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Benchmarking ConceptsBenchmarking Concepts

I The lifetime of a VM invocation

I “process execution”

I Run benchmark in a loop

I “in-process iterations”
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The Current State of the Art of BenchmarkingThe Current State of the Art of Benchmarking
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Warmup MattersWarmup Matters

1. Users dislike poor warmup.

2. VM authors dislike poor warmup.

Warmup is important!
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The Warmup ExperimentThe Warmup Experiment

We should measure the warmup of modern

language implementations

Hypothesis: Small, deterministic programs reach a
steady state of peak performance.
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Method 1: Which Benchmarks?Method 1: Which Benchmarks?

The CLBG benchmarks are perfect for us (unusually)

http://benchmarksgame.alioth.debian.org/

We removed any CFG non-determinism

We added checksums to all benchmarks
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Method 2: How Long to Run?Method 2: How Long to Run?

2000 in-process iterations

30 process executions
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Method 3: VMsMethod 3: VMs

• Graal-0.22
• HHVM-3.19.1
• TruffleRuby-20170502
• Hotspot-8u121b13
• LuaJit-2.0.4
• PyPy-5.7.1
• V8-5.8.283.32
• GCC-4.9.4

Note: same GCC (4.9.4) used for all compilation
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Method 4: MachinesMethod 4: Machines

• Linux4790, Debian 8, 24GiB RAM
• LinuxE3-1240v5, Debian 8, 32GiB RAM
• OpenBSD4790, OpenBSD 6.0, 32GiB RAM

• Turbo boost off.
• Hyper-threading off.
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Method 5: Benchmark HarnessMethod 5: Benchmark Harness

KRUN

Control as many confounding variables as possible

• Minimises I/O
• Sets fixed heap and stack ulimits
• Drops privileges to a ‘clean’ user account
• Automatically reboots the system prior to each proc. exec
• Checks dmesg for changes after each proc. exec
• Checks system at (roughly) same temperature for proc. execs
• Enforces kernel settings (tickless mode, CPU governors, ...)
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Method 6: Changepoint Analysis and ClassificationMethod 6: Changepoint Analysis and Classification
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Method 6: Changepoint Analysis and ClassificationMethod 6: Changepoint Analysis and Classification

I One changepoint segment:

FLAT ( )

I No changepoint after 1500 in-process iterations:

I The last seg is the fastest:

WARMUP ( )

I not the fastest seg:

SLOWDOWN ( )

I Otherwise:

NO STEADY STATE ( )
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Method 6: Changepoint Analysis and ClassificationMethod 6: Changepoint Analysis and Classification

Very close segments are considered equivalent
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Results
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ResultsResults

I The results I’m showing are from v1.5 of the data.

https://archive.org/download/softdev_warmup_
experiment_artefacts/v1.5/

I The OOPSLA paper uses v0.8 data.

https://archive.org/download/softdev_warmup_
experiment_artefacts/v0.8/
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Results: FlatResults: Flat

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

1.79372

1.80244

1.81116

1.81988

1.82860

1.83731

1.84603

Ti
m

e 
(s

ec
s)

N-Body, PyPy, Linux4790, Proc. exec. #24 (flat)
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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: 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
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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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Quantitative ResultsQuantitative Results
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ResultsResults
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Results: SummaryResults: Summary
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SummarySummary

“Good” warmup occurs for only:

67.2%–70.3% of process executions

37.8%–40.0% of 〈VM, benchmark〉 pairs
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Hypothesis Invalid!Hypothesis Invalid!

Hypothesis: Small, deterministic programs reach a

steady state of peak performance.
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Are the Effects due to JIT and GC?Are the Effects due to JIT and GC?

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

2.15684

2.23565

2.31447

2.39328

2.47210

2.55091

2.62972

Ti
m

e 
(s

ec
s)

0.756×109

1.501×109

2.246×109

GC

Fasta, PyPy, LinuxE3 − 1240v5, Proc. exec. #4 (no steady state)

-0.00003
0.00725
0.01453

JIT
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Are the Effects due to JIT and GC?Are the Effects due to JIT and GC?

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

0.24672

0.25275

0.25878

0.26482

0.27085

0.27688

0.28291

Ti
m

e 
(s

ec
s)

-0.00000
0.00050
0.00100

GC
 (s

ec
s)

Richards, HotSpot, LinuxE3 − 1240v5, Proc. exec. #3 (slowdown)

-0.00005
0.01350
0.02705

JIT
 (s

ec
s)
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Are the Effects due to JIT and GC?Are the Effects due to JIT and GC?

However

In many cases, the JIT/GC can’t explain oddness
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What Have We Learned?What Have We Learned?

I Benchmarks often don’t warmup as we expect.

I Repeating a benchmark often gives a different

warmup characteristic.

I Have we been misled?
I Ineffectual or bad optimisations?
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What Can We Do?What Can We Do?

1 Run benchmarks for longer to uncover issues.

2 Accept that peak performance may not occur.

3 We can’t always blame GC or JIT compilation.

4 Always report warmup time.

5 Engineer VMs for predictable performance?
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LinksLinks

OOPSLA paper:

https://arxiv.org/abs/1602.00602v6/

Main experiment repo:

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

Krun Benchmark Runner:

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

Archived data sets:

https://archive.org/details/softdev_warmup_
experiment_artefacts/
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Thanks for ListeningThanks for Listening

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

0.24672

0.25275

0.25878

0.26482

0.27085

0.27688

0.28291

Ti
m

e 
(s

ec
s)

-0.00000
0.00050
0.00100

GC
 (s

ec
s)

Richards, HotSpot, LinuxE3 − 1240v5, Proc. exec. #3 (slowdown)

-0.00005
0.01350
0.02705

JIT
 (s

ec
s)
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Backup Slides
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The Bouncing Ball PatternThe Bouncing Ball Pattern

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

0.84011

0.85490

0.86970

0.88450

0.89930

0.91409

0.92889

Ti
m

e 
(s

ec
s)

Binary Trees, C, LinuxE3 − 1240v5, Proc. exec. #12 (no steady state)

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

5.12422

5.14444

5.16466

5.18488

5.20511

5.22533

5.24555

Ti
m

e 
(s

ec
s)

Binary Trees, C, OpenBSD4790, Proc. exec. #30 (flat)
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Method 7: Summary StatisticsMethod 7: Summary Statistics

For each machine, we summarise each 〈VM, Benchmark〉 pairing.

Consistent

All 30 process executions were classified the same.

Inconsistent

A mix of classifications arose within the 30 process executions. E.g.:

I Good inconsistent: (25 , 5 )

I Bad inconsistent: (20 , 3 , 7 )

If possible report: steady state performance, time until steady state, etc.
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	Results

