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A way to make faster Ruby

The only way | can find Is:
Repeating a process.



A way to make faster Ruby: A process

1. Observe Ruby interpreter

2. Make assumption the reason of slowness

3. Consider ideas to overcome

4. Implement ideas

5. Measure the result
ABad/sameperformancelhGoto4, 3, 2 orl
AGood performancelhCommit it.
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AYARV: Yet Another RubyVM P "=
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Koichi Is a member of Heroku Matz team

Mission
Design Ruby language
and improve quality of MRI

Heroku employs three full time Ruby core developers in Japan
VIYSR aal 1 GSIYE



Heroku Matz team
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Matz
Title collector

AHe has so many (job) title
A Chairman Ruby Association
A Fellow- NaCl
A Chief architect, RubyHeroku
A Research institute fellow Rakuten
A Chairmang NPOmruby Forum
A Senior researcher KadokawaAsciiResearch Lal
A Visiting professog Shimane University
A Honorable citizen (living) Matsue city
A Honorable membeg, Nihon Ruby no Kai
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Great Patch monster
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Heroku Matz team and Ruby core team
Recent achievement

Ruby 2.2



Ruby 2.2
Syntax
ASymbol key of Hash literal can be quoted
9 & o MAAY
| T H DY NERZ b
| T B V2al N®a?mhE IJSON

TRAP!H

Easy to misunderstand
0L oNRBUS | gNRYy3I O2RS> | f NB



Ruby 2.2
Classes and Methods

ASome methods are introduces
AKernelt#itself
AString#unicode normalize
AMethod#curry
ABinding#receiver
AEnumerable#slice afteslice before
AFile.birthtime
AEtc.nprocessors

AX



Ruby 2.2
Improvements

Amprove GC
ASymbol GC
Alncremental GC

Almproved promotion algorithm
AYoung objects promote after 4 GCs

AFast keyword parameters
AUse frozen string literals if possible



Ruby 2.2
Symbol GC

before =Symbol.all symbols.size
1 000 000.times{] i.to_s.to_sym# Make 1M symbols
after =Symbol.all_symbols.sizp [before, after]

# Ruby 2.1
#=>[2 378, 1 002 378] # nGCed.
# Ruby 2.2

#=>[2 456, 2 456]@Ced J



Ruby 2.2
SymbolGC Issues history

ARuby 2.2.thas memory (object) leak problem
A Symbols has corresponding String objects
ASymbols are collected, but Strings are not collected! (leak)

ARuby 2.2.1solved this problem!!

AHowever, 2.2.1 also has problem (rarely you encounter BUkiagnd of process
[Bug #10933H not big issue, | want to belieye

ARuby 2.2.2had solvedBug #10933]
AHowever, patch was forgot to introduce!!

AFinally, Ruby 2.2.3 solved it!!
APlease use newest version!!




Ruby 2.2

Fast keyword parameters

aYSeéeg2NR LINKaducRidig Ruoy 2.0 is useful, but slow!!

Execution time (sec)

Evaluation on Rub¥.1

foo6(1, 2, 3, 4, 5, 6) foo_kwo6(kl: 1, k2: 2, k3: 3, kd: 4, k5: 5, k6: ¢
Repeat 10M times




Ruby 2.2
Fast keyworgbarameters

Ruby 2.2 optimizes method dispatch with keyword parameter

8 20
215
£10 x14 faster!!
@)
g 5
X0
foo6(1, 2, 3, 4, 5, 6) foo_kwo(kl: 1, k2: 2, k3: 3, k4: 4, k5: 5, k6: 6

Repeat 10M times

But still x2 times slower
= RUby 2.1 = RUby 2.2 compare with normal dispatch




Ruby 2.2
IncrementalGC

Goal

Before |Ruby 2.1 |Incremerital [Ruby?2.2
Ruby 2.1 RGenGC |GC Gen+IncGC

Throughput Low High High
Pause time Long Long Shor




RGenGC from Ruby 2.1:

Micro-benchmark
Y5 faster
B |
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RGenGC from Ruby 2.1:
Pause time

Most of cases, FASTHR
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RGenGC from Ruby 2.1:
Pause time

Several peak&
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Short pause time)
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Heroku Matz team and Ruby core team
Next target is

Ruby 2.3



Heroku Matz team and Ruby core team
Next target is

Ruby 2.3



Performance In the detalls:
A way to make faster Ruby



Ruby’ s component s

: | gigantum umeris insidentes
Ruby (Rails) ap Standing on the shoulders of giants

SO many gems

3dzOK | a wlAfazx L
~ RubyGemBundler

Ruby interpreter
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Basic flow to make faster Ruby

1. Observe Ruby interpreter

2. Make assumption the reason of slowness
3. Consider ideas to overcome

4. Implement ideas

5. Measure the result
ABad/same performancEhGoto4, 3, 2 or 1
AGood performancelhCommitit.



Basic weapont® overcome Issues

AKnowledge of computer science

AComputer systemProgramming techniques, and many
others
AFrom:

ATextbook
AAcademic papers
AOther implementation

AFeedback from users



Basic technique to improve performance

AChange the algorithm to reduce computation complexity
Ae.g.: Selection sort (O(n*2))s Quick sort (O(n log(n))

AChang the data structure to improve data locality
ASPIPY GfAa&d0€E YR dalF NNI & ¢
ARemove redundant process
Ae.g.: Using cache (utilize time locality)

AConsidering tradeff

A Speedup major cases and sledown minor cases
Ae.g.: speedup nonexception flow (and slowlown exception cases)

AMachine dependent technique
Ae.g.: Using assembler / CPU register directly

AX



Case studies



Ruby has many
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Ruby has many




Ruby has many
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Ruby has many




Ruby has many




Ruby has many

FUNC

Or Methods




Case study:
Optimize method dispatch
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Method dispatch

# Example
recv.selector (argl, arg2)

Aecv. receiver
fselector: method id
fargl, arg2: arguments



Method dispatch
Overview

1. Get class ofrec\Q klas€ 0
2.{SFNODK YSUK2R O0602ReéKms§® | YSR 64aSf
A Method is not fixed at compile time
A a5 @&y I nvethaldispatch
3.5AaLJ 0OK YSUK2R G6AUK 002ReQ
1. Check visibility
2. Check arity (expecteargs# and giverargs#) § X
3. {i2NB 6t/ Q IYyR 6{tQ 02 O2yudAydsS I ¥
4. . dZAf R 6f 201t SYODJANRYYSY(Q
5. Set program counter
4. And continue VM execution



Overview
Method search

ASearch method fromklas<)
1. Search method table oklass2

2.

1.
2.

A

AT YSUK2R 0602ReéQ Aa

F2dzy RE NB o]

Klas®) I & dzLIRIAEKOT y&Ra NBEISS G A
If no method is given, exceptional flow

In Ruby languagemethod _missin@ @ A f ¢

0

selector: body <

Each Class has
method table

BasicObject




Overview
Checkingrity and visibility

ACheckingarity
ACompare with given argument number and expected argument number

AChecking visibility
AlIn Ruby language, there are three visibilities
Acan you explain each of them-f3:
A public
A private
A protected



Overview

Bui l ding | ocal envi |
AHow to maintain local variables?

Mt NBLI N5 O0f20Ft OIFNAIFIoOofSa aLl OSQ
Mot 20t SYJARBYIYSYIQ 6aK2NI 6
AParameters are also ienvQ



Method dispatch
Overview (again)

1. Get class ofrec\Q klas® U
2. {SFNODK YSUK2R O6o0KaB® Q 06aSt SO02NJ
AMethod is not fixed at compile time
Ad5eyl YAO¢ YSUK2ZR RA&LI U
3.5AaL) 0OK YSUK2R gAGK
1. Check visibility
2. Check arity (expecteargs# and giverargs#)
3. {U2NB 6t/ Q YR 6{tQ G2 6 GAydzS | 7T
4. . dzAtf R 060t 201t SYOANRYYSY It seems vergasy
5. Set program counter and simple!

4. And continue VM execution and slow...

O K
802ReQ




Method dispatch

AvdzZA T Y 1 26 YIyeé &i0SLa
AHint: More complex than | explained overview

8 steps
12 steps Answer IS
16 steps About 20 steps

20 steps

Ay



Method dispatch
Ruby S case

| KSO1 OFffSNXO& FNHdzYSyida
1. Check splat @rgs
2. Check block (given by compile time or block parameter (&block))

Getclass ofrecI klas€2 0
3. { SI NDK YSUK2R O060R&ENQ 6aSt SOG2NQ FTNRBY 6

N

A Method is not fixed at compile time
A & 5 & y | nveth@dispatch
4, 5Aa4L) 6OK YSiK2R gA0GK 06002R&Q
1. Check visibility
2. Checlarity (expectedargs# and giverargs#) and process

Post arguments
Optional arguments

1
2
3. Rest argument
4
5

Keyword arguments

Block argument
3. Push new control frame

1. {G2NB 6t/ Q YR 8{tQ (2 O2yGAydzS I T
2. {2NB 60f201 AYTFT2NNIGA2YQ
3. {(i2NB B8RSFTAYSR Oflaaq
4, Storebytecodeinfo (iseq)
5. Storerecvas self
4. .dZAf R 6f20Fft SY@ANRYYSY(HQ
5. LYAGALFEATS £20FHt @I NAIofSa 68 6yAtQ
6. Set program counter
5. And continue VM execution

(*) Underlined itemsare additonalprocess




Ruby’s <case
Complex parameter checking

Addeffoo(m1, m2, ol=..., 02=...,
LMY LIHXE FNBauz gof 20
Am1, m2: mandatory parameter
Aol, 02: optional parameter
Apl, p2: post parameter

Arest: rest parameter
Ablock: block parameter

AFrom Ruby 2.0, keyword parameter is supported



Method dispatch

1. CHeclOl £ £ SNX& | NHdzYSy i a
1. Check splat @rgs
2. Check block (given by compile time or block parameter (&block))

2. Getclass ofrecI klas€2 0

3. { SI NDK YSUK2R O060R&ENQ 6aSt SOG2NQ FTNRBY 6
A Method is not fixed at compile time
A & 5 & y | nveth@dispatch

4, 5Aa4L) 6OK YSGiK2R gAlK
1. Check visibility
2. Checlarity (expectedargs# and giverargs#) and process

Post arguments
Optional arguments

Rest argument
Keyword arguments

. Block argument
3. Push new control frame

- ~

02ReQ

abrwbneE

Complex

1. {G2NB 6t/ Q YR 8{tQ (2 O2yGAydzS I T
2. {2NB 60f201 AYTFT2NNIGA2YQ
3. {(i2NB B8RSFTAYSR Oflaaq d
4. Storebytecodeinfo (iseq) a n
5. Storerecvas self
4. . dAtR 8t20Ff SYSBANRYYSY(dQ SIOW”'
5. LYAGALFEATS £20FHt @I NAIofSa 68 6yAtQ
6. Set program counter

5. And continue VM execution



Method diSpatch Method dispatch overhead is big
Overhead especially on micrpenchmarks]

Fib Pentomino

Others

NotRuby

OS: Linux 2.6.31 33t

CPU: IntelCore2Quad 2.66GHz ruby 1.9.3dev (201—05—26)
Mem: 4GB . .
C Compiler: GCC 4.4-03 Profiled by MrShiba

Profiled byOprofile




Speedup techniques
for method dispatch

1. Specialized instructions
2. Method caching

3. Caching checking results
4. { LISOA Lt LI U Knethod NIsIn®@SYRQ | YR 6



Optimization
Specialized instruction (from Ruby 1.9.0)

AVlake special VM instruction for several methods
Ak - * 0L

defopt_plugrecy ob))
If recv.is_@Fixnum) anabj.is_gFixnum) and
Fixnum#+ Is not redefined
return Fixnum.plugecy ob))
else
return recv.send:+,obj) # not prepared
end
end



Optimization

Method caching (from Ruby 1.9.0)

AEliminate method search overhead
AReuse search result
Alnvalidate cache entry with VM stat

ATwo level method caching
AlInline method caching
A Global method caching

method search class, id => body
class, id => body

= _ miss
class miss class, id => body
return L)) fill .

Inline cache Global cache
1 element per calsite hash table

L4

BasicObject

Kernel

naive search




Optimization
Caching checking results (from 2.0.0)

Aldea: Visibility andrity check can be skipped after first checking
A Store result in inline method cache

1. /| KSO1 OFfftSNRa | NBdzvySyia
2. { SI NDK YSUK2R 0 okaRrse Q Bééfééﬂ
g AU

o

3.5AaL) 6§OK YSUOK2R

1. Check visibility andrity
1. Cache result into inline method cache

2. Push new control frame
3. .dzAf R 0t20ltf SYODANRYYSY(OQ
4. LYAOGALFEATS €t201ft G NAIFIOf Sa

Second time




Evaluation result
Micro benchmarks

Faster than first date

2

Speedup ratio
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trunk 2012/10/13

—e—vml_attr_ivar*
—m—vml_attr_ivar_set*
—a—vm1_block*
—e—vm1l_simplereturn*
—+—vm1l_yield*
——vm2_defined_method*
———Vvm2_method*
vm2_method_missing*
—m—vm2_method_with_block*
—A—vm2_poly_method*
vm2_send*
vm2_super*

vm2_zsuper*



Case study
Faster keyword parameters



Keyword parameters from Ruby 2.0

# def with keywords

def foo(a, b, keyl: 1, key2: 2)
é

end

# call with keywords

foo(1, 2, keyl: 123, key2: 456)



Slow keyword parameters

)

D .

2 5 Evaluation on Rubg.1

S 15 x30 slower

= 10

2 5

o 0

o foo6(1, 2, 3, 4, 5, 6) foo kw6(k1: 1, k2: 2, k3: 3, k4: 4,
LLI k5: 5, k6: 6)

Repeat 10M times



Why slow, compare with normal parameters?

1.Hash creation
2.Hash access

def foo(h =
def foo(k1: v1, k2: v2) E% = E-IEtCE (‘k1, v1)
e = Tetc :
end B 2.Hash access

foo(kl: 1, k2: 2) end

foo( {Kkl: 1, k2: 2})

1. Hash creation




Optimization technique of keyword
parameters from Ruby 2.2

AKey technique
Mtlaa al (1Seég2NR f
nsteadof a Hash object

| KSO]l G9@2fdziA2y 2 Rubycbrbdartagd®5 LI NJ
http://www.atdot.net/~ kol/activities/2015 RubyConfPortgual.pdf



http://www.atdot.net/~ko1/activities/2015_RubyConfPortgual.pdf

Result: Fast keyword parameters (Ruby 2.2.0]

Ruby 2.2 optimizes method dispatch with keyword parameters

520 x14 fasterl!!

. (best case)

£10

S 5

§ O —

0 foo6(1, 2, 3, 4, 5, 6) foo_kwo6(kl: 1, k2: 2, k3: 3, k4: 4, kt
5, k6: 6)

Repeat 10M times
m Ruby 2.1 m Ruby 2.2

But still x2 times slower
compare with normal dispatch




Case study

G r I I I t i http://www.flickr.com/photos/circasassy/6817999189/



Ruby’ s componen
from core devel ope
Bundled Gem
Libraries Libraries
Embedded
classes and methods
! NN} e {OGNARAYy3IS XU

Compile

Ruby

Threading  Evaluator

Object

management(GC

/)

Bytecode

Interpret onRubyVM

Y2Z2MQa




Automatic memory management
Basic concept

ADIF NDI3S O2ff SOG2NJ NBOeé Of SR




Mark & Sweep algorithm

Root objects

1. Mark reachable
objects from root
objects

2. Sweepunmarked
objects (collection
marked marked and deallocation)

marked

traverse

traverse

traverse

Collect unreachable
objects

marked marked :




Generational GC (GenGC) from Ruby 2.1.0

AWeak generatlonal hypothesis:
Gda?2a 202S00a RAS

NING! WARNING! WARNING! WARNING! WARNING!

Die Young!
Take a break
IWW - a Union for ALL Worker=:

http://www.flickr.com/photos/ell-r-brown/5026593710

[bConcentrate reclamation effort
only on the young objects



Generationahypothesis

Obiject lifetime in RDoc
(How many GCs surviving?)

=
o
o

(o]
o

95% of objects dead by the first GC

~ [0]
o o
- — — —

Percentage of dead object#

=
o

o

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 93 96 99 102

Lifetime SurvibingGC count)



Generational GC (GenGC)

ASeparate young generation and old generation

ACreate objects as young generation
APromote to old generation after survivingth GC

AUsually, GC on young space (minor GC)
AGC on both spaces if no memory (major/full GC)



GenG({gMinor M&S GCJ (1/2)

15t MinorGC -
Root objects root objects.

A Mark andpromote to old

generation
{ A Stop traversing after old
objects
traverse traverse
colect IhReduce mark overhead

ASweep not (marked or old)

objects
traverse
Al yQild O2fft SO
free unreachable objects

52y Q0 O02ffSO0 2tR 202S01
even if it is unreachable.

AMark reachable objects from

[ 2Y¢



GenG({gMinor M&S GCJ (2/2)

21 MinorGC AMark reachable objects from

Root objects root objects.

A Mark andpromote to old
generation
@ A Stop traversing after old
_ objects
ignore
collect 'hReduce mark overhead
ASweep not (marked or old)

ignore

objects
ignor
Al yQild O2fft SO
free unreachable objects

52y Q0 O02ffSO0 2tR 202S01
even if it is unreachable.

[ 2Y¢



GenG(@Major M&S GC]

ANormal M&S
AMark reachable objects from

root objects
@ A Mark andpromote to old gen

traverse traverse ASweep unmarked objects

Root objects

collect

ASweep all unreachable
(unused) objects

traverse




RGenGC from Ruby 2.1.0
Performance evaluation (RDoc)

3 14

@ 12

é 10

3 8

5 o About x15 speedup!
3

8 4

< 0

Total mark time (ms) Total sweep time (sec)

m w/o RGenGC m RGenGC
* Disabled lazy sweep to measure correctly.




RGenGC from RuByl.0
Performance evaluation (RDoc)

140
20
00
80
60
40
20

0

=

Total execution time (sec)

16.04393815

4.946003494
| I5

w/o RGenGC RGenGC

m other than GC m GC

* 12% improvements compare with w/ and w/o RGenGC
* Disabled lazy sweep to measure correctly.



Summary



Summary
Repeati ng “Basic fl o

1. Observe Ruby interpreter

2. Make assumption the reason of slowness

3. Consider ideas to overcome

4. Implement ideas

5. Measure the result
ABad/sameperformancelhGoto4, 3, 2 orl
AGood performancelhCommit it.



Summary

Ruby/MRI Is getting
better and better.



Thank you for your attention

Koichi Sasada
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