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Motivation



Register Allocation in a Just-in-Time Compiler

® Register Allocation at run time
Spend compile time budget wisely

® Compilation units are potentially large
Aggressive speculative optimizations, e.g., inlining or duplication

lul  Profiling information available!
Optimize for the common case



Global Register Allocation
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time budget spent for 50% hot and 50% cold blocks




Problem with Global Approaches

The global scope is not adequate because...
...not all parts are equally important
...cold parts can (negatively) influence hot parts

...compile time does not scale w.r.t. method size



Q Focus on the Common Case
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Q Focus on the Common Case

good quality fast allocation 3



Research Questions

Can the trace-based approach...

RQ1: ...reach the same quality of allocation as a
(state-of-the-art) global allocator?

RQ2: ..be asfast as a global allocator?

RQ3: ...enable fine-grained control

w.r.t. compile-time vs. allocation quality trade-offs?



Trace Register Allocation Framework




Overview

3. Trace Selection 1. Trace Building

Start with hot Traces Find Traces in CFG

2. Global Liveness Analysis

Build Traces
v Live variables at block boundaries

Global Liveness

A , Strategy 1

foreach trace
Y - Strategy 2

allocate trace 1

Resolve Data Flow

5 DElE e Fecal e 4, Allocate (single) Trace

Resolve data-flow mismatches Independent of other Traces
Different Strategy depending on Trace




Allocation Strategies

Build Traces
Y

Global Liveness

A , Strategy 1

foreach trace )

v o Strategy 2
l allocate trace N

~

Resolve Data Flow



What is a Register Allocation Strategy?

A register allocation algorithm for a single Trace

Simple structure: Linear sequence of code
nice liveness properties (no holes, SSA-form)

(basically a large basic block)



Evaluation using the Graal Compiler




Allocation Strategies

Bottom-Up

Q) code quality &y compile time

Build Traces valid allocation as fast as possible

\

Global Liveness
\

foreach trace

l y e Bottom-Up

allocate trace

) Linear Scan

Resolve Data Flow

Trace-based Linear Scan

¢ code quality &) compile time
both comparable to global Linear Scan 6




Trace Register Allocation Policy

Build Traces
A\

Global Liveness
\

foreach trace
N ooceoe 3
p o

Resolve Data Flow

Which Traces are important (Linear Scan) and which are not (Bottom-Up)?
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“Trace Register Allocation Policies” at ManLang 2017

% Evaluated 8 parameterized policies
% Compared 14 configurations

% Analyzed the compile time vs. peak performance impact

Trace Register Allocation Policies

Compile-time vs. Performance Trade-offs
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Allocation Policies (Selection)
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“Use Linear Scan for the first p% Traces”
“Global Linear Scan” (for reference)
“Always use Trace-based Linear Scan”

“Always use Bottom-Up”



Results - Peak Performance vs. Compile Time (Ratio)
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Summary




Highlights of the Trace Register Allocation Framework

Bu“dvTraces Novel non-global register allocator
Global Liveness
v

P—— More flexible than existing approaches

A4 A
l allocate trace

~>~._Designed for JIT compilation

Resolve Data Flow
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