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Why care?
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What’s VM Warmup?What’s VM Warmup?

Warmup is bad for everyone.

8 / 40 http://soft-dev.org/

http://soft-dev.org/
http://soft-dev.org/


Our Experiment
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The Warmup ExperimentThe Warmup Experiment

Goal:
Measure warmup of modern (JITted) language VMs

Hypothesis:
Small, deterministic programs exhibit classical

warmup behaviour
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Which VMs?Which VMs?

VM Version Language
Graal 0.18 Java
HHVM 3.15.3 PHP
JRuby/Truffle graalvm-0.18 Ruby
Hotspot 8u112b15 Java
LuaJit 2.0.4 Lua
PyPy 5.6.0 Python
V8 5.4.500.43 Javascript
GCC 4.9.3 C/C++

Note: same GCC (4.9.3) used for all compilation
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Which benchmarks?Which benchmarks?

The language benchmark games
https://benchmarksgame.alioth.debian.org/

(small benchmarks, multi-language, common optimisation target)

I We removed any CFG non-determinism
I We added checksums to all benchmarks
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How long to run for?How long to run for?

2000 in-process iterations per process execution.

10 process executions
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Which Machines?Which Machines?

• Linux-Debian8/i4790K, 24GiB RAM
• Linux-Debian8/i4790, 32GiB RAM
• OpenBSD-5.8/i4790, 32GiB RAM

• Turbo boost and hyper-threading disabled
• Daemons disabled (cron, smtpd)
• Tickless kernel (Linux only)
• Disable Intel P-state driver (Linux only)
• Linux machine software identical.
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How to run the Benchmarks?How to run the Benchmarks?

Benchmark runner: KRUN
https://github.com/softdevteam/krun

Tries to control confounding variables
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How to run the Benchmarks?How to run the Benchmarks?

• Network device taken down during benchmarking
• Drops privileges to a fresh user account for each proc. exec
• Automatically reboots the system prior to each proc. exec
• Checks system at (roughly) same temperature for proc. execs
• Minimises I/O
• Sets fixed heap and stack ulimits
• Checks dmesg for changes after each proc. exec
• Enforces kernel settings (tickless mode, CPU governors, ...)
• ...
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Preliminary Results

17 / 40 http://soft-dev.org/

http://soft-dev.org/
http://soft-dev.org/


Classical WarmupClassical Warmup

0 200 400 600 800 1000 1200 1400 1600 1800 2000

In-process iteration

0. 1298

0. 1502

0. 1707

0. 1911

0. 2115

0. 2320

0. 2524

T
im

e 
(s

ec
s)

Fasta, Graal, Linux4790K, Proc. exec. #1

0 10 20 30 40 50
0. 1298

0. 1911

0. 2524

18 / 40 http://soft-dev.org/

http://soft-dev.org/
http://soft-dev.org/


Classical WarmupClassical Warmup

0 200 400 600 800 1000 1200 1400 1600 1800 2000

In-process iteration

2. 05911

2. 06376

2. 06842

2. 07307

2. 07773

2. 08238

2. 08704

T
im

e 
(s

ec
s)

Binary Trees, HHVM, Linux4790K, Proc. exec. #7

0 10 20 30 40 50
2. 05911

2. 07307

2. 08704

18 / 40 http://soft-dev.org/

http://soft-dev.org/
http://soft-dev.org/


Classical WarmupClassical Warmup

0 200 400 600 800 1000 1200 1400 1600 1800 2000

In-process iteration

2. 05911

2. 06376

2. 06842

2. 07307

2. 07773

2. 08238

2. 08704

T
im

e 
(s

ec
s)

Binary Trees, HHVM, Linux4790K, Proc. exec. #7

0 10 20 30 40 50
2. 05911

2. 07307

2. 08704

0 200 400 600 800 1000 1200 1400 1600 1800 2000

In-process iteration

2. 31076

2. 31559

2. 32043

2. 32526

2. 33009

2. 33492

2. 33975

T
im

e 
(s

ec
s)

Binary Trees, HHVM, Linux4790, Proc. exec. #1

0 10 20 30 40 50
2. 31076

2. 32526

2. 33975

(different machines)
19 / 40 http://soft-dev.org/

http://soft-dev.org/
http://soft-dev.org/


SlowdownSlowdown
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Summarising with Changepoint Analysis
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Summarising with Changepoint AnalysisSummarising with Changepoint Analysis

For each 〈Machine, VM, Benchmark〉 combo, the process
executions can be either:

All flat

All warmup

All slowdown

All no steady state

Inconsistent (> 1 of the above)
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Summarising with Changepoint AnalysisSummarising with Changepoint Analysis
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Summarising with Changepoint AnalysisSummarising with Changepoint Analysis

How many benchmarks were consistently (flat) or (warmup)?

Machine % 〈Bench, VM〉 pairs
Linux4790K 50.0
Linux4790 56.5

OpenBSD4790 43.3
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Hypothesis InvalidatedHypothesis Invalidated

Hypothesis: Small, deterministic programs exhibit
classical warmup behaviour
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ProblemsProblems

How can we measure anything any more?

Standard methods assume:
I Convergence upon steady state
I Normally distributed samples
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ProblemsProblems

Are our experiments repeatable?

Many inconsistent process executions
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Understanding Why
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InstrumentationInstrumentation

For PyPy and HotSpot we measured (per in-process iteration):

Time spent in the GC Time spent in the JIT

Can this help to explain why?
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GC InstrumentationGC Instrumentation
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JIT InstrumentationJIT Instrumentation
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But...

In many cases we can’t explain

(Future work to find out?)
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Conclusions
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ConclusionsConclusions

I Only '50% of 〈Machine, VM, Benchmark〉 combos consistently
warm up OK.

I ( , ).

I We can’t assume that benchmarks will warmup or stabilise
I ( , )

I We can’t assume that benchmarking is repeatable
I Even on the same machine, same installation, ...
I ( )
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DownloadsDownloads

Code
https://github.com/softdevteam/krun/

https://github.com/softdevteam/warmup_experiment/

Data
https://archive.org/download/softdev_warmup_

experiment_artefacts/v0.7/
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Thanks for listeningThanks for listening
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