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» 3.1 O|2X Hil4
3.1.1 CAP Theorem

SAFAARO| 2230 £ 37tX|0| S4

- S =

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

T=4oF A|AEE 29| CAP HI 7IX| Ed8 sA|0 BESHA = X
87| W20f, ot kx| of E4 %£7|% 3}0F otCt

2|9] CAP TheoremE 7|2 2 RDB= CA EME 0= A|7|

A AHIO|2FA, NOSQL Alﬁ%%% AP CPe| E8& 7HX|=

A ALESE 20| £ A}SLH L
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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

r||-|lll mrk [_:ar‘_u,n"n."F
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3.1.2.1 C-A A|AHl
Traditional RDBMSs like Postgres, MySQL, etc (relational)

3.1.2.2 C-P A|AH

(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.H{&(4/19)

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/

3.H1-E(5/19)

» 3.2 2H4 A H{| A
HOlg 2 FE S7r=2 2ot RDBMSS| +&5H= SO H.

— T oo 12 A
RDBMSO| T H|8S ZEel7| UE YK So| Glo|Ef B2 MM 7

-1 L-
&},
A2[&el 24K 2 X[e| o[ MEf M) =2 Qlot E4FA[A
E'||O| _Q__T.I.

2 0 Z2|AH 0| M EH S Z,Without transactions, Without strong
consistency.

A HECE| A O|M=2| H|O|E{ 2l Non-structured data®| A&+ A|AH
O Z RDBMSQO| B XXt



3.H1-Z(6/19)

» 3.3 7|=" H{| A
Google2| GFS(2003), BigTabIe(2006), MapReduce
Framework(2004), Sawzall(2005)= Eot CHE2F | O|EF A 2|0
st 7| 274,

3.3.1 GFS(2003, Apache Hadoop/HDFS,

)
HEZS Soffl IEs Hil A= ALE2 =, chunkE R = [
O|HZ &2|ot= 4t Al AH

D.
chunk®| 7|2 th2|= 64M, =HiM O| 42| LHEF LtE A0
A A
=



http://hadoop.apache.org/hdfs/

3.H1-E(7/19)

3.3.1.1 GFS vs FS

Ct=2| ol= FA|(22HY) Ch==2f ot & X|(MehH)
S| AHE 7ts S 7|12 7]/ EH 0| E/AN 7ts

SHAF EALE |

o O ~

3312 EF

Node(Chunk Server)Q| C}20| AMH|AQ| ¥eFS O|X|X| &S

NAS(Network Attached Storage)s 7|Z& Storagel| H|Sl| E&9| A
E=| o|- AlAEﬂ

upz d-g/247|0f Lot 9 s EFAE S7|H22 X 2[o}]
20, 372 TYUO| 2t A| 242).
7hel SA=L = Ik 3ol S7H AR
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3.3.1.3 Architecture

-1 Master : GFS MA| 2t2| U EX| AMH, Chunk ServerQ| &1tz
fileX} chunke| Of & HE S X]|
o1 Chunk Server : AKX HDDQ| I/O &ttt A H, HDD= chunk=2| &t

oz 14
o Client : 2210|¢E
{

" /N
D O O O




Client R g

o] fo
Chunk Chunk Chunk
Server Server Server

» M|

- —
Client @

@‘\Q

Chunk Chunk Chunk
Server Server Server

Secondary @ Primary @ Secondary
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4.3.1.5 Problem & Solving
Disk 0| 2{
Chunkdj Ciat checksum | X|
Chunk Server 0f 2{
Master7p ZH2|CH A0l A K| 2|A|F| 1, Chunk= A2 Server0f &g
Master 0f 2{

22| ™M E A Al A| Operation Log, Master 1% A| Operation Log 110

Aff
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3.3.2 BigTable(2006, Apache Hadoop/HBase,

http://hadoop.apache.org/hbase/)
= T O]l MEO|A Lf|Ef(peta) HIO|EO| Hot= O 2
2| #=2t&l H|O|E(structured data)E &t2|st7| ?leh E 4k
X & A AHl(distributed storage system).
Google Analytics, Google Finance, Orkut, Personalized Search,
Writely, Google Earth 51} Z42 607| O| Mo T2 ME | A A}

.
2 3.
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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 .~

Erer
blolEf
Time stamp

3.3.2.2 Data Model
sparse, distributed, multi dimensional sorted map.
indexed by a row key, column key, timestamp.
row keyl| HY|E MO E 22t, 2=l HP| = tabletO|2t
SHC}.
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(13/19)

row key : H|O|E{2| 917|/27]9] 7| 250l H|(H/T} 64KB] @lojo| £

Xt<E, 10~100 bytes 2 XN| H|O|E{e| CHEZ). “com.cnn.www”
column family : column?| =2|& 2l &gt "contents " "anchor:”

column : & X| 40| 2| X% key. "anchor:cnnsi.com”,
“anchor:my.look.ca”

timestamp : 64bit integer value. Master A|H 2| Garbage Collection
7= = |2 3742] HO|E Bt FX|

‘coments:” "anchorcnnsi.com”  “anchormy.look.ca”
I i I I L : : il I
1 1 1 1 1 1
IR N S U . S i R —
1 N 1 - - 1
1 h L ' = ™ ™ L ] "
"COMLCNN.WWW™ — = =t ¢ CNN" =t CNM.com™ f=— i35
LT | J
| o ._ L‘.‘l_____l______:________: ________ R
| | | 1 ] 1
| | | |
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3.3.2.3 Architecture

01 Chubby : Tablete| M HE & ClientOf| Al X|&, &4F =H(H|0|E 2| 7 &
U M-S

-1 Master : Tablet2 Tablet A0 StEt, =7}, OtZ =l Tablet H|7H 2
Garbage Collection EH&

o1 Tablet Server : €&t=l Tablet 2t2|. &17|, A2 7|0 CHst 2 X 2.

7 Client : Chubby2 2 7t 2, Tablet A|HO| Cliot X 7HA & 2
S
< — —

111

Tablet
Server

~ Tablet
Server

Tablet
Server




3.8B§&(15/19)

3324 A 7Y

Locality Groups
S A0 0| 2E 7tsM80| & column familyE 2 S
Data compression
Locality groupE = F¢l H|O|E{0f| it At &=, oA 7|s
a7l M
7t Tablet Servere| | 22| A0 data HH =
Commit Log €24
122 Q0| tish A-K | 7|
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20

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

Map, Reduces LispIt 22 43 QI0j0) A Safe 80f=,
GFSMO|M 28Xl GIO|E H2|2 93 Chao| Ao HHY

MOZ Rolg 2uslH e T2 OaY oY,
Googleo| 29, @ HO[X| QIEA MMSE IFHOIN LIS
of & HO[XIS X2|5t7| /e ALE.

Map : GIO|E| ZIBHO|M, ML HlO|ES MAste T2 A
Reduce : Map0j| 2|3}l BHS0{%l EIO|EIS @O} A EH o2 23}
S AW UEO e ZM A,
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B) 1231 GIOIEIS ME2. & o w)
map(24H, [1, 2, 3]) => [2, 4, 6 ] =
reduce(GiM, [2, 4, 6]) => 12 B8 — o @.
B = =

Ex) Web log H|O|E{0f| CHot map & reduce

21
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3.3.3.1 Architecture
Master :
Worker :

map, reduce =4
map, reduce ¢

}'F_ -
P {10 forke
1) fork »* (1) foeke
f’ .
"a\l
- — LY
F LY
i .‘ff_"\l.z, I:E:'-hh\- s,
. \‘:-—_—«"‘{'-,,.. .
i o slgmiEn
;! [oas=1gn rexdyee
S " map M
- -

Splie0 | A
Splitl

(B} remote :‘e-'a_::l

K

Split 2 JEE&:{ orker ﬁ\‘ (4} loeal write ; o
Split 3 - .-' — ___'/l 2
tolird | \

"ff Norker
\ﬁ_

Iaput, files IMap phese

Infermediate fles
(on local d&sks)

22|, Worker0f| A £+

_—'_'-h-\

O -drC}
= = Od-
&
‘h‘
l~‘
L] 1"‘.‘
""w.:h
;;-“'i"“a\ (5)
__— G write Cutput
foder j— gen
___:-: B ~
L '-".'D:".{er_x\' Cutput
A file 1
.-"’ B
Feduce phase Cnatput fles



3.8B§&(19/19)

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

CH 2 G|O|E{0f CHSt 24 XHE|E QoA 7St interpreted
24 o] ofof.

o Q/Z Hjo|E HAl Mol - 93 Blo|Eof Ti3t Xa|shs
s 754,9

2| Ao}

A1E £

23



4.Data Modeld &2=(1/3)

» 4.1 Relational
2A 2 HO|e & EA|ot= DB

» 4.2 Key-Value
7| 7|4t9| get, put, delete 7|5 M=
: 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.

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

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

: based on Memcached.
: (ErlangDB »).
: (based on Tokyo Tyrant).
: API: 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®s £5(2/3)

» 4.3 column-oriented
HIO|& 7|8t &¢Il 0| X|&l, Z&7|HH(not like row-oriented databases)

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

: APIL: 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 HEfo| #+=5 =X Ng, =2 0] X| &
: APL JSON, Protocol: REST, Written in: Erlang

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

: APL JSON, Protocol: REST, Written in: Erlang
: APL 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 =2=(3/3)

» 4.5 graph database
122 O|O|§E #Tiot= DB
. APL lots of langs, Protocol: Java embedded / REST,
Written in: Java.

: OO Graph DB, APL .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.

. API: Java, Written in:Java.

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

. APIL Java, Jini service discovery, Written in: Java.
. APL: Java, Protocol: Java Embedded, Written in: Java / C++.

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

26


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/




