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ARuby 2.1 is currently scheduled on Dec 25,
2013
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Who am | ?

A (Koichi Sasada) ——

y 4
AMatz team at Heroku, Inc! l‘"
AFuliime CRuby development |~ %

ACRuby/MRI committer

AVirtual machine (YARV) from Ruby 1.9
AYARYV development since 2004/1/1

PROGRAMMING

Language



Matz team at Heroku, Inj
Hierarchy

Matz @ Shimane | S
Title collector . .ui

M
ith Skype

kol@ Tokyo W Nobu@ Tochigi
EDD developer Drunker




Recent status

My leg witha bivalve cast
A5/2 lgotd LINI A Y
PdKkHT L 3FJ2i0

Aall: Please care about
yourself

AEspecially, do not walk
with book reading
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- Efficient Implementation of Ruby Virtual Machine
Doctoral thesis by Koichi Sasada

Q Ruby

- Ruby
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Ruby'’'s rough
1993 2/24
Birth of Ruby 1996/12 1999/12 2003/8
inMatzo 02 v LjdriR8IRYy 1.0 || Ruby 1.4 Ruby 1.8

hil st

2013/02
Ruby 2.0.0

1995/12 1998/12 |2000/6 2009/1

Ruby 0.95 |Ruby 1.2 | Ruby 1.6 Ruby 1.9.0

1strelease

2004/1
Start YAR\pro;.

2000 Book:
Programming Ruby

2004
Ruby on Rails
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GHOM / KIFIy3aSa FNRY wdz é
Added and modified libraries from Ruby 1.9 are
T2t 20ac
- Programming Ruby 1.9 Library edition
by Dave Thomas, with Chad Fowler and Andy Hunt

OHDPM wdzoe MDD
Ruby 1.9
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Ruby 2.0

ANew features (see Rubyist Magazine)
AKeywordarugments
ARefinements
AModule#prepend

ARuby 2.0.195was already released



#-+-rdoc:

NEWS for Ruby 2.0.0

s docurert s a st of user visil feature
Changes mads bewi

releases except for bug fixes.

Note that each entry is kept 5o brief that no reason
behind or

reference information is supplied with. For aull
listof changes

with all sufficient information, see thehangel og
file.

Changes since the 1.9.3 release

C AP updates

* NUM2SHORT() and NUM2USHORT() added. They
are similar to NUM2INT, but short

* tb_newobj_o{) and NEWOBJ_OF() added. They
create anew object of a given class.

Library updates (outstanding ones only)

* builin classes

- Array

* added method:

* added Array#bsearcfor binary search,
*incompatible changes:

* random parameter ofrray#shuffiéand
Array#sampleow

will be called with one argument, maximum
value.

*when given Range argumentsrayivalues_at
now returns nilfor each

Value that is oubf-range.

* Enumerable
* added method:

» added Enumerabieflazynethod forlazy
enumeratior

* Enumerator
* added method:

* added Enumeratorssizéor lazy size
evaluation.

* extended method:

* Enumerator. forlazy

* aliased method:

*incompatible changes: * Mutexiisleepmay spurious wakeup. Check

* added Thread#thread_variablefor getting a
after wakeup.

listof the thread local

“ENV.to_tis anew to_hash
*Fiber
»incompatible changes:

* Fiber#resumeannot resume a fiber which
invokes Fiberfiransfet.

*File
~ extended method:

* File fmatcl? now expands braces in the
pattern

File::FNM_EXTGLOB option is given

*improvements:

»invoduced the bimap maring which
suppresses to copy a memory

with CopyonWite.

*inroduced the noprecursive marking which
avoids unexpected stack overflow.

*GCzProfiler
* added method:

added GCProfiler.raw_datauhich returns
aw protle data fo 6.

*Hash
* added method:

* addedHashito_fes explicit conversion
method, likeArray#10_a.

* extended method:

* Hashiidefault_proe can be passed nil 1o clear
the default proc.

*Kernel
* added method:

* addedKernel#Haskonversion method like
Array() or Float().

« addedKernel#usingwhich imports
refinements into the current scope.

[experimental]

* added Kermel# dir__ which returns a current

dimame

* addedKernelicaller_locationshich returns.
anarray of

frame information objects.

* extended method:

* Kerneliwarraccepts multipleargsin like puts.

size evaluation.

“ENV

. d optional
argument "' which specify

required caller size.

| Kemelto_enumandenum_foraccepta blook
for lazy size evaluatio

netandard file

descriptors. variable keys.

(The default ofclose_othersoption is changed

( *NilClass
o true by defauit)

* added Thread#thread_variabfor testing to
see ifa particular thread

* added method:
* respond_e againsta protected method now variable has been set
retums faise Dnicss
* addednil.o_hwhich returns {}
- addedThvesdbackrace locatomtich

the second argument s true, returns similar information o

callee_has ewrmed o th orginal
venivior ndn

Kemeliicaller_locations
*Process

*incompatible changes:
fetms th caled niame butno the orginal + added method:

‘Threadsjoinand Thread#valuaow raises a
ThreadEroff target thread

aliased method, * addedgetsidfor geting session idiixonly).

is the current or main thread.
* Kemelinspectioes not call to_sanymore

(itused to callredefinedts_s) *Range

* added method: *Time

. n i jon. * change return value:
+ LoadErmor addedRangessiztor lazy size evaluatior

ime#to_setured encoding defaults to US.

» addedRange#bseardor binary search. A

* added method:

- acdedLcadErgaptietiod e
fle name that coul
loaded.

*Module

transcodes
* Signal
* added
racePoint
* added Signal.signamehich returns signal
name

* new class. This class is replacement of
set_trace_func

*added method:
asy (0 use and effiient mplementation
* acdedModuledprependutich is simiar o
Mocuiernciude
- plovel

however amethod in the prepended module
overrides the

arespecified *added mehod
corresponding method in the prepending
modle
* addedmain define_methoduhich defines a
global funcion.
* addedModulesrefing which extends a class
or module locally *sting

[experimental] * added method:

*ogi

returns iming a copied string
refinements defined in the ol ncoting ©ASEBIT « Add HTMLS tag maker.

receiver. [experimental] * change return value:

* CGltheadehas been renamed o
CGi#htip_headennd

* added Modulestusing which imports
refinements into the receiver.

* String#linesnow returns an array instead of an
enumerator. aliased toCGl#header

Texperimental o lingécharsow reuns an artay nead o+ hen {7 Sagmakeralled, overure

CGitheader

* extended method:
* String#codepointsiow returns an array

CGltheadefunction is to create a <header>
instead of an enumerator. P

* Moduletidefine_methodaccepts a
UnboundMethodfrom a Module.
String#bytesnow returs an array instead of
an enumerator.
Module#const_getaccepts a qualiied

constant string, e.g. *iconv

Object const_gdtFoo: BarBaz)

« Struct * Iconvhas been removed. Usiring#encode
instead.

* added method:

* Mutex
led Structito_hreturning values with keys 4 o o
corresponding (o the
* added method:

instance variable names. " new features:
* addedMutextiownec® which returns the
mutexis held by current * added|Ofwait_wiitablemethod.

thread or not. [experimental] « addediOfwait._readablanethod as alias of
hread «dded|O#wait_readablenethod as alias of

10fwait
*incompatible changes:
* added method:
- Mtexdtock Mutexiniock Mutexity._lock
Mutex#synchror ~ added Threadthread_variable_gdor geting
thread local variables nethitp

ndMutexésleepare no longer allowed to be * new feat
e new features:

used fom rap hand (these are different than Fiber local variables)

* Proxies are now automaticaly detected from

and raise ahreadErroin such case. the hitp_proxyenvironment

* added Threadifthread_variable_séor setting
thread local variables.

variable. See Net:HTTP:new for details,

- Jzand defate compression arernow
requested for all requests by

default. See Net:zHTTP for details.

L sessions are now reused across connections.

forasigle moanes

is speeds up connection by using a previously

hi

negotiated session.

* new methods:
*Net:HTTP#ocal_host
*Net:HTTP#ocal_host
*Net:HTTP#iocal_port
* Net:HTTP#iocal_port
* extended method:

t:HTTP#conneatsesocal_hosiand
loca porth spachen

* nevimap

Jilbtauffihemat itis
*new methog
*Net:IMA 9

* Net:IMAP defaull_imap_port

*Net:IMAP default_tis_port

*Net:IMAP.default_ss!_port

-feat

* objspace

* new method:

* ObjectSpace reachable_objects_frtob))

* openssl

* Consistently raise an error when trying to
encode nil values. Al instances

of OpenSSLASNL.-Primitive now raidgypeError
when callingo_deron an

instance whose value is nil. All instances of
OpenSSLASNLConstructive

reseNoMethodEiron the same case
Constructing such values is il

permilied.

*TLS 1.1 & 1.2 support by setiing
OpenSSISSLSSLContextess|_versitm

TLSYL 2 server, TLSvA._2 clent
or LS. TS

TLSVL1 clet. The version being efectvely
used can bé quer

with OpenSSLSSLéss|_versiofurthermore, itis
also possible to

Dleckiehe new 1LS ersion it
enSSLSSL:0P_NO_TLSVI_1

OpenSSLSSL:0P_NO_TLSV1 2

ted
OpenSSLSSLSSL Contextérenegotiation_ch.
userdefined callback

may be set which gets called whenever a new
handshake is negotiated. This

Is0 allows to programmatically deciine (client)
renegotiation attempts.

is runnin
special reglfme:

* Support for“0in" spliting of records as BEAST
mitigation via

* rdochas been updated to version 4.0

OpenSSISSL:0P_DONT_INSERT_EMPTY_FRAGME
NTS.

* OpenSStequires passwords for decrypting
PEMencoded fles 1 e atleast

four characters long. This led to awkward
situations where an export with

a password with fewer than four characters was.
possible, but accessing the

fle ateruards fsledOpenSSLPKEyRSA,
OpenSStPKey:DSA

OpenSStPKey EC therefore now enforce the
same check when exporting a

private key to PEM with a passworl has 1o be
atleast four characters

long,

+ SSLITLS support for e Nextprotcol
Negotiation extension. Suppor

with OpenSStL 0.1 and higher.

 OpeTSSIOPENSSL_FIPS allows lent
applications 1o detect whetheDper

e flboce an

* ostruct

S S

* OpenStructito_tonverts thestructto a hash.

* extended method:

* OpenStruct nevalso accepts
Struet

* pathname
* extended method:

« pathname#findeturns an enumerator if no
blockis given

*rake

* rake has been updated to version 0.9.5.

Thi version s beckwardsmptiie with
previous rake versions and

contains many bug fixes.

hitp:irake.ubyforge. org/docirelease_notes/rake.
0_9_5_rdoc.him for a st

of changes in rake 0.9.3,0.9.4 and 0.9.5.

* rdoc

b

XML
ption, encoding

B W XL declaration is used for XML document
encoding.

“This version is largely backwarcsmpatible with
previousrdocversions.

The mostnolabl change i anupdate (o the
data format (i data mu

be regenerated for gems shared acrodsc
versions). Further APl changes

areinternal and won't affect most users.

See

* Shellwordstishellescagienowstringifiesthe:
given object using_s

* string#fines

* Stringéichars.
~ Shellwords#shelljoif accepts norstring
objects in the given
* Stringéicodepoints
array, each of which Eringifiedusingto_s.
- Stingbytes

* syslog
‘These methods no longer return an Enumerator,
although passing a
* Added Syslog::Logger which provides a Logger
API atop Syslog
blocks il supparte fo backwards
‘compatibily.
Syslog:Priority, Syslog: Level, Syslog::Option and
Syslog:Macros.

rdoc for alist of

changes indoc4.0.

* resolv
* new methods

* ResolvDNS#imeouts

* Resolv Dusmmmumv2

KiLDocumentiuriesupports Hash

* REXMLDocument#writesupports
new -encoding option. It changes

ML document encoding. Without :encoding
in

* RubyGems.

* Updated 10 2.0.0.preview2

RubyGemg.0.0 features the following
improvements:

*Improved support for default gems shipping
with ruby 2.0.0+

* A gem can have arbitrary metadata through
‘Gem:Specification#metadata.

*gem search’ now defaults teremote and is
anchored like gem st

- documen 0 replace-docand-
Use-no-document t

dsable documenato
only generated

jocumentrdocto

* Onlyri-format documentation is generated by
defaul

*gem server’ useRDoc:Serviet fronRD0v.0
to generate HTML

documentation.

For an expanded list of updates and bug fixes see:

s comibygensinibygemsiiobines
terfHistor

* sheliwords.

of available
constants on a Code ikl vith indef) { ine
finendf ...} o lon

running system.

works becauselr inesreturns an array. Replace
lines with

each_inen such cases.
* mpdir

*incompatible changes:

* signal.iap
* DitmktmpdiusesieUtis emove_ertry
instea
priove enty_secueThis means that
ol See above.
permission of the created temporary
*MergeOnigmo

accessible from other users

hitps:/igithub.com/ktakata/Onigmo

*yaml

close_othersoption is true by default for

* Sycns b emoc. VAL nowcomplecy 11 Hose st

depends oribyamibeing

Also, the closen-exec flag s set by default for

nstalled. all new fle descriptors.
“This means file descriptors doesnt inherit to
spawned process unless
*zlib

explicilly requested such as system(d=>(d).

* Added streaming support fcit:Inflate and
Zit:Deflate. This allows

processing of a stream without the use of large.

amounts of memory. Kerelérespond_t® againsta protected method

now returns false

* Added support for the new deflate strategies

ZibSded support for he unless the second argument s true.

* Zlibstreams are now processed without the GVL.
This allowsszin zliband

* Dir.mitmpdirin libftmpdir.tb
deflate streams to be processed in parallel.

See above.

Language changes

* OpenStrucnew methods can confict with

+ Added 9band % for symbol list creation (similar VSO afibutes named
10 %%w and %W)

“each_pal, "eql?", "hash" or to_f"

* Default source encoding is changed to WBTF
(was USASCII)
* Thread#join Thread#value

Compatibily issues (excluding feature bug

fixes) See above.

* Arrayivalues_at i toock Mutexurock ey lock

Mutex#synchronizend Mutexssleey

See above.
See above.
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RubyKaig013 Toward efficient Ruby 2.1 by Koichi Sasada 14



Ruby 2.1 release announcement

oL Yp¥anning to call for feature proposals soon like
2.0.0 [rubycore:45474, soif you have a suggestion
you should begin preparing the propo$al

Q Ruby 2.1.0 2013 12 25
2.0.0

€
- [ruby-core:54726] Announce take over the release
manager of Ruby 2.1.0

by NARUSEuI



Ruby 2.1 schedule

2013/02 2013/12
Ruby 2.0.0 Ruby 2.1.0

RubyKaigi2013 Euruko2013 RubyConf2013
5/30, 31, 6/1 6/28, 29 11/8-10

Events are importantor
EDD(Event Driven Development) Developers

RubyKaig013 Toward efficient Ruby 2.1 by Koichi Sasada 16



Ruby 2.1

ANew features



#2+-rdoc-*
= NEWS for Ruby 2.1.0

Tris document s aistof user visble featre changes made betveen
releases except for bug fixe

Note that each entry is kept 5o brief that no reason behind or
reference information is supplied with. For afull st of changes.
with all sufficient information, see the ChangeLog fle.

Changes since the 2.0.0 release

Language changes
Core classes updates (outstanding ones only)

* added environment variable:
“RUBY_HEAP_SLOTS_GROWTH_FACTOR: growth rate of the heap,
10
*extended methort
IOacek acoapts symbols (CUR, END, SET) fr 2nd argument,
“Kernel

‘methods:

* Kemel#singleton_method

* utex

“Mitexéowned? is o longer experimental

*sung

- vethods:
. smnguscmb and tingiscrub veriyand i invald e sequence.
* extended meth
W imvaic replace s specified fo Stingencode, replaci

nvald byte Sequance even i destnation encodng equas (o
the source encoding

* packlunpack (Array/String)
Qtand q! directives for long long type if platform has the type.

Core classes compatibilty issues (excluding feature bug fixes)

10
*incompaible changes
open ignore internal encoding if external encoding is ASET.

* Module#ancestors.

“The ancestors of a singleton class now include singleton classes,
in particular itself

Stdiib updates (outstanding ones only)

* Dige:
Foended m
* Digest: Cines e akes optional arguments for its constructor
* Matrix
* Added Vectorticross_product,
* Net: SMTP
* Added Net:SMTPirset to implement the RSET command

* Pathname
*New methods
* Pathnamerwrit
* Pathname#binwrite
* OpenSSL:BN
* extended methodt
* OpenSSL::BN.new allows Fixnum/Bignum argument.

opern-uri
* Support multiple fields with same field name (Iike-Seokie).

* Resolv::DNS.fetch_resource
* Oneshot multicast NS support
* Support LOC resources

* Rinda:RingServer, Rinda::RingFinger
* Rinda now supports multicast sockets. See Rindat:RingServer and
Rindaz:RingFinger for details.

frvsn
sotken gemaddvs

* StringScanner
* extended metho
 StingScannerd(] upports named captures.

* Templil
* New methods;
* Tempiile create

Stdiib compatiilty issues (excluding feature bug fixes)

URI

*incompatible changes:

* URLdecode v fom olows cutent WHATWG URL Standara

G
It gets encoding argument to convert before percent
UTF16 strings aren't converted to UTFbefore iy ot by default

C APl updates

See NEWS file

Now, much smaller than Ruby 2.0

RubyKaig013 Toward efficient Ruby 2.1 by Koichi Sasada
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Quot ed

G/ KIFNF O0SNI aSid YR /9{ 6KAOK
different by users. However, it is not high priority to support
one application supports muiti 9 { d¢

- Implementation of Practical Multilingual Text Manipulation for Ruby (academic paper)
by YukihirdVlatsumoto
(translated by Koichi Sasada)

Qa CES
1 CES

- Ruby



Ruby 2.1 features

ARefine m17n introduced from Ruby 1.9
AString#scrubString#scrub

AVerifyand fix invalid byte sequence
AMore efforts? | heardVlatz has some ideas.

ARefine features introduced from Ruby 2.0
AKeyword arguments
ARefinements
AModule#prepend



Quote about 2.0 from Heroku blog

How it Works = Pricing Add-ons Dev Csg

Blog

Matz on Ruby 2.0 at Heroku's Waza

by Craig - Mar 06

Matz, the creator of Ruby, spoke at Waza for the 20th anniversary of the language and the release of
Ruby 2.0. If you weren't in the sold out crowd, not to worry. Information should flow free and experiences
should be shared; in line with those concepts you can watch Matz's talk right here, then read about what's
new in this version of Ruby and how to run it on Heroku

With slides available on speakerdeck

21



Running 2.0 on Heroku

If you're interested in taking advantage of these new features give it a try on Heroku today. To run Ruby 2.0
on Heroku you'll need this line in your |Gemfile|

ruby "2.0.0"

Then commit to git:

£ git add .
£ git commit -m "Using Euby 2.0 in production™

We recommend that you test your app using 2.0 locally and deploy to a staging app before pushing to
production. Now when you |§ git push heroku master| our Ruby buildpack will see that you've
declared your Ruby version and make sure you get the right one.

Of course, Ruby 2.0.0 is ready on Heroku!

22



20 years of simplicity, elegance, and programmer happiness

Hercku, since its founding, has been aligned with the key values of Ruby — simplicity, elegance, and
programmer happiness. Heroku still believes in the pgwer and flexibility of Ruby, and we've invested in the
language by hiring Yukihiro "Matz" Matsumoto, and Nobuyoshi Nakada. We would like to
thank them and the whole Ruby core team for making #% release happen. Join us in celebrating Ruby's
successes and in looking forward to the next twenty ygars by trying Ruby 2.0 on Heroku today.

Me!
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Ruby apps are running using 1.8.7, you should upgrade. Ruby 1.8.7 is approaching End of Life (EOL) in
three months on June 2013. EOL for Ruby 1.8.7 means no security or bug patches will be provided by the
maintainers. Mot upgrading means you're potentially opening up your application and your users to
vulnerabilities. Don't wait till the final hour, upgrade now to be confident and secure.

Ruby 2.0 has a faster garbage collector and is Copy on Write friendly. Copy on Write or COW 15 an
optimization that can reduce the memaory footprint of a Ruby process when it is copied. Instead of
allocating duplicate memory when a process is forked, COW allows multiple processes to share the same
memaory until one of the processes needs to modify a piece of information. Depending on the program, this
optimization can dramatically reduce the amount of memory used to run multiple processes. Most Ruby
programs are memory bound, so reducing your memory footprint with Ruby 2.0 may allow you to run more
processes in fewer dynos.

If you're not already running a concurrent backend consider frying the Unicorn web server
Features

In addition to running faster than 1.9.3, and having a smaller footprint, Ruby 2.0 has a number of new
features added to the language including:

24



Menti on about * Sp

Ruby2.0 has a fastegarbage collectoand isCopy on

Write friendly. _ 10
that can reduc Short summary: GC uses bitmap es
when it Is cop marking andCoWfriendly |

memory wher P

processes to share the same memory until one of the
processes needs to modify a piece of information.
Depending on the program, this optimization can
dramatically reduce the amount of memory used to rur
multiple processes. Most Ruby programs are memory
bound, so reducing your memory footprint with Ruby

2.0 may allow yoi1 to run more nrocesses in fewenos
Ifé 2dzQNB = { K2NIi adzyyYl NBY T
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http://en.wikipedia.org/wiki/Copy-on-write
https://blog.heroku.com/archives/2013/2/27/unicorn_rails

Only mention about GC!1??
6L R2Y QU &2 NJ



+, (*>T <*) .+

[ SGQa O2yaiR
GC/memory management!



Ruby 2.1 internal features

Anternal hooks for memory management

ARGenGC: Restricted generational garbage
collection

¢t2RII@Qa G2 LI



Internal hook$or memory management
What ' s ni ce?

AYou can collect more detailed analysis

AExamples
ACollectobject allocation site information
ACollect usage of allocated objects
AMeasure GC performance from outside



Internal hooks for memory management

AAdded events
ARUBY INTERNAL EVENT NEWOBJ

AWnhen object is created

ARU BY INTERNAL EVENT FREEOBJ
AWhen object is freed

ARU BY INTERNAL EVENT GC START
AWhen GC is started

ARU BY INTERNAL EVENT GC END
AWhen GC is finished

GC GC
Start " End

Rubyé — — — — é




Internal hooks for memory management
*Caution*

AYou can *NOTtrace these events using
TracePoin{introduced from 2.0)

AYou need to write @xtto use them, because
events are invoked during G€ic



Internal hooks for memory management
Sample features

PObjectSpacerace object allocations

ATrace object allocation and record allocatisite
ARecord filename, line numbeareatorY SG K2 RQa AR | y I
AUsage:
ObjectSpace.trace _object_allocatigrsrecord only in the block
0 =Object.new

file =ObjectSpace.allocation_source{i@ #=> FILE
line =ObjectSpace.allocation_sourcel(o¢ #=>  LINE -2

}

ADemonstration



Internal hooks for memory management
Postponed job

AYou may want to write hooks in Ruby
M 4aS Wt 2al0lLl2YySR 2200
AVt 230 LI2YSR 220 aQfinblideys |
AUsagerb_postponed_job_regist¢func, data)
Afunco RIFGF 0Q gAf f-panS OF £ S

l.j

N SS Iy &l Yexifolsspaoedyd ioks.g
AObjectSpace.after_gcstartjend) =prod{GC.star
AProcis called after GC



| | Quot ed
a H 8tmacture of VALUE and objects

In ruby, the contents of an object is expressed by a C structure,
always handled via a pointer. A different kind of structure is used for
each class, but the pointer type will alwaystbe [ | 9 d¢€

- Ruby Hacking Guide
by Minero Aoki

2.1 VALUE
ruby

VALUE Q
- Ruby

RubyKaig013 Toward efficient Ruby 2.1 by Koichi Sasada 34




RGenGC: Summary

MRGenGC: Restricted Generational GC
ANew GC algorithrallowsY A E A Y 3-badriér NR § ¢
V R

~ A 7 ~ s
Ve o Vd ' A4 14

LINE U SOUSR 202SOutace |
ANo (mostly)compatibility issuewith Gexts

Anserting WBs gradually

AWe can concentrate WB insertion efforts for major
objects and major methods

ANow, Array, String, Hash, Object, Numeibjects

are WB protected

AArray, Hash, Object, Strimdpjects are very popular in Ruby

AArray objects usinRARRAY_PTR() change to WB unprotected
objects (called as Shady objects), so existodgs still works.



RGenGC: Agenda

ABackground
AGenerational GC
Avdzo € Qa D/ auNXGS3e
AProposal: RGenGC
ASeparating into sunny and shady objects
AShady objects at marking
AShade operation

Amplementation



RGenGC: Background
CurrentC Ru bGL’ s

AVark & Sweep
AConservative
AlLazy sweep
ABitmap marking
ANonrecursive marking

AGHfriendly strategy
AB2yQi YSSR YIF3IAOFT YI ON
AMany manyGextensions under this strategy



Quot ed

GH OMm Mak&StaeepsGC
Mark&Swee D/ O2yairaidga 2F YI NJ
- Garbage CollecticAlgorithms and Implementations
ByNarihiroNakamuraHikaruAikawa
(translated by Koichi Sasada)

GC

By
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RGenGC: Background

Mark & Sweep
Root objects 1. Mark reachable
objects from root
free objects

e free 2. Sweepunmarked
" | objects (collection

marked _eoee - and deallocation)

objects

marked marked free /

RubyKaig013 Toward efficient Ruby 2.1 by Koichi Sasada 39



RGenGC: Background
Generational GEGEenGQE

ANeak generational hypothesis: Most objects die
younglhConcentrating reclamation effort on the
youngest objects

ASeparate young generation and old generation
ACreate objects as young generation

APromote to old generation after survivimgh GC
Aln CRubyn == 1(after 1 GC, objects become old)

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



RGenG@ackground
GenerationalGC GenG(Q

AVinor GC and Major GC can use different GC
algorithm
APopular combination
bMinor GC: Copy GC, Major GC: M&S

AOn the/ w dzo l#ot Blinor&Major GCs should
be M&Sbecausd w dzoGE (aad existing codes)
based on conservative M&S algorithm




RGenG@Mackground: GenGC
[Minor M&S GC]

15 MinorGC . AMark reachable objects
Root objects from root objects.

AMark andpromote to old

gen
. AStop traversing after old
objects
fraverse

collect FhReduce mark overhead

WeeB not (marked or
old) o Jects

AlyQiu 0O02fftS
free unreachable objects
52y Qi OthSO 2f R 2025801
even if it is unreachable.

42




RGenG@Mackground: GenGC
[Minor M&S GC]

24 MinorGC . AMark reachable objects
Root objects from root objects.
traversg AMark andpromote to old
new/ gen
Q free ) AStop traversing after old
| | froe objects
ignore ignore

collect I'hReduce mark overhead

Q Q WeeB not (marked or

| | old) o Jects

ignore Ignore

00O ‘nlhhedil®
unreachable objects

52ym’1 OthSOu 2f R 202501
even if it is unreachable.




RGenG@ackgroundGenGC
[IMajor M&S GCJ

Root objects

ANormal M&S
AMark reachable objects from

root objects
g AMark andpromote to old gen

iraverse raverse ASweep unmarked objects

collect

ASweep all unreachable
(unused) objects

old/
free

collect
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Quot ed

GH OM ¢ -Enwsep dlhoNthm
From the viewpoint of the garbage collector,
mutator threads perform just three operations
of interest, New, Read and Write, which each
collection algorithm must redefine
appropriatelyp €

- TheGarbage CollectioHandbook
by Richard Jones, Antony Hosking, Eliot Moss




RGenG@BackgroundGenGC
WB & Remember SeR&e)

£OId objects refer young
Q objects

[[hMinor GC causes

Q Q marking leak!!

ABecause minor GC ignores
Q referenced objects by old

objects

[ FyQlhG YIFEN)] yS¢ 202SO0O0H
HSweeping living object! (BUG)



RGenG@BackgroundGenGC
WB & Remember SeR&e)
AAdd an old object into

Zeeingggf " Remember setRSe} if an
old object refer new
Q objects
AAt minor GC, mark all
Q Q remembered objects
ATo detect [olcﬂbﬁew] type

references inserft 2 N {

OC) CD ot NNA SNE

/SaDsySNJ GgAy3 N
G2 NRAOSE




RGenG@ackgroundGenGC
[IMinor M&SGC] w/RSet

Root objects  "emember - AMlark reachable
objects from root

objects
ARemembered objects
collect are also root objects
@ A Stop traversing after old
\@ objects

ASweep not (marked or
traverse Old) ObjeCtS
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RGenG@roblem
Write-barrier(WB) andCRuby

ATo introduce generationajarbage collector, WBs
are necessary to detect [dithhew] type reference

AWrite-barrier (WB) example in Ruby world
A(Ruby) 0ld0[0] = newO # [oldB®ynewO]
A(Ruby) old1.foo = newO0 # [oldbnew1]
AWrite-barriers miss causes terrible failure
AWB miss

[bRememberset registration miss
[b(minor GC) markingissihTerrible GC BUG!!

AAll of Gextensions need perfect Writkarriers

AManipulate Ruby objects in C language @@x¢
AGlevel WBs are needed



RGenGC: Problem
Inserting WBs into-€xtensions (&xt)
A Problem: Compatibility

AExample (ORARRAY_PTR(0ld0)[0] = new1
AThere areMany ManyGext) & 2 dzZND S a f

ACRuby coreodeuses CAPIs, but we can rewrite
all of source code (with terrible debugging!!)

RS O yQuU NBxtsiNich 8e writte
by 39 party



RGenG@roblem
Inserting WBs into-€xtensions (&xt)

Ga¢Cg2 2LIAZ2Y

Current
[Give upon GenGl Choice

or

[GenGQwvith re-writing all of G
extensions without &xtscompatibility]



RGenGC:

Rel ated work on R

Aiyama et. al. GenGC for CRuby
AStraightforward implementation for Ruby 1.6
ANeed WBs in correct places
AHigh development cost
A Iy Q (icomp&tiBilltyMDrop all Gexts

ANari et.allonglife GC for CRuby
AlntroduceGenG®nly for Node object

ANo compatibility issues becausee@tsR 2 y Qi d&:
node

Ab2¢g [/ wdzoé R2SayQi dzasS Y
objects
AHigh development cost (to guarantee WBS)
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RGenGC:
Relatedvor Kk on Ruby’ s

AViake interpreter with other language
infrastructures which have GC
AJRuby|ronRuby
ATyQi 1SSLI O2YLI @so A £ A (
ASeparate core heap and CRubgxtheap
AHigh development cost



RGenGC: Challenge

AHow to insert Writebarriers?
Aln Rubycore, we carchnagew/ huge effort

A 26SOSNE 6S Ol VestsH RioBleizO K
ASeveral approaches

ASeparate heaps into the WB world and AdB

world

ANeed to rewrite whole of Ruby interpreter
ANeed huge development effort

AWB auteinsertion
AModify Gcompiler
ANeed huge development effort
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RGenGC.
Challenge to introduce GenGC

ACreate GC algorithm permits WB protected
objects AND WB um)rotected object in the
same heap

v

RGenGC: Restricted Generationa
GarbageCollection



RGenGOGoal
Inserting WBs into-€xtensions (&xt)

G b32 LI A2y aé

[Give upon GenG(C
or

[GenGC with ravriting all of C
extensions without e@xtscompatibilityf

or New
[lUse RGenGCG .
choice!!




RGenGC.
Key idea

AntroduceShady object
ALy GKAEA O2y0SEGZ 4a{ KI R¢
doubtful, etc
ASomething feeling dark
A . in Japanese




Googl e I mage "s ec¢



RGenGC:

Key Idea Shady: doubtful,
ASeparate objects into two typ questionable, ...
AShadyObject: Wlianrotectde<[ An antonym of
ASunnyObject: WB Protecte 0 KS 42 NF
Shady Sunny
. 0

ADecide this type at creation time
A Of I aa R2y dpShalobhB | 0 2 d:
AA class care about WB)Sunnyobj

ACurrently, most of classé&sh b @@ about WB,
somost of objects are created as Shady objects.



RGenGC:
Key ldea

ASunny objects can change VM
to Shady objects
A{ KIFRSE 2LISNF /A2y
Ay GKS [/ LINZ Shddeza T imL ¢
care about RGenGC

AExample
Aptr = RARRAY_P3Rj

ALYy GKAZ OF&aST 65 OF youwlkyasn

pre LISNF GA2Y T a2+ agpdk b0t v a

change into sunny object
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RGenGC

Key ldea: Rule
Pal N a{KIR& 202S00a¢
AAt Marking

1. 52y Q0 LINRPY2US &aKIl Reée 2

2. Remembeishady objects pointed from old
objects

AAt Shade operation for old sunny objects

1. Demote objects

2. Remember shaded shady objects



RGenGC
IMinor M&S GC w/Shady object]

1t MinorGC m k h bl b t
Root objects = oo ark reachable object
J et&Se | from root objects

tfavefiszl’ traversg AVark shady objects, an

remember F R 2 \/ QU [tONDER] Y
traverse

gen objects

collect N shady objectpointed
@ from old objects then
\@ remember shady object
mark and by RSet

remember [bMark shady objects
every minor GC!!

traverse
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RGenGC
IMinor M&S GC w/Shady object]

2"d MinorGC m
Root objects |~ Remember ark reachable object
J *t®Se | from root objects

tfavefisgl' traversg AMark shady objects, an

FR2YV QU LN Y
ignore

gen objects

collect N shady objects pointed
@ from old objects, then
\@ remember shady object
traverse by RSet

[bMark shady objects
every minor GC!!

ignore

traverse




RGenGC
|[Shade operation]

~emamior 201 sunny objectBbhShade

set Rsey  OPJects

AExample: RARRAY _Rari(

A(1) Demote object (olffhnew)
A(2) Register it to Remember Set




RGenGC
Timing chart

2.0.0 GC (M&S w/lazy swee

Sweep

Ruby a Mark a

Stop the (Ruby)
World

w/RGenGC (Minor GC)

Mark,_

Ruby a E

Sweep

p)

Sweep Sweep Sweep

Sweep

Sweep Sweep

——

Sweep

A Shorter mark time (good)
A Same sweep time (not good)
A (little) Longer execution time b/c WB (bad

(Ruby)
World
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RGenGC
Number ofmarking objects

2.0.0 GC (M&S w/lazy sweep)

Living object counts Freed object counts

&>

w/RGenGC (Minor GC)
(&) (b)
SS
Living object counts

Freed object counts

#ofold  (c) # of new # of freed _
object object (#new) but remembered (8) # Of old objects by WB
(#old) objects (b) # of shady objects pointed by c

(c) # of old but shady objects



RGenGC
Number of marking objects

w/RGenGC (Minor GC) QPR
E Living object counts S Freed object counts
#ofold (c) # of new # of freed  (a) # of old objects by WB
object object (#new) but remembered (b) # of shady objects pointed by c
(#old) objects (c) # of old but shady objects

Marking space | Number of unused| Sweeping

uncollectedobjs space

Traditional GenG( #new + (a) #new
RGenGC #new + (a) + (b) + (« (a) + (b) Full heap
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RGenGC
Discussion: Pros. and Cons.

APros.

AAllow WB unprotected objects (shady objects)

A100% compatiblev/ existing extensions (and standard classes/methods

Alnserting WBs step by step, and increase
performance gradually
A2 S R2y Qi YySSR G2 AyaSNu |ff 2.3
AWe can concentrate into popular (frequent) classes/methods.
AWe can ignore minor classes/methods.

ASimple algorithm, easy to develop (done!)



RGenGC
Discussion: Pros. and Cons.

ACons. o
ALYONBI aAy3 ddzydzaSRX 0 dzi
until full/major GC

ARemembered objects (caused by well known GenGC algorithm)
ARemembered shady objects (caused by RGenGC algorithm)

AWB insertion (potential) bugs

ARGenGC permit shady objects, but sunny objects need
correct/perfect WBs. But inserting correct/perfect WBs is difficult.

AThis issue is out of scope. We have another idea against this
problem (out of scope).

FYy QG NBRAzOS { gSSLIAY I |

ABut many (and easy) wekhown techniques to reduce sweeping
time (out of scope).



- C Reference manual
By Samuel PMarbisonlll, GuylL.Steelelr.

A H DM
C




RGenGC

Implementation

Alntroduce twoflagsinto RBasic

AFL_KEEP_WB: WB protected or not protected

A0 MunprotectedMShady object
A1 Mprotected MSunny object
AUsageNEWOBJ_O#fy, struct RArrayklass T_ARRAYHL KEEP_ B

AFL_OLDGEN: Young gen or Old gen?
A0 MYoung gen

A1HOIld gen
A52y Qi YySSR (2 (2dzOK o0& dziaSNJ LINE 3|
ARemember set is represented by bitmaps
ASame as marking bitmap
Aheap_slot:rememberset_bits
ATraverse all object area with this bitmap at first



RGenGC
Implementation: WB operation API

FOBJ WRITE(a, &, b) LIRS
ABSOf I NB WIQ '-:':'N\I' (i v
AWrite: *&a->x = b
AWrite barrier

Ah. WP2wLEe9G0FZ 00 1 dzM L
oldv

FOBJ WRITTENGdV, b)
AASOfIINE WHQ 3aNsaldveSa
ANonwrite operation
AWrite barrier



RGenGC
Implementation: WBperation AP

AT ARRAY

ARARRAY PT&RY) causes shadeperation
Al FyQid 3ISG wDSYD/ LISNF2NXI YOS AY
ABut works well

Anstead of RARRAY _PaiY use alternatives
ARARRAY ARERY, n)[HRARRAY P ER{)[N]

ARARRAY ASHEIY, n,obj) THhRARRAY_ PHER)[N] =
obj w/ Write-barrier

ARARRAY PTR_U&fg(ptrname, {...block...})

AOnly in block, pointers can be accesseddisnameQ @ NA | 6 € S
(VALUE™).

AProgrammers need to insert collect WBs (misauses BUG)




RGenGC
Incompatibility

AMake RBasicklasséconst

ANeed WBs for a reference from an object to a
klass

AOnly few cases (zerdear and restore it)

AProvide alternative APIs

ANow, RBASIC_SET_CLét$%({as3 and
RBASIC CLEAR_CL##H3¢ added. But they should be internal
APIs (removed soon).

Arb_obj_hidd) andrb_obj_reved() is provided.



RGenGC
Implementation

ARGENGC CHECK MODJE.m

Al: Enable assertions

AMY 9YyIFofS a2. OKSOlAYy3:
ANB checking mode

A(1) do minor GC

A(2) do major/full GC

A(3) compare result with (1) and (2)
Alf living objects in (2) but not living in (1) it should be BUG!
ANot a perfect (implementation limitation), but a
good method to detect bugs




RGenGC
Implementation

AVacros in rubyfuby.h
AUSE RGENGC

AYou can enable/disable RGenGC with this macro.

ARGENGC WB PROTECTED ?7??

ARGENGC WB_PROTECTED ARRAY, RGENGC WB_PROTECTED F
RGENGC_WB_PROTECTED SHGESGGC WB PROTECTED OBJEC
RGENGC_WB_PROTECTED_FLOAT, RGENGC WB_PROTECTED C
RGENGC_WB_PROTECTED RATRIBEGC WB PROTECTED BIGN

ANow, only supports above types (T_??7?).
AT _CLASS, T_MODULE and T_DATA is needed to support with high priority.
AYou can enable/disable RGenGC for each types.

Alf you have trouble with RGenGC, try to disable them.



RGenGC
Performance evaluation

Adealmicro-benchmarkior RGenGC
ACreate many old objects at first
AMany new objects (many minor GC, no major GC)

ARDoc

ASameRDoc generatioasw dzo @ Qa (i NHzy |



RGenGC
Performancesvaluation (micro)

600000000

500000000

400000000

300000000

200000000

xecution time by RDTSC

/\ A Shorter mark time (good)
/ \ A Same sweep time (not good)

W —+—mark (RGENGC)

—m—sweep (RGENGC

——mark

sweep

A

g U

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
GC count
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RGenGC
Performance evaluation (RDoc)

400
350 :
2 Scveral major/full
0 / GC peaks
250
—Mark Time(ms)
g 200 — Sweep Time(ms)
- ——RGenGC/Mark Time(ms)

Faster mino | ——RGenGC/Sweep Time(m:

‘ [otal GC
A MNMNALL OO~ AWOMN~NAO O MN~ AL M N~ o . .
A NSO NODANTOOOODANMNLI) © 0O N M LD
Ad AT ddddNNNANNNNOOO O IS I eren
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RGenGC
Performance evaluation (RDoc)

60000
50000
40000

< 30000
20000
10000

0

B Total mark
m Total sweep

Normal RGenGC
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RGenGC
Performance evaluation (RDoc)

225
220
215 - 1
16 Impressive!!
205

SecC

2 L
0o m Execution time
195

190
185
180
175

Of course, this is§ D NJ LJK
Normal RGenGC |t 4 students submits this grapt
his score is falil.
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RGenGC
Performance evaluation (RDoc)

250

200

150

100

50

0

Normal

RubyKaig013 Towar

About 15% speedup!

RGenGC

efficient Ruby 2.1 by Koichi Sasada

m Execution time



RGenGC: Summary

MRGenGC: Restricted Generational GC
AdSg D/ It 32 NRM G K Y-barFriérf
I.

,,,,,,,,, 2 0
YV R
ANo (mostly)compatibility issuewith Gexts

Anserting WBs gradually

AWe can concentrate WB insertion efforts for major
objects and major methods

ANow, Array and Stringobjects are WB protected

AArray and String objects are very popular in Ruby

AArray objects usinRARRAY_PTR() change to WB unprotected
objects (called as Shady objects), so existing codes work well



RGenGC
Future work

AVlinor GC / Major GC timing

AToo many major Ghslow down
AToo few major GChmemory consumption issuetc

AVlake more sunny objects (especially T CLASS
AOptimize remember set representation

Anserting WBs w/ application profiling
AProfiling system
ABenchmark programs

ADetection system for WBs insertion miss
ARGENGC_CHECK_MODE (&,.dnis not enough



RGenGC
Issues: Terminology

al G1 Nsaééuéﬁ G6KS g2

A{KIRe&¢ KFra I YSEYAY:
R2dzo 0 Fdzf 2 X§Z 0dzli  a{ ¢
FAFAYyald 4l dzSa tetké2dy | 0 f ¢
Sunny
0

Doubtful,

guestionablegtc




RGenGC
Issues: Terminology

AKAA Aa | f ad LJN;SéSyi’J
a{sz;fee

Ad { KITR®2. szLJNEuSOuSRe

, Pa A Vd Pa o

Ad { dzyThH®@2¢. LINRP O SOUSRE

AOr
Ad { KITBR{,K |
Ad { dzyTH@EE 2 N

-

8¢ ONBY )\y
| f aKl Rée

R
NI fe€ oy?2

If you have any idea of the words,
please let us know.




Quot ed

GHYM b2¢g G6KSYy WSadza oI a
Judaean the days of Herod the king, behold, there
came wise men from the east to Jerusalen

- Gospel of Matthew

AOHY M



Ruby 2.1 expected

ASophisticated inline cache invalidation mechanism
ﬁl\/lemorv efficient stringnanagement & Symbol GC

AFinegrain memory protection to detect WB
insertion miss

ASignal thread

AMVlore efficient interprocess migration technique
AJITcompilation for small part of Ruby code
AntroducefastpathGmethods type

Ainlined Proc.calinvocation . .
A ht¢ /2YLAESNI I YR SEGSVYI
AUseful debugger




Sophisticated inline cache
Invalidation mechanism

AFrom Ruby 1.9 (YARYV), inline cache techniqu
IS used In several codes
Alnline method caching Hugeopportunity

AConstant lookup
AX

ACache invalidation with only one variable
cglobal_state version

Anvalidate inline cache, other nenelated
Inline caches are also invalidated



Sophisticated inline cache

Invalidation mechanism
AydltARIGS

Redefine X,

invalidate all of
classes

Fff Of I aa
Object
L O
X Y Z
/\ /\
X1 X2 Z1 Z2

Xla




Sophisticated inline cache
Invalidation mechanism

G¢KAa LI 0OK | RRa Of I &
caching toCRubyThis Is the algorithm used by
JRubyand Rubinius €

[ruby-core:55053] [rubytrunk - Feature #8426][Open]
Implement class hierarchy methadching

by Charlicsomerville



Sophisticated inline cache
Invalidation mechanism

Anvalid only sukzlasses under effective class

Object

Redefine X,
invalidate X and

. Qa a dzo

Xla




Memory efficient string management

AEach string has their string body (space
acquired bymalloq))

String

G{ ONAYy3I| 02Re&¢E

ptr




Memory efficient string management

AC2NJ a2YS
they has own string body each other.

Smng

1

C 152

1

ch
eith

ch
pih
\.)

ch
e
Y

ptr

=)

Jﬂ

a{uNAYE

aidNKy3Ia

217

K

@D <



Memory efficient string management

At can be shared by strings w/ dirty bit.

[hReduce memory consumption!!

G{ GNAYy3 o0ZRe&¢
(shared by 5 places)

g8 U {KFNAY3I aGNAYy3I 02
= If a string object is duped.
_ This technique Is more aggressive approac




Memory efficient string management

AThis mechanism can work with Symbol

management
iy [hGCGable Symbol

1

ch
pih

L 152

1

ch
e
Y

G{ GNAYy3 o02Re¢
(shared by 5 places)




Quot ed

a H Xnd the heavens and the earth were finished,
and all the host of thed €

- Genesis

AOHY M £



Agenda

ARuby 2.1 Schedule
Avdzo & HOM yYSg AAYESNYI €
Alnternal object management hooks

AObiject allocation tracing
AGC hooks

ARGenGC: Restricted Generational Garbage _
CollectonH ¢ 2 RIFeQa YIAY G02LAO
Avdzo @ HodmM SELISOISR aAyi
ASophisticated inline cache invalidation mechanism
AMemory efficient string management
AUseful debugger



Summary

ANe are Implementing new features and
AYLINROAYd wdzoe Qa | dzl f

ﬁQéLJéc:))‘\JI-,f f e Ayl N@aﬁbaigé))\)
O2ft SOUZ2ZNE @gKAOK LQY
huge performance

ARuby 2.1 is currently scheduled on Dec 25,
2013



Thank you

Any questions?

Koichi Sasada

Heroku, Inc.
<kol@heroku.com>

1 heroku




