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. NOSQL key- ~value store, document—
oriented DB, graph DB, .

* memcached, Bigtable, Dynamo, Amazon
SimpleDB, Cassandra, Voldemort, Ringo,
VPork, MongoDB, CouchDB, Tokyo
Cabinet/Tokyo Tyrant, Flare, ROMA,
kumotfts, Kai, Redis, Hadoop® HBase,
Hypertable, PNUTS, Scalaris, Dynomite,
ThruDB, Neo4j, IBM ObjectGrid, Oracle

Coherence, Velocity, ...
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. NOSQL is an umbrella term for a loosely defined class of
non-relational data stores that break with a long history
of relational databases and ACID guarantees. Data stores
that fall under this term may not require fixed table
schemas, and usually avoid join operations. The term was
first popularised in early 2009. (Wikipedia&k D)
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— ACID:DBhZ YU UhEicd NEME, atomicit /)??IE,
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— CAPHI & D eventual consistency & h...Bg
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— Facebook: RDB®D & {ar %R
memcached T+ v & 1, 8004, 28 TB (2008/12)
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— OSS memcached map (key-value) ey vaLe
— Amazon Dynamo map (key-value) |
— Google Bigtable table «_colurmn

row ——— 7

— Amazon SimpleDB table [ [ [
— Windows Azure Table table : I —
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. m—memory key-value store: 557U
vy k= 7%2 UICES map & aMap.put(aKey, aValue)
_OF queries/sec value = aMap.get(aKey)

- FxRN7AMIIL rFuZORNILEH B)
- set aKey 0 0 6 aValue
- get aKey
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— [&T7F, livedoor, mixi, Facebook, YouTube, Digg, Twitter,
W1k1ped1a

— Facebook: 800 & £ 28 TB (2008/12)
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— in-memory & [FBR57\\, Berkeley DB, MySQL £ 3% %,

e AmazonhFEX Z Ik, SOSP'07, EEIIIENFH,

— HBELRTFAT 4T EVNWDSKDIE. FERVWEEE,
— Amazon B"NEFTHEH oz o

e Y3vEYITH—h, ..
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o X/ —RDREDTT: consistent hashing

e availability: “always-on experience”
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. Service Level Agreements (SLA)
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Bigtable

o table ________
- U, BESNILRAF—TIFEL, ; ; N
— atomic R EHT: {TE{L not FRE[L

— “sparse, distributed, persistent multi-dimensional sorted map”

o Google X ZFFK, OSDI'06, EI i?lf/\ﬁaﬁo
— Google File System, Chubby 7& & @ _E(CE3E
— Google BNAEBTHE,
— Google App Engine (PaaS) EDQ 7 7 UMSEST—F A KT
- W< DM HO—>23&D: Hadoop®DHBase, Hypertable
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e R URL, 3: AV F VY, UV, ... "
— Google Analytics, Earth, ...
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f- . LU .,t_,ﬁ. ) |
row key “contents:” “anchor:cnnsi.com” “anchor:my.look. ca” “anchor
‘com.cnn.www” “<html>... “CNN” “CNN.com”
“com.example.www” | “<html>... “Example.com”
2009/12/17... | <htmlI>...
2009/12/10... | <htmliI-... _‘
2009/12/3...

e FiIF C+o X DFigure 2, EEIAH DA,

e // Open the table
Table *T = OpenOrDie(“/bigtable/web/webtable”);

// Write a new anchor and delete an old anchor
RowMutation r1(T, “com.cnn.www”);
r1.Set(“anchor:www.c-span.org”, “CNN");
< rl.Delete(“anchor:www.abc.com”);

Operation op;
\_ Apply(&op, &rl);

e row key DIEEENHE
- 5%E) Megastore ZATTUNHET: AF—VYDEE, #HTICKNE IV
723, rowkeyBIADA VTV I X, . b’
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— atomic & EHT: {TEAL not RE[L

e Amazon Web Services (AWS) D 1 D,
- V2R YHAERRL, KERE
— REST £ 7cld SOAP over HTTP TxXw MU ICfES,
o ERIIFFFNFH, Dynamo &IFRIDY 7 ~D 7,
- BEMICRT—=ILT7 I N1V

e “Amazon SimpleDB automatically indexes your data, creates geo-
redundant replicas of the data to ensure high availability, and
dMaZON  performs database tuning on customers’ behalf. Amazon SimpleDB
webservices” 15 provides no-touch scaling. There is no need to anticipate and
Amazon EC2 respond to changes in request load or database utilization; the

Amazon S3 . : X : L
Amazon SimpleDB  S€TVice simply responds to traffic as it comes and goes ...

Amazon SQS
Amazon CloudFront
Amazon VPC
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Amazon SlmpleDB API
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® %Et L/_(tbz_%t attnbute
— domain: ZX/table I e E— R
_ item: T /row item| value | |

— attribute: %ll/column

e itemlC. attribute&EEDRF ZENN - FBHT

- void PutAttrlbutes(domaln% item#%, BEDNRT)
T O — K, &L REST, SOAP Dl 7IZ ~o

o [EZHYE
- EBEDNRT GetAttributes(domaing, item%, B Dattributed)
LAY v FirE WS E D A EE
- fl: select * from mydomain where Year > ‘1975 and Year < ‘2008’
— item BAHHREI N D,
— SQL &R B EFHIRIL D B,
- ATV I R%E, WD, ED attribute [T U THERRL TWBDM? ? 7
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o table T

— 7LL_7LL_ LJ\ EEé?’LTCX:\:—VCi@L\o ! i B
— atomic 7R E#HT: TTEL not REI

e HOMRIR: BT 5, &1+1=81T, 7 7/\1 b
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i Windows Azure

e Windows Azure Storage D —#p
— Windows Azure Table, Blob, Queue
— NETDAPI, LINQ £/l REST Tx v hEUICES,

e 2%:5QL Azure: RDBIEHY —E X & (F514Y
— SQL Azure: SQL Server (RDB) D/RA T« >
— Amazon RDS: MySQL O/RA T 1 > 12



Windows Azure Table
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— table

— entity:
— property: Fll/column

o W\H property — JOT TNXMRD D |

— “PartitionKey” [E—785. ALY VICED .
BEEMNZWE, & partition > &YV Y EE |
— “RowKey” partition 1 C., % Dentityz —ZICFHAIT S ID
1| PartitionKey RowKey Date Description
. Example Doc | V1.0 | 2007/8/2 Committed version
Partition <
1 Example Doc | V2.0.1 |2007/9/28 Alice’s version
~ | FAQ Doc V1.0 2007/5/2 Committed version
Partzltlon < | FAQ Doc V1.0.1 | 2007/7/6 Alice’s version
_ | FAQ Doc V1.0.2 | 2007/8/1 Sally’s version

1T/row

entity

KORK b
j.ﬁ (11

property

value
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e .table
T—YETI -multi-dimensional sorted map

contents: anchor.cnnsi.com anchor:my.look.ca anchor:...
com.cnn.www <htmlI>... CNN CNN.com
com.example.www | <html>... Example.com
2009/12/17... | <htmI>...
2009/12/10... |<nUIll>... —‘

2009/12/3...

%ff;‘—gﬁiﬁ -sorted map

com.cnn.www-+contents:+2009/12/17... <html>...

: “Row key + column key +
com.cnn.www-+anchor:cnnsi.com+2009/... | CNN timestamp” % —&9 3 map
com.cnn.www-+anchor:my.look.ca+2009/... | CNN.com
com.example.www-+contents:+2009/12/17... | <html>...

mP Al T\«
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com.example.www-+contents:+2009/12/10... <E’,1’L7'3\ il key—yalue Stoge =
Wﬁﬂ%itﬁ%%@ﬁ-
com.example.www-+contents:+2009/12/13... <L/
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Bigtable EE LA HLNAVWL, 2306 Lamw . |
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-table —

Partition 2
1

NS

Partition
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WIBT— 4 % (ERTOEE)

-map ODANF ?

—)\E&D
property M

PartitionKey RowKey Date Description
Example Doc | V1.0 | 2007/8/2 Committed version
Example Doc | V2.0.1 |2007/9/28 Alice’s version
FAQ Doc V1.0 2007/5/2 Committed version
FAQ Doc V1.0.1 | 2007/7/6 Alice’s version
FAQ Doc V1.0.2 | 2007/8/1 Sally’s version

entity (1T) &
property @ map

Example Doc | +—

? ?

partition & & D Date 2007/8/2

entity (1T)D (%5 < sorted) T® Description | Committed ...
V10 | | Date 2007/9/28
V2.0.1 e Description | Alice’s version
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— Amazon SimpleDB

o GetAttributes(...) ¥ item % — {TZ4HE, HEV I VZHE
o select (F... EDEELTHDOMN?

— Windows Azure Table

o FWEP K. PartitionKey THH V> V&R,
BELGWE, VY Y TER,

o TER: Bigtable ERIUMN? EGHH 7
- EBRBEULESL, £57
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.
A9 1—R SQL TnZth map
4 N (Megastore}
=_HEFIL relational _library
4 4 data model [ table )
(multi-dimensional
k j \_ sorted map)
MBET— Y IEE [(SOT_ei?])d:'fggrdS} (sorted) map <—>[ (sorted) map }
ANL—Y [E17E D £ Aiff

RDB Bigtable ftt key-value store
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