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JIT WarmupJIT Warmup

I Users dislike poor warmup.

I VM authors dislike poor warmup.
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The Warmup ExperimentThe Warmup Experiment

We should measure the warmup of modern language
implementations
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The Warmup ExperimentThe Warmup Experiment

I Well-known micro-benchmarks

I State of the art JIT compilers
I Graal, HHVM, TruffleRuby, Hotspot, LuaJIT, PyPy, V8

I 3 different machines

I Controlled benchmarking environment

I Ran the benchmarks for a long time
I 2000 in-process iterations.
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The Warmup ExperimentThe Warmup Experiment

Hypothesis:
Small, deterministic programs reach a steady state of peak

performance.
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Results: WarmupResults: Warmup

1 201 401 601 801 1001 1201 1401 1601 1801 2000
In-process iteration

0.46470

0.46618

0.46766

0.46915

0.47063

0.47211

0.47359

Ti
m

e 
(s

ec
s)

Spectral Norm, PyPy, LinuxE3 − 1240v5, Proc. exec. #5 (warmup)

1 6 10
0.46503

0.46939

0.47374

9 / 43 https://soft-dev.org/

https://soft-dev.org/


Results: WarmupResults: Warmup

1 201 401 601 801 1001 1201 1401 1601 1801 2000
In-process iteration

1.12811

1.13248

1.13685

1.14121

1.14558

1.14995

1.15432

Ti
m

e 
(s

ec
s)

Fasta, V8, Linux4790, Proc. exec. #15 (warmup)

1 26 50
1.13493

1.14273

1.15053
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Results: SlowdownResults: Slowdown

1 201 401 601 801 1001 1201 1401 1601 1801 2000
In-process iteration

0.23718

0.24331

0.24943

0.25556

0.26168

0.26781

0.27393

Ti
m

e 
(s

ec
s)

Richards, HotSpot, LinuxE3 − 1240v5, Proc. exec. #8 (slowdown)

1 26 50
0.23691

0.25575

0.27458
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Results: SlowdownResults: Slowdown

1 201 401 601 801 1001 1201 1401 1601 1801 2000
In-process iteration

1.14109

1.14451

1.14793

1.15134

1.15476

1.15818

1.16160

Ti
m

e 
(s

ec
s)

Fasta, V8, Linux4790, Proc. exec. #26 (slowdown)

1 26 50
1.14087

1.14754

1.15420
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Results: No Steady StateResults: No Steady State

1 201 401 601 801 1001 1201 1401 1601 1801 2000
In-process iteration

0.49089

0.49541

0.49993

0.50444

0.50896

0.51348

0.51800

Ti
m

e 
(s

ec
s)

Binary Trees, V8, Linux4790, Proc. exec. #6 (no steady state)
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Results: Inconsistent Process-executionsResults: Inconsistent Process-executions

1 201 401 601 801 1001 1201 1401 1601 1801 2000
In-process iteration

0.48939

0.49415

0.49892

0.50369

0.50846

0.51323

0.51800

Ti
m

e 
(s

ec
s)

Binary Trees, V8, Linux4790, Proc. exec. #15 (warmup)

1 201 401 601 801 1001 1201 1401 1601 1801 2000
In-process iteration

0.48939

0.49415

0.49892

0.50369

0.50846

0.51323

0.51800

Ti
m

e 
(s

ec
s)

Binary Trees, V8, Linux4790, Proc. exec. #6 (no steady state)

1 26 50
0.49151

0.50445

0.51739

1 26 50
0.49317

0.50257

0.51197

(Same machine)
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Summary of ResultsSummary of Results

“Good warmup” (flat/warmup) occurs for only:

67.2%–70.3% of process executions

37.8%–40.0% of 〈VM, benchmark〉 pairs
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About that hypothesis. . .About that hypothesis. . .

Hypothesis:
Small, deterministic programs reach a steady state of peak

performance
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What Can We Do?What Can We Do?

In the short term:
I Run benchmarks for longer to uncover issues.

I Be prepared to discard some of your results.

I Report the warmup time in results.

In the longer term:
I Find ways to improve warmup.

17 / 43 https://soft-dev.org/

https://soft-dev.org/


Improving Warmup
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Intel Processor TraceIntel Processor Trace
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Intel Processor TraceIntel Processor Trace

Last Branch Record (LBR) Low overhead, but can only record short traces.

Branch Trace Store (BTS) Can record long traces, but high overhead.

Architecture Event Trace (AET) Requires specialised hardware probe.

Processor Trace (PT) Long traces, low collection overhead.
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Tracing JITsTracing JITs
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• interp(7)
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Profiling
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Tracing JITsTracing JITs

Cross-Layer Workload Characterization of Meta-Tracing JIT VMs. Ilbeyi et al.
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PT-enabled Trace CollectionPT-enabled Trace Collection
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If tracing can be cheap, new opperunities arise
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Avoiding trace tree explosions with trace samplingAvoiding trace tree explosions with trace sampling
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Language ImplementationLanguage Implementation

Lang1 Interpreter Lang2 Interpreter Lang3 Interpreter

Lang1 JIT Lang2 JIT :(
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Language Implementation with Meta-TracingLanguage Implementation with Meta-Tracing

Meta-tracing Language
Meta-JIT

Lang2 InterpreterLang1 Interpreter Lang2 Interpreter

Free JITs!
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yk
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yk: high-level viewyk: high-level view

interpreter.c

compile interpreter executable

input

user program
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Feeding-back to the JITFeeding-back to the JIT

1

2

3 4

5

6

7

YkLocation *locs = calloc(
len(prog), sizeof(YkLocation *));

locs[2] = yk_location_new();

...

yk_control_point(locs[pc])
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Location: state machineLocation: state machine

counting

tracing dont trace

compiling

compiled
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Location: state machineLocation: state machine

counting

tracing dont trace

compiling

compiled

Counting
I Atomic increment of hot count.

I Transition once hot threshold met.
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Location: state machineLocation: state machine

counting

tracing dont trace

compiling

compiled

Tracing
As the location enters the tracing state:
I Turn on PT.

I Carry on interpreting.

When we see this location again:

I Stop PT.
I PT payload is decoded.
I Binary trace is “mapped”.
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ykyk

〈 , , , , , , , . . . 〉

↓ IPT block decoder

〈 0x7ffff7fd6090, 0x7ffff7fd609c, 0x7ffff7fd60ba, . . . 〉
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ykyk

clang -fuse-ld=lld \
-flto \
-Wl,--plugin-opt=-lto-embed-bitcode=optimized \
-Wl,--lto-basic-block-sections=labels \
...
interpreter.c
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ykyk
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ykyk

〈 , , , , , , , . . . 〉
↓ IPT block decoder

〈 0x7ffff7fd6090, 0x7ffff7fd609c, 0x7ffff7fd60ba, . . . 〉

↓ map to LLVM block IDs

〈 main<bb6>, do_stuff<bb0>, do_stuff<bb1>, ... 〉

38 / 43 https://soft-dev.org/

https://soft-dev.org/


ykyk

〈 , , , , , , , . . . 〉
↓ IPT block decoder

〈 0x7ffff7fd6090, 0x7ffff7fd609c, 0x7ffff7fd60ba, . . . 〉

↓ map to LLVM block IDs

〈 main<bb6>, do_stuff<bb0>, do_stuff<bb1>, ... 〉

38 / 43 https://soft-dev.org/

https://soft-dev.org/


Location: state machineLocation: state machine

counting

tracing dont trace

compiling
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Compiling
I Extract blocks from IR.

I Copy them into a new LLVM module.
I Rewrite terminators to guards.
I Compile to executable code.
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Location: state machineLocation: state machine

counting

tracing dont trace

compiling

compiled

Compiled
I Jump to compiled code instead of

interpreting.
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ykyk

I We can use this for interpreters written in any LLVM language.
I Rust, C, C++, Julia, D, . . . .

I You get a tracing JIT for free!

I We can adapt existing interpreters.
I CPython, Lua, Ruby MRI, . . . .

I A lot of the trace compilation work can be done by LLVM.
I At least initially...
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No performance numbers yet!
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Plan of actionPlan of action

I Get some C interpreters JITting on our system.
I Lua and CPython.

I Implement and evaluate additional ideas to improve warmup.
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Thanks for ListeningThanks for Listening
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