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The Current State of the Art of BenchmarkingThe Current State of the Art of Benchmarking
How to benchmark a JIT:

I Invoke VM
I “process execution”

I Run Benchmark in a Loop
I “in-process iterations”
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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 modernlanguage implementations

Hypothesis: Small, deterministic programs reach asteady 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/
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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
• JRuby/Truffle (git #6e9d5d381777)
• 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 All segs are equivalent:FLAT ( )

I Length(final equivalent segs) >= 500 iters:
I and are the fastest segs:WARMUP ( )
I but not the fastest segs:SLOWDOWN ( )

I Otherwise:NO STEADY STATE ( )
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Results
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Results: FlatResults: Flat

1 201 401 601 801 1001 1201 1401 1601 1801 2000

In-process iteration

1.84197

1.84836

1.85476

1.86115

1.86754

1.87393

1.88032

T
im

e
 (

se
cs

)

N-Body, PyPy, LinuxE3− 1240v5, Proc. exec. #6 (flat)

1 26 50

1.84258

1.85248

1.86238

15 / 32 http://soft-dev.org/

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


Results: WarmupResults: Warmup

1 201 401 601 801 1001 1201 1401 1601 1801 2000

In-process iteration

1.15391

1.15968

1.16545

1.17122

1.17699

1.18276

1.18854

T
im

e
 (

se
cs

)

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

1 26 50

1.15685

1.17297

1.18909
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Results: WarmupResults: Warmup

1 201 401 601 801 1001 1201 1401 1601 1801 2000

In-process iteration

0.46483

0.46632

0.46781

0.46931

0.47080

0.47229

0.47378

T
im

e
 (

se
cs

)

Spectral Norm, PyPy, LinuxE3− 1240v5, Proc. exec. #13 (warmup)

1 6 10

0.46492

0.46942

0.47393
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Results: SlowdownResults: Slowdown

1 201 401 601 801 1001 1201 1401 1601 1801 2000

In-process iteration

0.24016

0.24515

0.25014

0.25512

0.26011

0.26510

0.27009

T
im

e
 (

se
cs

)

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

1 26 50

0.23996

0.25529

0.27062
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Results: SlowdownResults: Slowdown

1 201 401 601 801 1001 1201 1401 1601 1801 2000

In-process iteration

1.14063

1.14575

1.15087

1.15599

1.16111

1.16623

1.17135

T
im

e
 (

se
cs

)

Fasta, V8, Linux4790, Proc. exec. #14 (slowdown)

1 26 50

1.14086

1.15142

1.16197
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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

0.49034

0.49320

0.49607

0.49893

0.50180

0.50466

0.50753

T
im

e
 (

se
cs

)

Binary Trees, V8, Linux4790, Proc. exec. #24 (no steady state)

1 26 50

0.49764

0.50266

0.50769
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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

0.49007

0.49149

0.49290

0.49432

0.49573

0.49714

0.49856

T
im

e
 (

se
cs

)

Binary Trees, V8, LinuxE3− 1240v5, Proc. exec. #7 (warmup)

1 201 401 601 801 1001 1201 1401 1601 1801 2000

In-process iteration

0.49007

0.49149

0.49290

0.49432

0.49573

0.49714

0.49856

T
im

e
 (

se
cs

)

Binary Trees, V8, LinuxE3− 1240v5, Proc. exec. #8 (slowdown)

1 26 50

0.49013

0.49409

0.49806

1 26 50

0.49179

0.49523

0.49867

(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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Results: SummaryResults: Summary

Best case no. good process executions: 86.1%
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Results: SummaryResults: Summary

Best case good 〈VM, benchmark〉 pairings: 43.5%
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Hypothesis Invalid!Hypothesis Invalid!

Hypothesis: Small, deterministic programs reach asteady 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

2.14443

2.22237

2.30031

2.37825

2.45620

2.53414

2.61208

Ti
m

e 
(s

ec
s)

0.843×109

1.582×109

2.321×109

GC

Fasta, PyPy, LinuxE3 1240v5, Proc. exec. #5 (no steady state)

-0.00003
0.00743
0.01488

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

0.24492

0.25075

0.25657

0.26239

0.26821

0.27403

0.27985

Ti
m

e 
(s

ec
s)

-0.00000
0.00050
0.00100

GC
 (s

ec
s)

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

-0.00008
0.01950
0.03908

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 differentwarmup 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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Next Version of the PaperNext Version of the Paper

https://arxiv.org/abs/1602.00602

(These slides correspond to version 6 of the paper)
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Thanks for ListeningThanks for Listening

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

0.24492

0.25075

0.25657

0.26239

0.26821

0.27403

0.27985

Ti
m

e 
(s

ec
s)

-0.00000
0.00050
0.00100

GC
 (s

ec
s)

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

-0.00008
0.01950
0.03908

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

0.85024

0.86442

0.87860

0.89278

0.90695

0.92113

0.93531

T
im

e
 (

se
cs

)

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

5.05066

5.07168

5.09270

5.11372

5.13474

5.15576

5.17677

T
im

e
 (

se
cs

)

Binary Trees, C, OpenBSD4790, Proc. exec. #30 (flat)

31 / 32 http://soft-dev.org/

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


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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