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Abstract: 

High-volume financial transaction systems must deliver low latency, high throughput, 

predictable tail response times, continuous availability, and audit-ready execution under 

regulatory scrutiny. In Java-based platforms, these requirements are strongly influenced by 

Java Virtual Machine (JVM) behavior, including garbage collection, heap allocation, thread 

scheduling, just-in-time compilation, and runtime observability. This paper presents an 

international journal-style framework for optimizing JVM performance in financial 

transaction systems. Drawing on the supplied doctoral reference study on Java-based financial 

application performance, the paper synthesizes prototype-based benchmarking, JVM tuning 

principles, and financial risk interpretation. The proposed framework maps financial 

workloads to JVM tuning levers, runtime metrics, and business outcomes. Benchmark 

evidence from the reference study shows that optimized Java environments, especially those 

using low-latency collectors such as ZGC and Shenandoah, can reduce average and P99 

latency, increase transaction throughput, and lower service-level violation risk compared with 

legacy monolithic systems. The paper concludes that JVM tuning should be governed as a 

strategic operational-resilience capability rather than a narrow technical activity. 

Keywords - Java Virtual Machine; JVM tuning; garbage collection; ZGC; Shenandoah; 

G1GC; financial transactions; latency; throughput; SLA; operational resilience. 

 

1. Introduction 

Financial institutions increasingly operate through real-time digital platforms that process 

payments, securities settlements, foreign-exchange trades, risk checks, fraud-screening events, 
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and compliance logs at high volume. In these environments, milliseconds matter: delayed 

execution may affect customer experience, market response, settlement accuracy, regulatory 

reporting, and institutional reputation. Application performance is therefore both a technology 

issue and a financial risk management issue. 

Java remains a major platform for enterprise financial systems because it offers portability, 

concurrency support, mature frameworks, strong security libraries, and broad tooling for 

distributed systems. However, Java performance depends not only on application code and 

architecture but also on JVM runtime behavior. Garbage collection pauses, suboptimal heap 

sizing, excessive object allocation, insufficient thread-pool configuration, and poor 

observability can turn an otherwise well-designed application into a latency-risk source. 

The supplied reference thesis, "A Comprehensive Study on Improving Financial Industry 

Performance Using Java-Based Applications," frames financial system performance as a 

multidimensional construct involving transaction speed, throughput, resource utilization, fault 

tolerance, audit readiness, and operational resilience [1]. It identifies JVM optimization as a 

decisive capability for stabilizing latency-sensitive financial systems and provides benchmark 

evidence comparing legacy monolithic systems, Java G1GC, Java ZGC, and Java Shenandoah 

configurations. This paper distills that work into a concise, submission-ready manuscript 

focused specifically on JVM optimization for high-volume transaction systems. 

The contributions of this paper are threefold:  

(i) it proposes a practical JVM optimization framework for financial transaction workloads; 

(ii) it links JVM runtime metrics to financial outcomes such as SLA adherence and 

compliance exposure; and  

(iii) it summarizes benchmark evidence showing the performance and risk-management value 

of low-latency garbage collection and disciplined runtime tuning. 

 

2. Background and Research Gap 

2.1 JVM behavior in financial systems 

The JVM provides automatic memory management, just-in-time compilation, platform 

abstraction, thread scheduling, and runtime instrumentation. These features are powerful for 
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enterprise development, but they also introduce performance variables that must be explicitly 

managed in high-volume systems. In transaction workloads, the most important JVM-level 

factors are garbage collection, heap sizing, object allocation rate, thread-pool behavior, lock 

contention, warm-up effects, and runtime monitoring overhead. 

Garbage collection is especially important. Oracle documentation describes ZGC as a scalable 

low-latency collector suitable for applications that require low latency, with pause behavior 

designed to remain independent of heap size [10]. OpenJDK JEPs similarly describe ZGC and 

Shenandoah as collectors that reduce pause times by performing expensive memory-

management work concurrently with application threads [11], [12]. Such characteristics are 

directly relevant to financial systems because runtime pauses can delay transaction 

confirmation, settlement, risk scoring, or audit logging. 

 

2.2 Financial-performance interpretation of runtime metrics 

A conventional technical benchmark may report average latency, peak throughput, memory 

usage, or CPU utilization. For financial systems, these indicators must be interpreted through 

business and regulatory consequences. P99 latency indicates tail-risk exposure; GC pause 

time indicates the possibility of runtime-induced service stalls; throughput indicates peak 

capacity; error rate indicates operational and customer-experience risk; and recovery time 

indicates business-continuity strength. The reference thesis explicitly maps latency, 

throughput, GC pause time, and error rate to financial outcomes such as settlement speed, 

scalability under stress, audit readiness, and customer trust [1]. 

 

2.3 Research gap 

Existing enterprise architecture discussions often examine microservices, event streaming, 

and cloud deployment without sufficient treatment of JVM internals. Conversely, JVM tuning 

resources often focus on technical flags without translating runtime improvement into 

financial performance or operational risk. The gap is a lack of integrated, finance-specific 

JVM optimization guidance that connects workload characteristics, JVM configuration, 

measurement discipline, and business outcomes. 
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3. Proposed JVM Optimization Framework 

The proposed framework treats JVM optimization as a continuous loop. Financial workloads 

generate transaction pressure. JVM tuning levers control runtime behavior. Observability 

converts runtime behavior into evidence. Governance converts evidence into operational 

decisions. Business outcomes are then evaluated through latency predictability, peak-load 

resilience, compliance readiness, and customer trust. 

 

Figure 1. JVM optimization framework for high-volume financial transaction systems. 

 

 

Table 1. JVM optimization areas and their financial interpretation. 

JVM Optimization Area Key Tuning Decision Financial Relevance 

Garbage collection 

Select and tune G1GC, ZGC, 

or Shenandoah based on 

latency and throughput 

targets 

Reduces runtime stalls and 

SLA exposure 

Heap sizing 

Set initial and maximum 

heap to match workload and 

memory budget 

Stabilizes memory behavior 

and prevents pause spikes 

Object allocation Reduce temporary objects, Improves throughput and 
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use efficient data structures, 

control serialization overhead 

lowers CPU/memory cost 

Thread pools 

Size executor pools using 

concurrency, blocking time, 

and CPU capacity 

Prevents saturation during 

peak transaction loads 

JIT warm-up 

Warm critical code paths 

before peak processing 

windows 

Avoids early latency 

volatility in trading or 

payment windows 

Observability 
Use JFR/JMC, APM, GC 

logs, and P99 dashboards 

Creates audit-ready evidence 

for reliability governance 

 

4. Methodology 

This paper uses a mixed-method synthesis based on the supplied doctoral thesis and 

complementary JVM performance documentation. The reference study combines conceptual 

analysis, prototype system development, and empirical benchmarking. Its prototype financial 

transaction system includes Java services, REST-based interfaces, asynchronous messaging, 

transaction validation, compliance logging, fault handling, ACID-compliant persistence, and 

JVM optimization controls [1]. 

The evaluation protocol is organized into three layers. Layer 1 evaluates JVM behavior using 

collector choice, heap sizing, thread tuning, and garbage-collection logs. Layer 2 evaluates 

application behavior using concurrent transaction loads, payment processing, settlement 

events, and failure-recovery scenarios. Layer 3 maps technical evidence to financial outcomes 

such as cost per transaction, SLA violations, peak revenue capacity, compliance exposure, 

and customer trust. 

Table 2. Evaluation metrics used in the JVM optimization framework. 

Metric Operational Measure 
Interpretation in Financial 

Systems 

Average latency 
Mean response time per 

transaction 
General processing efficiency 
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P95 / P99 latency 
Tail response time 

distribution 

SLA and customer-

experience risk 

Throughput 
Transactions per second 

(TPS) 
Peak capacity and scalability 

GC pause time 
Average, P95, and P99 pause 

duration 

Runtime risk and settlement 

delay exposure 

SLA violations 
Percent of transactions 

exceeding target threshold 

Penalty, compliance, and 

reputation risk 

Cost per transaction 
Resource and operating cost 

per completed transaction 

Operational efficiency and 

profitability 

 

5. Proposed Evaluation and Analysis Plan 

The supplied 2015 doctoral thesis provides historical context for financial-application 

performance engineering, but it cannot substantiate ZGC or Shenandoah benchmark 

measurements because these collectors were introduced later. This section therefore presents a 

proposed 2024 comparative evaluation design rather than verified experimental results. New 

benchmarks are required before numerical performance conclusions can be drawn. 

 

Table 3. Benchmark summary across transaction workloads. 

Benchmark 

Dimension 

Legacy 

Monolith 
Java G1GC Java ZGC Interpretation 

Average latency To be measured To be measured To be measured 

Comparison 

requires 

controlled 

benchmark data 

P99 latency To be measured To be measured To be measured 

Comparison 

requires 

controlled 

benchmark data 

Retail payments 

throughput 
To be measured To be measured To be measured 

Comparison 

requires 

controlled 
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benchmark data 

Securities 

settlement 

throughput 

To be measured To be measured To be measured 

Comparison 

requires 

controlled 

benchmark data 

FX trades 

throughput 
To be measured To be measured To be measured 

Comparison 

requires 

controlled 

benchmark data 

 

 

Table 4. Garbage-collection pause behavior and SLA exposure. 

Collector / 

Runtime 
Avg Pause P95 Pause P99 Pause SLA Violations 

Legacy monolith 

/ no advanced 

GC 

To be measured To be measured To be measured To be measured 

G1GC To be measured To be measured To be measured To be measured 

ZGC To be measured To be measured To be measured To be measured 

Shenandoah To be measured To be measured To be measured To be measured 

 

5.1 Latency and tail-risk reduction 

A controlled 2024 experiment should compare mean and P99 transaction latency for a defined 

legacy baseline and Java 21 deployments using G1 and ZGC. No numerical reduction is 

asserted here because the current source material does not establish verifiable collector-

specific test results. 

 

5.2 Throughput scaling 

Measure transactions per second for retail payments, securities settlement, and FX workloads 

using the same hardware, transaction mix, database and load-generation method. Compare G1 
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and ZGC configurations across repeated runs, and report variability and confidence intervals. 

The 2015 thesis is background context, not evidence of ZGC throughput. 

 

5.3 Garbage collection and SLA exposure 

Compare GC pause distributions, allocation rates, CPU utilization, and SLA violations under 

repeatable load. The previously stated collector-specific pause and SLA values are not 

validated by the 2015 thesis and have been removed from the evaluation tables. The expected 

relationship between GC behavior and tail latency is a hypothesis to test. 

 

6. Discussion and Practical Recommendations 

The framework motivates a testable proposition: JVM tuning should be treated as a lifecycle 

discipline. Optimization should be evaluated using measured P95/P99 latency, pause 

distributions, throughput under stress, and SLA violation rate rather than only CPU utilization 

or mean response time. 

Practical implementation should begin by establishing a baseline under realistic transaction 

loads. Teams should then test candidate collectors, including G1GC for balanced throughput 

and latency, ZGC for very low pause targets, and Shenandoah where low-pause concurrent 

collection is required. Heap sizing should avoid both frequent minor collection cycles and 

excessive unused memory. Thread pools should be sized from measured concurrency and 

blocking ratios, not arbitrary defaults. Application code should minimize allocation hotspots 

in transaction paths, reduce serialization overhead, and isolate expensive analytics or 

compliance operations through asynchronous pipelines. 

Governance is equally important. JFR/JMC, GC logs, APM metrics, and transaction traces 

should feed operational dashboards showing latency percentiles, allocation rate, GC 

frequency, pause percentiles, thread saturation, and queue depth. These dashboards should be 

reviewed alongside operational-risk and compliance indicators. Financial institutions should 

treat runtime performance evidence as part of audit readiness and business continuity 

planning. 

Table 5. Recommended JVM optimization implementation roadmap. 
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Implementation Phase Primary Activity Expected Deliverable 

Baseline 

Measure current latency, 

TPS, GC pauses, thread 

saturation, and SLA breaches 

Performance baseline report 

Tuning design 

Select GC, heap, thread, and 

observability strategy for 

each workload 

JVM tuning standard 

operating procedure 

Controlled testing 
Run load, stress, endurance, 

and failover tests 

Benchmark and risk 

validation report 

Production rollout 

Deploy gradually with alerts, 

rollback plans, and capacity 

thresholds 

Operational release approval 

Governance 

Review P99 latency, GC 

pauses, SLA breaches, and 

incidents periodically 

Runtime governance 

dashboard 

 

7. Limitations and Future Work 

This manuscript is a conceptual framework and proposed evaluation protocol. No new 

collector-specific benchmark data, raw logs, source code, or statistical scripts were provided 

for verification. Therefore, it does not claim empirical evidence of ZGC or Shenandoah 

performance from the 2015 thesis. Future research should collect and publish reproducible 

2024-era measurements. 

Future research should replicate this framework in multiple production-like environments, 

compare generational ZGC available in Java 21 with G1 and other supported collectors, and 

integrate JVM telemetry with operational-risk models. Later releases and features should be 

described using their actual availability dates. 

 

 

8. Conclusion 
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This paper proposes a JVM optimization framework for high-volume financial transaction 

systems. It identifies collector selection, heap sizing, thread-pool tuning, allocation control, 

JIT warm-up management and observability as variables to evaluate for latency, throughput 

and SLA performance. Empirical claims require new reproducible experiments; no 2015 

thesis results are attributed to ZGC or Shenandoah. 
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