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Abstract
Dear Erlang friends,

It is with the greatest pleasure that I wish to welcome you to the Sixteenth lnternational
Erlang/OTP User Conference. Erlang started as a programming language in the
telecomms domain but with developments like the lnternet, multicore,and Cloud com-
puting, it has found a much wider applicability. Also the combination of concurrency and
functional programming has proven to be extremely fruitful opening further areas such

as testing, refactoring, databases.

ln 2008 we outgrew the Ericsson conference facilities and had to move to the Astoria. This
year we have filled it so next year, who knows!

I have heard many times that the talks are but an excuse for Erlang enthusiasts to meet
and mingle and exchange experiences at intervals and at the following dinner party.That
might be true, but it is also unfair to the speakers who keep telling us of new unexpected
applications and of explorations at the very front of current Computer Science research.

So once again, I wish you welcome to a conference that is sure to widen your views of the
computing world where Erlang is becoming one of the most significant players.

Biog ra phy
Bjarne Däcker joined Erícsson in 1966 as programmer and systems analyst.ln 1984 he set
up the Computer Science Lab together with Mike Williams to explore, develop and intro-
duce new software technology in Ericsson often in collaboration with university research
The CSLab pioneered things like Unix, A.1., Lisp, Prolog and workstations in Ericsson.

Erlang was created at the CSLab by an initial team of Joe Armstrong, Mike Williams and
Robert Virding. Bjarne organised the first Erlang User Conference in1994.He has had
various external committments such as chairman of the steering committee of the Swed-
ish national research programme in Computer Science 1987-1992 and member of the
Evaluation Committee of European Union's ICT-Prize.The CSLab was closed in 2002 in the
lT crash.
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The Problem
' ÛrganicaltY grown ï"1-'
. A,dlhac aPPlicadon strucilre'

' No .l*ni luts in fr'rnctionality '

Our solution
' Move existing moclules to new applications'

. GroüP app[cãtinns in clusters (layers)'

' Put .*"J'i;i;;;; tluster dependencies'

. Refac*' *J- to satisfy constraints'

' Profit!

The AnalYsis

' Find dependencies benveen modules'

' Divid* i* upplications and layers

' Write nåti"g'tiatistics to a file

' Make **o*ä*lY cool graPhs

The Acüon
' Generate shell scriPts for

' c,tuàîil;; aPþlitatian structure

' Moving the code

' n*ttt''iåginclude paths' Makefiles' etc

E¡^na A
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'Business Leyer'

'Business Objects Layer'

L20

'Tesl'

Data Layer'

'System Layer'

'Ut¡lities'

'OTP interfåce'

'Obsolete stuff Layer'

I

'Test'

'lnterface Layer'

'Bus¡nes LËyed

'Business Objects Layer'

Datã Lay€r'

'Ut¡l¡ties'

'Systêm Lryêr'

'OTP interfãc€'

1

'Oh6o¡êtê stuff Layer,
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. Klarna produces *5o different PDF documents

. Klarna is serving -5oOO Estores + our own customer care

. We have about -gooo texts that need to be translated
from Swedish to: Norwegian, Finnish, Danish, German,

Dutch, English...
. On average, one person working rcaY" on text changes

Background

tJsing GetText
-in clu de("gettext. hrl")

?TXT("Hallo world").

parsê transform + make setuP

DETS

OFFLINE

Translated trû ñles Pö template file

Manual translation

-defi n e{ ?TXT{ S), gettax*key2 str(S, get{ gettextJa n g u a ge)D

ONLINE
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The Problem
is causing increasing headache!

.f

. manttally editing PO files is a source of problem.s

. 2s.ooo-line PO files emailed back and forth

. unfiiendly fcrr translators to vvork on these huge

po files
. texts always ended up being taken live with only

the Sweclish version available
. our custonters weren't really huppy about that.'.

I

The Solution
A developer is hacking in hislrer branch.

Aclds a ?TXT macro containing å new Swedish text.

It should be translated to all languages!

Wirat should the developer do?

ctart

new p-g

h

email
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t

t
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. POlish is a utility developed by Klarna

. Web-GUl built on top of gettext to easily access PO-
files

. Provid,es a simple and friendly interface for translators

. LoB in via OpenlD

. Keeps track of what is untranslated

. Allows translators to search for texts

. Ensures correctness of translations

. Started with a simple commands

. Has been used for the last three months

About Polish

DEMOTIME!

Page 12
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Whatis Fitnesse?
Framework designed for agile acceptance testing

. Supports 'specification by Example'

. Mix plain-language documentation with test data
Wiki-based test authoring wrapper for FIT

. FIT server automates test execution at API level

. FIT implemented in Java, .NET, Ruby, Python

N-lTlt'lN-

Custcrner-rearlable
lesls def*ning
business åoç3c

t{TMt_

Froil:Fa$e.

ÉE
Etr
f
ëú
tft
tll
dJ
t3n
fL

í"xl.lre
calls

livtaurø

SUT
wiki

paqes
Tesl
AFI
üalls

E t"l an gTri an g I e De rnt radd ch dl

FIT
Client

FIT
Ssrver

FIT
Standârd

FIT
Fixk¡res

Test
Cases

Custsm
Fixtures

Fitltleasa

Test

Refactsr

Where Used

Search

Files

Versions

Recent Changes

V

I ç¡*ur A Fuñ¡cnorì¡ THAT RETuRNa rHE TytrE tF TRIAIFLE pnogucE"Dl

Grve¡r rHE LEI'¡GTHs oF THREE srncs (nn e eNo c)

The valid gpes are:
All sides equal: Equilateral
Two sides equal: lsoEceles
Na sides equal: Scalene

For example:
Plain text (ignored)

Edrt

Properties

an,other_type_fixture

a b c type?

z 2 ? Equilatera!

2 2 3 lsoscelese

2 3 4 ScaleneUser Guide
1B

Test Data (executed)
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Whatis Fitnesse?
Framework designed for agile acceptance testing

. Supports 'specification by Example'

. Mix plain-language clocumentation with test data
Wiki-based test authoring wrapper for FIT

. FIT server automates test execution at API level

. FIT implemented in Java, .f{ET, Ruby, Python
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What is Slim?
. Simple Fitnesse test runner protocol to replace FIT
) Does not parse HTML tables or compare test data
. Much simpler to port to new languages (e.9. SlimErl)
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Refactor[rl: a Source code analyzer änd transformer toCI!

Abstract

RefactorErl is a source code analyzer and transformer tool aimed at refactoring
Erlang software.The tool itself is written in Erlang with a unique approach: seman-
tic analysis results are stored in a Mnesia database to avoid repeated analysis of the
same source code, and simple, syntax-based manipulations are available that hide
the details of handling separators, comments, and code layout.

Beside the 24 implemented refactoring transformations the tool has a complex
analyzer framework. For example, it provides data flow analysis, dynamic function
call detection, side-effect analysis, etc and a user level query language to query
semantic information or structural complexity metrics about Erlang programs.

Zoltán Horváth
Professor and supervisor of RefactorErl

Zoltán Horváth is Professor at, and Head of the Department of Programming
Languages and Compilers and Vice-Rector for lnternational Affairs at Eötvös
Loránd University in Budapest, Hungary. He defended his habilitation thesis in
2004;the title of his thesis was "Verification and Semantics of Mobile Code
Written in a Functional Programming Language". Current topics researched
under his supervision include language design, construction of programming
language processing tools,formal methods and scheduling in grids. He has been
supervising the RefactorErl project since 2005.

Melinda Tóth
Researcher at ELTE and RefactorErl project leader
Eötvös Loránd University, Budapest, Hungary

Melinda Tóth is a second year PhD student at the Eötvös Loránd University of
Budapest, Hungary. She has been working with Erlang since 2007 with the
RefactorErl project. Melinda received her master's degree in Computer Science i

2009 from Eötvös Loránd University. Both her bachelor and master theses were
based on Erlang and function related refactorings.ln 2008 she spent five month
at University of Kent where she worked with Wrangler. Melinda teaches Parallel

Programming and Functional Languages at the University: Haskell and Erlang.

Her PhD research field is about data and controlflow graphs for functional
languages, and impact analysis of refactorings.
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RefactorErl: a source code analyser and transform,er

tool 1

Melinda Tóth and Zoltân Horváth

Department of Programing Languages and Compilers
Faculty of lnformatics

Eötvös Loránd University

November 15, 2010

lsupported by KMOP-l.1.2-08/1-2008-0002, ELTE tKKK, and Ericsson Hungary
Melinda Tóth ancl zoltán Horvath RefactorE¡l a sou¡ce code analyser and tran.formcr tool

Outline

a.:',r,tj,1':fl trll¡i:,. )o,'r¡r,lr. /,¡r,,ri¡ I .r.,.{jie.. :rr.iii{rri,¡.

$ RefactorErl
o Framework
o The tool

$ Erlang Semantic Query Language
r Path expressions
e Language elements
r Syntax
* Examples

(S Summary

Melinda Tóth and zoltán Horvath Relacto¡Erl: a ¡ource code analvser and transformer tool
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RefactorEtl Erlê¡g :cnìárñfl¿ {.)aer.: LerquaÈt 5!mnrar} F¡emcwork Tha tool

RefactorErl

e Semantic Program Graph: lexical layer f AST + semantic

layer

r Efficient information retrieval

e New semantic analyser framework
e lncremental analysis
e Modular structure
e Asynchronous parallel execution
o 7 times faster initial loading (lntel Core2 Quad, 2.+ GHz)
c Side effect analysis

Melinda fóth and Zoltán Horváth RefactorE¡l: a sou¡cc code analyscr ard tt¿nsfotmêr tôol

RefactorErl lfl¿i¡""1 >crr¡¡r!rrì {JrIrv 1..¿i!¡rr¡p-. )r¡!!il{r¿¡! I r¡r¡¡¡,vor¡ The tool

The tool RefactorErl

c Store semantic information - Mnesia

r Ul: Emacs, Eclipse, Erlang shell, Web based, Command line

r Platform for source code transformation
o Rename
o Move definition
o Expression structure
o Function interface

r Non-refactoring applications - different analysis

o Call graph visualization
o "Bad smell" detection
o Clustering

o Query Language

Melinda Tóth and Zoltån Ho¡vath RefectorErl: a ¡ource code anelyser and trenslorme¡ tool
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RefactorErl ùrlr¡r{i. 5{n1¡ntr {ìùiì¡r Lr¡r¡r!:r}rr

Example graph

1,"";;; ¡., ,

.Ì;,;-"^;* I r";"I;fta

addt¿

Y4
rR¡' 16, ¡' ,. Lr'l: lrsebq[r l:l.g*]

Melinda lóth and Zoltan Horvath RelactotErl a source code ¿nah,ser and t¡ansformcr tool

ii.rì¡?:.:rrrir Erlang Semantic Querv Language ',,,,,',,,",. Path expreseions , .,,

Path expressions

r Support information gathering for refactoring

e Depends on the representation

pathO = [PathElen]

PathE1en = Tag I {Tag, Index} I {fag, Filter} I

{intersect, nodeO, Tag}
Tag = atonO I {atono, back}
Index = integerO I {integerO, integerO} I {integerO, last}
Filter = {FiLter, ,and,, Filter} I {Filter, 'or,, Filter} |

{,not', Filter} I {lttriU, 0p, terao}
Âttrib = atono
0p = r==, l rf=, l r=<t I ,>=t l,<t l r>,

Melinda Tóth and Zoltan Horvath RefactorErl: a ¡ource code analvser and trânslormer tosl
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fletacrorE¡l Erlang Semantic Query Language 'Sumnrary Fath oxprcasiom Largua6e elements Syotar Examplcs

Path expression example

e List the defined functions:

path(Module, [{form, {type, '==', func}}])

Melinda Tóth and Zoltán Horváth RefactorErl: a sourcc codc enalyser and transfo¡mc¡ tool
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iici¿<:r(jf!fl Erlang Semantic Query Language i:lr""a,r Path expressions l¡r,:r..,ir' ¡,i',r¡n,rl, :r ì!i.. l,:..'riri-..

Path expression example

r List the defined functions:

path(Modu1e, [{form, {type,'==', func}}])

c Set of library module

e Extended evaluation framework

Melinda Tóth and Zoltán Horvath Re{actorErl: a sortce code analvser and trð¡sformer tool
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flel:ì(t'rÊri Erlang Semantic Query Language

Path expression example

e List the defined functions:

path(Modu]e, [{form, {type, t==', func}}])

r Set of library module

e Extended evaluation framework

e exec(Module, modlib:functionO)

Melinda Îóth and Zoltan Horvâth Refacto¡Erl ¿ source codc analvser and trânstorm.r rôô¡

ii.i3¿:ìi,! 1::fl Erlang Semantic Query Language .'r¡,¡'rrr.,.

Semantic query language

. '."'. La¡guage elements ,ui,

c A user level query language to get information about the
Erlang source

. Language concepts:
o Entities
¡ Selectors
r Properties
¡ Filters

o Custom query or predefined query

Melindã Tóth and Zoltan Ho¡vath RefactorErl a source code analvser and tronsfûrmer tool
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f(efâctarÉrl Erlang Semantic Query Language Srrnnrarl Parh e;presrions Larguage eleûe¡t5 Syntax Examplne

Syntax of the queries

e senantic-query ::= inj.tial-selection ['.' query-sequence]

Melinda Tóth and Zoltan Horvâth Re{ectorErl: a sou¡cc codc analyser and tr¿nslo¡mer tool

i
:

1,,:. 'i

!(êi!(:i.)il-fr Erlang Semantic Query Language tr!!rr¿ù i .,ll¡ ¡',,r,:iio::r 1..:¡r,ì,r:;,:r Êi'j,ri:! 1: Syntex l:.. fri, 
"

Syntax of the queries

(l semantic-query : r= initial-selection ['.' query-sequence]

I initial-selection
î query-sequence

e query

::= initial-selector ItIt filter t]'l
: := qu€ry [',' query-sequencel

::= sel.ection I iteration I closure I

pxoperty_query

Melinda Tóth and Zoltán Horvath ReTscto¡Erl a ¡orrcc code anslvser and transformer tool
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i({Ì1à(torIrl Erlang Sementic Query Language i¡¡rñn,".! Þ¿tl: c,rires¡]crr¡ L.;¡¡:}.*ç.¡ ¿ì1i,rr!,ì.ii.: Syntax f¡.¡rìt¡.r

Syntax of the quer¡es

(} semantic_query ::= initiaL_selection It.t query_sequence]

I initial_selection
{l query_sequence

O query

= initial_selector It [' filter ']'l
= query It.t query-sequence]

= selection I iteration I cfosure I

property_query

e selection
f, iteration
I closure

O property-query

= seLector ['It filter']'l
=,{t query_sequence,}, int It[, filter t]rl
='('query-sequence t)t int ['Ir fitter tJ'l

'(' query-sequence t)+t [, It filter t] rl

= property ['[' fitter ,] 'l

Melinda Tóth and Zoltán Horvath RefaeorErl: a scurce codc analvser and tr¿nsformcr tool

'i.1¿.ì<)ir':ii Erlang Semantic Querv Language,r,,,',,,,',, .r',.. 'r' f .iNtù, , .-.. ,i .: ,r.. Exemples

Semantic query examples

calc(. . . )
A=

{A, ...}

test(...)->
Calc = calc(...),

{First,...}=Calc,
First.

runo ->
sone-value = test (

Melìnda Tóth anrl Zoltan Horvath Ref¡cto¡Erl: a source code analvser and trânsformer tool
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lrti¡cto.ÊrJ Erlang Semânt¡c Query Language Slr¡nrary Pat! <<prcssìon: Laogu;ge elernêntr Slntar Examples

Semantic query examples

calc(...)
A=

{4,

test(...)->
Calc = calc(...),

{First, ... } = Ca1c,
First.

runO ->
some_vaIue = test(...)

c Value of a variable
{0expr. ÕrÍgin]

¡i

Mel¡nda Tóth and Zoltán Horváth Refacto¡Erl: a so¡¡cc codc anelyrer and transfo¡me¡ tool

i(ô.r:1(r<)r!fì ErlangSemanticQueryLanguage r!¡,!,,ir¡ì :'.;i.,¡t":.-,.t¡" i-.,r¡r.,;r¡,:',,',nt. j.r,¡.:. Exomples

Semantic query examples

calc(...) ->

{A, ...}.

test(...)->
Calc = calc(...),

{First, ... } = Ca1c,
First.

runo ->
some_value = test(...)

e Value of a variable
€expr. origin

¡ Call chain
@fun.{called-by}+ or
Gfun. {cal1s}+

A

Melinda Tóth and Zoltån Horvath Re{¡cto¡Erl: a sourcc code ¿nalvser and trênsformêr tool
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Sem.antic query examples

calc(...)
A=

{A, ...}.

test(...)->
Cal-c = calc(...),

{First, .'. } = Ca1c,
First.

runo ->
some_value = test(...)

s Value of a variable
{9expr.0rigin

e Call chain
Gfun. {cal1ed-by}+ or
€fun. {calls}+

e Side effect
@fun. dírty

Melinda Tóth ancl Zoltan Horvâth Relactor€rl a source code analvser and trânsformer tool

i(oi,1. !cìl r Erlang Semantic Query Language ''r,'il,',",r

Dynamic function calls

Ëra mFles

sum( ll ) ->
0;

sun( [H lT] ) ->
s = sum(T),
H + S.

testl (List) ->
Fun = sum,
test2(?M0DULE, Fun, List)

test2(Mod, Fun, List)->
apply(Mod, Fun, [List])

Melinda Tóth and Zoltan Horvath RelsctorErl a so¡rce code analv¡er and trânsform€r tool
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Dynamic function calls

sum( [] ) ".>

0;
sum( ll{ lTl ) ->

S = sum{T},
l¡ + S.

test 1 (List) ->
Fun = sum,
test2(?M0DULE, Fun, List) .

test2(Mod, Fun, List)->
apply(Mod, Fun, [List])

e Function references

€fun " refs

Melinda Tóth and Zoltán Horváth RelactorÉrl: a soutce codc enalyser and trãnsformer tôol

i{.i¡.r()rIfl ErlangSemanticQuervLanguage :,r,r,rirrr '..;ì r 1.,..,:"", l.]*rirr,;ti"..,',;.'l:.:.,r,r:.. Examples

Dynamic function calls

i
¡
¡

:

i'
i

testl(List, Arglist)->
Fun = sum,
test2(?MODULE, Fun, llist]),
test2(?MODULE, other, Arglist).

test2(Mod, Fun, Args)->
apply(Mod, Fun, Args).

sum([) ->

other(A) ->

otherQ ->

Melinda Tóth and Zoltan Horváth RefactorErl a sourcc code anslvser and translo¡me¡ tool
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Dynamic function calls

testl(List, Arglist)->
Fun = sum,

test2(?MODULE, Fun, [list]),
test2(?M0DULE, other, Arglist).

test2(Mod, Fun, Args)->
apply(Mod, I''un, Arg;s).

sum([]) ->

other(A) ->

other$ ->

r Dynamic function references

@expr. dynfunref

Melìnda Tóth and Zoltan Horvath Refacto¡€rl: a source code analvser and trans{ormer lool

' Erlang Sem¿ntir Querv Larrguage .r,,... .... .. : .,.,,.

ldentifying callback functions
Examples

reguest_add ( ) ->
gen-server:caII(Module, {req-add, {Phone, Nane}}) .

handle_caI1({req_add, {Phone, Name}}, From, LoopData)

Callback functions

e nÕds Iname =- "gen-server"] .

funslname ** cä.11 and arity -- 21

refs ltype ** applícation] .

pararnlindex -= 3] .

Mêl¡ndã Ïóth and Zoltán Horvath Refscto¡6.r1. a source code analvser and transformer tool
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fleiãclo.Ërl Erlang Semantic Qucry Language Surnrrrary [:ath e^pre*iore Lan6r,:gc elerrre¡ir Svrt,:¡ Examplec

ldentifying ca ll back functions

request_add O ->
gen-server:call(Module, {req-add, {Phone, wame}}).

handl-e-caLl({req*add, {Phone, Name}}, From, LoopData)

Callback functions

o mods lname == rrgen-ã€rver"] 
,

funs [name == call and arity -= ?] .

refsftype -= aFpfication] .

param[index ** 3].
r mods [name == "Câ1lBackMod"] .

funs lname *= handle*call and arity *- 3]
arqs lindex =* 1] l

c modslline*of*code > 400],
mods.funs[Iine-of-code > 20]

o @file.funs[max*depth-of-cases > 2],
@f i1e . nax_depth_of _cases,
mods [nax-depth-of-cases > 2],
nods.funs[nax*IenÊth-of-line > 80]

e mods.funsfno-space-after-com$a > 0]

r nods.funslis-tail_recursive -- 0]

Mel¡nda Tóth and Zoltan Horvath Refacto¡Erl: a ¡ourcc codc analysor and trånsfotmêr tool

¡i.r!.r<),trrl ErlangSemanticQueryLanguage :r',rr,",r r',,1?. .,.'*r',rr i.¡:d,,,-i,. f .ri'-,1: ,:.::¡.. Examples

Checking coding conventions

Mel¡nda Tóth and Zoltán Horvath RefectorE¡lr a source code analvser and trånsformer tool
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tlrijc¡:o.[ri Erlang Semantic Query Language 5¡rÍrìr;Ìr! i':tlr .,.,¡re*irr:s l;nqr;¡e r]c..¡€ìrts Syr¡¡¡ Examples

Embedded queries

Without

@file . functions.
variable S [name== "Fi1e " ]

funct ion-definition

With

@file.functions
[. variables [name=="File"] ]

Other example

mods lname==mydbl
. fun lexportedJ

. refs
l. sub lindex==1 ând type==tupleJ

.sub[index==]- and value==mykeyJJ

Melinda Tóth and Zoltan Horváth RefactorErl a Eor¡rce code analvser and trãnsfôrmsr toôl

li.:¡rr,,.lrri {::rr!¡ì,: )(.{{r.rì'i1r r.¡r'.:rr,J.,,r.,.{ì.¡i:. Sumnrary

Summary and Future work

o RefactorErl: source code analyzer and transformer

r Query language:

o understand source code
r debug information
o maintenance

r Save and reuse query

o Extend the language: recursion, if, variables

https: / / plc. inf.elte. hu /erlang

Melind¿ T-óth and Zoltan Horvath RefactorErlr a source code analvser ¡nd transformer tool
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Conference Proceedings Tuesday 16th November 2010
16th lnternational Erlang User Conference Stockholm, Sweden

ffiræhæn-l Crowe
Ericsson AB

Uslng ËrlanE tc test non -Hrlan$ products

Abstract

Complex products such as Radio Base Stations require complexTest Environments
to achieve test automat¡on with high test coverage.There are many compelling
reasons for selecting Erlang lOTP for this task, even if the product itself is not devel-
oped with erlang.

Biog ra phy

Graham Crowe has been working for Ericsson since the mid 90s, mainly testing
Mobile Telecommunication Systems, including GSM,WCDMA and LTE. His main
focus in recent years has been Test Automation. He didn't discover Erlang/OTP until
2005 but has been an active user of it ever since.
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Conference Proceedings Tuesday 16th November 2010
16th lnternational Erlang User Conference Stockholm, Sweden

David Almå"Õth

Server side game arch¡tect and
founder of PikkoTekk

PikkoServer, how to scale game servers
and enable player density

Abstract

The dream to build a game server in Erlang has been around for many years. Erlang

has been used in games on the server side in some projects but it is not common,
not yet.ln the gaming industry, C++ has been the favorite tool for most developers
when they need performance.This is now changing rapidly. Game programmers
are learning and using new technologies, and Erlang is one of them.

ln this talk David Almroth will present an ALG product for the gaming industry
based on Erlang.lt is a middleware product to be used on the server side and
where the architecture is transformed from single-core to many-core.The product
is used by server side programmers without having to learn any Erlang, which
makes it easy to both embrace in the organisation and integrate in the game
engine. Allowing a wider use of the power of Erlang.

Biography

After ten years of work with Enterprise Java consulting in banking and finance, David has

switched to Erlang and the gaming industry. Games has always been at the forefront of techno-
logical advancement and it is in the game industry we can expect some very advanced many-
core applications in the near future

He started the company PikkoTekk and has been the leader of a team building an Erlang

application-level gateway (ALG), called Pikko Server,for massive multiplayer games. How to
utilize a manycore architecture on massive game servers has been Davids area of focus and his

team has successfully developed a unique solution that allow for this. Allowing for new types of
transaction intensive virtual worlds.

ItI
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Conference Proceedings Tuesday 16th November 2010
16th lnternational Erlang User Conference StOCkhOlm, Sweden

Jeseplr \ltlayne Nçrton
Erla ng Enth usiast

Hibari - Key Value Bigdata Store

Abstract

Hibari is a production-ready, distributed, key-value, big data store. Hibari uses chain
replication for strong consistency, high-availability, and durability. Hibari has excel-
lent performance especially for read and large value operations. Hibari is imple-
mented in Erlang. As of July 2010, Hibari is open-source software under the Apache
2.0 license.

We'd like to talk about Hibari's major features and how Hibari has been deployed as

part of large commercialWebmail system in Asia. We also intend to share recent
benchmarking results (gathered by Yahoo!'s YCSB benchmarking tool) of Hibari and
a few other open source key-value stores.The target audience are developers.

Biog raphy

Joe Norton is a technical manager, system architect, developer, and Erlang enthusi-
ast active in the mobile industry. Based out of Tokyo, Japan, he works for Gemini
Mobile.
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Gemini Mobile Technologies
H i ba ri Open Sou rce project : http : 1/s"oU rceforge. nËt/pf*jectslh i ba ri/

.ç
1

Gemini Mobile Technologies

. Founded: July, 2001

. Offices: San Francisco, Tokyo, Be'rjing

. Investors:

Goldman Sachs, Mitsubishi-UFJ, Mizuho, Nomura, Ignite, Access, Aplix

. Accomplishments:

- Messaging Products
. Provide MMSC to 3 out of 4 Carriers in Japan (DoCoMo, Softbank, eMobile)

. Largest MMSC in the world (Softbank Japan)

. OEM to Alcatel-Lucent and ByteMobile

- NOSQL / Big Data
. 2006: First Mobile 3D SNS (Softbank, China Unicom, iPhone App)

. 4120L0:. WebMail, Japanese Mobile Carríer & Internet Provider

. 7120L0:. Hibari Open Source

*
2
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Hibari (= Cloud Birds)

4
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\¡Vhat is Hibari?

. Hibari is a production-ready, distributed, key-value, big
data store.

- China Mobile and China Unicom - SNS

- Japanese internet provider - GB mailbox webmail

- Japanese mobile carrier - GB mailbox webmail

. Hibari uses chain replication for strong consisteflcy, high-
availability, and durability.

o Hibari has excellent performance especially for read and
large value operations.

. Hibari is open-source software under the Apache 2.0
license. &

üËMtßt

5

Environments

. Hibari runs on commodity, heterogeneous servers.

. Hibari supports Red Hat, CentOS, and Fedora Linux
distributions.

Debian, Ubuntu, Gentoo, Mac OS X, and Free BSD are coming
soon.

. Hibari supports Erlang/OTP R13804.

R14B is coming soon.

. Hibari supports Amazon 53, JSON-RPC-RFC4627,
UBF/EBF/JSF and native Erlang client APIs.

- Thrift is coming soon.

,þ
6
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Why NûSQL?
We needed t* build a scalable, high perfor:-nance
web mail system

o Big Data

- A few million end users from the staft

- A few billion messages in a few month

Hundreds of TB data

I Low Cost requirements

- Customer's business model (Freemium)

Distributed >50 PC servers

- No need for rich and expensive functions of SQL

. Continuous growth of data in the storage

Elasticity to expand capacity due to increasing data

What were customer's needs?

o Durability
Data loss (e.9., messages, metadata) is not acceptable

. Strong Consistency
Because of interactive sessions, consistency is required

o Low Latency
<1 sec response time for end user transactions

. High Availability
- As a branded service to the end user, service must always be

available.
. Read Heavy

Many more read than write operations
o Big Data and Data size highly variable

Large GB mail box as service differentiator was required
Mail messages range from a few bytes to many MB
attachments

.g-

7
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Haw does HlbarË address these needs?

ö D¡¡rable updates
Every update is written and flushed to stable storage (fsyncQ system call)
before sending acknowledgments to the client.

. Consistent updates
After an update is acknowledged, no client can see an older
version. 'Chain Replication" is used to maintain consistency across all
replicas.

. l-ligh Availability
Each key can be replicated multiple times. As long as one copy of the key
sulvives, all operations on that key are permitted.

o Lockless API
Locks are not required for all client operations. Optionally, Hibari suppofts
"test-and-set" of each key-value pair via an increasing (enforced by the
server) timestamp value.

. Micro-transact¡ons
Under limited circumstances, operations on multiple keys can be given
transactional commit/aboft semantics.

Why Erlang?

. Concurrency and Distribution

. Robustness
o Efficient garbage collection
. Hot code and incremental upgrade
o Online tracing
o Efficiency and Productivity

Small teams make big impact
o Ericsson's support of Erlang/OTP is wonderful

Everything you need to build robust, high performance
distributed systems

Page 46
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Chaln RepEEcatian for Strang Consåstency

Data Model

Key Value Table

PC2

Go to Chain A

Consistent Hashing

PC1 PC2

ùt

Chain B

Values

Go to Chain B

PC3

:

Key

ì

Pc 3 
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PCI

inA:Cha

1"1.,

Concept of "Chain"

Evenly distributed load in multiple nodes
(Case of 3 replications/6 chains)

PC1 PC2 PC3 PC4 PC5 PC6

Chain D

roffi Chain E

ro Chain F
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Keyl I Key2 | Key3 | | | | reyn
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i/
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chainc @ ro

Page 47



tË"sm$m R*pEfrcmfrüon flcr å-ËüEh AvaËËæb[$ãäy
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Failover mechanism

PC1 PC2 PC3

Middle

PC1 PC2 PC3

T-------_l

r-i
Middle

\ar7
À\

' :'

Data model

Data paÉitioning

Data consistency

Data replication

Elasticity

Node health
detection
o&M

Pedormance

Implementation

:Ì ,

Column-oriented

get/put/delete, scan,
map/reduce, atomic row ops

Seruice continuation

ç

Key-value
Consistent hashing

Yes

Chain replication
Chain migration

Admin server monitors

Admin UI with brick, chain
health, statistics

read-optimized
Erlang

get/put/delete, micro-
transactions

Node down

û!:tdil'l
{?

"Applications I Customer first" approach
leads tt mutual cûmplements

Middle 5"2
å\:

Consistent hashing

Configurable

Preference lists
Admin operations, Gossip,
Data redistribution

Peer-to-peer monitor, gossip

nodetool, JMX

write-optimized
Java

APT
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"Nrt Ontry Hibari" Roadmap

Erlang
Amazon 53
JSON-RPC-RFC4627

C++

.Based on customer needs

.Expect Open source contribution

2011-

Enterprise +
+

llaüoon tla[/nsducg
t
I

Monitoring tool
Configuration tool
Management tool

2010

ffiäþ*rä

Erlang 148

^

Erlang 14A

Open Source
^

 
^
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Red Hat
Cent OS
Fedora

Gentoo
Debian
MacOS X
Free BSD

Ubuntu
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ffiJava

Python
Ruby
Perl
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H i ba ri Open Sou rce project : http : l/sou rceforge" net/prnjeets/h i ba ri/
Twitter: httB: l/twitter.com/hibaridb
Hashtag: #hibaridb
Sl idesha re : http : 1lwww. sl idesha re. net/gem i n !mobi le

ffi
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Conference Proceedi ngs
16th lnternational Erlang User Conference

Tuesday 16th November 2010
Stockholm, Sweden

fulal,cus Kenn

lntegrated mob¡le and digital
com m u nications

ffi;*
'q*t

AgÊ!e is Evenything

Abstract

Working together across three different countries was challenging.Working with a
language and data storing technology we never touched before seemed outright
madness. Experiencing the joy to see it working on the day of our brick-wall dead-
line was only possible through working together as an Agile Team.

ln this talk Kern will attempt to provide you with an insight to MIG's ambitious
Mobile Gateway project.The good,the bad and the ugly.

Biography

Marcus Kern started his telecom career in 1998 when he co-founded voicelT com-
munications, a company re-selling voicemail services. Over the years that followed
he became a SeniorTechnical Architect in MobileTelecoms working for 02 and
T-Mobile. As one of the founding members of Mobile Interactive Group, Kern has
been with MIG as CTO since 2005. Over the last 12 months Kern lead the develop-
ment of MIG's mobile messaging gateway. New to Erlang, MIG has combined estab-
lished and new software development, storage and delivery concepts.

!
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Conference Proceedings Tuesday 16rh November 2010
16th lnternational Erlang User Conference Stockholm, Sweden

Simcn îhompson
Creator of Wrangler and co-author of
Erlang Programming

Let's ProTest: Update from the Erlang and
property based testing project

Abstract

Update from the Protest Project

Biography

Simon Thompson is Professor of Logic and Computation in the Computing Labora-
tory of the University of Kent,where he has taught computing at undergraduate
and postgraduate levels for the past twenty five years, and where he has been
department head for the last six.

His research work has centered on functional programming: program verification,
type systems, and most recently development of software tools for functional pro-
gramming languages. His team has built the HaRe tool for refactoring Haskell pro-
grams, and is currently developing Wrangler to do the same for Erlang. His research

has been funded by various agencies including EPSRC and the European Frame-

work programme. His training is as a mathematician: he has an MA in Mathematics
from Cambridge and a D.Phil. in mathematical logic from Oxford.

He has written four books in his field of interest;TypeTheory and Functional Pro-
gramming published in 1991; Miranda:The Craft of Functional Programming (995),
Haskell:The Craft of Functional Programming (2nd ed. 1999) and Erlang Program-
ming (with Francesco Cesarini,2009). Apart from the last, which is published by
O'Reilly, these are all published by Addison Wesley.
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ProTest goals

lntegrate property-based testing into the
development life cycle:

. Property discovery

. Test and property evolution

. Property monitoring

. Analysing concurrent systems

P roperty-based testi ng

Describe the required behaviour of a
system using logical properties

or abstract state machines.

Test the properties against random data.

Test machine compliance by random
execution sequences.

Test

Test
oropeÍy bôs(d L(sling

oropcdy b¡scd tcstin(

-\

Page 55



ProTest tools

McErlang

auvia
QuickOheck

PULSE

Exago
Onviso

Test

State Chum

J

"*î

#e&

Focus for this talk

¡ropeily b¿srd lesl¡nq

Test
oropedy bôscd tcstinq

McErlang

Ì..!4.., ,:: ,',i:-.. Ì

.:iiir':,. .ì :: -.i:::.::..1.. .Ì
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Wrangler

I nteractive refactoring
tool for Erlang

lntegrated into Emacs
and Eclipse I ErllDE

Multiple modules

Structural, process,
macro refactorings

Clone
detection
+ removal

",k

lmprove
module

structure

Basic refactorings

Test

Refactoring and testing

. Clone detection and elimination in test

code

. Property extraction through clone detection

and FSM inference.

. Refactoring code and tests: frameworks.

. Refactoring tests in a framework.

oropeily b¡xd Lestinq

Test
oropcily bô9.d lcsliñq

I

+
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Refactoring and testing

. Clone detection and elimination in test
code

Test

What is 'sim¡lar' code?

oropeiy bðs(d l(rt¡¡g

X+Y

{x+3}+4 4+{%*43*w}3

The anti-unification gives the (most specific)
common general isation.

Test
oropcdy bâred ¡crtirq
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Step 1

The largest clone
class has 15
members.

The suggested
function has no
parameters, so
the code is
literally repeated.

01\f! '€d-oûtÞut'

¡t,.i:ç.r/5iry1:}lEpâS¿ftregl-<S./51gfkl$ì$rûÉ.ìr.4r/1çj Ts.J:1.{fr.9.il : : ,-ii . , ¡i: Thìs code h
os beer cì,lned 15 ti4e5:

I

4rMqJ!þqq¡l!!B!¡{¡,1]Þ¡?r.Èi'l!¿q(!!qi@Æ,t{iÒd9¡:¡$4Ì,!tlj1!.Èrlt,'":r1-1ii."ra:l1 -
¡.liå**/.:.ïÌÍs-*-f*-'$p*lã-Ìr:!L!.:þ:*ãr-i:3'!}j$.l'.ìá¡.s*-J#.,,..ç]{e-...;ir-: ]g.r-r:l.:1r-'.',.:r.,11:ì.ti:
r:F-|.srliriîÈ.ri¡s#..{$r{¡lstf. ssrlt}rt!48-lr$..-',S"ì¿¡".rr.rsl...}¡ãr.l.-iI-f.ç..p,r};ì ::i.:::-{:ìL,: ,.ì1} :

/1lâôr3./8trtrth04!ôn/0e¡kt¡'/stãalôolü¡¡¡909/codG/il!-$Jm,crl r l7¡9. +lnt. 7 | |

1.1¡.'lf.5-l-l-:f9!!Í-l$.t p.s#1¿-iÞ'}¡:l#1-9J9.f,hà-4.Lr-4år,s9ta:f.ø!-{.å¡-*.*Ël-l-11..qf}-i. 1?ri.a-:'i:} !l1i
lhe clored expreca ion/fu¡ct íor of tc¡ 0€¡eroìi 5otì.on i

neÞ,futQ *)
s3tRêiuli - ?S¡ll-¡l,p0tT-F¡tE*BISIC(?sl,trl-RUtË5EI-F¡L[-1, no),
?TRIAL(0k, S¿tResult),
amuötotRul€sets - ?5¡{_RULtsÉT_FrLÉ-1-C{XJftt,
?ûia-Ct{Ë(ß(Àrpunt0lRulelets, ?ff*8s, €ts, into, [sbgRulesetÏûb1€, ii¿e])
?ü'1-(íltK(Áæontttßulesets, }5ûC-BS, ets, info, lsrlrfloleset, si?e]),
¡muntotRsl€5Èt5,

oropcrly bnscd teilinq

Test
oropeÌly bã5d t(sti¡g

The general pattern

ldentify a clone.

lntroduce the corresponding
generalisatiofl.

Eliminate all the clone instances.

So what's the complication?

Test

iì¡ r't':.j j- :,' . -
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1, r! |

þ::':ri
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What is the complication?

Which clone to choose?

lnclude all the code?

How to name functions and variables?

When and how to generalise?

'Widows'and 'orphans'

Test

Clone elim¡nat¡on and testing

Copy and paste many hands.

Shorter, more comprehensible and
better structured code.

Emphatically not 'npush button"

Need domain expert involvement.

Test

.roÞe{t tJ¡trd t(sl¡¡q

cropciìy bôscd icslinq
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Refactoring and testing

. Property extraction through clone detection

and FSM inference.

Test

Property discovery in Wrangler

oroþeily bôt(d ((sl¡¡g

Test

Find (test) code that
is similar ...

... build a common
abstraction

... accumulate the
instances

... and generalise the
instances.

Example:

Test code from
Ericsson: different
media and codecs.

Generalisation to all
medium/codec
combinations.

oropcûy bôscd lcslrnq
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Refactoring and testing

. Refactoring code and tests: frameworks.

Test

Testing frameworks

EUnit, Common Test and

Quick Check each give a
template for writing tests

and a platform for
performing them.

Want to refactor code

and test code in step.

Test

Extend refactorings
while observing

. Naming conventions

. Macros

. Callbacks

. Meta-programming

. Coding patterns

oroperly b¡t(d l6finû

ofopcty b¡rad lcslinq
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Callbacks, macros and meta-programming.

-export( ..., command/1, postcondition/3r'prop/01 ) .

command( {N} ) when N<10 ->
frequency( t {3, {cal}rnat_genrnext, [ ] ]]'

{1-, {ca1I,nat_gen, stop, t I }} I );

postconditlon( {N}, {callrnat_genrnextr_},R)-> R -= N; ...

prop( ) ->
?FORALL ( Commands, commands ( ?MODULE ),

begin {_Hr_SrResult} = run_commands ( ?MODULErCommands )'
Resul-t == ok end).

"r"rar,rJaça:t

Quick Check example

Quick Check example

Callbacks, macros and meta-programm¡ng.

**xp<t::L( ..., command/1, postcondition/3, ,prop/0I ) .

command( {N} ) when N<10 >

frequency( t {3, {ca3lonat*genunext' [ ] ] ]'
{1-, {caTl,nãt*genustcp, t I }} l);

postcondition( {Ni, {caålunat*gen,next'_}'R)-> R == N; ...

prop( ) >

?F'ORALI ( Commands, commands ( ?MüÐTJLH )'
begj-n {*H,_SrResult} = run_commands ( ?mtDULErCommands ),

Result == ok end).

,r",rarrrJsralt

¿l
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Refactoring and testing

. Refactoring tests in a framework.

Test
rroÞerlV bsJed t(sling

Refactoring within QuickCheck

FsM-based testing:
transform state
variable from simple
value to record.

Stylised usage
supports robust
transformation.

Property refactori ngs :

lntroduce local
definitions (LET)

Merge local defini-
tions and quantifiers
(FORALL).

[EUnit too ...]
Test

cropctry bâ9ad !csli¡q

Spinoff to OTP libs.
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www. cs. ke nt. ac. u ldp roj ects/wran g le r/
-'+ GettingStarted

Test

lnferr¡ng QuickCheck state
machines from Eunit test sets

Thomas Arts, Simon Thompson

Chalmers University, University of Kent

Test

4roteily b¡s(d testinq

croPedy bâsed lcstif,q

:
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Server for mobile frequencies
0ients Server

flìentìnterfoce

&
allocat¿

{ok, Frequency}
str

tr
&

Test
(roÞertv b¡sfd ilstin0

Server for mobile frequencies

State-based system allows
allocation and de-allocation of
frequencies from an initial list,

once system is started.

-spec start([integerO]) ->
-spec stopO ->
-spec a'ï ì acate O ->

{error, no_frequency}.
-spec deal locate(ì ntegerO) ->

,,",,""rJsåt

SrnsC¡mtt

&
#
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Testing start/stop behaviour
Cienl! Seilêr

EUnit is a unit testing
framework for Erlang.

Test start / stop behaviour.

startstop_test
?asse rtMatc
?asse rtMatc
?as se rtMatc
?assertMatc

, stärt( [] )) ,

ok, st*pO ) ,

, start( [1] )) ,

ok,stopO).

I
&

stop start

Final test set
startstop_testO ->

?asse rtMatch ( ... , sta rt ( [] ) ) ,

?asse rtMatch (ok , stop O ) ,

?asse rtl¿atch ( ... , sta. rt ( [1-] ) ) ,

?asse rtMatch (ok , stop O ) .

-."\q %"

stop-w'i thout-start-test O ->
?asse rtExcepti on (-, -, stsp O ) stop

start-twjce*test-O ->
{setup, start

funO ->
fun(-) ->
funO ->

Test
oropcdy bôs(d lcsÌinq

o
h(
h(
h(
h(

ïest
crope{y bðs(d L(51¡ng
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lmproved testing through
inductive machine inference

Neil Walkinshaw, John Derrick

University of Sheffield

Test

FsM-based testing

ryk"%

.,. Parrs and T. ArtE,
A.utorñaTica lly Testing TC Pll p lmplelllentðticn s usi ng Qurc kCheck.
8th ACM 5ì6FLÅþ¡ Work;hrp tn õrlang, 2üû9

rrope{y bai({ l(51ìnq

Erlang

IþEt cases TcF.lnterface

I
QuirkCheck

Linux TCP Stack
Network ' I
nacrets | |

{

Page 68



,^lt-^^Fr r^ *^aa* ^\r^^,.*l^Fr^

Lå*ffi*.d\ .&
E rlanç

Test cases TCP lnterf¿cE
Observations of
tesl executions

.'-*"*

üuirkCherk *
StateChur*Linr¡x TCF Stack

Network r A
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þietwork Ncde

Erlang Observations of
test executionsTest cases
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Network | |
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StateChxm
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QuickCheck and McErlang
integration

Clara Benac Earle, Lars-Åke Fredlund.
Hans Svensson

UPM, Chalmers

Test

McErlang

McErlang is useful for checking concurrent software, not
for checking sequential software.

The Erlang runtime system for processes &
communication is replaced with a new runtime
system written in Erlang (for example, send, spawn...
have been re-implemented).

A concurrent program is checked under all possible
schedulings.

McErlang is open source, available under a BSD
license.

Test

rropedy b¡lrd leslinq

o¡opcily b¡s(l lcslnq
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*

*

*

How do the state space
traversal methods relate?

Execution path

State space

Faulty part of state space

Test
oropeily bas(d trst¡nq

JÉ

*

*

*

*

*

Test
propcrìy bðscd tcst¡fq

t
È
I
I
¡

I
i

:

QuickCheck
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Repeat test N times - ?ALv{Ays macro

"

*

*

QuickCheck

Test
oroparl] b¡r<d lrsfinq

:É

*

*

QuickCheck + McErlang
optimal case

Test

*"

*

QU¡CKChECK + PULSE

-*

QuickCheck + McErlang

¡lr

oropcdy bôs(d lcflino
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Which verification method to use?

. How large is the state space?

. What is the density of faults?

. How critical is the application?

. What resources (memorylTime) do we have?

. ls it better to generate many test cases?

... or to run the same test case many times?

... or explore more of its state space?

. We want to do more experiments and compare!

Test
cropeily trð!Éd trglinq

ofopcilv b¡s.d lcstinq

:r

QuickCheck and McErlang integration

. The goal is to provide easy access to the power
of model checking to QuickCheck users

. And to make McErlang more accessible through
Qu ickCheck (generators, commands)

. We focus on the QuickCheck state machine
library eqc_statem

. The parallel_commands is a suitable first
functionality to integrate

Test
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Parallel commands

Sequential
prefix

CI

v

c2

C3

CI

v

t2
v

C3

V

c4b
v
v

C4a

v

csb

v

C5a

cl
V

c2

v

v

CLa

ür
v

C5a

ür

CI

V

c2

V

V

C4a

ü,
V

c4b

clb

V

c5b

aoa

^
C4a

V

C5a

/l

c4b

Parallel
execution

ls there a linear execution "equivalent" to the parallel one?
(such that all command results are the same)

lmplementation - basic QuickCheck

prop_testsomething ( ) +
?FORALL ( PCmds , parallel- commands ( ?MODULE ) ,

begin
{HrSrRes} =

run_paral- lel_commands ( PCmds ),
?VüHENFAIL( io: format ( . . . ),

Res == ok )

end).

Test
cropc{y b¡sed lcslinq
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lmplementation - PULSE

prop_testsomething ( ) +
?FCIRALL ( PCmds, parallel_commands ( ?MODULE ) ,

? PULSE (

¡<instrumented-modules>1, %Optional?
{HrSrRes},
begin

run*paraI1el_commands ( PCmds )

end,
?VüHENFAIL( io: format( . . . ),

Res == ok) ) ).
Test

opeily b¿td trgling

lmp¡ementation r McErlang

prop_testsomething ( ) +
?FORALL ( PCmds, parallel_commands ( ?MODULE ) ,

?MCERLANG (

[<instrumented-modules>J, %Optional?
{HrSrRes},
begin

run_parall-el_commands ( PCmds )

end,
?WHENFAIL( io: format( . . . ),

Res == ok) ) ).
Test

oropcny bôscd tcslino
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Conclusions

. Next release of QuickCheck will ship with
McErlang integrated

. Benefits to QuickCheck: finding more bugs

. Benefits to McErlang: more users

https ://ba be l. ls.fi. u pm. es/trac/M cE rla n g/wi ki/Q u ickC heck/McE rlan g

Test
oropiû bosed rcst¡ng
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Conference Proceedings Tuesday 16rh November 2010
16th lnternational Erlang User Conference Stockholm, Sweden

Sanra"¡e[ ñ[væs

Erlang Hacker at LambdaStream

îestinç what slrould lryork, not what
should fail

Abstract

When evolving software we may introduce new corner cases that can pass unno-
ticed through the test cases in our automated test suite. Since developers rely on
other's test suites when changing their code,the more developers work on a
module,the more likely it is they slip a bug trough the test suite;that's something
we though we had to live with. Howevel property based testing is emerging as a

new hope, our last experiences say that it helps to create test suites more robust to
software evolution without forcing us to write tons of "just-in-case test cases."

Biog raphy

Samuel Rivas has been working with Erlang since his last years as a student in the
University of A Coruña (Spain). After graduating, he started to work with the MADS
(Models And Applications of Distributed Systems) research group, joining to Lamb-
daStream shortly afterwards where he is still working today.ln LambdaStream, he
has been working in projects about video coding and streaming where he usually
has to mix Erlang code with low level C programmes.

Currently, Samuel is leading leading R&D projects, is involved in the quality
improvement group, and is the main architect of a number of LambdaStream solu-
tions.

^t
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Conference Proceed i n gs
16th lnternational Erlang User Conference

Tuesday 16th November 2010
Stockholm, Sweden

îhon"mas Arts
Professor and co-founder of Quv¡Q AB

îesting æutomotive softwäre with Ërlang

Abstract

Modern cars are filled with software.The software for cars is normally written in C

and the specifications are at least as bulky as those known from the telecommuni-
cation industry. Different from Erlang software, it has some hard real-time require-
ments, where tasks definitely need to meet certain deadlines. Nevertheless, it is
beneficial to test this software by using Erlang as a test framework.

We report on a project of testing an AUTOSAR component by using a combination
of Erlang and QuickCheck.We tested the network management module of the Can

bus.This network management module is specified as a state machine plus a lot of
other details.The most challenging part is dealing with the timers that cause spon-
taneous transitions from one state to another when time progresses.

Biography

Prof Thomas Arts is the co-founder and CTO of Quviq, a small company that produced

QuickCheck, as testing tool for Erlang.Thomas has over 30 publications in various
journals and has experience refereeíng conferences and workshops. He has success-
fully introduced some new technologies to the industry, the latest being QuickCheck, a

tool for property based testing and aims to support test driven development.Thomas
is also a professor at Chalmers University of Technology in Gothenburg, Sweden.

Thomas was one of the members of Ericsson's computer science lab where he worked
on program verification and the development of the Erlang programming language.
He has also worked in the broad spectrum theoretical computer science,formal meth-
ods and industrial case-study research, mainly applying all kind of techniques to
systems written in Erlang.



QUV¡Q

Testing Automotive Software
with Erlang

Thomas Arts

Chalmers / Quviq AB

in collaboration with

Juan Puig, Anders Kallerdahl and Ulf Norell
Erlang Solutions Mentor Graphics Quviq
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Software Platform a
Many components that need to communicate with

each other

More diversity, faster time to market, higher
complexity....

We have seen this before @

Solutions:

Standardization of components

- Standard platform (operating system)

Erlang User Conference
2010

QuviQ

AUTOSAR a consortium standard a !Þll*

source: www.autosar.orq

3FfiW
hrr

Erlang User Conference
2010

Q"v.v¡Q
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lnteroperability

AUTOSAR specification open for interpretation.

Even if a component follows the standard, there is
no guarantee at all that it will work in
combination with other standard components

nothing new... we have seen that before O
The evil is hidden in configurations: each Node in

the car has typically its own set of options, and
software supplier

a

Erlang User Conference
2010

Erlang User Conference
2010

lnteroperability

no guarantee at all that it wi
combination with other stan

nothing new... we have seen
The evil is hidden in confi

its own set of options at is

Qu.viQ

QuviQ

a
AutoSAR specification open for interpretation

Even if a component follows the standard, there is
ll work in

Solution:
Spend your budget
on testing instead
of development
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Message

Software systems more complex every day...

... more components

... more possible configurations per component

... more component interactions

Traditional testing insufficient to keep up with this

We need to change our testing methods!

a

Erlang User Conference
2010

Erlang User Conference
2010

QuviQ

Q"yv¡Q

a

j,

'tlt' . : ,

i-'r
i.

;

Erlang to test C

Using Erlang to test C software

- High level language: eas¡er to write test code

- Good tools to support testing

but... we need to connect to C code
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Quviq's C link

All informat¡on you need to write marshalling code
is in the C (header) files.

Thus, write a C parser in Erlang, extract all type
information and generate the link between C and
Erlang.

a

Erlang User Conference
2010

QuviQ

Example

Suppose we have C file exampt-e. c

/ / Sum an array of integers
int sum (int *array, int len) {

int rì,'
int sum : 0;
for (n : 0,' n <

sum f: arrayln];
return sumr'

)

a rÈ!ät

Erlang User Conference
2010

Q.Vu¡Q
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Example

Erlang shell used to communicate with C

1> eqc_c : start ( example ) .

ok

a

2> P : eqc c; cre (int, 1L,3,3, Bl).
{ptr, int ,tOqBB64 }

3> example : sum ( P, 4) .

15

4> eqc c:free(P).
ok

Erlang User Conference
2010

Example

Qy.uiQ

j,

1t.
t

hor';.Þ,,
LÌ'r'T.' 1r

+ilrì J:::
l.i.ìif i.-r
l.¡r t,;1i '
i: :
!r

t'...-
l ì . l'.
i-ìì..r...:
I,iå:i'rrli
l r' ? '":rattt
i

i.
I{.
¡
L-,
t
t.Erlang shell used to communicate with C

1> eqc_c: start (example) .

ok

2> P : eqÇ*c:create:aÇÇaå¡(int
{ptr, int,I048B64 }

3> example: sum (P, 4) .

15

4> eqc c:free(P).
ok

Erlang User Conference
2010

Q.V"u¡Q
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Example

Erlang shell used to communicate with C

1> eqc_c: start (example) .

ok

{ptr, int,L048B64 }

3> example:sum(P, 4) .

15

4> eqc_c: f ree (P) .

ok

2> P : 1,í_j(ì_-i.r:('ltíÌri'i,.(:,*.;=.T.t,i;ty (int, lI , 3, 3, B]) .

a

a

QuviQ

Q.V.u¡Q

Erlang User Conference
2010

QuickCheck

Erlang User Conference
2010

From test case to property

lnstead of specifying one or two test cases to
demonstrate that the software fulfills a certain
property, we specify r"trtt:: ¿:,ti';xff,i:t::;,i and have the
tests automatically generated !

Model based testing w¡th controlled random
generation of test cases

an array is created in the
C thread and the pointer
retumed points to
memory in that thread
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Testing hard real-time C

How difficult is it to test real-time C code?

Mentor Graphics hosts master student thesis
project to test CanNM with QuickCheck using
this C link.

Erlang User Conference
2010

AUTOSAR component
as UML state machine

CAN
Network Management

Erlang User Conference
2010

Q"v"viQ
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Scheduling

CanNM is scheduled as one of many tasks

CanNm invoked by calling
C tunction CanNM_Main()

a

Erlang User Conference
2010

Erlang User Conference
2010

Scheduling

CanNM is scheduled as one of many tasks

Assumption:
One time unit elapses before CanNm_MainQ is called

(ln fact, C implementation handles the timers, not the scheduler)

Qgv¡Q

Q"V"u¡Q

a
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Scheduling

CanNM is scheduled as one of many tasks

a

CanNm Rxl CanNm NetworkReguest0

Other tasks communicate by calling CanNM interface functions

These update data structures in memory

Assumption: Only one interaction in each slot

QuviQErlang User Conference
2010

AUTOSAR component
as UML state machine

CAN
Network Management

Now... make a

QuickCheck modelfrom
this state machine

Erlang User Conference
2010
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QuickCheck model

State transitions as Erlang data structure

bus_sleep_mode (_) ->
[ {power_off, {ca1}, ?MODULE,powerOff, [] ] ],

{bus_sleep_mode, {call, ?MODULE, main, [ ] ] ],
{bus_sleep_mode, {cal1, ?MODULE,' CanNm Rxlndication', Iid O, uB O ] ] ],
{ repeat_messagê_state, { ca l.L, ?MODULE, r Nm_Pas s iveS tartUp', [ ] ] ],
{ repeat_rnessage_state, { ca}1, ?MODULE,' CanNm_NetworkRequest', [ ] ] ] I .

repeat_message_sfate ( ) ->
[ {normal_operation_state, {call, ?MODULE,main, [] ] ],

{ready_sleep_state, { calf , ?MODULE,main, [ ] ] ],
{repeat_message_state, {call, ?MODULE,¡naln, [] ] ],
{repeat_message_state,{call,?MODULE,rCanNm_Rxlndication',IidO,uBO]]],
{repeat_message_state, {calf, ?MODULE, rCanNm_TxConfirmation', IidO ] ] ] I .

a

Erlang User Conference
2010

QuickCheck model

Erlang User Conference
2010

Qu"v¡Q

a
Model how additional state data changes:

timers, network status, ...

next_state_data(repeat_rnessagê_state,repeet_message_state,S,_V,{_,_,main,_}) ->
S#can_nm{repeatMessageTimer : S#can nm.repeatMessageTlmer-1,

nmTimeoutTimer :
case S#can nm.nmTlmeoutTimer of

O -> ?NMTIMEOUT;

N -> N-1
endÌ,'

next_state_data(repeaf_message_staterrepeat_message_staterSr_V, {_,_,_,_}) ->
S#can_nm{ repeatMessageTimer : S#can_nm. repeatMessageTimer-1,

nmTimeoutTimer : ?NMTIMEOUT) ;

QY,u¡Q
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Testing hard real-time C a
How difficult is it to test real-time C code?

Master student thesis project to test CanNM with
QuickCheck using this C link.

Result: - we know how to do it
- it ls not that much work

- we found ambiguities in the specification

t

Erlang User Conference
2010

Testing real-time C

Erlang User Conference
2010

Q"Y,t¡Q

QuviQ

a
CanNm was modeled using a state machine.

Not all AUTOSAR components are specified as
state machines... can we do the rest as well?

Sep/Oct201 0: Experiment (with Mentor Graphics)

- Test COM/PDUR with QuickCheck
- ln parallel manual testing of same software

(estimated 20 weeks)

approx 8000 lines of C code, representative
component
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Testing COM/PduRouter

. We have built a model for testing COM and
PduRouter

a

[_-- \
Stubs

AUTOSAR
implementation

:,)

Erlang User Conference
2010

Erlang User Conference
2010

QuickCheck for automotive a
We created a model

The model is configurable w¡th an XML config file

Marshalling code is automatically generated from
header files

C stub is only a 400 lines of code

QuickCheck model is 800 lines of code

Total 2 person weeks work

QuviQ

Q.gviq

QuickCheck
model

XML
config
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Testing Automotive software

Conclusions.

We gain productivity

- Erlang less lines of code

- QuickCheck model instead of test cases

We have a scalable solution for AUTOSAR

ln the future...

buy a car that has been tested with Erlang!

a

Erlang User Conference
2010

Q"V.u¡Q
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Conference Proceed i ngs Tuesday 16th November 2010
Stockholm, Sweden16th lnternational Erlang User Conference

MissE*nr CritEeæl withr Ërlang And
QuickCheck: Quality Never Sleeps

Abstract

How do you integrate a new component into a mission-critical,legacy system with
the key requirement that existing functionality must not be affected? We used
QuickCheck to specify the behaviour for the existing system and then we attached
our component to validate its behaviour.

ln this talk we highlight how property based testing using QuickCheck was benefi-
cial and fun for our project where we lacked full documentation and understand-
ing of the legacy behaviour. Using QuickCheck we were able to produce and vali-
date that our component had the high quality requested as well as allow us to
focus our testing into specific areas with very little effort.

Raghav Karol, software engineer at Motorola since 2006.
Worked with network management before becoming an
Erlanger in 2009.

¿
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¡

Torben Hoffmann, Erlang Priest at Motorola
since 2006.
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Setti ng the stage



Overview
What did we have to do?

What did QuickCheck help us with?

How is it to use Erlang?

How productive is Erlang/OTP?

What d¡d we have to do?
lSl Project
r Gateway to interconnect two TETRA systems

. Migration for TETRA

r State-full protocol conversion
* Motorola Proprietary Call Control and Mobility
. lsl - lTSl lnterSystem lnterface open standard
. QS|B, HDLC, LAPD, EL

. Mobility and Resource Management

. High concurrency requirement

' High reliability - required to connect to live customer
system

4



[Vl otivation and Ðæckgrcund
Working prototype to be delivered as a product
ø Existing codebase created for IOP certification

Connect to live system
* Main requirement - Should not crash existing system
* Specification of legacy protocols not complete

Small team, 5 members, no dedicated test resources

lSl application Erlang + C
r Enter Property based testing and QuickCheck

Romania *

5

And he's just the requirements guy O!



lSl Stack

:t-

Unit test versus P

rsr

QSIG

HDLC

LAPD

E1 EL

rope v ased

tz QSIG

LAPD

E1

FLM

TCP

RTP

UDP

testi ng
Testing using xUnit like tools
r Setup Fixture, execute test case, Teardown Fixture

* Works well -- Used with good success before using property based
testing

" lmportant to have good test cases
n Test cases and scenarios easily overlooked
. Maintenance and refactoring of test cases also always required

r How is property based testing different
. Specify rules of generating a test case
. Specify pre-conditions when above rules can be valid
, Modelexpectations once a rule executes
- Check post-conditions once a rule executes

r What!?! Can this even work?

I

NETCOM

UDP



Qulckcheck
QuickCheck

" Generators

n Properties
r Stateless testing

Symbolic test cases

r State full testing
,' State machines based

. Shrinking

r Also available for C --- Not used in our project.

9

'*.t¿.,,¿:::;;....*,,i-i...-...- ..., "*'-n*

Testi ng a resource manager
The rm_ds is a data structure that manages a range of
integers representing unique resources

API:

. lock_next(RM) -> RM
* Get the next available resource based on the policy for finding the

next avaiable

. release(N,RM) -> RM

* Release the resource id'ed by N.

. lock(N,RM) -> RM
- Locks a specific resource (the one id'ed by N)

10



Creatin a random resource mana

You create an RM by using a random sequence of commands
from its API

E amp le: random resou ce

ma nager

er

il

Iock_next
Lock
re Ies.se
Iock_nexÈ
Iock_nexÈ
re Iease
NETí

1?
IJ

4

[-11.6. uÞ]

Lor¡er Ranq¡e = -11
Upper Range = 6

ÀIl-ocation FoIicy = up

r¿c)
lLET( {From. Lengthr, Policy}.

{inL ri ), nat ( j . ,rnecf ( [LrFr,
TLAã'f (

fr'egr-rency( [ 11. rm([,
1Z,lca11.
{2, {ca1l,
13,1¡al1,

l
,rl.ì

From, Frorn+Length, Policy) ì.-rI'IüDUT,E, lock*n¿lit, Irm{Size*l ) ] ì },
?I,ÍODULE, 1L.1rl:, l¡rati), rm{,9irè-1 i]lI,
?I.IODULE, rel*ase, Inal(), rm(3ize-l)]i I

r*Is
ciar,¡n, higtt"r, Iou'l ) ì ,



Example property for the resource
rnanager

Locking a specific resource:

Property based testi ng in lsl
Unit Level

. Queue data structure
r Resource management and allocation server

Com ponent level
¡ NetComm Layer

Black box - Box test level

1j

prop_lock ri i a-:'-iFüF.,..qf,LJ_1SymnM, N] , icr^eat.*_rrn(), intr, ) ¡,
b*clin

RMI r, eual (Syn¡1¡4i ¡ ,
Sdata {ratr,:t* Range} = RI',ff ,
rtrå.Lr Ê r'm ,Cs : lurc--lt ( l'1. nl'I|-l ) of

I inval icl_resÕr-rr'cr" F,tfn i *t"
nnt in_rgr:tre rllrl, Rancte) ;

I alreacly_us*cln nt'{l:l } -.:"
i s_1¡,::Hed ( I'l " Rt,tf ) ;

{N, RI'fl I *:¡
i s l¡'':H*d ( I'1, Rt,ll j

*nd
*ndj.

14



Black box testi ng of the *51 GW
Simulated sites and mobiles
* Implementation of the ZC-Site protocol
n Pseudo Air Interface protocol

j'1 
"*'.ln l¿'r'(

ll ,.

^ 
þ,,

J-
U

\I

ù
I

tîr

ù
i

A

h
T

/

I

{
16l r tst

B I ac.k,box test-exa m,pl.g *;.;_ -- -,

15

The test cases are expressed in terms of actions taken by the
mobiles

,:1':*regislr*r
,li:'_mi.!trat- e
,ù_r'*üisl*r
r-lc, r*:a I 1

clc,*atrsL'er' ,::a I l
J.^* -l - r- ^--¡ ¡t I r.lHli erl

I
i
t
i
t
t

'? 'alIlrrrllJ I I

f lr rTJr-t) r t i
"ì [:r ] r rI ¡*l ll t I

nnIt:tü1.
3
l
aJ
^J
.¡

[ 1 s intpl*>:*'Cr-t¡r]Èx. :: itnp]e:i] I I i I
r f :r l l r r

IJr-tlJIl
i f :r i I r ri.Jr -r I J t f

u t:il_il1 r:r 1, : I tì üüi:kt,
r_t¡_r t:ilJ rl 1, I ü ü r:rUr:tdi,

I t:ìü Llü tll . 1

:in tl t-il-tTt1 i
f-r n ll Tt r-'t jl I

ütln[[t4, :ì

':rr I r r

,'J J t I

r6



Handling Concurrency ln QC
ln many cases the success of an operation required
several messages to occur

Enter...

. hooks

A hook spawns a listener processes for each message that
is expected

Hook Example
&t Ul is ansr,rerÍng t"t¡e call fro¡u !I2.
dû_fln*r'rer_calI (II1 ,ll2r5Il ->

?TFiå*E (do_ansr,rer_cal1, IHI.ü2 ¡ Sl ] ] ¡
!id] = spÉffn{ ?üilIlTJ[g¡listen_t ¡ [I{I ,

Fid2 = spa¡¡m { ?HilÞïLH ¡ Iis|en_Êor_d_
' [Ue,

Iû.ñ-ry*

Pid3 = sparm { rI{t)ÞlII-3I .1ieÈen_f or_siÈe ra$¡
[ Ë1,
rùs'J_t}? fl ( sr.r.b s c r 1b e r_ÈJ{_de te c Èe d_i cp }

?TÏlffltTJT,seft {} I }

&i¡:hÍIe: &$sT.rÊr *sll (UlJ ,
REBults = c*11ect-r*rult:s( [FÍd],Píri2,pid3] ] .
par.rse { } ,
F.es=rhack_re$Lll1;;î {Resr.llt.s | .
?lûti { { do_ansner_call. Fll ¡l'lz. 51 l },Ree },
Reg.

e{'D cT À[HilttttEDüE, J ,
il l),

l,ú-EolMEcTr I ¡
.self{ll},

,..--'t'"
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QuickCheck Quality Never Sleeps
So you made a testing framework - I can do that!

Yes - every software department in our company,
including us has

Why QuickCheck
r More thinking, specify, speclfy, specify, less work
n Randomness
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Er[sng/tTP Quaf ity never sleeps
Auto-enforcement of a coding standard with Erlang/OTP

Semantics of framework uncomfortably simple

Ease of Distribution

Supervisors - error handling and reliability
Common case ALWAYS works
U nderstanding softwa re behavior

Resolving lssues
* Resolving issues in the field
¡ lntegration issues with other vendor forces: panic, stress,

our reputation

Eva I uation of performa nce
The eternal problem:
. Which approach is better?

Key problem:
. What is the size of the problem?

One of the best size measures for software:
r Function Points

" Measures input and output and treats the software as a black box

', Not widely used since it is time consuming to generate FP

estimates for a system and even harder to check how many the
final system has



Backfiring
Backfiring:

' Counting Function Points by looking at the actual code

Our approach:
. Use epp_dodger to extract incomming messages

o Use xref to extract outgoing messages

r Post-process in Excel to ensure counting the correct
messages

Comparing w¡th others
Function Points are often used by estimation tools
¡ Construx Estimate

r COCOMO ll

Basic project estimation :

. lnputs:
- Function Points

^ Programming language

. Type of project (Telecommunications)

r Output:
. Staff Months (SM) to complete the project



Erlang vs X

Java

C++

C

z*þ.1-z.g)

+tG.+-s-t)

zx (s.s-g.z)
¿l

So for a telecommunications project Erlang/OTP seems to be the right choice..

Concl usions
,, Challenged with increased complexity

r Concurrency, distribution, reliability

Delivery of features
-' Lowering Costs, Development O&M,...,
' Losing track of what the customer really wants

Erlang solves, technical, communication and cost
reduction problems

Qu ickCheck
r Leverages Erlang language features
r Future of testing
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Conference Proceed i ngs
16th lnternational Erlang User Conference

Tuesday 16th November 2010
Stockholm, Sweden

Tino ßreddin
Embedded Erlanger from Dresden

Continuous integ ration for ËrlangiOTP,
enhancing its quality asrd ease-of-use.

Abstract

Swarm is a continuous build server implemented in Erlang which presents a inno-
vative twist to software quality assurance.The two core concepts, multi-platform
build execution and automatic package generation, give projects the ability to
provide users with exceptional support while requiring little manual effort.This talk
describes how Swarm is used to enhance Erlang/OTP's development process. Fur-
ther, the upcoming pre-build and tested packages of Erlang/OTP binaries for many
free and commercial operating systems are discussed.

Biog raphy

Tino Breddin is a Systems Engineer at Erlang Solutions Ltd where he spends quality
time on building scalable, highly-reliable systems for messaging and data storage.
When not using Erlang he prefers using Python or Ruby for anything which needs
to be automated. Previously Tino worked at the research labs of SAP Labs LLC in
Palo Alto and SAP AG in Dresden focusing on massively scalable systems develop-
ment.
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Conference Proceed i ngs Tuesday 16th November 2010
Stockholm, Sweden16th lnternational Erlang User Conference

Jaecby Thrwæites

lnventor, designer and implementer

A prototype state machine "MlâdCloud"
for distributed õpplications

Abstract

Distributed applications often use client-server techniques across a TCP/IP infra-
structure.This talk presents a prototype infrastructure that abstracts the client out
of programmers' code and can optimize inter-server traffic across datacenters.lt is
written in Erlang with an admin Ul that is quite pretty because
HTM L5+C553+XSLT+JQuery rocks actua I ly.

Whatever.The infrastructure is very simple, and works by sequencing calls on
application-level servers following some initial event.lt does this by collecting sets
of fields, sending subsets to servers and collecting replies where appropriate, until
no further work can be done.The result is, application backends that are declara-
tive.

My feeble hope is that this opens up pathways including applications constructed
by search, mutable applications that change many times a second,large-scale
caching of server operations, applications that self-render and other things l've not
thought of.

Biog raphy

Since 1 990 Jacoby Thwaites ran his own company in the UK architecting large-scale
networks and enterprise messaging systems.Around 2000 the company got into
writing and selling insurance systems in the London Market. He then co-founded a

Silicon Valley Web 2.0 startup which folded a couple of years later, and most
recently joined Google in 2008 to set up the London AdSense engineering team.
He has spent the last 6 months inventing, designing and implementing this state
machine as his Google 20o/o project.
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Conference Proceedings Tuesday 16th November 2010
16th lnternational Erlang User Conference StOCkhOlm, SWeden

Rr*sty Klcphaus
Senior Engineer at Basho Technologies

lVlasterEess Distnibuted Computi ng
with Riak Core

Abstract

In this tallç Rusty will explain why Riak Core was built, discuss what problems it
solves and how it works, and demonstrate how a developer can leverage Riak Core

to quickly build their own masterless distributed application.

Biography

Rusty Klophaus is one of the core engineers at BashoTechnologies where he
focuses on building distributed,fault-tolerant applications to store and retrieve Big

Data. He is currently on the core engineering team of Riak Search. Before joining
Basho, Rusty launched an Erlang-based startup (which spawned the Nitrogen Web

Framework); before that he managed multi-million dollar technology products and
guided multiple project teams at an lnternet advertising company based in New
York City.When he's not hacking, Rusty plays guitar and organizes the Hacker News

Meetup Group of Washington, DC.
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Riekard Greün
OTP Team Member and VM Committer

A deep dive into scme aspects of the
nrultiecre support !n the Erlang VM

Abstract

The first Erlang virtual machine capable of utilizing multicore and
multiprocessor hardware, i.e. the Erlang VM with SMP support, first appeared in
2006.5ince then work has been ongoing on improving performance and scalability
The increasing number of cores on common processors makes scalability issues

very important.The scalability of the firstVM with 5MP support was quite modest,
but has since then improved immensely and will continue to be improved in the
future. During this talk we'll look closer at some scalability issues and how they
have been addressed.

BioE raphy

Rickard Green is a senior specialist in muticore/multiprocessor utilization and
scalability at Ericsson AB. He works with the development of Erlang's virtual
machine at Erlang lOTP and has done so for the past ten years.The development of
an Erlang VM capable of utilizing multicore/multiprocessor hardware, i.e. the SMP

support of the Erlang VM, begun about five years ago. He has since then been the
main developer of the SMP support, and has designed and implemented major
parts of it.

I



Rickard Green
rickarcl@erlanç¡.orç¡

What is an RWLcck?

]-ILI;I

RW[-*cks in Ërlang/üTP-R1 48

\Àlh*t M*dE ils L*ük at RWå*ccks?

, Testr¿: :';er f ;i i lqrJ

-Ptllread ¡'ui¡locfis on Linr.ix v;itll rcadr:r prefe rrccl sTr*tr11y caused
st¿lrv;1ti0n r)l r¡¡r¡ters

*liolvt,:c.l bv u*ing ouI w¡ite¡.prrferrcd i¿llback inlp!emenliìliín ir¡:ìte¿ìd

CuElçners ccmplained ai:cr:t paar per{arrrance etl the
fallhack implemer:tatian

-Siol'.,erd bl; ls¡1¡un the¡n cn¡hle tht rearJ*r'preferrcrl ¡:threlacl ly'rlc¡ck:i
inìf lerrìentãtioñ

lhat is. son'rethinç lleeclecl ¿o be do¡re... 'Ir

NPTL Fthread RWLocks
,Why look at NPTL RWLocks?

*NPTL iNåtive POSIX Threåd Library) isì the threäd library used on
modern Linux distros

-Linux is our nìÕst important platforil
The vast rlajority of our cr¡slomers run on Li¡rux

A lÕt of the other iperhaps nlost ol the ather?) r¡sers run on Linux

i Strategy used during contêl-rïion
*Defaults 1o reader preferred

As long as the lock is read locked or readers are waiting for the lock
write¡ç have tc wait

*Can be configured ag çvriter preferred

As long ãs the lock is write locked or writers are waiting for the lock,
readers have tcr v'râit

-ßoth strategies suffer from starvât'on issì.¡es

Writer preferred is, hovyever, not as problernatic as reacJer preferred

ãRTS R.WLocks

ENTAHG

H

' ReadlWrite Lock

-Write locked

Ëxclusive access for one thread
^Read locked

il4ultiple reader threads

No rrvriter tl'lreads

RWLocks Used in ERTS
a

. ETS tables
,lnternal tables

-Atüm tâble
*Rêgistered naÌnes

-ÞistriL:ution tables

j.

.'Doesn't use a wriler or reader preferred strategy
: lnterleaves readers and writers during contention
> Fair against readers as well as wr¡ters
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ËRTS RWLocks - ilr:q**ue Write¡'

Writ*rs always enqueue õl
the enri of thei queue

äRT$ RWLocks * ffi*queue Wrlter

Writer at the heacl of the
queue lakes over the lcch

T2R T5R T3WTiW T2R Tl'ct

ËRTS RWLocks - fnqueuc Reader

,Readers enqueue on alher
readers

; At the end if no other
readers exist

ãRTS RWLacks - Queue

iã'r

ËRTS RWLacks - Deq ueu* R.eæders

'All readers at the head of
the queue take over the
lock

t ll

a

a
HRTS RWLacks - Queue

T¿1 W

T0 !,!'

T1 W f2R T3W

T0w

T3W T4W

T5R

T2R

,All readers will accumulate
åt one place irr the queue

' Ensures that all waiting threads eventually will get the lock
:ALrl* to execute readers as much as possible in parallel
:Writers wont be punished too much by readers going past
them

-Writers y'/ont be punished at all in the case where there are as mâily
threacls on tl-1e sy$tem as c$rës and each thread read locks for the
same amounl 0f time

T2R T5R T3W

T0w

Page 1 19



tra
ERI'S RWL*cks - llefæult

D¿¡fa slruclure
-lntrqer flag firld
..1.?ueue (double linke cl list û1 i¡"'¿ilinq ilrrr,rtJ:)

-{lir<,:uc locl.

Unccntended c¿rçe

-.Aionil çper¿lt¡Dns c;¡r ilre inleüe¡ fl¿q íiel¡j

Canlencled ca:e
-Âionlic *per;ìtìons rrì ihe ¡nteqer flaq Íield
*Lackecl i:¡:e r.atìons cirt il:e qr:eue

ERTS RWLacks - Flag Field {ctetaultt

\Álrite l()cked

H

nRîS R\qJå**cks * Rsader *ptinr!a*d

Ll ;r l¿: ::;Tru cTLt rq,r

-,ntegelllag field { mr:cJifird;

'-.(ìr.reue lclor"¡l:l+ {inked list of w*iturg tlìreêc¡s)

-Qur:ue lock
--Re â(ìer clrcups {inieger acunteri in gëp;ìr¿ìtë tache-lìrres)

lJncr:ntr.lnded case:;
'-Vlritr: l¿¡ikli¡¡ilocl.

Alonl¡a o¡]erat¡cjrr:, cn the irrTec;er11rç¡ fiel'J inoi ,:ù]i.ì'lplet€ly True)

* þìer¿ld ìi:ci<lunloclt

AtcÌ!îrc operãt¡ons irr the re¡ders grcups imostlyi

Corrlended case

-Atcnric opei'alicn:; crr tlre' intt:ger {lar; ficld

-Atofiic op,:r;rlions in lhe re,rder qr*ups

-Locker'! operations cl* the r¡ueue

ERTS RWLocks * Flag Field {reacler optiïnized}

\¡'lrite lûckcd

Wnle y,,3iters

Read lvailers

HRTS RWLacks * Ferformance

Read locked
{2ç}-Lìrt intcgcr)

VVrite w3iters
f)enciirig read Lrnlock

(28-bÌt intcgrr)

Re.¡ci *aiters

Pcrhaps re:rd locked

ËRTS RWLocks * Reader Õptimized
ø

Tield
,An imprcverïent compared tCI NPTL RWLocks, but
uncontended read lock case is still a bit disappcinting

-Conceptlially only reads of memory. however...

-Wriles tÕ the RWLÕck cache line is ping-pongcd beiv¡e en processors
*ln ËTS also olher stuff is ping-ponged

Meta table lock cache-line

Table reTerence counter cache-line
,Would be nice to avoid Ihis cache-lir1e p¡ng-ponging

*Modified reader op1¡mized RWLock imp¡ementãtion usinq reader
groups

-fTS modifications:

Rev,rrite of the meta tal:le locking tû use the new reader optirnized
rrvlocks

No use of table reference counter rruhen read locking

, Uncontended read-lock
*lncrenrent reader group courìter

-Read flac, fielcl.

Verify no "Wìocked", "W-v'iåiter",

nor "Pe¡rd R-unÌock"

Sel "R-locked?" if not already set

, Uncontended read-unlock
-Decrement reader group counter
*lf rea¿Jer group counter reached

zero, read flag field

Verify no "{W,R}-waiters" nor
"Pend R-unlock"

¡iit)r14

Ì
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a[îFïîS F{WL**ks * Reader *ptirrrizeeJ ffiencl:markir:ç

I he ber"¡clrmarli usecl can he elownlcaclecJ franr
wliiv. rtr 1;:ug . or g/'- t ick;rt d/eu(r*20'ì 0

10û0 processes accessinq a cûmnlon pLrblic ets lable of
lyí]c set

Âr:cesçes ccnsistç of ets: J ookirlr ( ) (read) and
ets : inser t ( ; (write) in different nrixe s

,Run with tl'¡e t.hread s¡rre acl scheduler"bincl type
:R148 NPïL-rwlocl<s and Rl4B [RïS-rwircks only rii{Ters irr
rr¡¡lcck intple*rentation used

*R l 4[3 ]'JPTI--rw!ocks. ./configurc lorc*-,plhleard-nlk:ck:i--yt::;

Whcn benchmarking with NPïL-rwlocks
-No ¡eacl....concurrencv nrn lras becn nrad* - sar:e ¿s deïauh
*N* cornbin*d read_cr:ncur¡errcy ancl writr:_cûrìcutrerìry lra; Lleen

n'¡ade - same as write_corrcr:rrency

lrìlterjr flâ(l 1!.:[i
LJrlcr:lrt(:nrlc d ivl'rtel lr:r..k

*Read ìnteger flaç ficld.
--Ve! ifli" nç "!{ -lccl<erd". "{\l/, R}-

t¡v¿ìiters", nor "Pe ltl Ê-rinlnlk"
- Set '\,"V-,cìcke(J" unless "R-Jocked?' is

seìt, then chelck re arJt:r -r;rúups:

lt-';*l

Verify that all i¡r0ups är€ :ero
lncrernsnt "Perid R-ilnlack"
VÐrity thãt all grorip:: ;ìre zero
Reset'R-lock*d?", decrenrent
'Pc¡nd R-¡:nicrck-'. ¡t zero set "W
l<;i:keci"

Roelder grou¡.;s

UncolrtencJecl wiite-unlcck
*Reset "W-lockecJ"
*Verì{y nc "{lrr/, R}-wãiiers''

IRTS RWLoeks - Reader üptimized
,nleger fiel¡l

.Contended cases
-When a lÕck operãtiön fail. the

thieacj continues sp¡nninS

trying t<l lock actively (a fevi
times); then

enqueue and spin passively (on
anclher structure): then
biock

-When eqr:eueing the "{W.R}-wa¡ters"
flag is set while holcling the queue
lcck; the¡r one läst effort to acguire
thr) Jock is made

-After this the thread depends orr
another threåd translerring the lÕck
t0 it ând i¡¡akinq it uf:

ËRTS RWLocks * Reader ûptimized

a

{|Mj

Reacler qroups

ËRî5 RWLocks - ETS Õptions

>The default
*One üìble qlobal norrnai (¡ron-reader optirnized) nvlock

: reåd_cûncurrency

-One table global reac{er optirn¡zed rwlÕck

: write*concurrency
*One tatrlû global reader optinrized rr,viock (normally reacì locked), and

rnultiple normal rwlocks protecting differenl pürts of the tâble
l reäd*concurrency and write*cafi curreney combi¡red

-One table glohal reader optimized ru¡lock, and multiple reader
optimized rvr'locks prÕtecting different parts of the table

HTS Table with write
tpticn {before R14B)

concurrency a

Í'
{r
;:, : .

I

aì
I
! ,'

! .-'

ì

¡,

i

i

l::af,r? l¡11

p¿(itirìít

ø

' e0ntended cases {continued)
-Write locking when "R-lockecl?" is

set is the ccrnplicated case since it
can be interrupted by rnodifications
in reader groups

*A thread modi{ying reader qroups
âborts or continues its uperation if
"Pend R-unlock" is set a¡rd then tries
to cürnplete a read unlock ithis
operat¡on can also be interrupted:
which also...)

-The ämount of interrupts is iimited
when doing blocking operåt¡Õns
since threacls ëventuålly will end up
¡n lhe queue

*Non-l:locking operâtions ¿rren't
allor¡¡ed to loop indefinitely

fieid

RWI-o{:k

fìlryLock lllry:ock.ri:ìrx.d

iâddriO

Reader groups
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J ì'.^íLr,ìii.i
L

I

lìWLa!k l{Wior,L

HT$ T*ble with r.¡r'-L I * cc;Il{:itir'ï {,ì:rtcv

üpTi*n (R148)

ETS Table with write concurrency ånd
read_concurrency ûptions (R1 4B)

Benchmarking

ß*r-lchmark flìesr¡åts - Machine Å

' .i-' 
-*lr-L ,b-il.-

a

Rcader

i:ìeader Iìeêder

ffienchmark Results - Machi¡:e Å

Eenchmark Results - Machine A
H a

, Machine A
-51ËS 10.?
*Ker¡rel 2.6.1 6.60-0.39.3-st'rìp

-NpTL 2.4

-x86.....64

-2x lntel XeÕn 15430 @ 2.õô
GHz

' Machine B
*Ubuntu 9.10
* Kernel 2.6.31 -22-seruer

-NpTL 2.10.1
*x86'...64

-2x lntel Xeon <unkrrown id> @
2.S GHz

1> ?r ìanar:5ysle:x ;r:f.)lctru icliol.rqyi .

i í:r: o.::cjlsc., { { t}ir. iiri, ilqiì i câ1..1} } ,

tt)ìì.rìd. iloci.cal,.z) i I ì.
i pi.rcÈss.rr . f i tlìr4a4. ! i.r!:iúa1, 11 l,

ltb.eaiì,1 i.r,:i:ì{'¡1 ,:; i } I i l

t> el laarr:s.¡'stei! j!ìí.,(cru loro'loql'l
i i: .r' :î.::iiof , I I|: : ., ììc,r'.i .'i.ÛI :,

t: :',{lcJi.'i.41i,
i.orc. {-lúqi'ið i.JI ;.
1 co.e. il,:,a:ica:ì.,h1 ) I ),

il i¡...isor. I lr:).è. i ionr.'.,j . i.];.
l.: ,iìùl;..'.1.',):,
t. :1: t . l tr.q'.4 i..11 t,
i,::orc. {.1,: ç i,:rôl ,T } ì Ì ) !
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ffienchmærk Res*lts - Mschine Å

Senchmark Results * Machine Å

ffienchmark R*s¡-rlts - h¡lachine Å

1

l

l

I
I

l
I

l

¡t

ø a
Benchmark Results * L/lachine Å

!

H
Benchmark Results - Machine A Eenchmark Results - Machine A
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H tr
ffienchmærlq. Resr-¡lts - Machine A ffienchmnrk Res¡-tlts * Mæchine B

Benchmark Results * Maehine B
a

Senchmark Results - Machine Å

H a
Benchmark Results - Machine B Benchmark Results - Machine B
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H a&*r"¡chrn*rk Resulls - Machine B

ßenchmark Results - Machine B

ßenehmark Resr-¡lts - lr¡Iachine ffi

a ø
ßenchmark Results - Machine B

H øBenchmark Results - Machine B tsenchmark Results - Machine B

1"

j- "

¡
¡
;
!
¡
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Conference Proceed i ngs
16th lnternational Erlang User Conference

Tuesday 16th November 2010
Stockholm, Sweden

Kenneth Lundln
Manager of the Erlang/OTp dev team

Latest News From the Ërlang/Oîp team at
Ericsscn

Abstract

Kenneth gives an update of the Erlang/OTP team's work at Ericsson - their current
projects and plans for future.

Biography

Kenneth Lundin has been working with SW development since the late 70s. As a
curiousity it can be mentioned that Kenneth was one of the pioneers in the use of
C++ at Ericsson. Unsurprisingly Kenneth's interest for OO languages has been
slighty revised since then. He joined the Erlan g/OIP project ¡n itÈ early stages 1996
and has been working both with application components and the runtime system
since then. Has been managing the team for about 10 years now.
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rRL,q}'Jü USER ETT'IFEÑTruCË 2Û"TÛ

Kenneth Lundin

r Some highlights from the recent R14n release

: Coming releases and cther work

: Positive Staiistics CIn u$age and contributions

TOI'¡TEruT5

1r .'.ii.?i '?. \ì:r'l::ìr
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sül\ÅË t*itfit{t*iüåtT* FñüAÅ THä re14*
ñiltffiÂ$E

' lrJew nptirnizerl in:plen:entatinn *f rwle¡eks in th* [rlnng vful
, N*w æut* in:p*rted ßiFs
îhs new s$L imp!*mentætian is now åhe <i*far¡rt {nince
R'14Å), ,4 nunrber cf bugfixes and inrpr*vements h*ve been
ry:meie th*nks tc feedbæck {rom Op*n Souree u$er$.

, All ånçeth*r quite * lct CIf new things in Rt4.A + ß

i R14B was the first relsasc wç n¡adæ direcfly fr*m Gtr {nc
Clearcæse invalvçd frcm naw oni.

l":,,.'-r,ìi

i:"x:,' :,

ì .' .

l.
: .:
|, ii' ..'

. Nel¡ç cptimized implementaiion of rwlocks in the Hrlang VM
: There is one varìant of rwlocks which is "reader optimized" and which

gives huge performance improvements when the parællel read
operations are daminaiing. Ëxamples ârs:

* When sending me$sâgss using a registered name
- when having many murtiple readers o{ an ets-tabre (the new tabie option'read_concurrency' must be used when creating the table),

A simple benchmark with many parailer readers of an ets-iable on a 2 x
quad-core machine showed a speeclup factor of 5.

: There also a variant Ìhat is neutrar {i.e not "reader optimized"}.
: Soth variants interleaves readers and writers during contenticn as

opposed to NPTL (Linux Thread Libraryi which uses a reader/writer
preferred strategy which can cause starvation.

ÜPTI11ÅI;EÜ RWITCKS

i. ",1Airl ',:L i,:..r.

2
Ericsson AB 2010 Page 129



2010-11-05

ruäW AUTü I&ÅPÜÑTä* ffi S

, in R14A the sernmntiçs changed sa thaå l*cal functlons will

çværride äillt ifttpürted ßlFs

,{ ch*nEe 1o what it sho*tc;l have bs*n frcm the beginninç

' Th* ehange rnakes i{ p*ssib!* to auto import müre

fu net!*ns wiThuut i ntrad uci nç incnmpatibilities'

, W* hæve ncw mndc a ¡.t*mb*n a{ *läs fr*nr the erl*ng

m*dulæ aulc impa**d.
r rrcrìitcl:12¡ nonì tc:-/.J, d.en''cllilar i?-,

<.1ein¡nit.,::r,/.ì, e¡r'()r'// 1r er :''::t: f 2,
irrteqer ta i :st-i2, Iist io inteqer,/2'

TIIE NEW SSL I3 T'JTW TI-{T DTFAULT

, The new SSL is naw the default.
: Âlå communication is written in Erlang using gen-tep

{earlier there wäs ä separate port progrâm written in t buitt
òn top of the OpenSSL e*dei and using the erypto module
built on libcryptc from ÜPenSSL.

: Advantaües with the new salution:
- Can use Erlangs SMP support for parallel execution

- $upport for upgrade and downgrade from TCP to TLS and vice

vsrsã.
* Uses ìess number of ports and file descriptors

- Efficiency

- Easier lo mainlain

3Ericsson AB 2010 Page 130
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RffiLtrASË PLAT*S

FrelnnËnany

, R14m{}'1 to be rels**ed c'n Secember S;th

Very Pre!Ërnünrary

, R14ffiü2 !n Mareh 2t"11

: R15B in ü3-ü4 2üf 1

WI{ATS CüOKIhIG TÛR Rl4Bü1

: New function inet: get.if adctrs which returns all network
intedaces and their addresses

: All test suites converted tc CommonTest fcrmat.
: Compressian flag for *ts-tablæs

(ets:new{...,[compressed,."]), comprcssion rati* depends
on data. But 50% or more for eomplex data. ûf course
there is a performançe penalty for this.
ei:i +eri, will ccmpress all ets{ables.
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ptstïvt sTÂTlSTlcs

'"!55 äpproved contributi*ns frcm R'13Ëü3 *ntil beginning cf
l{ov iroughly * year}

, Ërsrn ö2 different ccnlribulors

' 7 eontributors lvith n'^!üre than 5 c*ntributians
, Ths aetivity in the HrlanE comnunity is really inereasing, a
great help in making åhe HrlançlüTË distributicn ev*n
bettær

- trr'{4/iK¡r'J(,'
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