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ABSTRACT 

The proliferation of cloud computing has 

transformed how organizations build, deploy, 

and scale applications, enabling elastic resource 

consumption and pay-as-you-go models. 

However, this flexibility also introduces the 

challenge of cost sprawl, especially for 

developers using dynamic languages such as 

Ruby, which are often employed in frameworks 

like Ruby on Rails for agile development. As 

Ruby applications scale within Amazon Web 

Services (AWS), inefficient resource allocation, 

under-optimized code, and lack of visibility into 

real-time billing patterns can rapidly inflate 

operational expenditure. This study explores a 

comprehensive framework for cost optimization 

in Ruby-based cloud applications using AWS 

Billing Insights. Through analytical 

examination of AWS tools—Cost Explorer, 

Billing Dashboard, Budgets, and Cost and 

Usage Reports (CUR)—combined with 

architectural optimization techniques such as 

instance right-sizing, reserved instance 

planning, auto-scaling, and efficient database 

management, this paper demonstrates 

measurable methods to reduce cloud 

expenditure. The proposed approach integrates 

AWS Billing Insights with Ruby profiling and 

logging systems to identify and remediate cost 

anomalies linked to compute, storage, and data 

transfer overhead. Experimental evaluation 

across multiple Ruby on Rails workloads 

illustrates an average of 37% reduction in 

monthly costs without compromising 

performance or reliability. The results highlight 

the synergy between observability, automation, 

and data-driven optimization strategies in 

achieving sustainable cloud economics for 

Ruby-based ecosystems. 
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Fig.1 Cloud Cost Optimization, Source:1 

 

INTRODUCTION 

The transition to cloud-native environments has 

become a strategic necessity for modern software 

ecosystems. Ruby, renowned for its simplicity, 

developer productivity, and extensive web 

framework (Ruby on Rails), has emerged as a 

common choice for startups and enterprises 

deploying web applications on AWS. Yet, as 

deployment environments scale from single EC2 

instances to distributed microservices, the 

associated costs rise exponentially. AWS offers 

numerous services—Elastic Compute Cloud 

(EC2), Relational Database Service (RDS), 

Lambda, Elastic Load Balancer (ELB), and Simple 

Storage Service (S3)—each contributing distinct 

pricing dimensions based on usage. For 

organizations with Ruby-based workloads, the 

challenge lies not in availability but in controlling 

cost variance across these services. 

The complexity of AWS billing, combined with the 

dynamic runtime behavior of Ruby applications, 

often leads to unpredictable monthly bills. 

Developers commonly over-provision compute 

capacity, neglect automated scaling policies, or 

underutilize reserved instances. Furthermore, 

without integrating application-level telemetry into 

billing analytics, engineers cannot correlate Ruby 

performance bottlenecks with cost-driving AWS 

resources. This disconnect underscores the 

importance of AWS Billing Insights—a powerful 

set of analytical tools that enables continuous cost 

monitoring, anomaly detection, and forecasting. 

This research addresses the central question: How 

can Ruby-based applications deployed on AWS 

utilize billing insights to achieve proactive, data-

driven cost optimization? The scope includes both 

infrastructural (e.g., EC2, RDS, S3) and 
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application-level (e.g., code efficiency, caching, 

I/O usage) optimizations. The study adopts a 

hybrid methodology—leveraging AWS-native 

analytics with Ruby observability tools (New 

Relic, Scout APM, Datadog) to identify wasteful 

consumption patterns. The outcome establishes a 

repeatable framework that aligns engineering 

efficiency with financial accountability. 

 

Fig.2 Serverless Ruby, Source:2 

 

The remainder of this manuscript is structured as 

follows. The literature review contextualizes 

existing research on cloud cost optimization and 

Ruby performance engineering. The methodology 

section outlines experimental design and the 

integration model between AWS Billing Insights 

and Ruby telemetry. The results section provides 

quantitative evaluation of implemented 

optimizations across simulated workloads. The 

conclusion synthesizes findings and suggests future 

directions for sustainable cloud cost management. 

 

LITERATURE REVIEW 

Scholarly and industrial discourse on cloud cost 

optimization has expanded significantly in recent 

years. Research by Li et al. (2022) emphasized 

dynamic resource allocation as a cornerstone of 

cost-effective cloud operations, proposing that 

elasticity without economic intelligence often leads 

to overspending. Similarly, Amazon Web Services’ 

own whitepapers on “Cloud Financial 

Management” advocate the integration of billing 

insights with DevOps pipelines for real-time 

visibility and governance. Within Ruby 

environments, the literature remains sparse but 

evolving—studies have highlighted that Ruby’s 

garbage collection, object instantiation frequency, 

and blocking I/O operations can increase compute 

costs due to inefficient CPU utilization. 

A foundational work by Kim and Han (2021) 

demonstrated that language-level inefficiencies 

could amplify total cost of ownership (TCO) by 

25% when scaling horizontally across auto-scaling 

groups. Their study recommends monitoring 

runtime memory allocation and database query 

latency to prevent unnecessary instance scaling. 

Complementarily, in the context of AWS, Banerjee 

(2020) discussed how AWS Cost Explorer and the 

Cost and Usage Report (CUR) provide granular 

https://ejset.org/
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insights into resource utilization, forming the 

foundation for predictive optimization models. 

Furthermore, the field of FinOps (Financial 

Operations) bridges finance and engineering teams 

to optimize spending. The FinOps Foundation’s 

2023 report underscores the need for “cost 

observability”—linking application performance 

indicators (APIs, requests per minute, database 

transactions) with their underlying cost footprint. 

This directly aligns with the goals of Ruby-based 

teams using AWS Billing Insights. 

Empirical studies also validate the benefits of 

automation and machine learning in cost 

governance. Xu et al. (2023) employed predictive 

algorithms to forecast cloud usage patterns, 

reducing costs by preemptively adjusting reserved 

instance commitments. The same principle applies 

to Ruby workloads—predictive scaling can be 

achieved by analyzing historical billing trends 

through AWS Billing Insights APIs. 

In Ruby’s ecosystem, practical techniques such as 

ActiveRecord query optimization, Rails caching 

(Memcached/Redis), and asynchronous job 

scheduling (Sidekiq, DelayedJob) have proven 

effective in reducing backend load and hence 

compute billing. Integrating these optimizations 

with billing feedback loops introduces a closed-

loop model of “code-to-cost” awareness. 

In sum, while prior research provides extensive 

insights into cloud cost management and FinOps 

strategies, few studies have systematically focused 

on Ruby-specific workloads. This paper aims to fill 

that gap by presenting a detailed, applied 

methodology that combines AWS Billing Insights 

with Ruby’s performance profiling mechanisms to 

achieve holistic cost efficiency. 

 

 

METHODOLOGY 

The methodology followed a mixed-methods 

design combining quantitative billing analytics 

with qualitative performance profiling. The process 

unfolded in five major stages: 

1. Environment Setup  

A baseline Ruby on Rails application was deployed 

across AWS EC2, Elastic Load Balancing, and 

RDS (PostgreSQL). The architecture consisted of 

three auto-scaling groups distributed across two 

availability zones, fronted by an Application Load 

Balancer (ALB). Storage was handled by S3 and 

caching via Elasticache (Redis). The AWS Cost 

and Usage Report (CUR) was enabled, and Billing 

Insights was integrated via the AWS Console and 

SDK. 

2. Baseline Measurement  

Before optimization, monthly costs were tracked 

using AWS Cost Explorer for a period of 30 days. 

The baseline identified EC2 utilization inefficiency 

https://ejset.org/


 

33  

 

E-Journal of Science and Emerging Technologies (EJSET) 

ISSN (Online): Request Pending 

Volume-1 Issue-3 || Jul-Sep 2025 || PP. 29-40 https://ejset.org/ 

(average CPU 28%), over-provisioned RDS 

instances (db.m5.large), and redundant data 

transfers between application and database tiers. 

Metrics from New Relic and AWS CloudWatch 

were correlated with cost metrics to map cost 

drivers to application behavior. 

3. Application-Level Optimization  

At the Ruby layer, code profiling was conducted 

using ruby-prof and Scout APM. Key bottlenecks 

identified included excessive ActiveRecord 

queries, redundant JSON serialization, and non-

pooled database connections. The following 

optimization strategies were applied: 

• Query optimization through eager loading 

(includes) to prevent N+1 queries. 

• Use of caching with Redis for frequent API 

responses. 

• Refactoring long-running background jobs 

to asynchronous workers. 

• Adoption of Puma workers with optimized 

thread counts for CPU-bound processes. 

These changes reduced average response 

time by 40% and CPU consumption by 

31%. 

4. Infrastructure Optimization  

Using AWS Billing Insights and Trusted Advisor 

recommendations, the infrastructure underwent 

right-sizing: 

• EC2 instances were migrated from 

m5.large to t3.medium with auto-scaling 

policies based on CPU and request 

thresholds. 

• RDS storage type was switched from gp2 to 

gp3 volumes, resulting in 20% cost 

reduction. 

• S3 lifecycle rules were configured to move 

older backups to S3 Glacier. 

• Spot Instances were introduced for 

background jobs to leverage spare AWS 

capacity at discounted rates. 

• Lambda functions were optimized for Ruby 

3.3 runtime, reducing cold-start latency and 

execution costs. 

Additionally, AWS Budgets and cost 

anomaly detection were enabled to 

proactively alert stakeholders when 

spending exceeded thresholds. 

5. Continuous Monitoring and Feedback Loop

  

Finally, a feedback loop integrated AWS Billing 

Insights API with Ruby logging pipelines. Each 

deployment automatically fetched cost deltas and 

reported them alongside performance metrics. This 

closed-loop system ensured that any code or 

infrastructure change could be evaluated not just 

for functional correctness but also for cost 

implications. 

Statistical analysis was performed using AWS 

CUR exports into Amazon Athena for query-based 

analysis. Data visualizations were generated 

https://ejset.org/
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through QuickSight to identify spending trends and 

optimization impact. 

 

RESULTS 

The experimental results demonstrated significant 

improvements in both operational efficiency and 

cost performance. The following key findings 

emerged: 

1. Reduction in Monthly Cloud Spend 

  

After implementing optimization measures, 

monthly AWS costs decreased from USD 4,200 to 

USD 2,650—a 37% overall reduction. The 

breakdown was as follows: 

• EC2 costs decreased by 42% due to right-

sizing and auto-scaling. 

• RDS costs decreased by 25% through 

storage optimization. 

• S3 and data transfer costs decreased by 31% 

with lifecycle and caching strategies. 

• Lambda execution costs fell by 28% after 

runtime tuning. 

2. Improved Resource Utilization  

Average CPU utilization increased from 28% to 

65%, indicating more efficient resource use. 

Network I/O decreased by 19% due to reduced data 

shuffling between layers. The caching strategy 

decreased database read queries by 52%. 

3. Application Performance Metrics  

Mean response time dropped from 480 ms to 290 

ms, improving user experience while maintaining 

reduced compute power. Throughput increased by 

30% without increasing infrastructure spend. 

Memory footprint per worker decreased by 15% 

following garbage collection tuning. 

4. Predictive Cost Awareness  

AWS Billing Insights enabled predictive budgeting 

by using historical CUR data. Forecasting accuracy 

improved to within ±3% for monthly costs. Alerts 

set through AWS Budgets helped maintain 

predictable expenditure despite variable 

workloads. 

5. FinOps Maturity Advancement  

The organization’s FinOps maturity was assessed 

using the FinOps Foundation’s three-phase 

model—Inform, Optimize, and Operate. Prior to 

this project, the maturity level was in the “Inform” 

phase (basic reporting). Post-implementation, the 

team achieved “Optimize,” characterized by cross-

functional accountability, automation, and 

measurable financial governance. 

The following table summarizes the observed 

changes: 

Metric Before 

Optimization 

After 

Optimization 

Change 

(%) 

Monthly 

Cost (USD) 

4200 2650 -37% 

https://ejset.org/
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EC2 CPU 

Utilization 

28% 65% +132% 

Average 

Response 

Time (ms) 

480 290 -40% 

Database 

Query Count 

/ min 

2100 1000 -52% 

Data 

Transfer 

Cost (USD) 

530 365 -31% 

Lambda 

Invocation 

Cost (USD) 

310 223 -28% 

 

Fig.3 Results 

The correlation analysis revealed a strong inverse 

relationship between resource optimization and 

total cost (Pearson’s r = -0.82, p < 0.01), suggesting 

that every percentage increase in utilization 

corresponded to approximately 0.7% cost 

reduction. 

In addition, the integration of AWS Billing Insights 

into Ruby logging provided granular attribution of 

cost per request type. For example, API endpoints 

involving image uploads contributed 

disproportionately (22%) to monthly costs; 

subsequent migration of image handling to AWS 

S3 presigned URLs reduced that figure to under 

5%. 

The holistic effect extended beyond immediate 

savings. Engineering teams gained transparency 

over how design decisions affected operational 

expenditure, leading to cultural shifts in coding and 

deployment practices—hallmarks of a mature 

FinOps environment. 

 

CONCLUSION 

This study concludes that effective cost 

optimization for Ruby-based cloud applications 

requires a multidimensional approach—technical, 

analytical, and cultural. By leveraging AWS 

Billing Insights as a financial observability layer, 

organizations can connect real-time expenditure 

data with underlying Ruby application behavior, 

enabling continuous optimization rather than 

periodic cost review. The empirical findings clearly 

indicate that integrating billing analytics with Ruby 

performance profiling not only reduces operational 

costs but also enhances application responsiveness 

and scalability. 
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The core contribution of this research is the 

integration of FinOps principles within Ruby 

development workflows. Traditional cloud 

engineering practices often separate code 

performance from financial performance; 

developers focus on latency and uptime, while 

finance teams track budgets after deployment. This 

study bridges that divide by embedding AWS 

Billing Insights into the DevOps toolchain, 

fostering a culture of “cost-aware coding.” When 

developers visualize how each ActiveRecord query 

or background job translates into measurable AWS 

spend, optimization becomes a natural extension of 

good engineering practice rather than a postmortem 

exercise. 

The measurable results—a 37% reduction in 

monthly AWS expenditure—demonstrate that 

strategic interventions such as right-sizing EC2 

instances, optimizing RDS storage with gp3 

volumes, caching high-frequency queries, and 

employing lifecycle policies for S3 storage can 

dramatically lower costs while preserving 

performance. Equally significant is the observed 

improvement in CPU utilization (from 28% to 

65%), which evidences that efficient infrastructure 

usage directly correlates with financial efficiency. 

By aligning compute supply with workload 

demand through Auto Scaling and Elastic Load 

Balancing, Ruby applications can achieve elasticity 

without excess. 

Another key insight lies in predictive and 

automated financial governance. By integrating 

AWS Budgets, Cost Anomaly Detection, and the 

Cost Explorer API into Ruby’s continuous 

integration pipeline, teams can establish automated 

alerts and enforcement mechanisms that prevent 

cost overruns before they occur. This proactive 

model represents a fundamental shift from reactive 

monitoring to predictive optimization. For 

instance, integrating cost forecasts into deployment 

pipelines ensures that any new feature or 

microservice is evaluated not just for functional 

correctness but also for its financial implications. 

Beyond the technological and economic 

dimensions, this study emphasizes the cultural 

transformation necessary for sustainable cost 

optimization. FinOps is as much about people and 

processes as it is about tools. Cross-functional 

collaboration among developers, operations 

engineers, and finance professionals fosters shared 

accountability for cost outcomes. Regular “cost 

review sprints,” where teams analyze Billing 

Insights alongside application logs, can 

institutionalize financial observability as part of 

routine agile development cycles. This human-

centered dimension is critical to achieving long-

term success in cloud financial management. 

The future implications of this research extend into 

AI-driven cost optimization. As AWS continues 

to expand its analytics capabilities, machine 

learning can be leveraged to predict cost anomalies, 
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recommend optimal pricing models (e.g., Spot vs. 

Reserved Instances), and automate instance 

scheduling based on historical patterns. For Ruby-

based workloads, integrating such intelligence 

through the AWS SDK or Ruby-based 

orchestration frameworks (like Chef or Capistrano) 

could lead to self-optimizing systems capable of 

real-time financial adaptation. 

Furthermore, containerization and serverless 

computing will redefine the landscape of Ruby 

cost efficiency. Migrating traditional Rails 

monoliths to containers managed via AWS Fargate 

or Kubernetes (EKS) offers fine-grained billing 

control at the task level. Similarly, the adoption of 

AWS Lambda with the Ruby 3.x runtime promises 

pay-per-execution pricing, drastically reducing 

idle-time costs. These evolutions represent the 

natural progression of the cost optimization 

paradigm outlined in this paper—from static 

optimization to dynamic, event-driven financial 

orchestration. 

In closing, this study validates that cost 

optimization is not a one-time project but a 

continuous feedback cycle rooted in 

observability, automation, and accountability. The 

integration of AWS Billing Insights within Ruby 

ecosystems transforms cost management from a 

reactive finance function into an integral part of 

software engineering excellence. By aligning every 

decision—from code-level design to infrastructure 

provisioning—with financial visibility, teams can 

build systems that are not only performant and 

scalable but also economically sustainable. 

In an era where organizations are increasingly 

measured by their operational efficiency and 

carbon-conscious resource utilization, such 

optimization is more than a cost-saving exercise—

it is a strategic imperative. As Ruby continues to 

power agile, cloud-native applications across 

industries, embedding AWS Billing Insights into 

its development lifecycle ensures that innovation 

and economy advance in harmony, establishing a 

blueprint for future cloud-native financial 

stewardship. 
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