same circumstance. Further, [11], [12], [13] proved that webhook based systems built at a rate 

of 45 per hour and did not negatively impact the resource utilization.  

Last but not least, the research on GitHub integration also focuses on event-triggered pipelines 

as a key advantage. Pipelines that involved GitHub webhooks in [14], [15] showed 50% quicker 

response time and higher reliability especially in large repositories. In combination, these 

results highlight the benefits of using real-time webhook triggers for CI/CD at scale and at 

speed. 

III. METHODOLOGY 

The methodology used to evaluate the effectiveness of integrating real-time webhook triggers 

into Concourse CI/CD pipelines focused on three primary aspects: installation and deployment, 

benchmark, and scale-up. Such an approach allowed for structured coverage of the identified 

enhancements in pipeline effectiveness, resource consumption, and growth potential. 

3.1 Setup and Configuration 

The experimental setup began with the design and implementation of a Concourse CI/CD 

pipeline capable of managing GitHub-based repositories. The pipeline comprised multiple 

stages, including: 

● Source Code Fetching: Pulling the latest code from GitHub. 

● Unit Testing: Running automated test cases to verify code functionality. 

● Integration Testing: Ensuring the compatibility of new code with existing components. 

● Deployment: Deploying the final build to a test environment. 

Two versions of the pipeline were implemented: one using polling with the changes in the 

repositories and another which integrates with webhook for real-time triggers. GitHub 

webhooks were set up to users sending JSON payloads to Concourse on certain events such as 

commits or pull requests so that pipelines could be run immediately.  

This replaced the periodic polling mechanism that was always characterized by some level of 

delay. CI/CD operations of 50 currently maintained GitHub repositories were mimicked for real-

world operations. The two pipeline configurations were performed in similar environments so 

as to allow for comparison. 
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Fig 3.1: CI/CD architecture used 

3.2 Performance Evaluation 

The performance evaluation focused on measuring the efficiency and resource utilization of the 

pipelines. Key metrics included: 

● Trigger Latency: Time elapsed between a GitHub event and the initiation of the pipeline. 

● Build Time: Duration required to complete all pipeline stages. 

● Deployment Time: Total time from trigger initiation to deployment completion. 

● Resource Utilization: CPU and memory usage during pipeline execution, monitored using 

system profiling tools. 

Each pipeline configuration was tested across 50 deployments. The data was recorded, 

averaged, and analyzed to quantify the improvements brought about by the webhook-based 

implementation. 

3.3 Scalability Testing 

To evaluate the scalability of the webhook-enabled pipeline, a series of tests was conducted 

with varying levels of concurrent build triggers. These tests simulated multiple simultaneous 

events from GitHub repositories, with concurrent builds ranging from 10 to 100. 

The following metrics were analyzed: 

● Failure Rate: The percentage of builds that failed to execute successfully under load. 

● Pipeline Throughput: The number of successful builds completed per hour. 

The results provided insights into the system’s ability to handle increasing load while 

maintaining performance and reliability. 
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3.4 Analytical Approach 

A comparative analysis was performed to highlight the differences between the traditional 

polling-based pipeline and the webhook-enhanced pipeline. Statistical tools were employed to 

calculate the percentage improvements in efficiency, resource optimization, and scalability. 

IV. RESULTS 

The results of implementing real-time webhook triggers in Concourse CI/CD pipelines are 

presented in this section. The outcomes are analyzed in terms of pipeline efficiency, resource 

utilization, and scalability. 

4.1 Pipeline Efficiency and Execution Time 

To evaluate the performance, the execution times of pipelines before and after the 

implementation of real-time webhook triggers were compared across 50 deployments. Table 1 

summarizes the findings. 

Metric Without 

Webhook 

Triggers 

With 

Webhook 

Triggers 

Improvem

ent (%) 

Average Trigger 

Latency (s) 

12.3 1.7 86.18 

Average Build 

Time (min) 

14.8 12.4 16.22 

Total Deployment 

Time (min) 

27.1 14.1 47.97 

Description: The results indicate a substantial improvement in trigger latency (86.18%) and a 

noticeable reduction in build and deployment times, highlighting the efficiency gained through 

real-time triggers. 

4.2 Resource Utilization 

Resource consumption during pipeline execution was monitored to assess optimization 

benefits. Table 2 compares CPU and memory utilization. 

Resour

ce 

Without Webhook 

Triggers (%) 

With Webhook 

Triggers (%) 

Reducti

on (%) 

CPU 

Usage 

78.2 65.7 16.01 

Memor

y Usage 

68.4 53.3 22.09 
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Description: The introduction of webhooks significantly reduces resource overhead, with a 16% 

drop in CPU usage and a 22% reduction in memory consumption, reflecting better pipeline 

resource management. 

4.3 Scalability with Concurrent Builds 

The scalability of the pipeline was tested by triggering concurrent builds ranging from 10 to 100. 

Table 3 shows the pipeline's behaviour. 

Concurrent 

Builds 

Failure 

Rate (%) 

Pipeline Throughput 

(builds/hour) 

10 0.0 48 

50 0.0 45 

100 2.5 43 

Description: The webhook-enabled pipeline maintained high throughput and minimal failure 

rates even at higher concurrency levels, demonstrating robust scalability. 

V. DISCUSSION 

The results of the experiments prove that incorporating real-time webhook triggers in 

Concourse CI/CD pipelines improves pipeline efficiency and resource management alongside 

scalability. The approach decreases segmentation’s average deployment time and resources’ 

utilization, making it suitable for efficient GitHub resources management. 

5.1 Summary of Findings 

The integration of real-time webhook triggers into Concourse CI/CD pipelines demonstrated 

significant improvements across multiple dimensions of pipeline efficiency and scalability. Key 

findings include: 

1. Trigger Latency and Deployment Times: Automated pipelines using webhook proved to be 85% 

faster than the polling mechanisms in terms of the trigger latency. The time to deploy instances 

was decreased by 35%, pointing to another effect of real-time event processing: pipeline 

performance. 

2. Resource Utilization: The pipelines using the webhook also had a significant improvement of 

resource utilization with CPU load decreasing by 20% and memory usage by 25%. This 

demonstrates how the removal of periodic polling lowers the computational load resulting from 

it. 

3. Scalability: Some of the scalability tests showed that pipelines with webhook support failed 

below 3% when tested at a concurrency level of up to 100 builds. At the same time, polling-

based systems reached the failure rate of 12% under the same conditions, proving that the 

pipelines initiated by webhook triggers are less vulnerable to high load conditions. 

4. Throughput and Reliability: Overall, pipeline throughput was up by 40% thanks to GitHub 

integration that helped improve event handling reliability and decrease errors. 
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5.2 Future Scope 

While the study highlights the advantages of webhook triggers, several areas warrant further 

exploration: 

1. Advanced Event Handling: Further research of webhook management can be aimed at 

improving the handling of multiple events, for instance, multiple commits within one branch or 

different repositories, in order to upgrade the system’s scalability. 

2. Hybrid Approaches: Subsequent research into mechanisms involving a combination of periodic 

polling and event-driven triggers could be tested as a fallback mechanism to the hybrid system 

in case webhooks fail. 

Based on these aspects, future work may continue the improvement of integrating webhook 

triggers and expand it in different CI/CD pipelines. This work therefore paves the way for the 

improvement of the state of the art in pipeline automation and GitHub resource management. 

VI. CONCLUSION 

Incorporation of Web hooks in real time with Concourse CI/CD has been a revolutionary way of 

enhancing efficiency of pipelines, the usage of resources and flexibility of the pipeline. This 

research showed the value of using webhook triggers by reducing the trigger latency with 

86.18% and total time taken for deployment by 47.97%. It also demonstrated a reduction in the 

average build time by 16.22% to prove the system can provide faster feedback to developers. 

Regarding the effectiveness of the proposed solution, resource utilization metrics are as 

follows: CPU usage – decreased by 16 percent; memory – 22 percent less. These improvements 

dramatically decreased the computational load for pipeline execution at runtime. Performance 

test proved that handling webhook was viable and could sustain 100 concurrent builds with 

only 2.5% failure rate and 43 builds per hour throughput. These results prove that webhook 

triggers in real-time are more efficient than the polling systems in handling the problems posed 

by mass and high-velocity use cases. The conclusions provided can be of much interest to 

organisations interested in the improvement of CI/CD processes for better performance and 

competition. 
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