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Background and Motivation

Kotlin Multiplatform (KMP) allows developers to write code once and compile it to various target platforms,
including the JVM, JavaScript, and Native binaries. To monitor and analyze the performance of such appli-
cations, code instrumentation is often required. Previous work at the Institute for System Software has
demonstrated that Kotlin compiler plugins can successfully inject performance monitoring code (such as
custom tracing or OpenTelemetry spans) at compile time across all KMP targets.

However, instrumenting every method call in an application introduces execution overhead. This overhead
can vary drastically depending on the target platform and the specific type of operation injected (e.g., read-
ing the system clock, incrementing a counter, or writing to a file). Currently, there is a lack of systematic un-
derstanding regarding how different instrumentation techniques impact the performance of Kotlin applica-
tions across the JVM, JS, and Native targets. To build efficient, production-ready performance monitoring
tools, we must first identify which instrumentation operations are lightweight (green), which cause moderate
slowdowns (yellow), and which introduce prohibitive overhead (red).

Objective

The primary objective of this Bachelor's thesis is to systematically measure, visualize, and analyze the per-
formance overhead introduced by various compile-time instrumentation technigues across Kotlin's JVM, JS,
and Native targets. The student will develop a Kotlin compiler plugin to inject specific types of overhead into
a target application, build a robust benchmarking framework, and perform a deep-dive root-cause analysis
into the worst-performing operations by inspecting the generated lower-level code.

Specific Tasks
To achieve these goals, the student will:

e Develop an Instrumentation Compiler Plugin: Create a Kotlin compiler plugin capable of modify-
ing every method in a target application at compile time. The plugin must support injecting various
predefined instrumentation kinds (ToaKind), including but not limited to:

o Control flow modifications (e.g., wrapping bodies in try-finally).

o Time measurements (e.g., System.currentTimeMillis, TimeSource.Monotonic with
local vs. global storage, and different granularities like ms, us, ns).

o State mutations (e.g., incrementing global Int or AtomicInt counters, generating random
values).
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o /O operations (e.g., appending to a StringBuilder, writing to standard output, eager vs.
lazy file flushing).

o Data structure manipulations (e.g., adding to Lists, adding unique/duplicate items to Sets).

e Establish a Benchmarking Framework: Design and implement a reliable benchmarking system
that executes the instrumented code across the JVM, JS, and Native targets. The framework must
account for statistical significance (multiple runs/steps) and platform-specific execution characteris-
tics, such as JVM warm-up phases and JIT compilation.

e Visualize Results: Aggregate the benchmarking data and present it comprehensively. This includes
creating a "Green/Yellow/Red" matrix table comparing the overhead of each ToaKind across plat-

forms, as well as generating graphical plots for deeper visual analysis.

e Perform Deep-Dive Root-Cause Analysis: Investigate the instrumentation types that yield the
highest overhead ("red" cases). This requires reverse-engineering the compiled outputs to under-
stand the performance bottlenecks. The student will analyze generated Java bytecode, inspect the
resulting JavaScript, and decompile/analyze the Native binaries.

Non-Goals

e Production-Ready Profiler: The goal is to analyze overhead, not to build a fully featured, produc-
tion-ready profiling or tracing tool.

e Compiler Optimization: The student is expected to analyze and explain the generated code, but
not to implement optimizations within the Kotlin compiler itself to fix the identified bottlenecks.

e Additional Targets: The analysis is strictly limited to JVM, JavaScript, and Native. Other Kotlin tar-
gets (such as WebAssembly/WASM) are out of scope for this thesis.

Dissemination

e The results of this thesis are expected to be published in a relevant computer science conference
such as the International Conference on Performance Engineering (ICPE). The student should aim
to produce a high-quality academic paper detailing the study design, results and evaluation.

Modalities:
The progress of the project should be discussed at least every three to four weeks with the advisor(s). A time schedule and a
milestone plan must be set up within the first 2 weeks and discussed with the advisor(s). It should be continuously refined and
monitored to make sure that the thesis will be completed in time. The final version of the thesis must be submitted not later than
30.06.2026.



