VM Warmup Blows Hot and Cold
OOPSLA 2017, Vancouver

!
Sarah Mount

Laurence
Friedrich Killick Tratt
Bolz-Tereick  (Lancaster)

Edd Barrett Carl Rebecca

ING'S
College
LLONDON

Software Development Team
2017-10-25

Software Development Team 1/32 http://soft-dev.org/


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

e Current State ofi the Art off Benchmarking

How to benchmark a JIT:

Software Development Team http://soft-dev.org/


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

e Current State ofi the Art off Benchmarking

How to benchmark a JIT:

» Invoke VM

Software Development Team http://soft-dev.org/


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

e Current State ofi the Art off Benchmarking

How to benchmark a JIT:

» Invoke VM
» “process execution”

Software Development Team http://soft-dev.org/


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

e Current State ofi the Art off Benchmarking

How to benchmark a JIT:

» Invoke VM
» “process execution”

» Run Benchmark in a Loop

Software Development Team http://soft-dev.org/


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

e Current State ofi the Art off Benchmarking

How to benchmark a JIT:

» Invoke VM
» “process execution”

» Run Benchmark in a Loop
» “in-process iterations”
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e Current State ofi the Art off Benchmarking

ITERATION TIME

IN-PROCESS ITERATION
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e Current State ofi the Art off Benchmarking

MORE REALISTIC vt WARMUP

ITERATION TIME
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e Current State ofi the Art off Benchmarking

ITERATION TIME

MORE REALISTIC vt WARMUP
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e Current State ofi the Art off Benchmarking

THE WARMUP PHASE

ITERATION TIME

< WARMUP.

IN-PROCESS ITERATION
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Warmup; Viatters

1. Users dislike poor warmup.
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Warmup; Viatters

1. Users dislike poor warmup.

2. VM authors dislike poor warmup.

Warmup is important!
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The 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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Methoed 1: Which Benchmarks?

The CLBG benchmarks are perfect for us (unusually)

http://benchmarksgame.alioth.debian.org/
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Viethod!2: Hoew Long to Run?
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Viethod!2: Hoew Long to Run?

2000 in-process iterations

30 process executions
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Methoed 3; VIMs

Graal-0.22

HHVM-3.19.1

JRuby/Truffle (git #6€9d5d381777)
Hotspot-8u121b13

Lua)it-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: Machines

e Linux4799, Debian 8, 24GiB RAM
° Linux53_124oV5, Debian 8, 32GiB RAM
e OpenBSD4790, OpenBSD 6.0, 32GiB RAM
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Method 4: Machines

e Linux4799, Debian 8, 24GiB RAM
° Linux53_124oV5, Debian 8, 32GiB RAM
e OpenBSD4790, OpenBSD 6.0, 32GiB RAM

e Turbo boost off.
e Hyper-threading off.
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Methoed 5: Benclhmark Harness

KRUN

Control as many confounding variables as possible
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Methoed 5: Benclhmark Harness

KRUN
Control as many confounding variables as possible

Minimises 1/0

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

e Enforces kernel settings (tickless mode, CPU governors, ...)
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Viethod 6: Changepoint Analysisiand €lassification
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Viethod 6: Changepoint Analysisiand €lassification

OUTLIERS IDENTIFIED AND IGNORED

ITERATION TIME
°

IN-PROCESS ITERATION
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Viethod 6: Chiangepoint Analysis and €Elassification
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Viethod 6: Changepoint Analysisiand €lassification

CHANGEPOINT SEGMENTS
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FLAT (—)
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Viethod 6: Changepoint Analysisiand €lassification

» All segs are equivalent:
FLAT (—)

» Length(final equivalent segs) >= 500 iters:

» and are the fastest segs:
WARMUP (1)

» but not the fastest segs:
SLOWDOWN (J)

» Otherwise:
NO STEADY STATE (w)
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Results
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Results: Elat

N-Body, PyPy, Linuxgs _ 1240v5, Proc. exec. #6 (flat)
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Results: Warmup

Fasta, V8, Linuxys, Proc. exec. #15 (warmup)
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Results: Warmup

Spectral Norm, PyPy, LinuXgs 12495, Proc. exec. #13 (warmup)
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Results: Slewdoewn

Richards, Hotspot, Linuxg; 124045, Proc. exec. #3 (slowdown)
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Results: Slewdoewn

Fasta, V8, Linux,y, Proc. exec. #14 (slowdown)
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Results: No Steady, State

Binary Trees, V8, Linuxyy, Proc. exec. #24 (no steady state)
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Results; Inconsistent: Process-executions

Binary Trees, V8, LinuXg; 10405, Proc. exec. #7 (warmup) Binary Trees, V8, LinuXy;_ 12405, Proc. exec. #8 (slowdown)
049856 | 0.49856 | | |
0.49806 - 0.49867 - 1 -1
| ( |
0.49714 0.49409 - F 0.49714 0.49523 - -
0.49013 [ WVINWL . I :
1 26 50
0.49573 0.49573
| F ?
3 b
0.49432 | 2 0.49432 2
| g g
| [ F
0.49290 0.49290
I
I
0.49149 0.49149 | r
I I
I I I
0.49007 | 0.49007 | | |
1 201 401 601 801 1001 1201 1401 1601 1801 2000 1 201 401 601 801 1001 1201 1401 1601 1801 2000
In-process iteration In-process iteration

(Same machine)



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

Quantitative Results

Steady Steady Steady Steady Steady Steady
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Steady Steady Steady
Class. iter (¥) iter (s) perf (s)
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Results: Summary,

Class. Lil’lI.IX4790 LiI'IUX1240V5 OpenBSD47gO

(VM, benchmark) pairs

- 8.7% 13.0% 6.7%
1 28.3% 23.9% 10.0%
I 6.5% 6.5% 0.0%
w 4.3% 6.5% 0.0%
= 6.5% 6.5% 13.3%
= 45.7% 43.5% 70.0%
Process executions
— 26.4% 20.9% 34.0%
1 48.3% 51.5% 52.1%
I 16.7% 17.9% 11.1%
w 8.7% 9.6% 2.8%
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Results: Summary,

Class. Lil’lI.IX4790 LiI'IUX1240V5 OpenBSD47gO

(VM, benchmark) pairs

- 8.7% 13.0% 6.7%
1 28.3% 23.9% 10.0%
I 6.5% 6.5% 0.0%
w 4.3% 6.5% 0.0%
= 6.5% 6.5% 13.3%
= 45.7% 43.5% 70.0%
Process executions
— 26.4% 20.9% 34.0%
1 48.3% 51.5% 52.1%
I 16.7% 17.9% 11.1%
w 8.7% 9.6% 2.8%

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

Class. LiIlU.X4790 LiHUX1240V5 OpenBSD4790

(VM, benchmark) pairs

- 8.7% 13.0% 6.7%
1 28.3% 23.9% 10.0%
I 6.5% 6.5% 0.0%
w 4.3% 6.5% 0.0%
= 6.5% 6.5% 13.3%
= 45.7% 43.5% 70.0%
Process executions
— 26.4% 20.9% 34.0%
1 48.3% 51.5% 52.1%
I 16.7% 17.9% 11.1%
w 8.7% 9.6% 2.8%

Best case good (VM, benchmark) pairings: 43.5%
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Hypothesis Invalid!
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Are the Effects due to lirand GE?

Fasta, PyPy, Linuxgs —1240v5, Proc. exec. #5 (no steady state)
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Are the Effects due to lirand GE?

Richards, Hotspot, Linuxgs —1240v5, Proc. exec. #3 (slowdown)
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Are the Effects due to lirand GE?

However

In many cases, the JIT/GC can't explain oddness
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What: Have We [Learned?.

» Benchmarks often don’'t warmup as we expect.

» Repeating a benchmark often gives a different
warmup characteristic.

» Have we been misled?
» Ineffectual or bad optimisations?
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What:Can We Doe?.
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1 Run benchmarks for longer to uncover issues.
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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.
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What:Can We Doe?.

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?

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

Richards, Hotspot, Linuxgs —1240v5, Proc. exec. #3 (slowdown)
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Backup Slides
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The Bouncing Ball Pattern

Binary Trees, C, LinuXg;_ 12405, Proc. exec. #12 (no steady state) Binary Trees, C, OpenBSD 4, Proc. exec. #30 (flat)
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Method 7: Summary, Statistics

For each machine, we summarise each (VM, Benchmark) pairing.
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For each machine, we summarise each (VM, Benchmark) pairing.

Consistent
All 30 process executions were classified the same.
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Method 7: Summary, Statistics

For each machine, we summarise each (VM, Benchmark) pairing.

Consistent
All 30 process executions were classified the same.
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Inconsistent

A mix of classifications arose within the 30 process executions. E.g.:
» Good inconsistent: = (25—, 51)
» Bad inconsistent: < (20—, 3.1, 7~)
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Method 7: Summary, Statistics

For each machine, we summarise each (VM, Benchmark) pairing.

Consistent
All 30 process executions were classified the same.
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Inconsistent

A mix of classifications arose within the 30 process executions. E.g.:
» Good inconsistent: = (25—, 51)
» Bad inconsistent: < (20—, 3.1, 7~)

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