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Background

CSR — Parallel and Distributed Computing
P2P Computing, Structured Overlay Networks

Need Simulators

* Experiments (empirical evaluation)
e Abstract from certain details

Need Implementations (EU projects)
e ,production-quality” code
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Scalaris vs. Mnesia

Distributed database

Partitioning

Transactions

Key-Value Store

More scalable

Distributed database

Partitioning (table
fragmentation)

Transactions

Complex Data Model



Our Approach
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Scalaris
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 Adictionary has 3 ops:

 insert(key, value)
 delete(key)
* lookup(key)

Chord*

e Chord” implements a distributed dictionary
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Chord*

* Key Space is an arbitrary set
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Distributed Dictionary

Iltems are stored on their

successor, i.e. the first node
encountered in clockwise
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Distributed Dictionary

* Each node puts the successor and log,N exponentially spaced fingers in its
routing table

successor 2 =20

nter; = . : :
pormters { pointer;_1 . pointer;_1 . 1 #= 0

. 7\

e With each routing step using greedy routing, Q/
the distance between the currrent node
and the destination is halved.

=> Yields O(log,N) hops. N
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Summary: Chord#

DHTs/Chord

DHT is a fully decentralized
data structure

DHTs self-organize as nodes
join, leave, and fail

All operations only require
local knowledge

Chord#

Only one hop for calculating
a routing pointer,
Chord needs log(N) hops.

max. log (N) hops, while
Chord guarantees this only
with “high probability”.

Can adapt to imbalances in
the query load; Chord can’t.

Supports range queries.
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Scalaris
Transactions
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Transactions + Replicas

START START
- debit (a;, 100);
debit (a, 100); —~ debit (a,, 100);

debit (a;, 100);

deposit (b,, 100);
deposit (b, 100); - deposit (b,, 100);
_ deposit (b;, 100);

COMMIT COMMIT

|
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Adapted Paxos Commit

replicated ltems at
Optimistic CC with fallback Transaction  Transaction
Leader Managers Participants
Write (TMs) (TPs)
* 3 rounds P |
. ’"l‘T T G
e non-blocking (fallback)  1.step: & ~~ TP — 1. Step
O(log N) hops (\;\1\\1\ Reg’\S‘erTP
Read even faster i:%ee;ﬁ‘e/.-— -
* reads majority of replicas kiend — repare
° i 7, 3
just 1 round 2.6, Step: SN 3. Step
succeeds when Ol1)hops i prepared/ A"
] / k
>f/2 nodes alive g 4. Step
Ackvreoa‘edl
After majority 5. Step
Commit/Abort
> 6. Step
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Erlang
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Motivation for Using Erlang

Fit our model
* Processes + Message Passing

Allows simple testing/simulating
e Light-Weight Processes
* 100s of nodes on a laptop

Same code runs:
* |ocally and
e on a cluster

Simulator => Application

15



Distributed Erlang

Too Powerfull:

 We want to implement our own Failure Detectors
* Part of the Algorithms

Too weak:
e SSL + X509?
e Scalability?

—> TCP-based ,,reimplementation”
—> Message statistics for free

Thorsten Schitt
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Transactions in mnesia

raise(Eno, Raise) -»>

F = fun() ->
[E] = mnesia:read(employee, Eno, write),
Salary = E#employee.salary + Raise,
New = E#employee{salary = Salary},
mnesia:write(New)

end,

mnesia:transaction(F).
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Transactions in Scalaris

F = fun (TransLog) -»>
{X, TL1} = read(TransLog, "Account A"),

{Y, TL2} = read(TL1, "Account B"),

if
X > 100 ->
TL3 = write(TL2, "Account A", X - 100),
TL4 = write(TL3, "Account B", Y + 100)
{ok, TL4};
true ->
{ok, TL2};
end

end,
transaction:do_transaction(F, ...).

Thorsten Schitt
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Components
— Chord#
— Load-Balancing

Supervisor Tree

— Transaction Framework

OTP behaviours

— supervisor
— gen_server

A 4 A 4

A4
% Failure Detector

% KeyHolder % StatisticsCollector % And-5upervisor

Y

% Chord#-Node : : Database

Y Y

Y

Paxos Load Balancer

RoutingTable
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Erlang Quirks

Flat Namespace for Processes
* U. Wiger. ,Extended Process Registry for Erlang.” Erlang WS 2007.

Error Messages (Line Number?)
e | can translate gcc to english (took me 2 years)

Packages, e.g. transstore.transaction_api:do/1
e Sub-Directories

o Cover?

o Dialyzer?

20
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Top 10 Web sites

1.

O 0N WD

=
e

Thorsten Schitt

Yahoo!

Google

YouTube
Windows Live
Facebook

MSN

Myspace
Wikipedia
Blogger.com
Yahoo! 7V

requests/s

Wikipedia

50.000 requests/sec
— 95% are answered by squid proxies
— only 2,000 req./sec hit the backend

31 a1 a2 a3 a4 a5 Qs a7 1] o]

O peak M@ images @ pmtpa @ knams-img @ knams yaseo-img [J yaseo

Backend requests/s: WM MediaWiki (0O current) [O Images (0O current)

Client requests/s: 0 current, 34910 average, 52168 maximum Wed Sep 10 09:06:01 2008
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The Wikipedia System Architecture




Data Model

Wikipedia Chord#
_sqLDB ‘ _ Key-Value Store
CREATE TABLE /*$wgDBprefix*/page ( Map Relations to Key-Value Pairs

age id int unsigned NOT ) _ _
i NULL auti increment — (Title, List of Versions)

page_namespace int NOT NULL, — (CategoryName, List of Titles)
— (Title, List of Titles) //Backlinks

Thorsten Schitt 24



Data Model

void updatePage(string title, int oldVersion, string newText)

{

Transaction t = new Transaction();

Page p = t.read(title);

if(p.currentVersion != oldVersion)
t.abort();

else{

t.write(p.add(newText));

foreach(Category c in p)
t.write(t.read(c.name).add(title));

t.commit();

Thorsten Schitt
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Database: i
e Chord#
* Mapping

— Wiki -> Key-Value Store Chord*#
Renderer:
* Java Rl I

— Tomcat | Loa;;--Ba!I;';cer |

— Plogdu Request for page A ( Page A HTTP
e Jinterface | . | \,

— Interface to Erlang O Replicaof page A  (Q Webserver
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W Hauptseitn - Wikipedia - Konqueror
Location Edit View Go Bookmarks Tools Settings Window Help
QOO OB =K AWK as 1K
E# Location: [W http://localhost.zib.de:8080/wiki?title=Hauptseitn |'] jﬂ [@. |']
[ N Javac ... | Y Yaws | & Chord#... | ©Login... | @ Login.. | M overvi.. | WEmor... |  UPGRAD... | ®fFirst... | [#STDLB.. | o Chord#... JwHaupts...
¢ s 2 Oomeidn

WIKIPEDIA
De freie Enzyklopadie

navigation

~artikl || bschprecha |

= Hauptseitn
n Zuefalls-Artikl
= Inhoitsvazeichnis

| werkin || versionen/autoren |

Hauptseitn

GriaB Gott in da boarischn Wikipedia! D' Wikipedia is a Projekt fiirn Aufbau v ana frein Enziklopadie, in mehr wia 200 Sprachn. Dé
Version is in da Boarischn Sprach gschriebm. Alle, dé an Dialekt redn, der d& dazuaghert (in Aidbayan, Gstareich und Siidtiroi), derfm
mitschreibm. Egal, obs auf Nord-, Mittl- oda Siidboarisch is. Ais, was d' schreibst, derf frei kopiart und weitagebm wern. Da Afang is ganz

afach!
= Eine kurze Beschreibung dieses Projekts in anderen Sprachen.
= A short description about this project in other languages.

mitarbeit

= Wikipedia-Poatal
= Fehlende Artik|
a Letzte Anderungen

hilf

= Fragen?
= Stammtisch
= Finanzielle Hilf

suach

weakzeigkistn

w Links auf de Seitn
Valinkts prifn
Naufladn
Spezial-Seitn

Seitn zum Ausdruckn
Bschtandige URL

n Seitnzitiern

renderer

= Standard
n Koa Renderer
= Erlang Ausdruck

{{NUMBEROFARTICLES} } Artikl: A bis Z und Neie Artikl

@ Geografie

Afrika - Amerika - Asien - Australien - Europa: Bayan * Deitschland » Frankreich »
GroRbritannien » Ostareich » Island « Italien « Europdische Union « Slowénien »
Liechtnsta » Belgien « Sidtiroi

E Glaubm

Buddhismus = Hinduismus * judntum « Kristntum « Islam « Mythologie « Esoterik «
Meiche Religionen

g Sport

Eishockey « Fuafbai » Handbai + Leichtathletik » Ténnis » Biarkastnlaufm
(Biarkastllaffa) » Schafkopf « Kraxin

@ Kunst und Kultur

@ Gschicht

Vur- und Fridgschicht « Aitatum » Mittldita » Friarare Neizef
Woidkridage » Zwoata Woidkriag

g Gsdischaft

Politik « Wirtschaft » Recht « Ethik

@ Technik

Vakehr « Architektur « Elektrotechnik » Computer = Fotografie

@ Wissnschaft

Fuim und Fernsehn » Theata « Blidende Kunst » Blidhauarei » Musi « Kabarett «

Geisteswissnschaft « Filosofie » Théologie * Astronomie » Biologie » Kemie »

Biacha * Brauchtum + Sprach * Rockmusi « Gwand * Musi vom Boarischn Sprachraum Mathematik « Fysik * Ethnologie * Padagogik « Sozialwissnschaft » Rechtswissenschaft
af: als: an: ast: be: bg: br: ca: cdo: cs: cu: cy: da: pdc: de: el: en: eo: es: et: eu: fi: fr: fy: gl: ht: hu: id: ik: io: is: it: ja: ka: ko: ksh: kw: |a: liz It: lv: mk: ms: nap: nds: nl: nn: no: oc:
pl: pt: rm: ro: ru: ru-sib: scn: sh: simple: sk: sl: sq: sr: sw: th: tl: tr: uk: za: zh: zh-classical: zh-min-nan: zh-yue:

N T




|EEE Scale Challenge 2008

Live Demos  Deployments
° Bavarian — Planet-Lab
e 20 nodes

* Simple English

— Cluster

e 320 nodes in Berlin

* Browsing
Editing with full History
Category-Pages
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Summary

DHT + Transactions = Scalable, Reliable, Efficient Key/Value Store

* Previously, P2P was mainly used for file sharing (read only).
 We support consistent, distributed write operations.

 Numerous applications

* |nternet databases, transactional online-services, ...

Thorsten Schitt
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Publications

T. Schiitt, F. Schintke, A. Reinefeld.
A Structured Overlay for Multi-dimensional
Range Queries. Euro-Par, August 2007.

T. Schiitt, F. Schintke, A. Reinefeld.
Structured Overlay without Consistent
Hashing: Empirical Results. GP2PC, May 2006.

Transactions

Wiki
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M. Moser, S. Haridi.
Atomic Commitment in Transactional DHTSs.
1st CoreGRID Symposium, August 2007.

T. Shafaat, M. Moser, A. Ghodsi, S. Haridi,

T. Schiitt, A. Reinefeld. Key-Based Consistency
and Availability in Structured Overlay Networks.
Infoscale, June 2008.

S. Plantikow, A. Reinefeld, F. Schintke.
Transactions for Distributed Wikis on Structured Overlays.

Talks / Demos

IEEE Scale Challenge, May 2008
1st price (live demo)

seattle_conference_on_scalability_scalable_wikipedia... [; [E] [E]

Datei Bearbeiten Ansicht Fenster  Hilfe

Seattle Conference on Scalability 2008:
Scalable Wikipedia with Erlang
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June 14,2008

[ moww T . ]
SACEICEE

DSOM, October 2007. http://code.google.com/p/scalaris
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Multi Data-Center Scenario

 Multi-Data-Center Scenarios
— Optimize for Latency
— Increase Availability

e Prefix Articles with
— Language
— Replicas Number

replica group

de:Main Page

e E.g.,de:Main Page”
— 5Sreplicas
— 2in Germany
— 1lin UK
— 1in USA
— 1lin Asia

{ (

,0de:Main Page”, ,1de:Main Page”, ,,2de:Main Page”, ... - nl en
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