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IntroductionIntroduction
To appear: OOPSLA 2017, Vancouver.
https://arxiv.org/abs/1602.00602
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Programming Language BenchmarkingProgramming Language Benchmarking

I Used to decide if a language is performing well.

I Used by pretty much all language designers:
I Google
I Oracle
I Facebook
I Mozilla
I . . .

I Long established methods.
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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
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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/

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
• 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

10 / 31 http://soft-dev.org/

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


Method 4: MachinesMethod 4: Machines

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

• Turbo boost and hyper-threading disabled
• Network card turned off.
• Daemons disabled (crond, smtpd, sshd, atd, . . . )
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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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Results and ClassificationResults and Classification

Let’s look at some plots for our results.

We also classify each process execution.

Classification uses changepoint analysis.
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Changepoint Analysis 101Changepoint Analysis 101
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Fannkuch Redux, LuaJIT, OpenBSD4790, Proc. exec. #12 (warmup)
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Changepoint Analysis 101Changepoint Analysis 101

Changepoint
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Changepoint Analysis 101Changepoint Analysis 101

Changepoint

Changepoint segment
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Results and ClassificationResults and Classification
I All segs are equivalent:FLAT
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Results and Classification: FlatResults and Classification: Flat
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In-process iteration
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N-Body, PyPy, LinuxE3− 1240v5, Proc. exec. #6 (flat)
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Results and ClassificationResults and Classification
I All segs are equivalent:FLAT
I Final equivalent segs >= 500 iters:

I Final seg is equivalent to the fastest seg:WARMUP
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Results and Classification: WarmupResults and Classification: Warmup
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In-process iteration
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Fasta, V8, Linux4790, Proc. exec. #15 (warmup)
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Results and Classification: WarmupResults and Classification: Warmup
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Spectral Norm, PyPy, LinuxE3− 1240v5, Proc. exec. #13 (warmup)
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Results and ClassificationResults and Classification
I All segs are equivalent:FLAT
I Final equivalent segs >= 500 iters:

I Final seg is equivalent to the fastest seg:WARMUP
I Final seg is not equivalent to the fastest seg:SLOWDOWN
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Results and SlowdownResults and Slowdown

1 201 401 601 801 1001 1201 1401 1601 1801 2000

In-process iteration
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Richards, Hotspot, LinuxE3− 1240v5, Proc. exec. #3 (slowdown)
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Results and SlowdownResults and Slowdown
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Fasta, V8, Linux4790, Proc. exec. #14 (slowdown)
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Results and ClassificationResults and Classification
I All segs are equivalent:FLAT
I Final equivalent segs >= 500 iters:

I Final seg is equivalent to the fastest seg:WARMUP
I Final seg is not equivalent to the fastest seg:SLOWDOWN

I Otherwise:NO STEADY STATE
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Results and Classification: No steady stateResults and Classification: No steady state
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Binary Trees, V8, Linux4790, Proc. exec. #24 (no steady state)
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Inconsistent Process-executionsInconsistent Process-executions
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Binary Trees, V8, LinuxE3− 1240v5, Proc. exec. #7 (warmup)
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(Same machine)
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Inconsistent Process-executionsInconsistent Process-executions
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Binary Trees, C, OpenBSD4790, Proc. exec. #30 (flat)

(Different machines. Bouncing ball Linux-specific)
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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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Are the effects due to JIT and GC?Are the effects due to JIT and GC?
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Are the effects due to JIT and GC?Are the effects due to JIT and GC?
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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 Invalid benchmarking assumptions may havemisled us!

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 Always report warmup time.
4 Stop over-training on small benchmark suites.
5 The more benchmarks, the better.
6 Focus on predictable performance.
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Thanks for ListeningThanks for Listening
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