[ X X X X X X] ]

/.

Scalaris — Methods for a Globally
Distributed Key-Value Store
with Strong Consistency

Florian Schintke
Zuse Institute Berlin

June 2009, Workshop on Data Aware Distributed Computing
(Invited Talk)



COMMUNICATIONS

It should be clear that the DBMS community
is in transition from “the old” to “the new”.
The next decade should be a period of vibrant
activity in our field.

Michael Stonebraker, “One Size Fits All: An Idea
Whose Time has Come and Gone”, CACM 12/2008
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scalability and self-management

P2P LAYER




P2P Layer

* implements a primitive key/value store
* synonyms: “key/value store” = “dictionary” = “map”, = ...

* just 3 ops
- insert(key,value)
* delete(key) Key  Value
. lookup(key) Backus 1977
Hoare 1980
Karp 1985
Knuth 1974

Example: | \irth 1984
A Key/value store with all

Turing award winners
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Nodes Maintain a Ring Structure

Keys
* define positions in the ring, 2160 Q
e.g. 0 — 2180 or strings o ® o
® - > e
@
Nodes
* may join, leave or fail (churn) ®
* know several successors @
« know their predecessor ® ®
L 7 e g @
* have random position in the nodes 159

ring
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P2P Layer with Chord*

* Chord* uses keys directly as addresses in the ring

* no hashing, thereby order-preserving = enables range queries
* just need a total order on items

* The next node in the ring (clockwise) is responsible for a key

(Backus, ..., Karp]

@ ® ./\S keys
o /

/ (Karp, ..., Knuth] Key Value
@ Chord* o IIjackus ig;;

distributed ® oare
key/value Karp 1985
O store ® Knuth 1974
A ® ® Wirth 1984

nodes
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Routing Table and Data Lookup

Routing Table
table contains log,N pointers
pointers are exponentially spaced

tep — | Successor r1=20
POYRETi =\ pointer;_q . pointer;_1 ;i % 0
o T »
® \/‘
® @
O Chord*
® @
) @
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Routing Table and Data Lookup

Routing Table
 table contains log,N pointers

* pointers are exponentially spaced

successor 11 =20

nter; = . . .
pornter; { pointer;_q1 . pointer;_1 : i 7= 0

@ @
@ Chord*
O O
O O
o o ©
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Retrieving Items
* =<log,N hops

Example:
lookup (Hoare)
started from here

/\gackus — Karp]
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P2P Layer with Chord*

Chord* features

* fully decentralized, operations require only local knowledge

* self-organizes as nodes join, leave, and fail

* easy routing table maintenance

* <log(N) hops
* range queries

average latency (ms)
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Failure detector

 Need a failure detector to check for aliveness of nodes.

* But failure detector may be wrong.
* Node dead? Or just slow?

* Even without churn, inconsistencies may occur!

* Two types of inconsistency
* responsibility inconsistency
* lookup inconsistency

Florian Schintke
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How often does this occur?

* We simulated nodes with imperfect failure detectors
(A node detects another alive node as dead probabilistically)

e —
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~robability of false positives
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providing data availability

REPLICATION LAYER




Replication

* We use symmetric replication

* Use a globally known function
to determine a set of keys

under which the data is stored =2 @

* Must ensure data consistency
* need quorum-based methods

Florian Schintke
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Replication and Quorum-based Algorithms

* Only read/write on majorities:

majority

* Concurrent operations have overlapping majorities
=> conflict detection

* Comes at the cost of increased latency
but latency can be avoided by intelligent distribution over datacenters
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Replication and Quorum-based Algorithms

* Lookup inconsistency may result in more than f replicas
* Then, two (or more) non-overlapping majorities exist:

e

majority 2

=> Must ensure that number of replicas is always <f when using
simple majority access

* relaxed with stronger majorities
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More consistent accesses
with replication and quorum access
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Failure detector: Probability of false positives
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coping with concurrency

TRANSACTION LAYER
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Challenges for Transactions in SONs

churn
* nodes may leave, join, or crash at any time
= changing responsibilities

“crash stop” fault model

no perfect “failure detector”

* never know whether a node crashed or just slow network

19



Goal: Strong Consistency

* Whatis it?

* When a write is finished, all following reads will return the new value.

* How to implement?
- Always read/write majority | f/2+ 1 of f replicas.
=> Latest version is always in the read/write set

Florian Schintke 20
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Goal: Atomicity

What is it?
* Make all or no changes!
* Either ‘commit’ or ‘abort’.

How to implement?
« 2PC? Blocks if the transaction manager fails.
* We use a variant of Paxos Commit
o non blocking, because of multiple acceptors
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Transactions + Replicas

BOT BOT
~ debit (a;, 100);
debit (a, 100); —  debit (a,, 100);

~ debit (a3, 100);

~ deposit (b;, 100);
deposit (b, 100); - deposit (b,, 100);
~ deposit (by, 100);
EOT EOT

Florian Schintke 22



Scalaris Transactions in Erlang

F = fun (TransLog) ->
{X, TL1} = scalaris:read(TransLog, "Account A"),
{Y, TL2} = scalaris:read(TL1, "Account B"),

if
X > 100 ->
TL3 = scalaris:write(TL2, "Account A", X - 100),
TL4 = scalaris:write(TL3, "Account B", Y + 100),
{ok, TL4};
true -> Build translog with quorum reads:
{ok, TL2}; for a read: (value, version) '
end for a write: (value, quorum read version +1)

end,

+ infos on read/write locks
MyTPanSLog = F(EmptyTPansLog),

Validate and commit transaction

scalaris:commit(MyTranslLog). _
using Paxos 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
. /n/tT/I//\"~ GetTp
* non-blocking (fallback) 1. Step: > - 1. Step
O(log N) hops _ \et‘?‘ﬂ\]\ B Reg'\S"erTP
Read even faster f:Reg‘s/‘
s ' 2. Step
* reads majority of replicas S Prepare
o J | y P Wsandrp (list of TMg) =
° Jus roun S N 3. Step
2.-6. Step:
O(1) hops [ ared/AbOrt
succeeds when /--kPrep
>f/2 nodes alive o 4. Step
kPrepa‘ed'A
e P
After majority >. Step
Commit/Abort
> 6. Step
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scaling without borders

MULTI DATACENTER
DEPLOYMENT
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Requirements

Minimize inter datacenter traffic
Minimize query latency
Tolerate network partitioning

Handle multiple applications with one overlay (reduced
operation cost)
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Multi Data-Center Scenario

Multi-Data-Center Scenarios

— Optimize for Latency
— Increase Availability

Prefix Articles with
— Language
— Replicas Number

E.g. ,de:Main Page”
— 5 replicas
— 2in Germany

-
de 7

/
vi

=N
se

A
nl\v

\

-
nla

replica groupy

replica groups

-

replica group

de:Main Page

7

,0de:Main Page”, ,1de:Main Page’
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1in UK
1in USA
1in Asia

~
~

2de:Main Page”, ... -

replica groupy

A
s -2 < de
nI en



Tolerate Network Partitioning

Overlay
* Hierarchical Overlay

* Reconciliation

— Gossip based ring
maintenance

— (T-MAN)

Florian Schintke

Data

* Transaction Algorithm
— Majority based
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Migration Strategy

* Migrating your SQL data to Scalaris

a) offline migration

1.

2.
3.

4.

b) online migration

0]

Florian Schintke

stop SQL

take dump
guery

start Scalaris
replay dump /l

build Scalaris around SQL server = S| filter/converter

RDBMS

29



Proof-of-Concept

WIKIPEDIA




Wikipedia SQL DB - Key/Value Store

4] for specific detals o each of these tables

7 wiho added the block)

User Accowints and Priviecies and Watchiist

Caching tables

objectcache

~ math

- transcache i

@ keyname: CHAR(255)

@ math_inputhash: VARCHAR(16)

@ to_urk VARCHAR(255)

& value: MEDIUMBLOB

& math_putpothash VARCHER(16)

user

@ user_id: INTEGER(S)

& user_name: VARCHAR(255)

& user_password: TINYELOB

& user_newpassword: TINYELOR
§ < user_emal; TINYTEXT
< user_options: ELOB

ounter )

< uger_tauched: CHAR(14)

@ user_token: CHAR(32)

& user_emai_authenticated: CHaf
& usar_emal_token: CHAR(32)
© user_emai_token_expires: CHa¢
& user_registration: CHAR(14)
@ user_newpass_time: CHAR(14)
& user_editcount: INTEGER (11)

& user_teal_name: VARCHAR(2SS)

R(1%

R(1%

USER table contains basic accounf infort

about users (name, password, '
sottings, erhal addess, etc)

Prefe

1c_idh INTEGER(8) (FK)

ITCOUNTER table is &

rary buffer for storage of
view information, Stores
age_id value of any pages
vere visited in the he_id
The PAGE table's
_courter field is periodically
1sed based on this.

User_id whao uploaded image;

Hi

R(255)
g)

R(S)
R(3)
JIUMELOB

3)
U UNKNOWN', BITMAP', DR, ..

NUM('unknown’, application. .
ARCHAR(32)

YBLOB

(CHAR(255)

BR(14)

(5) (FK)

cribes images and other
ser, the image. description
other pages.

Usar who Upioadk

oldimage

- < oi_size: INTE
Ease flename,

led i

@ oi_archive_name

EGE?

% oi_width; INTEG

Watchlist user_id

watchiist

 wi_user: INTEGER(S) (FK)
it wl_namespace: INTEGER(11)
it wi_title: VARCHAR(255)

@ wi_notificationtimestamg: VARCHAR (14)

The WATCHLIST table contains for each
registered User His or her id, and for all the
pages the User watches, the namespace
number, the page title without namespace,
and a notification timestamp, Used for page
change notification.

& exptime: DATETIME

OBIECTCACHE is used for
a few generic cache
aperations if not Lsing

chod,

& math_hitrl_conservativeness: TINYINT (1.

& math_htrrl: TEXT
& math_mathml: TEXT

@ tc_contents: TEXT
) & tc_time: INTEGER(11)

querycache v [querycache_info auerycachetwo B
@ gc_type: CHAR(32) W pe: VARCHAR(Z2) @ acc_type: CHAR(32)
% ge_value: INTEGER(S) @ aoc_value: INTEGER(S)

TRANSCACHE Is a cache

MATH table is used by the math module to

Map Relations to Key-Value Pairs

page content i3

categories

backlinks:title

category:name

of interwiki transciusion,

% ge_namespace: INTEGER(11)
% ge_title: CHAR(255)

QUERYICACHE is used for
carhing expensive
aroupod Guorics,

QUERYCACHE_INFO contains
details of updates to cached
sparial pages.

@ arc_namespace; INTEGER(11)

& ace_title: CHAR(255)

& qc_namespacetwo: INTEGER(11)
& qce_titletwo: CHAR(255)

QUERYCACHETWO is used for
caching expensive grouped dueries
that need two links

(for example double-redirects)

ey e

list of Wikitext for all versions

list of titles

list of titles

— each update causes a write transaction

e update backlinks

e update category page(s)

—— <@ oi_height: INTEC

< oi_bits: INTEGER
% oi_description: T
W ol_user: INTEGE!
% oi_user_text: v2
% ai_tmestamp: ¢t

Filename

write transaction

L

re: clse

interwiki i

| Job_id: INTEGER (2)

 iw_prefis: CHAR(3Z)

Job_params: BLOB

Job_cmel; VARCHAR (255)
Job_namespace: INTEGER(11)
Job_title: VARCHAR(255)

i, The target pagy

itles: VARCHAR(255)

INTEGER(E) (FK)
lannespace: INTEGER(11)

BS performed by paralel spache
e:adls or a commancHine dasmon,

Cortains page-to-page hyperlinks

e may o

& w_rl, CHAR(127)
& iw_local: TINVINT (1)
& tw_trans: TINYINT(1)

TNTERWIKE table stores
the mterwiki prefices with
thiei targets

st, and due to renames and deletions
D ciifferent page records as time goes by.

PAGE_RESTRICTIONS table is used to store
page protection levels. The most notable feature
s the introduction of cascading page protections
for high-visibiity pages.

page_restrictions -

¥ pr_page: INTEGER(8) (FK)
@ pr_type: VARCHAR(255)

ficrs 1o

 that is ndexed

& pr_level: VARCHAR (255)
 pr_cascade: TINYINT{4)
& pr_user: INTEGER(8)
& pr_expiry: CHAR(14)
& pr_i: INTEGER{10}

The SEARCHINDEX table is sed to provide ful

text searches. Those can only be dons with the
14y1SAM table type and the TEXT table uses the
InnoDB type o Mprove CoMcUItency, o a copy

is recured

searchindex -
& si_page; INTEGER(S) (FK)

arget image,

OLDIMAGE tahle haids information about oid
resisions of images. It wil be filed when one
uploads a new version of an image to the wiki.

The: IMAGELINKS table stores all the links
toimages. This is gond for a varisty of
functions, from Ink caching in the output
fnctions 1o the "what ks here” page.

i_from: INTEGER (8) (FK)

@ v ast_aldid: WTEGERI10)
re_typer TINYINT(3)
re_mnoved_to_ns: TINYINT(3)
re_moved_to_title: VARCHAR(255)

18 ar_rev_id: INTEGER(B) (FK)
G ar_text_d: INTEGER(8)

@ ar_deleted: TINYINT(1)

& ar_len: INTEGER(B)

7
Page that was modiied

re_patrolled: TINYINT(3)
re_jp: CHAR(15)

re_oid_le: INTEGER(10)
re_new_len: INTEGER(10)
rc_deleted; TINVINT{1)
rc_logid: INTEGER (10
rc_log_type: VARCHAR(2SS)
% re_log_action: VARCHAR(255)
% rc_params; BLOB

COCOOCCCCOO

The ARCHIVE table stores information on

deleted articles, The: articles may be restored,

The content af the article femains in table TEXT.

page containing the mags | meda ik

The deletion time is logged i table LOGGING,

RECENTCHANGES contans detals of

the latest modifications done to the wiki .
Used to generate the recent changes pages,
related changes pages, watchists,

and the Ist of new pages.

W i_to: VARCHAR(255) (FK)

redirect

% rd_from: INTEGER(3) (
< rd_namespace: INTEGER(11)

& page_is_newr: TINVINT{(1)
& page_randam: DOUBLE
& page_touched: CHAR(14)
< page_latest; INTEGER(S)
& page_len: INTEGER (2)

Core of the wiki; each PAGE has an entry here
which idenifies it by title and contains some
essential metadataThe text of the page itself is

stared in tahle TE:

Page that is the redrect source!

page_id of the referring page)

Page_id of the referring page.

REDIRECT contains for sach page that is

£3) currertly a rediect (1., not for old revisions

tha tarmat nameenare nimher s

which are redirects) the id of the source page,

tha tarmat

© si_title: VARCHAR (255)
@ Si_text: MEDIUMTEXT

langinks -
@ I_from: INTEGER(8) (FK)
@ I_lang: VARCHAR(10)
& I_title: VARCHAR(255)

LANGLINKS tracks Interlanguiage ks

externalirks -
& el_from: INTEGER(B) (FK)
& el_to: BLOB

& el_index: BLOB

The EXTERNALLINKS table stores



Scalaris Implementation

* Scalaris: 9,700 lines of Erlang code
« 7,000 for Chord*# and infrastructure
« 2,700 for transactions

* Application specific code
* 1,300 for our Wikipedia code
* Java for rendering and user interface

Florian Schintke
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Summary

* data aware P2P for distributed data
* Scalaris supports consistent, distributed data access

Scalaris = Scalability + Consistency + Availability




scalaris.googlecode.com




