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Context

JavaScript is particularly difficult to implement efficiently because most of its expressions have all sorts of different meanings
that involve all sorts of different executions that are not distinguished by any syntactic or type annotation. Checking all the
possible interpretations and executing the appropriate one literally, that is treating the language specification as an algorithm,
delivers unacceptably slow performance. All fast implementations use alternative strategies. Amongst all the possible
interpretations, they favor the one that corresponds to the most frequent situation, for which they elaborate a faster execution
plan, and, as importantly, for which they elaborate a fast guard that ensures the preservation of the language semantics.
Typically, that is what inline caches and hidden classes achieve [3, 4, 1]. Using a single test, the comparison of the object’s
hidden class with the inline cache, we know if the property is to be read directly from the object and, if so, at which offset.
Until recently it was considered that only dynamic compilers, a.k.a,, JIT compilers, can handle dynamic languages efficiently
because this heuristic-based strategy requires having the program and the data on hand in order to generate efficient code [5].
Recent studies show more balanced results [8] but whatever the underlying implementation technique used, JIT or AoT
(ahead-of-time), the executed code has the same characteristic. The code is cluttered with tests (for the guards), long code (for
code duplication and specialization) and memory footprints are large, especially when JIT compilation is used because the
dynamic compilation itself is memory demanding. The purpose of this PhD is to study how this impacts the overall
performance of JavaScript executions.

Objectives

Modern processors and systems provide users with many sensors and probes the let them finely analyze the performance of
their programs at the hardware level [2, 6]. Unfortunately, these tools have so many options and configurations that they are
hardly usable by programmers lacking expertise in computer architecture design [7]. The objective of this PhD is to develop
methodologies and tools that will help non-expert programmers analyze and understand the performance of their JavaScript
programs. All the major industrial implementations, namely Google’s V8, Mozilla’s SpiderMonkey, and Apple’s JavaScriptCore
all rely on JIT compilation but they rely on different techniques. Hopc, the ahead-of-time compiler developed at
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Inria Sophia, yet again, uses totally different strategies because all its decisions regarding which code to generate and which
code to specialize are taken before the execution.

The tools that will be crafted during this PhD will be used to analyze and compare the different JavaScript implementations in
order to shed light on aspects of the executions that are generally badly understood. That is, this analysis will compare the
behavior of the different executions and their adaptation to actual hardware settings, instead of focusing on raw performance
of JavaScript benchmark as most analyses do. More precisely, Hopc has various code generation strategies to translate
JavaScript to C. The goal is to compare them with each other, and also against what existing JIT compilers do. For this purpose,
the initial idea consists in three steps: first, run the programs and measure wall-clock time; second, run under the control of
the perf tool to collect low-level information from hardware counters, such as instruction count, branch misprediction,
behavior of memory hierarchy, etc; finally, the statically generated code is run in a micro-architecture simulator, developed at
Inria Rennes, capable of pinpointing the behavior of particular instructions, such as branch or memory instructions. As a
result of analyzing the data, the objective is to derive recommendation about the best code generation strategy for the

static compilation of JavaScript.
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