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FAR—Z(ZEALTHEZE() 1

B ACID 1 (F—R—ZAMEZ TV BRELADDIE)
o Atomicity (J&F1%) . Consistensy(—E %) . Isolation (JRIL %) .
Durabirity (3 TE)
¢ ISO/IEC 10026-1:1992 Section 4[Zz¥b
H CAP E# (Brewer)
¢ Consistency (—E ) . Availability (RTFE%) . Partition tolerance
(D EIME) ZRFFIC3DiMmi=9 FHIX TS, ELVHEE
B STy
o EFD atomic event ZF &EH T atomic [2FHE
o FERELTHEBAY
B R¥—7
¢ DBOEKRDT—HEE. T—TILDER
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F—AR—Z[ZELTHEE(2) 1
I oo neTTRTE
B RDBMS
¢ AF—INR—X
TS SQL(:J:éFnﬁL"%?f’)‘E'

® NoSQL
+ No SQL ? Not Only SQL ?
¢ BASE HfR&
= Basically Available, Soft-state, Eventually consistent
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PENDT—ER—R 1
I movmonnenure
B ACID tZiml=9
B CAP BEZH5
o C.A.P ERBFHEILI=L)
¢ A[REI=ASH
B XEX—THhSDEEIK
o RXF—TWFTRTEXE, —ERODERLBHFIALL
s T—JILDENM
. BRI DB

B[R DT —EN—2R
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LFENDT —EIN—XICAEITTDFE

m ACID #1%
o THEIBRY %9 5 (DB THAHDTEL)
B CAP EEHZHS
o BRDIRZEEL., AJgZRYHRD
o —MRIZRDEIIZEHLNATWSITNES
= CA: RDBMS, VolItDB, etc

= CP: MongoDB, CouchDB, Hbase, etc
= AP: Cassandra, Dynamo, etc

B XEX—THSDEEK
o T—HABEIZERETHY =LY

o BIAIX, B EFZR DR
= SQL TR EBZFA
= key-value D E&E&%

BRI DT —IN—AANDEEZHET
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tk 28 1

I e
BRI DT —INR—ZAADEZEFEIZDOLNT
¢ MongoDB
+ VoltDB
[CDONWTEZTHD,
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MongoDB (1) . '
m R
o EHD key-value BBEEED-ED

« BHD key-value BAFEEF-F-BDELTIE, BLIE termcap,
printcap, ZL T mail header ZEMH S

= EED key 2L T index kLT =N TES
* AF—TL R

o [ASLIEVNIEDIEFRELEND

» fER. T —IEBENEE
o FSUTHIaY ELVDBDIELRL

s B—JL\YIHLFA[RE
o FEEX G

= replica sets

= auto-sharding
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MongoDB (2) ' '

B T—ERR
RDBMS Server Database Table record
MongDB  Server Database Collection Document

¢ Document &l ?
= BSON(binary-encoded selialization of JSON-like douments)
= Max 4MB

s FYREWNWHALXDEDFERSIZIE?
o GridFS FIFB (BH#DEFa AV IR ED)
¢ Collection &1E?
s $EHD documentz&EHT-HLD
¢ Database &I1E ?

s EH D collection ZEHT-LD
= 20000 collections/database
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MongoDB (3)
I
B oAU IITA4BT71—R
o FSANEEBELLTHE

C

C#

C++

Java
Javascript
Perl

PHP
Python
Ruby

¢ MongoDB shell £t AE.
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MongoDB (4)
B
B Python TO
¢ Database := ‘test’
¢ Collection := ‘col’

>>> db = con['test’]
>>> col = db[‘col’]
>>> col.save(‘'service’ : ‘pop3’, ‘from’. ‘hisasima’)
>>> for cursor in col.find():
print cursor
>>> for data in col.find({'service’:"pop3"})
print data
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MongoDB (5)
B
B Replica set
¢ Master: 1 node
+ Slave: n node (max 6)
*
= master [ZxfLTL A save TEZELY

= master LLSL D node IZE@EIZERRT &, TDHER(E
master [IZIRY R TEN B (FS4/\BEEIZ K 51EE)

= BTRBIIZIEEITNIL., slave IZHLIEHETES
= master MREILBEEI (vote ARK)

Copyright © 2010 IIJ Innovation Institute Inc.

1J INNOVATION INSTITUTE



MongoDB (5) l '

http://www.mongodb.org/display/DOCS/Replication

Replication

MongoDB supports asynchronous replication of data between servers for failover and redundancy. Only one server (in the
set/shard) is active for writes (the primary, or master) at a given time. With a single active master at any point in time,
strong consistency semantics are available. One can optionally send read operations to the slaves/secondaries when
eventual consistency semantics are acceptable.

* Master-Slave Replication
* Replica Sets

haster f Slave Replication Replica 5et

MMember 1
SECOMDARY Member 3
PRIMARY

Master

\

Member 2

Slave(s) RECOVERING
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MongoDB (6) ' l

B Replica set DA

¢ & node T db directory Z4EmL mongod % replica set T
R Ef

% mkdir /tmp/db
% mongod --port 27318 --replSet tmp --dbpath /tmp/db

¢ messal.iij-ii.co.jp 217 T mongo L TILEFEEIL replSet DE&ETE
*ANDS
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MongoDB (7) ' l

messal% mongo --port 27318
MongoDB shell version: 1.6.0
connecting to: 127.0.0.1:27318/test
> use admin

switched to db admin

{"_id" : "tmp",

"members" : [
{" id" : 0, "host" : "messal.iij-ii.c0.jp:27318"},
{" id": 1, "host" : "messaZ2.iij-ii.co.jp:27318"},
{" id": 2, "host" : "messaa3.iij-ii.c0.jp:27318"},

{" id" : 3, "host" : "messa4.iij-ii.co.jp:27318"}
I}

> rs.initiate(config)
{"info" : "Config now saved locally. Should come online in about a minute.","ok" : 1}
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MongoDB (8) ' l

LIEZSLFDE. ZOEKXFED messal2-4].iij-ii.co.jp [ZEHY replSet A

> rs.isMaster()

{

“iIsmaster" : true,

"secondary" : false,

"hosts" : [
"messal.lij-ii.co.jp:27318”,

"messad.iij-ii.co.jp:27318",

"messad.lij-1l.co.|p:27318",

"ok": 1
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MongoDB (9) ' l

> rs.isMaster()
{
"Ismaster" : false,
"secondary" : true,
"hosts" : [
"messaZ.iij-ii.co.jp:27318",

"messad4.lij-i.co.jp:27318",

"messa3.lij-ii.co.jp:27318",

"ok": 1
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MongoDB (10) ' l

B master . slave ~0) save

> db.col.find()
{

}
> bye

not master
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MongoDB (11) ' l

B slave N EhE

% python
>>> from pymongo import Connection
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MongoDB (12) . '
B slave okay /\T A2 D F|F

¢ Slave [Z#E&ETES
o SHEODADZELHEIT. CONTAFFI AL TUEEHEL
a2y (3
« OS5 LTOREEZ(BEITIEToTNALY)
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MongoDB (13) ' l

e
B master % down LT=1Z&I1Z1&?

¢ & node (L. TT)LAYT 2T tcp YL aVFEROTLND

o HEH master MEEMNEH-TULVS

¢ Master A’ down L7=15&(Z1. BE vote BIXLFEY,
master ZRET S

B £5A5A . master [T save sntf=T—4AIL. master ¥ &
slave [Zf2%h
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MongoDB (14) ' |

N
B Auto sharding

¢ sharding DERES
= shard 75 X% (mongod —shardsvr)

o EBEOT—ERE
= config Y+—/\ (mongod --configsvr)
o shard VS5 READ AR T—R%{RE;
= JL—% (mongos)
o DIATIUMIHLTE—DIVRRAU MRS
o --configdb /NXTA—4AT config H—/\Z$ETE

¢ L£2D(% mongod % replica set IZLTIRIL T B EMNTHE

¢ mongos I&, mongos B THFHFGEELGZLD T, EICHERTITE
MZEHERT AL
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MongoDB (14’)
I

® http://www.mongodb.org/display/DOCS/Sharding+Introduction

Architectural Overview

IJ INNOVATION INSTITUTE

A MongoDB shard cluster consists of two or more shards, one or more config servers, and any number of routing

processes to which the application servers connect. Each of these components is described below in detail.

shard, shard; shard;

config servers \

mongos mongos wan

client .
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MongoDB (15) ' |

INDA—I 2 RX[ZDUNVT

B RXaAMERL
o =)l
s UTFDEIGA—IEADT—2EELZL-T—4%% n BZITHOLMLHERL,
IL—T THEYIRLIGEA L H—/NIZEMLTLK
msg = {
d:0~(n-1)
'service': "tii.service.pop3",

‘date": "Tue, 08 Dec 2009 19:57:31 +0900 (JST)",

'subject': "test",
‘data’; "HHHHHHEHHHHHH YN 20, }

e /\)LY
s FEET—3%. —EEBNT 24027 —XZAVTAHIE (n @Z—1F)

¢ AIFEIXVEDD N [2DE 3 EITDITLY, BMMANEBIZEL-FEOFEHE
fERELT-.
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MongoDB (16) ' l

B
INTA—TRIZDNT (=)

B R AVMNRRE

o HHMLD 100000 T—2EFREFLI=T—EIR—ZANS n BORF1AVE
FRETHIDICHELGFEREZATEL-. BEMRIL, 0 ~ 99999 DELEE
nERELFNLZ id ELTEDORF AL

CentOS 5.3

256 MB AE!)

32GB disk

Master @D &

Vmware ESXi4.0 ED4 Xk OS

00000%
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MongoDB (17) ' l

B o AUME B - sequential

create document: MongoDB 1.4 - sequential
ES'DD I L] I I ] I v 1 I

2000 | ol

1500

I i=1ry

1000

0 | i 1 | ] 1 I l 1

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
file#

sequential - no indexing
sequential - indexina

sequential - bg indexing --------
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MongoDB (18)
B o AVRERERRE] —bulk

create document MongoDB 1.4 - bulk
1800 I | ] I 1 I ] 1 I

-15[]0 - H : H —
1400 | =
1200 e _

1000 | S =

0 ar 1 1 1 1 | 1 1 | |

0 1000 2000 2000 4000 S000 000 Fooo 8000 2000 10000
file#

bulk - no indexing bulk - indexing bulk - bg indexing
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MongoDB (19)

I
KX 1AV MEEREFHE

30000

25000

20000

15000

10000

5000

lookup document: MongoDB

IJ INNOVATION INSTITUTE

| = = = ] e - - ——1

a0 100 150 200 250 300
file##

lookup - no indexing
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MongoDB (20)
I
B couchDB &M LLER (FFa A2 M4 RREFRE)

IJ INNOVATION INSTITUTE

create document: Merge CouchDB and MongoD B

10000

500000 T T T T T T T T T
450000 e . -
400000 = —
350000 |- b -
300000 | Sy s
250000 |- sfimen: 2
200000 |- - -
150000 | = =
100000 |- =
50000 |- - |
g L= & e e e EE D AR i J_ i
0 1000 2000 3000 4000 2000 G000 Fo0oo0 8000 S000
file#
sequential - no indexing: MongoDB bulk - indexing: MongoDB
sequential - indexing: MongoDB bulk - bg indexing: MongoDB
sequential - bg indexing: MongoDB -------- sequential: CouchDB - -- --
bulk - no indexing: MongoDB bulk: CouchDB -~~~
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VoltDB (1)

B
B N
+ RDBMS Th3
= SQL /248 7x—2R
s AX—TWHE
s ST O IR IG
o TARTAE! EIZHEIR
= Disk /0 ZHER&
¢ Ad hoc 7% query [FZEELAZLELS RS
« query NI—2FHHNLHESE
= stored procedure DEEELTIRAES
o BHOY—/IN\THHALTHE
o TRT java IZTEE
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VolItDB (2) . l

m BiELTLSED
¢ 21E T.ACID #i#f-9 RDBMS

B 5iEw
o TARTAEYLIZIEINT D
= Disk /0 ZHEBR. /0 1\ DO 7EERE
= OFX VT EFRE
s YOUDNEE-L?
o LT —230ENTWNSMDTL U DARPIZIEFE
THDTMEDHLLY
o —N\—HITENHF
« LI —2a3 0 T—E R, TRIE
+ stored procedure DEE
s FSUH O 30%F R T stored procedure 1t
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VolItDB (3) ' |

e
B EDRIITHEIM
o JOPTHRETESE (xmI)
o AF—T{ERK(sql)
¢ Stored procedure {ERk (java)
* VA7 T 5 LIERK (java)

o HZO5ERK (jar)
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VolItDB (4) ' |

B DJOCIHINDES

05(#—7""‘*774)1/% ANT7RTAY =D T—ER
ANE| (IN—T4230) BEDHETE

<!-- project.xml -->
<?xml version="1.0"?>
<project>
<database nme="database">
<schemas>
<schema path="helloworld.sql" />
</schemas>
<procedures>
<procedure class="Insert" />
<procedure class="Select" />
</procedures>
<partitions>
<partition table="HELLOWORLD" column="DIALECT" />
</partitions>
</database>
</project>
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VolItDB (5) l l

I e

B XEX—TDERK
o T—ARAR—RAFEED=HD SQL 771JL

-- helloworld.sql

CREATE TABLE HELLOWORLD (
HELLO VARCHAR(15),
WORLD VARCHAR(15),
DIALECT VARCHAR(15) NOT NULL,
PRIMARY KEY (DIALECT)
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VolItDB (6) ' l

B Stored procedure M{ERL
¢ Java O—F

[* Insert.java */
@Procinfo(
partitioninfo = "HELLOWORLD.DIALECT: 2",
singlePartition = true
)
public class Insert extends VoltProcedure {
public final SQLStmt sql = new SQLStmt
("INSERT INTO HELLOWORLD VALUES (?, ?, ?);");

public VoltTable[] run(String hello,
String world,
String language)
throws VoltAbortException {
voltQueueSQL(sql, hello, world, language);
voltExecuteSQL();

return null;
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VoItDB (7) . l

B O9SATINTAYSLDOER

¢ Java O—F

[* Client.java */
public class Client {
public static void main(String[] args) throws Exception {
[* Instantiate a client and connect to the database. */
org.voltdb.client.Client myApp;
myApp = ClientFactory.createClient();
myApp.createConnection("localhost”, "program", "password");

[* Load the database. */

myApp.callProcedure("Insert”, "Hello", "World", "English");
myApp.callProcedure("Insert”, "Bonjour”, "Monde", "French");
myApp.callProcedure("Insert”, "Hola", "Mundo", "Spanish");
myApp.callProcedure("Insert”, "Hej", "Verden", "Danish");
myApp.callProcedure("Insert”, "Ciao", "Mondo", "ltalian");
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VolItDB (8) ' |

[* Retrieve the message. */
final ClientResponse response = myApp.callProcedure("Select",
"Spanish");
if (response.getStatus() != ClientResponse.SUCCESS)
System.err.printin(response.getStatusString());
System.exit(-1);
}

final VoltTable results[] = response.getResults();

if (results.length == 0 || results[0].getRowCount() !'= 1) {
System.out.printf("l can't say Hello in that language.¥n");
System.exit(-1);

}

VoltTable resultTable = results[0];

VoltTableRow row = resultTable.fetchRow(0);

System.out.printf("%s, %s!¥n", row.getString("hello"),
row.getString("world"));
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VolItDB (9) ' |

B
B VoltCompiler THAOY &Rk
o T—AR—ZRRAX—T ARF7RTAL—Dv TJADIIRE
RETTITER
¢ Javad—FkZa/N\ALILT S
% javac Insert.java

% javac Select.java
% javac Client.java

o WAOTHERT B

% java org.voltdb.compiler.VoltCompiler project.xml helloworld.jar
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VolItDB (10) ' l

B e
N o]
B H—/\{c
:
\d=

¢ BREIT7AIL deployment.xml

<!I-- deployment.xml -->

<?xml version="1.0"?>

<deployment>

<cluster hostcount="1"
sitesperhost="2"
leader="localhost"/>

</deployment>

* EEH)

% java org.voltdb.VoltDB catalog helloworld.jar deployment deployment.xml

B Jo5AT7 U MEE)

% java Client
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VoltDB (11) 'l

B
B Replication

o BEHDOHY—N\DIEENAIRE

o TILAVS A TOERIKEE

¢ T—R%FXTsync LHS

o AT UADIRE
« FIZIE. Ant FIBADIFZE . build.xml [ZIEH DRI MEE R
s DTATUME EDY—N\EEELTEHELL
s DSATUMIERDY—\ZEET H5ELAEE
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VolItDB (12) . l
m LHhHETHE
¢ VoItDB fEH > 7 )La—Fk examples/voter (RYMRES
TL) FHALTRIL—TYrFRIE
o EERIRLE:
= VMWare ESXi4.0 £® CentOS 5.5 (#IERAL 1 BIZDE 1L
7 AR)
= 158%71=Y CPU 4 core, memory 4GB
* INTA—H
= RAREK (7_"‘771-)lxl~ld: hostcount="1")
« RAMED site # (T 74 /LK sitesperhost="2")
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VoltDB (13)

I

B 7RRANE 1 T sitesperhost %1t
¢ 1~ 3FETIEHRENLENOTINS, 4 TIEENYALEH-TINS
o FFaAURZEKBE core BD 75% FREMNRULGLLY (75% THRED AL

calls [/=]

Bz BRYZEECTOMOMIEITFTETS)

458808

40888 -

Ioaea -

JIoeea -

29888 -

20808 -

158688 -

10868 |

oees -

1J INNOVATION INSTITUTE

calls —+———

2 3

sitesperhost
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VolItDB (14) ' l

B e

B sitesperhost —FE T.RAMIZZEIE
¢ sitesperhost=1
o (FIFEEBIESEREN LSS TLNS
¢ sitesperhost=2, 3

s VZTIEMREERI EAR NG (UVTFAT7URDULEBERENEYLZLE
LA ?)

1898888

sik sperhost=1 —+——
itesper-host=2 ——s—

gaaaa | sitesperhost=3 —— |

Sa0a8 -
Faaaa -
saaaa -

Seaaa -

calls [/s]

“18aa8aa -

Jaaaa -

28888 -

18aaa -

L L
B 4 = = -
hostcount
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FLH(1) ' |

® MongoDB
¢ DB LLLMEE
o T—REBENEE
= Key-value &EFY
o #EH®D index YERL AT EE
o MUY OLUIVERAFRT
n REHETOTSEUY TRAEDEIE
s TLEOLRRMEETEHGELN?
¢ CouchDB (REST ZJL(ZRIILO I T7HY)) EITXTERRY
® VoltDB
¢ RDBMS TH%5
* AF*—T WA
¢ Query IX3—2FHoNLOHRHTEM RIS
= Ad hoc query HMEZZNE I HLEHHHY
= 9 AT stored procedure
¢ VoltDB (&, EWMIL TN 7r—230 3 omEY  FH—/\/—FTOFIFAA
T)EBEIXRIC TR EFNIELELLENEAS
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FEDH(2) 'l

N
® MongoDB, VoltDB

o ELLBEMIC/—FEEMT BT ENDHOIDIZAHIM?

m DB—i%
o BT —AA—AR=XZI. BEFHFE. AETRELNHD

o ARDEEIZTOT ST ERBEEIRTHINTE VRT LA
BH([CEHOETCT —IRN—REERTHEFICHEH-TET-

¢ T—EAR—ZADRAESTMEHHOETAT VI NBE
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