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1.정의

 Not Only SQL╥ –▫

 ẋ ̯ⱳ♠╬ ҥ╪ ᵑ ♇◑ ͙ ─ Ṫụ ♇◑ ᾎᾅ
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2.특징

 ҥ╪ ḽ╪ᾅג Ṩᵎ͙ᵑ ˞Ṩ ̆

 ͙ṕ♠╖ᴛ key & valueᴛ ♇◑Ӈ̆

 Ṫụ ˿ ∟תּ

 call level interface ּת∟(DBMS⁄ ♪͐ Ѥ (ר

 ᵢҍ ‚╥ ҥ╪ ᵑ ᵙ ὡ ▓Ѥ ҍ↔װ ҥ╪ ╥ ẖᵐ
╬Ҧᾗ

 ὡ ♠ ◑(horizontal scaling) ֞Ѥ scale-out╥ ᴛ
Scalablityᵑ ᵣⱴ. 

 ҥ╪ ╥ ᾅ ᵡ₮ ἶἛө╙ ҿ♠╖ᴛ ♬╥

 Join Ḉ ᴛ╖∟תּ ╬ ҥ╪ ╥ ⱳ Ḉ ∟תּ
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3.배경(1/19)

 3.1 ╪ᴝ♠ Ḥ˿
 3.1.1 CAP Theorem

 Ṫụ ᾎᾅ ╪ ˇ ᶔ ꜜ╘ ╥תּʺ3 Ἓ
Ã Consistency : all nodes see the same data at the same time

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

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

 3.1.2 Brewer's CAP Theorem
 Ṫụ ᾎᾅ ╘ ─╥ CAP Ἕ תּʺ Ἓ╙ ҿᾎ⁄ ᵣⱴ Ѥתּ ᶣ
͙ ԅᶷ⁄, ʺּת╥ Ἓ╘ ͙ᵑ ‒ ѻ.  

 ─╥ CAP Theorem╙ ᴛ╖ר͙ RDBѤ CA Ἓ╙ ᵣⱴᾎ Ѥ
ᾎᾅ Ἄ, NOSQL ᾎᾅג╪ ө╘ AP, CP╥ Ἓ╙ Ѥתּʺ Ṫ
ụ ᾎᾅ өᴛ ̯Ἓ╪ Ӈ‡ ▓ᾋѱѻ. 
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3.배경(2/19)
 RDB = C+A

 Cassandra = A+P 

 BigTable = C+P
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3.배경(3/19)

 3.1.2.1 C-A ᾎᾅ

Ã Traditional RDBMSs like Postgres, MySQL, etc (relational)

 3.1.2.2 C-P ᾎᾅ

Ã BigTable (column -oriented/tabular, C++)

Ã Hypertable (column-oriented/tabular, C++)

Ã HBase (column -oriented/tabular, Java)

Ã MongoDB (document-oriented, C++)

Ã Terrastore (document-oriented)

Ã Redis (key-value, C)

Ã Scalaris (key-value, Erlang)

Ã MemcacheDB (key-value, C/C++)

Ã Berkeley DB (key-value, C/C++/Java)
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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.배경(4/19)
 3.1.2.3 A-P Systems

Ã Dynamo (key-value)

Ã Voldemort (key-value, Java)

Ã Tokyo Cabinet (key-value, C)

Ã KAI (key-value, Erlang)

Ã Cassandra (column -oriented/tabular, Java)

Ã CouchDB (document-oriented, Erlang)

Ã SimpleDB (document-oriented)

Ã Riak (document-oriented, Erlang)
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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/


3.배경(5/19)

 3.2 ˿♠ Ḥ˿
 ҥ╪ ╥  ϱּשʺᴛ╬ RDBMS╥ὡ↔ѫᴏ╙Ḻ‡϶.

 RDBMS╥̆ẋ↔╙ˁ҉ ͙ ӧ‰ ө╥ҥ╪ ̕ᵙ♬ ♣
.

 ╪ҥ╥⁵תּױᵙ♠╬Ṫụ(⁴תּ ἡ ụ◓)╖ᴛ╬ Ṫụᾎᾅ
╥⅝̯.

 ⌠‡ ᵙ ╪Ἢ ︣╖ᴛ, Without transactions, Without strong 

consistency.

 ⌠‡ ᵙ ╪Ἢө╥ҥ╪ ╬ Non-structured data╥♇◑ᾎᾅ
╖ᴛ RDBMS╥Ṩ♠♥ .
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3.배경(6/19)

 3.3 ͙ὥ♠ Ḥ˿
 Google╥ GFS(2003), BigTable(2006), MapReduce

Framework(2004), Sawzall(2005)╙ ҍ↔װ ҥ╪ ᵙ⁄
ҍ ͙ὥ ̑ˌ.

 3.3.1 GFS(2003, Apache Hadoop/HDFS, 
http://hadoop.apache.org/hdfs/)
 Л ∞╙ ▀╙ ▄̆, ῠѤ ᾎᾅ ╖ᴛ, chunkѾ─ᴛ ҥ
╪ ᵑ ̕ᵙ Ѥ Ṫụ ᾎᾅ .

 chunk╥ ͙ṕѾ─Ѥ 64M, ὡḥM ╪Ữ╥ ҍ↔װ ▀ ᵙ⁄
̓♠╖ᴛ ἒ́ʺ Ӈ‡ ▓ᾋѱѻ.
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http://hadoop.apache.org/hdfs/


3.배경(7/19)
 3.3.1.1 GFS vs FS

 3.3.1.2 ︣
Ã Node(Chunk Server)╥ ѻ⇔╪ Ἄẋᾅ⁄ ₅ ╙ Ḉ תּ Ώ╛

Ã NAS(Network Attached Storage)Ӯ ͙Ⱶ Storage⁄ ẋ ∩Ӯ ♇
ᴒ ᾎᾅ

Ã ▀ ỸἛ/ῠ͙⁄ ҍ Ἓѫ♇ ( ▀ṓỢᵑ ҿ͙♠╖ᴛ ᵙ ͙
ԅᶷ⁄, 3ˌ╥ ▀╪ ₰Ἓ ᾎ ₰ᴮ).

Ã 3ˌ╥ ṓỢṕ╖ᴛ ╬ 3Ḥ╥ ̑ʼ ἵᶛ

GFS FS

ѻὡ╥ ӥ )תּ┬ ̓♠) ѻὡ╥ ӥ Ⱡ)תּ┬ ♠)

▄͙/ῠ͙/ợⱠᵣ ʺѫ ▄͙/ῠ͙/‰ҥ╪ /ợⱠ ʺѫ

Ữ ṓỢṕ תּ┬
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3.배경(8/19)

 3.3.1.3 Architecture

Ã Master : GFS ♣ ̕ᵙ ḓ Ⱡ ἌḲ, Chunk Server╥ ♬Ṓ̕ᵙ, 
file̓ chunk╥ ᵰ ♬Ṓ תּ┬

Ã Chunk Server : ᾒⱠ HDD╥ I/O ҅҉ ἌḲ, HDDѤ chunkө╥ ︡
╖ᴛ ̯Ἓ

Ã Client : ג╪…
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3.배경(9/19)

 ▄͙

 ῠ͙
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3.배경(10/19)

 4.3.1.5 Problem & Solving

Ã Disk ⁄ױ

Ã Chunk⁄ ҍ checksum ┬ּת

Ã Chunk Server ⁄ױ

Ã Masterʺ ̕ᵙҍỮ⁄Ἄ ⱠΩᾎ ̆, ChunkѤ Ựᴛ⇔ Server⁄ ҉

Ã Master ⁄ױ

Ã ̕ᵙ♬Ṓ ˔ᾐ ᾎ Operation Log,  Master ̆◑ ᾎ Operation Log ▄̆
◓
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3.배경(11/19)

 3.3.2 BigTable(2006, Apache Hadoop/HBase, 
http://hadoop.apache.org/hbase/)

 ὡ ҍ ╪Ữ╥ ἌḲ⁄Ἄ (peta) ḕ╪ ⁄ Ҁ Ѥ ᵰ↕
╥װ↔ ̯ⱳ ӈ ҥ╪ (structured data)ᵑ ̕ᵙ ͙ ─ Ṫụ
♇◑ ᾎᾅ (distributed storage system). 

 Google Analytics, Google Finance, Orkut, Personalized Search, 
Writely, Google Earth Ӯ̓ ˉ╘ 60ˌ ╪Ữ╥ ᴛⱡ ⁄Ἄ Ợ
↔ .אַ
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3.배경(12/19)

 3.3.2.1 BigTable Table vs RDB Table

 3.3.2.2 Data Model

Ã sparse, distributed, multi dimensional sorted map.

Ã indexed by a row key, column key, timestamp.

Ã row key╥ Ḹ─ᵑ ҿ♠╖ᴛ Ṫ ̆, Ṫ ӈ Ḹ─Ѥ tablet╪̆ג
ѻ. 

16



3.배경(13/19)
 row key : ҥ╪ ╥ ▄͙/ῠ͙╥ ͙ṕ♠╬ Ѿ─( ҍ 64KB╥ ▐╥╥ ᶷ
▫⁸, 10~100 bytes ᾒⱠ ҥ╪ ╥ ҍṨṪ). ŗcom.cnn.wwwŘ

 column family : column╥ бᵙ♠╬ ︡ . ŗcontents:Ř, ŗanchor:Ř

 column : ᾒⱠ ҥ╪ ╥ ♇◑ key. ŗanchor:cnnsi.comŘ, 
ŗanchor:my.look.caŘ

 timestamp : 64bit integer value. Master ἌḲ╥ Garbage Collection 
ᴛ╖ר͙ ͐ 3ˌ╥ ҥ╪ ᵣ תּ┬
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3.배경(14/19)

 3.3.2.3 Architecture

Ã Chubby : Tablet╥ ♬Ṓᵑ Client⁄˭ Ⱡ̑, Ṫụ ╪ҥ)ד ╥ ͵︠
Ḣּת) Ⱡ̑.

Ã Master : Tablet╙ Tablet ἌḲ⁄ ҉, ʺ, ᵣᴮӈ Tablet Ⱡ˞ ḓ
Garbage Collection ҅҉

Ã Tablet Server : ҉ӈ Tablet ̕ᵙ. ▄͙, ῠ͙⁄ ҍ ⅝ ᵙ.

Ã Client : ChubbyᴛṨ ʺⱨ₣, Tablet ἌḲ⁄ ҍ ─ ᾗ ḓ ⅝
.

18



3.배경(15/19)

 3.3.2.4 Ἓѫ Ữ ͙ḹ

Ã Locality Groups

Ã ҿᾎ⁄ ╪↔Ӊ ʺѫἛ╪ column familyṊᴛ ᶶ╛

Ã Data compression

Ã Locality groupṊᴛ ᶶ╬ ҥ╪ ⁄ ҍ ▫ҿ   , Ⱡ ͙ѫ

Ã ▄͙ ᾗ

Ã ʺѫ Tablet Server╥ ᶉᶛᵙ Ữ⁄ data ϶˵ Ӓ

Ã Commit Log ▀̖ ᵙ

Ã ҍ↔װ ⅝ ⁄ ҍ ▀̖ ᵙ ͙ḹ
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3.배경(16/19)

 3.3.3 MapReduce Framework(2004, Apache 
Hadoop/MapReduce, 
http://hadoop.apache.org/mapreduce/)

 Map, ReduceѤ Lisp̓ ˉ╘ ὡ …‡⁄Ἄ מ┬ ↔‡ᴛ, 
GFSỮ⁄Ἄ ═♠╬ ҥ╪ ᵙᵑ ─ ѻὡ╥ ᵾᾐ⁄Ἄ Ṏᴑ
♠╖ᴛ ▬‰╙ ὡ ˭ Ѥ ᴛ͎מḒ ᶛҨ. 

 Google╥ ˿↕, ⌠ תּ╪ ╬Ҧᾅ ỸἛ Ѥ ̓♬⁄Ἄ Ḣҍ ‚
╥ ⌠ ᵑתּ╪ ᵙ ͙ ─ Ợ↔. 

 Map : ҥ╪ ︡ ⁄Ἄ, Ựᴛ⇔ ҥ╪ ᵑ ỸἛ Ѥ ᴛἝᾅ.

 Reduce : Map⁄ ╥ ᵣө‡ֿב ҥ╪ ᵑ ᶛῷ ꜙ♠╖ᴛ ∟
Ѥ ˺̓ᴛ ᵣө‡ ϿѤ ᴛἝᾅ.
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3.배경(17/19)

 Ex) [1,2,3] ҥ╪ ᵑ Ỵ ᴛ.. 

Ã map(2Ḥ, [1, 2, 3]) => [2, 4, 6 ]

Ã reduce(ҡἣ, [ 2, 4, 6 ]) => 12

 Ex) Web log ҥ╪ ⁄ ҍ map & reduce

21



3.배경(18/19)

 3.3.3.1 Architecture

Ã Master : map, reduce ҿ▬╙ ̕ᵙ, Worker⁄˭ ▬‰╙ Ṫ҅.

Ã Worker : map, reduce ▬‰╙ ὡ .
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3.배경(19/19)

 3.3.4 Sawzall(2005, Apache Hadoop/Pig, 
http://hadoop.apache.org/pig/)

 ҍ͋ᶛ ҥ╪ ⁄ ҍ ṪἍ ᵙᵑ ─ Ἄ ˌḛ interpreted 
Ḣᾏ╥ …‡. 

 ΩṨ ░/ ᴏ ҥ╪ ᾏ ♬╥ - ░ᴏ ҥ╪ ⁄ ҍ ᵙ Ѥ
͙ѫ ♬╥

 ᵙ ˺̓ᵑ ʼאַ ˺̓̆ ệῷϿѤ ͙ѫ(map)

 ˺̓ᵑ ︡́ ᵙ Ѥ ͙ѫ(reduce)
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4.Data Model‴ ₒὊ(1/3)
 4.1 Relational

 ́̕ᴛ ҥ╪ ᵑ ᾎ Ѥ DB

 4.2 Key-Value
 ͙ḙ╥ get, put, delete ͙ѫ Ⱡ̑

 Amazon SimpleDB : Misc : not open source.

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

 Chordless : API: Java & simple RPC to vals, Protocol: internal , Written in: Java.

 Redis: API: Tons of languages , Written in: C.

 Scalaris: Written in: Erlang.

 Tokyo Cabinet / Tyrant :

 GT.M: API: C, Python, Perl , Protocol: native, inprocess C.

 Scalien: API / Protocol: http (text, html, JSON), C, C++, Python.

 Berkeley DB : API: Many languages , Written in: C.

 Berkeley DB Java Edition : API: Java, Written in: Java.

 MemcacheDB : API: Memcache protocol (get, set, add, replace, etc.), Written in: C.

 HamsterDB :

 NorthScale : based on Memcached.

 Mnesia : (ErlangDB Ŏ).

 LightCloud : (based on Tokyo Tyrant).

 Pincaster : API: HTTP/JSON. Written in: C.

 GenieDB:
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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‴ ₒὊ(2/3)
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 4.3 column-oriented
 ╪ẇ ͙ḙ, ⱳ╬ Ḉ ᴀ͙ḙ(not like row-oriented databases) ,∟תּ

 Hadoop / HBase: API: Java / any writer , Protocol: any write call , Written in: 
Java

 Cassandra: API: Thrift (Java, PHP, etc..), Protocol: Thrift , Written in: Java

 Hypertable : API: Thrift (Java, PHP, Perl, Python, Ruby, etc.), Protocol: Thrift

 Cloudera : Professional Software & Services based on Hadoop.



 4.4 document-oriented
 JSON, XML ╥ ̯ⱳ♠ ᶷἌ ♇◑, ⱳ╬ Ḉ ∟תּ

 CouchDB: API: JSON, Protocol: REST, Written in: Erlang

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

 Riak: API: JSON, Protocol: REST, Written in: Erlang

 Terrastore : API: Java & http , Protocol: http , Written in : Java

 OrientDB : Languages: Java, Written in: Java

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

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‴ ₒὊ(3/3)
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 4.5 graph database
 מ͎ ᴛ ҥ╪ ᵑ Ѥ DB

 Neo4J : API: lots of langs , Protocol: Java embedded / REST , 
Written in: Java.

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

 InfoGrid : API: Java, http/REST , Protocol: as API + XPRISO, 
OpenID, RSS, Atom, JSON, Java embedded , Written in: Java. 

 HyperGraphDB : API: Java, Written in:Java.

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

 Bigdata : API: Java, Jini service discovery , Written in: Java.

 DEX: API: Java, Protocol: Java Embedded , Written in: Java / C++. 

 OpenLink Virtuoso : 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/


5.Q&A
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Q&A


