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» 3156 H,
3.1.1 CAP Theorem
TuAd + 13 *E3 Ry E
Consistency : all nodes see the same data at the same time

Availability : node failures do not prevent survivors from
continuing to operate

Partition Tolerance : the system continues to operate despite
arbitrary message loss

3.1.2 Brewer's CAP Theorem
TuAd E—g7CAPE"R Elen/ ' v nid
¥/, "Aq EE 0 - 0.
— CAP Theoreml =~ 77 RDBEECA "ELl . vA €
Ad FA A, NOSQLAG e EAPCPy “EL"niET
U Aéi e T ) “E+ U:t ‘A\pol
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» RDB = C+A
» Cassandra = A+P
» BigTable = C+P

Visual Guide to NoSQL Systems

Awai Iahlllt].'

BigTable

Hyperable

Hbase

Data Models -
umn-Oriented/ Tabular

Dacument-Oriented

Cassandra
SimpleDB

{ CouchDB
Riak

Lynamo

F)

CP Partition Tolerance:
The systam w -1r|-5

MangoDB  Berk
Terrastore M

Scalaris Hedis
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3.1.21 C-A Ad
Traditional RDBMSs like Postgres, MySQL, etc (relational)

3.1.22 C-P Ad
(column -oriented/tabular, C++)
(column-oriented/tabular, C++)
(column -oriented/tabular, Java)
(document-oriented, C++)
(document-oriented)
(key-value, C)
(key-value, Erlang)
(key-value, C/C++)
(key-value, C/C++/Java)


http://labs.google.com/papers/bigtable.html
http://hypertable.org/
http://hadoop.apache.org/hbase/
http://www.mongodb.org/display/DOCS/Home
http://code.google.com/p/terrastore/
http://code.google.com/p/redis/
http://code.google.com/p/scalaris/
http://memcachedb.org/
http://en.wikipedia.org/wiki/Berkeley_DB

3.8 &
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3.1.2.3 A-P Systems
(key-value)
(key-value, Java)
(key-value, C)
(key-value, Erlang)

(column -oriented/tabular, Java)
(document-oriented, Erlang)
(document-oriented)

(document-oriented, Erlang)


http://s3.amazonaws.com/AllThingsDistributed/sosp/amazon-dynamo-sosp2007.pdf
http://project-voldemort.com/
http://1978th.net/
http://sourceforge.net/projects/kai/
http://incubator.apache.org/cassandra/
http://couchdb.apache.org/
http://aws.amazon.com/simpledb/
http://riak.basho.com/
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» 32 _ & H.
H+ 1 Vo Ww" T4 RDBMSyp @Wexo L Lifs.

RDOBMS~ X ol ¢s: 6 %N e HE = 21 &

n>eadTuEF T RS THE 1/ u=~)T F+ Tu Ad
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[ £ =T %"H ~ 3 T ,Without transactions,Without strong

consistency.
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» 3.3 we H,

Googleqr GFS(2003), BigTable(2006), MapReduce
Framework(2004), Sawzall(2005) L b oll HE M3/
|

3.3.1 GFS(2003, Apache Hadoop/HDFS,
)

N ol Wl g"  0KAG 71 ,chunkCe-T W
+ 0’ = KTu Ad

chunk , pCO-€ 64M, oh MFU b on B ysy
eqT € " HIE L Ayo.


http://hadoop.apache.org/hdfs/
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3.3.1.1 GFS vs FS
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3.3.1.3 Architecture

A Master :GFS#\ ' = d & 'AK, Chunk Server 20’ =,
filek chunkp & 20 TR

A Chunk Server : 1 £ HDDy 1/O°:: "AK, HDDIE chunke 1 -
17T . E

A Client: a ..
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4.3.1.5 Problem & Solving
Disk/ M
Chunk/ b  checksum + 1
Chunk Server/
Master" * =65 0/ A £ QA ~ ,Chunkl€E UT - Server

Master/ I
> 5O . n A Operation Log, Master™ » A Operation Log g”
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3.3.2 BigTable(2006, Apache Hadoop/HBase,
http://hadoop.apache.org/hbase/)
Wb F£U0 AK/ A (peta)é = / C KAt
oll 7. W Y H=F (structured data)r ' = | — Tu
P » AG (distributed storage system).

Google Analytics, Google Finance, Orkut,~ Personalized Search,
Writely, Google Earth Y’ -~ k60, U4 1t / ACQ
o N.
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3.3.2.1 BigTable Table vs RDB Table

Bigtable Table RDB Table
row key column family CO|Umﬂ
row

row
l P
HA

Column .~

[Szs
clolE]

Time stamp

3.3.2.2 Data Model
sparse, distributed, multi dimensional sorted map.
iIndexed by a row key, column key, timestamp.
rowkeyyr L—1 eaq17 T ° T y [ —IE tabletFa -~
Q.




3.5 &

(13/19)

row key H'=|= T |- /0 T . [5Q CG—(\JT:) 64KB'|'|' I'|'|"|'|'
= 8  10~100 bytes fj £ |-r=|= T BST) comcnn.wwwR

column family : column 6> 44~ . rcontent s:

coumn:f & W= T e ke yancharcnnsicomR,
ranchor:my.look.caR

timestamp : 64bit integer value. Master ‘AK + Garbage Collection
1T J 3 T H'=|= r TN
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3.3.2.3 Architecture

A Chubby : Tablet 5 On Clienv = £~ ,Tu T+ 1,7
HRn)E"

i Master : Tabletl Tablet AK/ ::,1" , By Tablett - d

Garbage Collection ® ;3

Tablet Server: :: y Tablet’ = . g, ,0, / b Y\ M = .

i Client: Chubbyt S " hF Tablet’AK/ b —A " 0 d %
\l
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Tablet
Server

~ Tablet
Server
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3324°Ex U 1

Locality Groups
€A/ F+ oH " ®"Ef  column familyN 1 ¢ 4
Data compression
Locality groupNT ¢ &k v / b = ¢ 4,
m. N ) )
" ® Tablet Serverr y © > U/ datas « A
Commit Log® =
b ol %7/ b W ys ]
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3.3.3 MapReduce Framework(2004, Apache
Hadoop/MapReduce,
http://hadoop.apache.org/mapreduce/)

Map, Reducel€ Lisp ~ E @& .1/ A+n ofT,

GFSU/ A —Q-|rl-l'=|= »isn — oy ¥n/ AOQo
o T wmdol T? nb ° Q@.
Google—n—ei,[ +n & J'— 'E K€’ 5/ AHbL
T [ FnAn M= . — O

Map:v£ ~ / A UT o« HFE 0 \?E € T Ed.
Reduce :Map/ 1 r©8t2 HE 1 0PHJU° T L

€' T 0t € T'EQ.
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B) [123]HF 7 Y T. B e

= _
map(2H, [1, 2, 3]) =>[2, 4, 6 s N
PH 11,2, 3) =>[24.6] o — O N
reduce(x N ,[2,4,6]) => 12 — =
=

Reduce
w =) | Map |

EXYWeblogH$ / b map & reduce

21
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3.3.3.1 Architecture
Master : map, reduce € mml ’
Worker : map, reduce mm%ol @

S
\\’pmm

Worket/ = am¥%ol T

T % .
W fork,” r% ek
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3.3.4 Sawzall(2005, Apache Hadoop/Pig,
http://hadoop.apache.org/pig/)
b o ws / b TAM=>1 — 'A e interpreted
HAT .1 .
QS /Ao HF
., M AT
M= "7 R T T eI, & (map)
0 T M= €, ®(reduce) .

~

Ast-ionsf / b M3 I€

@E - u:‘;lllulnu RLao Asio 1N
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» 4.1 Relational
1t wE 0 A KEDB

» 4.2 Key-Value

e 7 get, put, delete, ® £~
: Misc: not open source.

> . Collections of free form entities (row key, partition key, timestamp). Blob and
Queue Storage available, 3 times redundant. Accessible via REST or ATOM.

: API: Java & simple RPC to vals, Protocol: internal , Written in: Java.
. API: Tons of languages , Written in: C.
. Written in: Erlang.

. API: C, Python, Perl , Protocol: native, inprocess C.
. APl / Protocol: http (text, html, JSON), C, C++, Python.
. APl: Many languages , Written in: C.
. API: Java, Written in: Java.
. APl: Memcache protocol (get, set, add, replace, etc.), Written in: C.

: based on Memcached.
. (ErlangDB O).
. (based on Tokyo Tyrant).
- APl: HTTP/JSON. Written in: C.

24


http://aws.amazon.com/simpledb/
http://aws.amazon.com/simpledb/
http://msdn.microsoft.com/en-us/library/dd179423.aspx
http://sourceforge.net/projects/chordless/
http://code.google.com/p/redis/
http://code.google.com/p/scalaris/
http://1978th.net/
http://fis-gtm.com/
http://scalien.com/
http://www.oracle.com/database/berkeley-db/db/index.html
api: Many languages, Written in: C, Replication: Master / Slave, Concurrency: MVCC, License: Sleepycat
http://memcachedb.org/
http://hamsterdb.com/
http://www.northscale.com/products/overview.html
http://www.erlang.org/doc/apps/mnesia/index.html
http://www.infoq.com/news/2007/08/mnesia
http://opensource.plurk.com/LightCloud/
http://github.com/jedisct1/Pincaster
http://www.geniedb.com/

4 .Data Model” o "O(2/3)

» 4.3 column-oriented

+=w , e, w3 C nL,&A, e (notlike row-oriented databases)

. API: Java / any writer , Protocol: any write call , Written in:
Java

. API: Thrift (Java, PHP, etc..), Protocol: Thrift , Written in: Java
. APL: Thrift (Java, PHP, Perl, Python, Ruby, etc.), Protocol: Thrift
. Professional Software & Services based on Hadoop.

>

» 4.4 document-oriented
JSON, XML 1. we WA e wit C N L
. APl JSON, Protocol: REST Written in: Erlang

. API: BSON(Binary JSON), Protocol: lots of langs, Written in :
C++

. APl: JSON, Protocol: REST Written in: Erlang
. API: Java & http , Protocol: http , Written in : Java
. Languages: Java, Written in: Java

. .Net solution. Provides HTTP/JSON access. LINQ queries &
Sharding supported. Misc:

25


http://hadoop.apache.org/
http://hadoop.apache.org/
http://hadoop.apache.org/
http://hadoop.apache.org/
http://incubator.apache.org/cassandra/
http://hypertable.org/
http://www.cloudera.com/
http://couchdb.apache.org/
http://www.mongodb.org/
http://riak.basho.com/
http://code.google.com/p/terrastore/
http://www.orientechnologies.com/
http://github.com/ravendb/ravendb

4 .Data Model” o "O(3/3)
» 4.5 graph database

26

n T H=E 0 € DB

. APl lots of langs, Protocol: Java embedded / REST ,
Written in: Java.

. OO Graph DB, API: .NET, Protocol: .NET embedded, REST,
WebServices, Written in: C#.

. API: Java, http/REST, Protocol: as API + XPRISO,
OpenlD, RSS, Atom, JSON, Java embedded , Written in; Java.

APl Java, Written in:Java.

. API. Java, Python, Ruby, C#, Perl, Clojure, Lisp
Protocol: REST Written in; Common Lisp.

. APl Java, Jini service discovery , Written in: Java.
. API: Java, Protocol: Java Embedded , Written in: Java / C++.

: Hybrid DBMS covering the following
models: Relational, Document, Graph


http://www.neo4j.org/
http://www.sones.com/
http://infogrid.org/
http://www.kobrix.com/hgdb.jsp
http://www.franz.com/agraph/
http://www.systap.com/bigdata.htm
http://www.dama.upc.edu/technology-transfer/dex
http://www.openlinksw.com/
http://www.openlinksw.com/
http://www.openlinksw.com/




