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A way to make faster Ruby

The only way I 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

ÅBad/same performance Ҧ Goto4, 3, 2 or 1
ÅGood performance! Ҧ Commit it.



Koichi Sasada
A programmer from Japan



Koichi is a Programmer

ÅMRI committer since 2007/01
ÅOriginal YARV developer since 2004/01
ÅYARV: Yet Another RubyVM
ÅIntroduced into Ruby (MRI) 1.9.0 and later

ÅGenerational/incremental GC for 2.x



Koichi is an Employee



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 
ƴŀƳŜŘ άaŀǘȊ ǘŜŀƳέ



Heroku Matz team

Matz Designer/director of Ruby

Nobu Quite activecommitter

Ko1 Internal Hacker



Matz
Title collector

ÅHe has so many (job) title
ÅChairman - Ruby Association

ÅFellow - NaCl

ÅChief architect, Ruby - Heroku

ÅResearch institute fellow ςRakuten

ÅChairman ςNPO mrubyForum

ÅSenior researcher ςKadokawaAsciiResearch Lab

ÅVisiting professor ςShimane University

ÅHonorable citizen (living) ςMatsue city

ÅHonorable member ςNihon Ruby no Kai

ÅΧ

ÅThis margin is too narrow to contain



Nobu
Great Patch monster

wǳōȅΩǎ ōǳƎ

|> Fix Ruby

|> Break Ruby

|> And Fix Ruby



Nobu
Patch monster

nobu
29%

akr
12%svn

9%
naruse

8%
usa
4%

ko1
4%

drbrain
3%

kosaki
3%

kazu
2%

zzak
2%

tenderlove
2%

matz
2%

marcandre
2%

mame
2%

tadf
2%

knu
1%

shugo
1%

nagachika
1%

yugui
1%

kou
1%

mrkn
1%

emboss
1%

shyouhei
1%

nari
0%

glass
0%

ktsj
0%

nahi
0%

ayumin
0%

tarui
0%

sorah
0%
ryan
0%

charliesom
e

0%

shirosaki
0%
xibbar

0%
nagai
0%

eregon
0%
ngoto

0%
wanabe

0%
azav
0%

keiju
0%
suke
0%

kouji
0%

duerst
0%

takano32
0%

luislavena
0%
jeg2
0%
hsbt
0%

arton
0%
seki
0%

kanemoto
0%

tmm1
0%

eban
0%

muraken
0%

headius
0%

evan
0%

a_matsuda
0%

iwamatsu
0%

technoram
a

0%

davidflanag
an
0%

gotoken
0%

okkez
0%

COMMIT RATIO IN LAST 5 YEARS

Commit count of MRI



Nobu
The Ruby Hero



Ko1
EDD developer
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Commit number of ko1 (last 3 years)

RubyConf
2012

RubyKaigi
2013

Ruby 2.0

Euruko
2013

RubyConf
2013

EDD: Event Driven Development



Heroku Matz team and Ruby core team
Recent achievement

Ruby 2.2
Current stable



Ruby 2.2
Syntax

ÅSymbol key of Hash literal can be quoted

ϑάŦƻƻ-ōŀǊέΥ baz}
ІҐҔ ϑΥάŦƻƻ-ōŀǊέ ҐҔ baz}
ІҐҔ ƴƻǘ ϑάŦƻƻ-ōŀǊέ ҐҔ baz} like JSON

TRAP!!
Easy to misunderstand
όL ǿǊƻǘŜ ŀ ǿǊƻƴƎ ŎƻŘŜΣ ŀƭǊŜŀŘȅΧύ



Ruby 2.2
Classes and Methods
ÅSome methods are introduces
ÅKernel#itself
ÅString#unicode_normalize
ÅMethod#curry
ÅBinding#receiver
ÅEnumerable#slice_after, slice_before
ÅFile.birthtime
ÅEtc.nprocessors
ÅΧ



Ruby 2.2
Improvements

ÅImprove GC
ÅSymbol GC
ÅIncremental GC
ÅImproved promotion algorithm
ÅYoung objects promote after 4 GCs

ÅFast keyword parameters

ÅUse frozen string literals if possible



Ruby 2.2
Symbol GC

before = Symbol.all_symbols.size

1_000_000.times{|i| i.to_s.to_sym} # Make 1M symbols

after = Symbol.all_symbols.size; p [before, after]

# Ruby 2.1

#=> [2_378, 1_002_378] # not GCedL
# Ruby 2.2

#=> [2_456, 2_456] # GCed! J



Ruby 2.2
Symbol GC Issues history
ÅRuby 2.2.0has memory (object) leak problem
ÅSymbols has corresponding String objects

ÅSymbols are collected, but Strings are not collected! (leak)

ÅRuby 2.2.1solved this problem!!
ÅHowever, 2.2.1 also has problem (rarely you encounter BUG at the end of process

[Bug #10933] ҥ not big issue, I want to believe)

ÅRuby 2.2.2had solved [Bug #10933]!!
ÅHowever, patch was forgot to introduce!!

ÅFinally, Ruby 2.2.3 solved it!!

ÅPlease use newest version!!



Ruby 2.2
Fast keyword parameters

άYŜȅǿƻǊŘ ǇŀǊŀƳŜǘŜǊǎέ introduced in Ruby 2.0 is useful, but slow!!
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Evaluation on Ruby 2.1

x30 slower



Ruby 2.2
Fast keyword parameters
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Ruby 2.1 Ruby 2.2

x14 faster!!

But still x2 times slower
compare with normal dispatch

Ruby 2.2 optimizes method dispatch with keyword parameters



Ruby 2.2
Incremental GC

Before
Ruby 2.1

Ruby 2.1 
RGenGC

Incremental 
GC

Ruby2.2 
Gen+IncGC

Throughput Low High Low High

Pause time Long Long Short Short

Goal



RGenGC from Ruby 2.1:
Micro-benchmark
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RGenGC from Ruby 2.1:
Pause time

Most of cases, FASTER J

(w/o rgengc)



RGenGC from Ruby 2.1:
Pause time

Several peaks L

(w/o rgengc)



Ruby 2.2 Incremental GC

Short pause time J



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
No time to talk about it.

Please ask me later J



Performance in the details:
A way to make faster Ruby



Ruby interpreter

Ruby (Rails) app

RubyGems/Bundler

So many gems
ǎǳŎƘ ŀǎ wŀƛƭǎΣ ǇǊȅΣ ǘƘƛƴΣ Χ ŀƴŘ ǎƻ ƻƴΦ

Ruby’s components for users

i gigantum umeris insidentes
Standing on the shoulders of giants



Interpret on RubyVM

Ruby
script

Parse

Compile

Ruby
Bytecode

Object 
management(GC)

Threading

Embedded
classes and methods
ό!ǊǊŀȅΣ {ǘǊƛƴƎΣ Χύ

Bundled
Libraries

Evaluator

Gem
Libraries

Ruby’s components
from core developer’s perspective

YƻмΩǎ ŀǊŜŀ



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

ÅBad/same performance Ҧ Goto4, 3, 2 or 1
ÅGood performance! Ҧ Commit it.



Basic weapons to overcome issues

ÅKnowledge of computer science
ÅComputer system,Programming techniques, and many 

others
ÅFrom:

ÅTextbook
ÅAcademic papers
ÅOther implementation

ÅFeedback from users



Basic technique to improve performance

ÅChange the algorithm to reduce computation complexity
Åe.g.: Selection sort (O(n^2)) v.s. Quick sort (O(n log(n))

ÅChang the data structure to improve data locality
ÅŜΦƎΦΥ άƭƛǎǘέ ŀƴŘ άŀǊǊŀȅέ

ÅRemove redundant process
Åe.g.: Using cache (utilize time locality)

ÅConsidering trade-off
ÅSpeed-up major cases and slow-down minor cases

Åe.g.: speed-up non-exception flow (and slow-down exception cases)

ÅMachine dependent technique
Åe.g.: Using assembler / CPU register directly

ÅΧ



Case studies



Ruby has many

[ŜǘΩǎ Ǉƭŀȅ ƘŀƴƎƳŀƴ ƎŀƳŜ



Ruby has many



Ruby has many



Ruby has many



Ruby has many



Ruby has many

Or Methods



Case study:
Optimize method dispatch



Interpret on RubyVM

Ruby
script

Parse

Compile

Ruby
Bytecode

Object 
management(GC)

Threading

Embedded
classes and methods
ό!ǊǊŀȅΣ {ǘǊƛƴƎΣ Χύ

Bundled
Libraries

Evaluator

Gem
Libraries

Ruby’s components
from core developer’s perspective

YƻмΩǎ ŀǊŜŀ



Method dispatch

# Example

recv.selector (arg1, arg2)

Årecv: receiver

Åselector: method id

Åarg1, arg2: arguments



Method dispatch
Overview
1. Get class of `recvΩ όȫklassΩύ

2. {ŜŀǊŎƘ ƳŜǘƘƻŘ ȫōƻŘȅΩ ƴŀƳŜŘ ȫǎŜƭŜŎǘƻǊΩ ŦǊƻƳ ȫklassΩ
Å Method is not fixed at compile time
Å ά5ȅƴŀƳƛŎέmethod dispatch

3. 5ƛǎǇŀǘŎƘ ƳŜǘƘƻŘ ǿƛǘƘ ȫōƻŘȅΩ
1. Check visibility
2. Check arity (expected args# and given args#)
3. {ǘƻǊŜ ȫt/Ω ŀƴŘ ȫ{tΩ ǘƻ ŎƻƴǘƛƴǳŜ ŀŦǘŜǊ ƳŜǘƘƻŘ ǊŜǘǳǊƴƛƴƎ
4. .ǳƛƭŘ ȫƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΩ
5. Set program counter

4. And continue VM execution



Overview
Method search
ÅSearch method from `klassΩ

1. Search method table of `klassΩ
1. ƛŦ ƳŜǘƘƻŘ ȫōƻŘȅΩ ƛǎ ŦƻǳƴŘΣ ǊŜǘǳǊƴ ȫōƻŘȅΩ

2. `klassΩ Ґ ǎǳǇŜǊ Ŏƭŀǎǎ ƻŦ ȫklassΩ ŀƴŘ ǊŜǇŜŀǘ ƛǘ

2. If no method is given, exceptional flow
Å In Ruby language, m̀ethod_missingΩ ǿƛƭƭ ōŜ ŎŀƭƭŜŘ

BasicObject

Object

C1

C2

Kernel

selector: body
...

Each Class has
method table



Overview
Checking arity and visibility
ÅChecking arity
ÅCompare with given argument number and expected argument number

ÅChecking visibility
ÅIn Ruby language, there are three visibilities 

Åcan you explain each of them ?:-p
Åpublic

Åprivate

Åprotected



Overview
Building `local environment’
ÅHow to maintain local variables?

Ҧ tǊŜǇŀǊŜ ȫƭƻŎŀƭ ǾŀǊƛŀōƭŜǎ ǎǇŀŎŜΩ ƛƴ ǎǘŀŎƪ 

ҦȫƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΩ όǎƘƻǊǘ ȫenvΩύ

ÅParameters are also in `envΩ



Method dispatch
Overview (again)
1. Get class of `recvΩ όȫklassΩύ

2. {ŜŀǊŎƘ ƳŜǘƘƻŘ ȫōƻŘȅΩ ȫǎŜƭŜŎǘƻǊΩ ŦǊƻƳ ȫklassΩ
ÅMethod is not fixed at compile time
Åά5ȅƴŀƳƛŎέ ƳŜǘƘƻŘ ŘƛǎǇŀǘŎƘ

3. 5ƛǎǇŀǘŎƘ ƳŜǘƘƻŘ ǿƛǘƘ ȫōƻŘȅΩ
1. Check visibility
2. Check arity (expected args# and given args#)
3. {ǘƻǊŜ ȫt/Ω ŀƴŘ ȫ{tΩ ǘƻ ŎƻƴǘƛƴǳŜ ŀŦǘŜǊ ƳŜǘƘƻŘ ǊŜǘǳǊƴƛƴƎ
4. .ǳƛƭŘ ȫƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΩ
5. Set program counter

4. And continue VM execution

It seems very easy 
and simple!
and slow...



Method dispatch

ÅvǳƛȊΥ Iƻǿ Ƴŀƴȅ ǎǘŜǇǎ ƛƴ wǳōȅΩǎ ƳŜǘƘƻŘ ŘƛǎǇŀǘŎƘΚ
ÅHint: More complex than I explained overview

8 steps
12 steps
16 steps
20 steps

Answer is
About 20 steps



Method dispatch
Ruby’s case

1. /ƘŜŎƪ ŎŀƭƭŜǊΩǎ ŀǊƎǳƳŜƴǘǎ
1. Check splat (*args)

2. Check block (given by compile time or block parameter (&block))

2. Get class of r̀ecvΩ( k̀lassΩύ

3. {ŜŀǊŎƘ ƳŜǘƘƻŘ ȫōƻŘȅΩ ȫǎŜƭŜŎǘƻǊΩ ŦǊƻƳ ȫklassΩ
Å Method is not fixed at compile time

Å ά5ȅƴŀƳƛŎέmethod dispatch

4. 5ƛǎǇŀǘŎƘ ƳŜǘƘƻŘ ǿƛǘƘ ȫōƻŘȅΩ
1. Check visibility

2. Check arity (expected args# and given args#) and process
1. Post arguments

2. Optional arguments

3. Rest argument

4. Keyword arguments

5. Block argument

3. Push new control frame
1. {ǘƻǊŜ ȫt/Ω ŀƴŘ ȫ{tΩ ǘƻ ŎƻƴǘƛƴǳŜ ŀŦǘŜǊ ƳŜǘƘƻŘ ǊŜǘǳǊƴƛƴƎ

2. {ǘƻǊŜ ȫōƭƻŎƪ ƛƴŦƻǊƳŀǘƛƻƴΩ

3. {ǘƻǊŜ ȫŘŜŦƛƴŜŘ ŎƭŀǎǎΩ

4. Store bytecodeinfo (iseq)

5. Store recvas self

4. .ǳƛƭŘ ȫƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΩ

5. LƴƛǘƛŀƭƛȊŜ ƭƻŎŀƭ ǾŀǊƛŀōƭŜǎ ōȅ ȫƴƛƭΩ

6. Set program counter

5. And continue VM execution

... simple?

(*) Underlined items are additonalprocess



Ruby’s case
Complex parameter checking

Åάdef foo(m1, m2, o1=..., o2=...,

ǇмΣ ǇнΣ ϝǊŜǎǘΣ ϧōƭƻŎƪύέ
Åm1, m2: mandatory parameter
Åo1, o2: optional parameter
Åp1, p2: post parameter
Årest: rest parameter
Åblock: block parameter

ÅFrom Ruby 2.0, keyword parameter is supported



Method dispatch
1. CHeckŎŀƭƭŜǊΩǎ ŀǊƎǳƳŜƴǘǎ

1. Check splat (*args)

2. Check block (given by compile time or block parameter (&block))

2. Get class of r̀ecvΩ( k̀lassΩύ

3. {ŜŀǊŎƘ ƳŜǘƘƻŘ ȫōƻŘȅΩ ȫǎŜƭŜŎǘƻǊΩ ŦǊƻƳ ȫklassΩ
Å Method is not fixed at compile time

Å ά5ȅƴŀƳƛŎέmethod dispatch

4. 5ƛǎǇŀǘŎƘ ƳŜǘƘƻŘ ǿƛǘƘ ȫōƻŘȅΩ
1. Check visibility

2. Check arity (expected args# and given args#) and process
1. Post arguments

2. Optional arguments

3. Rest argument

4. Keyword arguments

5. Block argument

3. Push new control frame
1. {ǘƻǊŜ ȫt/Ω ŀƴŘ ȫ{tΩ ǘƻ ŎƻƴǘƛƴǳŜ ŀŦǘŜǊ ƳŜǘƘƻŘ ǊŜǘǳǊƴƛƴƎ

2. {ǘƻǊŜ ȫōƭƻŎƪ ƛƴŦƻǊƳŀǘƛƻƴΩ

3. {ǘƻǊŜ ȫŘŜŦƛƴŜŘ ŎƭŀǎǎΩ

4. Store bytecodeinfo (iseq)

5. Store recvas self

4. .ǳƛƭŘ ȫƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΩ

5. LƴƛǘƛŀƭƛȊŜ ƭƻŎŀƭ ǾŀǊƛŀōƭŜǎ ōȅ ȫƴƛƭΩ

6. Set program counter

5. And continue VM execution

Complex
and

Slow!!!



Method dispatch
Overhead

OS:  Linux 2.6.31 32-bit
CPU:  IntelCore2Quad 2.66GHz
Mem:  4GB
C Compiler: GCC 4.4.1, -O3
Profiled by Oprofile

ruby 1.9.3dev (2010-05-26)
Profiled by Mr. Shiba

VMObj

Others
Insn

MethodBlock

InstCompile
GC

MM

Cfunc

NotRuby

Others

Pentomino

VM

Obj

Others

Insn

Method

BlockOthersCompileGCMM
Cfunc

NotRuby

Others

Fib

Method dispatch overhead is big 
especially on micro-benchmarks J



Speedup techniques
for method dispatch
1. Specialized instructions

2. Method caching

3. Caching checking results

4. {ǇŜŎƛŀƭ ǇŀǘƘ ŦƻǊ ȫǎŜƴŘΩ ŀƴŘ ȫmethod_missingΩ



Optimization
Specialized instruction (from Ruby 1.9.0)

ÅMake special VM instruction for several methods
Å+, -, *, /, ...

def opt_plus(recv, obj)
if recv.is_a(Fixnum) and obj.is_a(Fixnum) and

Fixnum#+ is not redefined
return Fixnum.plus(recv, obj)

else
return recv.send(:+, obj) # not prepared

end
end



Optimization
Method caching (from Ruby 1.9.0)
ÅEliminate method search overhead
ÅReuse search result

ÅInvalidate cache entry with VM stat

ÅTwo level method caching
ÅInline method caching

ÅGlobal method caching

class =>  
body

class, id => body
class, id => body

....
class, id => body

BasicObject

Object

C1

C2

Kernel

Inline cache
1 element per call-site

Global cache
hash table

miss

method search

return fill

miss

fill

naive search



Optimization
Caching checking results (from 2.0.0)
ÅIdea: Visibility and arity check can be skipped after first checking
ÅStore result in inline method cache

1. /ƘŜŎƪ ŎŀƭƭŜǊΩǎ ŀǊƎǳƳŜƴǘǎ

2. {ŜŀǊŎƘ ƳŜǘƘƻŘ ȫōƻŘȅΩ ȫǎŜƭŜŎǘƻǊΩ ŦǊƻƳ ȫklassΩ

3. 5ƛǎǇŀǘŎƘ ƳŜǘƘƻŘ ǿƛǘƘ ȫōƻŘȅΩ
1. Check visibility and arity

1. Cache result into inline method cache

2. Push new control frame

3. .ǳƛƭŘ ȫƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΩ

4. LƴƛǘƛŀƭƛȊŜ ƭƻŎŀƭ ǾŀǊƛŀōƭŜǎ ōȅ ȫƴƛƭΩ
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Evaluation result
Micro benchmarks
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vm1_simplereturn*

vm1_yield*

vm2_defined_method*

vm2_method*

vm2_method_missing*

vm2_method_with_block*

vm2_poly_method*

vm2_send*

vm2_super*
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Faster than first date

trunk 2012/10/13 trunk 2012/10/31



Case study
Faster keyword parameters



Keyword parameters from Ruby 2.0

# def with keywords

def foo(a, b, key1: 1, key2: 2)

é

end

# call with keywords

foo(1, 2, key1: 123, key2: 456)



Slow keyword parameters
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foo6(1, 2, 3, 4, 5, 6) foo_kw6(k1: 1, k2: 2, k3: 3, k4: 4,
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Repeat 10M times

Evaluation on Ruby 2.1
x30 slower



Why slow, compare with normal parameters?

1.Hash creation

2.Hash access
def foo(h = {})

k1 = h.fetch (:k1, v1)

k2 = h.fetch (:k2, v2)

é

end

foo( {k1: 1, k2: 2} )

def foo(k1: v1, k2: v2)

é

end

foo(k1: 1, k2: 2)

1. Hash creation

2. Hash access



Optimization technique of keyword 
parameters from Ruby 2.2

ÅKey technique

Ҧ tŀǎǎ άŀ ƪŜȅǿƻǊŘ ƭƛǎǘέ

nsteadof a Hash object

/ƘŜŎƪ ά9Ǿƻƭǳǘƛƻƴ ƻŦ YŜȅǿƻǊŘ ǇŀǊŀƳŜǘŜǊǎέ ŀǘ Rubyconfportugal'15 
http://www.atdot.net/~ ko1/activities/2015_RubyConfPortgual.pdf

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


Result: Fast keyword parameters (Ruby 2.2.0)
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Repeat 10M times

Ruby 2.1 Ruby 2.2

x14 faster!!
(best case)

But still x2 times slower 
compare with normal dispatch

Ruby 2.2 optimizes method dispatch with keyword parameters



Case study
Garbage collection

http://www.flickr.com/photos/circasassy/6817999189/



Interpret on RubyVM

Ruby
script

Parse

Compile

Ruby
Bytecode

Object 
management(GC)

Threading

Embedded
classes and methods
ό!ǊǊŀȅΣ {ǘǊƛƴƎΣ Χύ

Bundled
Libraries

Evaluator

Gem
Libraries

Ruby’s components
from core developer’s perspective
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Automatic memory management
Basic concept

ÅDŀǊōŀƎŜ ŎƻƭƭŜŎǘƻǊ ǊŜŎȅŎƭŜŘ άǳƴǳǎŜŘέ ƻōƧŜŎǘǎ ŀǳǘƻƳŀǘƛŎŀƭƭȅ



marked

marked marked

markedmarked

Mark & Sweep algorithm

1. Mark reachable 
objects from root 
objects

2. Sweep unmarked
objects (collection 
and de-allocation)

Root objects

free

traverse

traverse traverse

traverse traverse

free

free

Collect unreachable 
objects



Generational GC (GenGC) from Ruby 2.1.0
ÅWeak generational hypothesis:

άaƻǎǘ ƻōƧŜŎǘǎ ŘƛŜ ȅƻǳƴƎέ

Ҧ Concentrate reclamation effort

only on the young objects

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



Generational hypothesis

0

10

20

30

40

50

60

70

80

90

100

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

P
e

rc
e

n
ta

g
e

 o
f 
d

e
a

d
 o

b
je

ct
#

Lifetime (SurvibingGC count)

Object lifetime in RDoc
(How many GCs surviving?)

95% of objects dead by the first GC



Generational GC (GenGC)

ÅSeparate young generation and old generation
ÅCreate objects as young generation
ÅPromote to old generation after surviving n-th GC

ÅUsually, GC on young space (minor GC)

ÅGC on both spaces if no memory (major/full GC)



GenGC[Minor M&S GC] (1/2)

ÅMark reachable objects from 
root objects.
ÅMark and promote to old 

generation
ÅStop traversing after old 

objects

Ҧ Reduce mark overhead

ÅSweep not (marked or old) 
objects

Å/ŀƴΩǘ ŎƻƭƭŜŎǘ {ƻƳŜ 
unreachable objects

Å

Root objects

new

new new

new/
free

newnew

traverse

traverse traverse

traverse traverse

new/
free

old/
free

5ƻƴΩǘ ŎƻƭƭŜŎǘ ƻƭŘ ƻōƧŜŎǘ
even if it is unreachable.

collect

1st MinorGC

old

old old

oldold



GenGC[Minor M&S GC] (2/2)

ÅMark reachable objects from 
root objects.
ÅMark and promote to old 

generation
ÅStop traversing after old 

objects

Ҧ Reduce mark overhead

ÅSweep not (marked or old) 
objects

Å/ŀƴΩǘ ŎƻƭƭŜŎǘ {ƻƳŜ 
unreachable objects

Å

Root objects

old

old old

new/
free

oldold

traverse

ignore ignore

ignore ignore

new/
free

old/
free

5ƻƴΩǘ ŎƻƭƭŜŎǘ ƻƭŘ ƻōƧŜŎǘ
even if it is unreachable.

collect

2nd MinorGC



GenGC[Major M&S GC]

ÅNormal M&S

ÅMark reachable objects from 
root objects
ÅMark and promote to old gen

ÅSweep unmarked objects

ÅSweep all unreachable 
(unused) objects

Root objects

new

old new

new/
free

oldold

traverse

traverse traverse

traverse traverse

new/
free

old/
free

collect

collect
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RGenGC from Ruby 2.1.0
Performance evaluation (RDoc)

About x15 speedup!

* Disabled lazy sweep to measure correctly.



RGenGC from Ruby 2.1.0
Performance evaluation (RDoc)

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



Summary
Repeating “Basic flow” is my daily job

1. Observe Ruby interpreter

2. Make assumption the reason of slowness

3. Consider ideas to overcome

4. Implement ideas

5. Measure the result

ÅBad/same performance Ҧ Goto4, 3, 2 or 1
ÅGood performance! Ҧ Commit it.



Summary

Ruby/MRI is getting
better and better.



Thank you for your attention

Koichi Sasada
<ko1@heroku.com>


