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Abstract:

In hospital telemetry and medical alert systems, real-time performance is a critical prerequisite for patient
safety. High-frequency physiological data streams require immediate, deterministic pattern matching to
trigger life-critical alerts. However, standard Java Virtual Machine (JVM) implementations often encounter
significant performance degradation during string-based operations due to the overhead of repeated regular
expression compilation and inefficient heap allocation. This paper presents an experiment-driven
methodology for optimizing JVM performance by implementing pattern precompilation during the system
bootstrap phase. By shifting the computational load from the critical data path to the initialization phase, we
achieved a 3x throughput improvement and a 65% reduction in P99 latency. Our findings demonstrate that
pre-allocated deterministic finite automata (DFA) structures significantly mitigate Garbage Collection (GC)
pressure and CPU spikes, ensuring clinical reliability in high-concurrency environments.

1 INTRODUCTION

Modern clinical environments rely on the seamless integration of data from bedside monitors, ventilators, and
infusion pumps. These data streams must be processed in real-time to detect life-threatening events, such as
cardiac arrest or respiratory failure. The software layer responsible for this is frequently hosted on the Java
Virtual Machine (JVM) due to its mature concurrency libraries and ecosystem.

However, the JVM’s abstraction of memory management and its Just-In-Time (JIT) compilation can introduce
non-deterministic latencies (jitter). In the context of critical medical alerts, a delay of even 100 milliseconds
can be the difference between a successful intervention and a catastrophic outcome. This research addresses
a specific bottleneck: the overhead of dynamic regular expression (Regex) matching within telemetry
ingestion pipelines.

2 PROBLEM STATEMENT
In typical microservice architectures, developers often utilize String.matches() or Pattern.compile() within the
request-response cycle for simplicity. In high-frequency healthcare systems, this leads to three critical failures:

2.1 Computational Redundancy

Each call to a dynamic regex method requires the JVM to tokenize the pattern string and build a Finite
Automaton (FA). When processing 50,000 packets per second, the CPU spends a disproportionate amount of
time re-compiling the same logic.

2.2 Heap Pressure and ""Stop-the-World" Events

Dynamic compilation generates thousands of transient objects per second. This creates intense pressure on
the Young Generation of the heap, leading to frequent Garbage Collection (GC) cycles. In a distributed system,
these cycles can synchronize across nodes, causing a cluster-wide "stall" in alert processing.

3 MATHEMATICAL MODEL OF OPTIMIZATION
Let the total processing time 7 for N incoming telemetry packets be defined as:
N

Tiotal = Z(Ci + M, +G; + S))
i=1 (1)
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Where C is compilation time, M is matching logic, G is GC overhead, and S is system jitter. In our optimized

approach, C;— 0 for all i > 0. The optimization gain I is expressed as:
I = ]ﬂdyna.mfr: - 'E)g)t?'rrriz'(erf —~ Z(C? + G.')

I’.’yn amic Z ’-T!r)[u,f (2)

4 EXPERIMENTAL SETUP AND RESULTS
Testing was conducted on a cluster of 8 nodes simulating a high-load ward environment with 50,000 messages
per second.

4.1 Graphical Representation of Resultants
The following graph visualizes the divergent processing times (7o) between the dynamic and optimized
models as the volume of alerts (N) increases, based on the formula in Section 3.
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Figure 1: Visualization of optimization gain I'. The linear divergence highlights the cumulative impact of
removing compilation and GC overhead from the hot path.

Table 1: System Performance Metrics: Before vs. After Optimization

Metric Baseline (Dynamic) Optimized (Pre) % Improvement
Throughput (Ops/Sec) 14,200 44,800 +215%
Mean Latency 8.44 ms 2.12 ms -74.8%
P99 Latency 124.0 ms 18.0 ms -85.4%
CPU Utilization 78% 32% -59.0%
4.2 Quantitative Analysis

5 CONCLUSION

By leveraging pattern pre-compilation, we successfully removed a major source of jitter and CPU contention
in medical alert systems. This architectural shift provides the deterministic performance required for life-
critical healthcare applications.
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