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Berkeley???

o University of California

(Mike Olson, Margo Seltzer i Keith Bostic)

o Sleepycat

o Oracle ugradene (eng. embedded) baze podataka
eTimesTen (In-memory database)
eBerkeley DB
eOracle Lite
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Berkeley???

o 200 milijuna korisnika
o Najpoznatije implementacije:
eOpenLDAP
eBSD Unix
e Sandmail
e Apache
o Ruteri i switchevi (Cisco, Lucent, Alcatel)
o Storage uredaji (EMC i HP)
o Sigurnosni sustavi (RSA Security i Symantec)
o Web aplikacije (Google Account, Amazon.com)
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Berkeley???

o Licenciranje:
eOpen source
eKomercijalna licenca
o Open source
eDostupan kod
ePortanje, integriranje | debugiranje
o Dostupnost
¢OS: Linux, Unix, Mac OS X, ROTOS,
Windows
eAPI: C, C++, Java, Perl, Python, PHP, Tcl,
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Berkeley???

Berkeley obitelj produkata:
eBerkeley DB
eBerkeley DB Java Edition
eBerkely DB XML

XML Document

XML XQuery
Manager :

Indexer ‘ Engine

Berkeley DB Berkeley DB Java Edition

Access Methods Transactions Access Methods

Replication
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Berkeley DB tehnologija

o Cilj
eMobilni uredaji
eEnterprise rjesenja
o Svojstva
e ACID (Atomicity,Consistencey,lsolation, Durability)
eRecovery
eIntegritet podataka
eConcurrency
eChaching



Zasto ugradene baze?

Ovisnost o drugim komponentama

Brzi deployment

Jednostavnija instalacija | integracija
Smanjena potreba za administracijom
Nizak TCO (Total Cost of Ownership)
Niza cijena implementcije, administracije
Niza cijena HW
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Berkeley DB vs. RDBMS

Berkeley DB je:

o Library

o API

o Ne postoji SQL

o Implementacija — aplikativani podatkovni model
o Sustav bez administracije
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Berkeley DB vs. RDBMS

SELECT amount FROM customer;
SELECT dept.name FROM dept
WHERE NOT EXISTS (

SELECT dept_id FROM emp WHERE
emp.dept_id = dept.id);

SQL
statements
\

Query parser

Query planner

N

Query optimisation

/\

Query execution c Roz
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Client-server
relational database

Embedded
relational database

Berkeley DB vs. RDBMS

Berkeley DB

[

Communications layer

\

———————————————————

Query processor

Storage manager

Storage manager

.

\ Persistence AP ) | Persistence AP | Persistence AP
. ODBC/JDBC L ODBC/JDBC Storage manager
Communications layer , Query processor ‘
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Berkeley Database

o Komponente

o Okruzenje

o Pristupanje podacima
o Transakcije

o Modeli

o API sucelja

o Alati

o Replikacija i HA
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Berkeley DB - komponente

Berkeley DB

p—— r:

o Access method
.
o Transactions

Index Databasea File

o Replication L
o Shared Memory
o Locking
o Logging




Berkeley DB - komponente

Applications
Access Methods Trans=sactions
L ¥
Lock
¥ ¥

Buffer Pool -
Log




Berkeley DB - okruzenje

o Datotecni sustav
eBaza podataka - podaci
eDijeljena memorija
e[ 0g datoteke
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Berkeley DB - okruzenje

Environment:/databases/mydb

Databases Shared memory
- II Log files
. log.0000000001
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Berkeley DB — Pristup podacima

o Gdje su podaci?

. Applications
eHash tablica ]
Access Methods Transactions
eB-tree |
. Lock
eNumeric
.Queues Buffer Pool =@
1 ] " L
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Berkeley DB - transakcije

o ACID svojstva
e Atomicity
eConsistencey
e Isolation
eDurability
Prednosti?
eSpremljeni podaci se ne gube
e\/iSe operacija -> jedna cjelina
eRollback
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Berkeley DB — modeli

eSamostalne aplikacije
eDirektna veza sa adresnim prostorom
oVise threadova
eLocking mehanizam
eBrzi pristup
e\/e¢a kontrola procesa
eServerske aplikacije
eKlijenti IPC/RPC
eJedna aplikacija -> jedan adresnlbostor _
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Berkeley DB — APl sucelja

o Programski jezici:
oC, C++, Java (JNI)
o Skriptni jezici:
ePerl, Python, Ruby, Tdl,...

Vise aplikacija mogu dijeliti
jedno okruzenje
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Berkeley DB - alati

Alati Kratki opis

berkeley db svc Berkeley DB RPC posluzitel;

db archive Alat za administraciju backup 1 arhiv datoteka
db_checkpoint Alat za pracenje 1 forsiranje checkpoint operacije
db_deadlock Alat za pracenje i obradi deadlocka

db dump Alat koji kreira kopiju baze u tekstualnu datoteku

db load Alat sa kojim pretacemo podatke iz tekstulane datoteka u bazu
db printlog Alat koji 1spisuje sadrzaj log datoteka u razumljivom formatu
db recovery Alat koj1 nakon ne neoCekivanog pada sustava obnavlja bazu
db stat Alata sa kojim izradujemo statistiku, mjerimo performanse
db upgrade Alata za nadogradnju baze

db_verify K.omandno linijski alat za provjeru formata baze
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Berkeley DB — Replike 1 HA

Jedno okruzenje
o EgQzistira:
o\/iSe servera
oVise diskova
eViSe particija
o Pristup:
eVise aplikacija
e\/iSe procesa
oViSe thredova
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Berkeley DB — Replike 1 HA

Okruzenje:

o Single-Master
eCitanje i pisanje
o Replika
oéitanje

Upravijanje:
o API
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Berkeley DB — Primjer

Kreiranje i1 otvaranje okruzenja

1f ( ( ret = db env create ( &dbenv, 0 ) ) ! =0 )
goto err ;
1f ( ( ret = dbenv -> set catchesize
dbenv , glgabytes , bytes , ncaches ) ) ! =0 )
goto err ;
/ * Other configuration here . * /
flags = DB CREATE | DB INIT TXN | DB INIT LOCK |
DB RECOVER ;
if ( ( ret = dbenv - > open (dbenv, HOME, flags , 0 ) )
=0
goto err ;
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Berkeley DB — Primjer

Kreiranje | otvaranje baza

1f ( ( ret = db create ( &dbp, dbenv, 0 ) ) ! =10 )
goto err ;

1f ( ( ret = dop -> set pagesize (dbp , 16 *
1024 ) ) ! =0)
goto err ;

/ * More database configuration here . * /

1f ( ( ret = dop - > open (dbp,

"file.db" , "dbl" , DB BTREE , DB CREATE, 0 ) ) ! =
0
goto err ;
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Berkeley DB — Primjer

Citanje, moificiranje i pisanje u bazu

1f ( ( ret = dbenv->txn begin ( dben v, NULL , &txn , 0 ) ) ! =0
)
goto err ;

if ( (dbp -> get (dop , txn , keydbt , datadbt , DB RMif)) ! = 0 )

goto abort txn ;

/ * Modify data * /

1if ( ( dbop -> put (dbp , txn , keydbt , datadbt , 0 ) ) !
goto abort txn ;

1f ( ( ret = txn->commit (txn, 0 ) ) ! =0 )
goto err ;
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Berkeley DB XML

o Komponente

o XQuery mehanizam

o XML Document manager
o XML indexer

o API sucdelja
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Berkeley DB XML

o XML native database

o XQuery i XPath standard

o Pohrana i modifikacija

o >TB

o ACID transakcijska svojstva
o UTF kodna stranica

o Kombinacija XML DB i DB
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Berkeley DB XML - Komponente

o XML Document .
XML Documens | XML ‘ Xuery Manager

o XML indexer

Berkeley DB

o XQuery engine

Replication




Berkeley DB XML - Dokumenti

o XML Document Manager
eStorage (Berkeley DB)
eModifikacija
eDohvat podataka

o Svaki dokument posjeduje spremnik
eJedinstveno ime
ePodatkovni rjecnik
eProstor za sadrzaj dokumenta
oAIa’ge za statistiku
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Berkeley DB XML - Dokumenti

o Istovremeni rad sa vise spremnika
o Dokument moze biti:
eRazlomljen u &évorove (eng.node)
eNeostecen (eng. Intact)
o Mehanizam za validaciju
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Berkeley DB XML - Indeksi

XML indexer

o Indeksi na razni ¢vora

o Indeksi na razini elementa
o Indeksi na razini atributa

Kreiranje i brisanje indeksa za vrijeme
koristenija.
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Berkeley DB XML - XQuery

Cost based query optimizer
o XQuery 1.0
o XPath 2.0

o Berkeley DB XML je potvrdila W3C
organizacija.
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Berkeley DB XML - API

oC, C++
o Berkeley DB XML Java API
o Apache modul

Client JAVA Client C++
Application Application

Berkeley DB
XML
JAVA API

Berkeley DB XML

C++ API
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Berkeley DB JE - okruzenje

o Okruzenje
o Direct Persistence Layer (DPL)
o API
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Berkeley DB Java Edition

o Napisana u Javi
o ACID transakcijska svojstva

o Concu rrency Berkeley DB Java Eitiun

o Logging

o Btree struktura
eString
eInteger

eJava tipovi -
_Javatipovi | CROZ
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Berkeley DB JE - DPL

Direct Persistence Layer (DPL)
ePersistentni objekti
eBez implementacije sucelja
ePrimarni i sekundarni kljucevi
eJava kolekcije
eTransakcijski mehanizam
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Berkeley DB JE - API

o Samo Java
eBase API
eCollections API
eDirect Persistence Layer
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Reads/Second

400,000

300,000

Scan

@ no txns, no locks
@ no txns, locks
txns, locks

Random

100000

10000

1000

Updates/Second

1-

100 -

10 4

Berkeley DB JE - Performanse

CPU-bountl ey
s DSK-BOUNG

B Baseline :
1+—{mInsert -
[1Update
1 loDelete -

1 rec/txn 4 rec/txn 20 rec/txn  non-durable
txn
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Berkeley DB — Google Accounts

o Google SSO
o SSO arhitektura
o Integracija baza podataka
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Berkeley DB — Google Accounts

Google SSO (Single Sign-0n)
eJedinstveni podaci
o\/iSe Internet servisa
oVisSe razli¢itih lokacija

Korisnicki gledano: jednostavno!
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Berkeley DB — Google Accounts

Go

ogle SSO arhitektura:

o SSO database:

eKorisnicko ime

eKorisnicki racun

eServis

eN x 100 dijelova (Shards)

o "Shards” = raplicirana Berkeley DB

(

5 do 15 replika)

o SSO podatak = Btree struktura
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Berkeley DB — Google Accounts

Google SSO arhitekturas:

Shards

eMaster
eMin 5 master-replika (electable replica)
eMin 50% repliciranih master-replika
eDodatne read-only replike
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Berkeley DB — Google Accounts

Google SSO arhitekturas:

Shards

e|D Map
eUserName - UserlID
eUserID - Shards
eAccount Data
eUserID - UserData
eServicelD - ServiceData
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Berkeley DB — Google Accounts

Google SSO Database (Logical View)
sharon@gmail.com Sharon’'s account data
gmail Gmail specific data
ID Map (Implementation) Account Data (Implementation)
sharon@gmail.com 0x123456 0x123456 Sharon’s account data
0x123456 USA-west-shard 0x987654 Gmail specific data
... Map Shards ...

... Account Shards ...
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Berkeley DB — Google Accounts

Integracija:

o Replikacija ovisi o aplikaciji.
eKvorum protokol

eGarantira spremanja podataka
ePaxos i Viewstamped algoritam
eZakupljivanje (eng. Leases)
e[ ease timeout interval
e Clanstvo u replikaciji grupal
eDNS (IP I master leases timeout)
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Berkeley DB — sto odabrati?

1. Berkeley DB
.Heterogeni sustav (Java,C++,..)
.Pisan prema ANSI C
.Hash, Btree, Record i Queue

2. Berkeley DB JE
.Samo Java okruzenje
Pisan u Javi
.Samo Btree

3. BerKeIey DB XML
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Full ad hoc query
support

Find objects by
name only

File systems
[

Berkeley DB ... i na kraju ...

RDBMS ®

Berkeley DB ®

No transactions

Full transactions and
fine-erained recovery
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Oracle Berkeley Database
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