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Recall for first lecture:
Always question everything

\dustry: to challenge the well established guys
demia: to discover new problems
e models, languages , principles

application development
ale to always more data and q

- a1 ] 4



Organization

d object databases







Introduction

aes are useless Knowledge lives in trees

ee is a tree. How many more do But of the tree of the knowledge c
have to look at? good and evil, thou shalt not eat
d Reagan, governor of California,  It: for in the day that thou eates
the expansion of Redwood thereof thou shalt surely die.
Genesis, 2. 17

inything beyond
hings are useless.
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~Using trees to represent data: an old idea

n the 60s and IMS (Hierarchical database model)
. But fully procedural languages and records at a time

started in the 80s and Non-first-normal-for

ois Bancilhon in France et Hans Schek in Germa
is of Nicole Bidoit




Data at College de France

The first class was
on relations. Now
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ne devil is in the details



Complex object model:
set and tuple constructors

’ Families

: N
‘.'EH Children f




Logic for complex objects

‘main novelty — variables denoting sets

ouBanat query
ies(T) U X,x ( T.Children =X A x [J X




Algebra for complex objects

Set of sets

Alice Toto Alice Toto
Bob Mimi

Alice Toto
Bob
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Alice  Toto Bob Mimi Mustang Bob  Mimi Mustang Bob  Mimi Mustang
Bob  Mim Mustang Zaza  Prius

i Bob  Zaza  Mustang Lulu Bob  Zaza  Mustang
Bob Lulu  Prius Bob Lulu Prius Bob Lulu  Prius




Results

lence theorem: algebra and logic have same expressiv




I. From complex objects to semistructured da

’ Families

‘ T
E _hild_r_en M




Revolution 1: more flexibility

’ Families

~ N
E Children M




Revolution 2: get ride of *-nodes
and name all nodes

Families




XML = ordered, labeled, unbounded tre

Families




This is better adapted to a Web context

elf describing data: No separation between schema and da

exibility
such a big deal
tax for inlining and exchanging data

ies><family><name>Peter<Name><Cars><Car><Na
2010</Year></Car></Cars><Children><Child> ..




‘What else? The trees are unbounded

Like nested relations, trees are unbounded in width
Inlike nested relations, they are unbounded in depth

e can simulate 2 counter machines with 2 branches

| am still looking for a real application that simulate 2
ounter machines with XML documents?

documents are rarely deep

ounded trees there are fun ques

y languages




What else? the trees are ordered
Unranked labeled ordered trees = XML




The XML world

)ing
Tree automata, DTD, XML Schema, Relax NG...
vy languages

PATH
icle[1]/auteurs/auteur[2]

document ("bib.xml") / / publisher
ment ("bib.xml) / / book [publisher = S p]
_. . - -




Query containment
(continuing jewel of 15t class)

call Homomorphism Theorem

ere is a homomorphism fro




Tree pattern query — semantics

pattern query




Tree pattern query — semantics

pattern query




Tree pattern query containment

pattern containment There is no homomorphism
fromg2toql




Tree pattern query containment

'Ie pattern containment e Butql - q2

length at least 2
the root r to

o ,‘ q2 = there is a path c
'i
#

 giath -

#




XML storage

ile system
directory is now becoming a searchable database







Object databases =
Object-oriented languages + Databases

ject-oriented language
bject = data + behavior
jects encapsulate data

database features




Architecture: relational vs. object

Application

Application

Object cache &

JDBC / ODBC cache manager

Relational server Object DB server




The same object from disc to memory

(—

Query
Navigation




Moderate industrial success

'-,Object database systems
— 1989: Object Database Manifesto (Atkinson, Bancilhon et al)

Pioneers: 02, ObjectStore, Objectivity, Versant...
JDMG Standard, OQL

Relational

empts to use relational back-ends to store obje

A [—
@'g




But the ideas are spreading

ard around Java: JDO
nen source software such as Db4o
or languages with persistence: JPA,







Motivations for NoSQL

ASs pay a high overhead for their universality
this overhead for very demanding applications
erheads to avoid:

or Management: cache disk blocks in memory
or the management of concurrency.. Transactio

'm locks used for access structure




Specialized data management systems

- Specialized for certain types of queries
Specialized for certain aspects such as scalability

n return: sacrifice universality
— Sacrifice certain types of queries like the join
— Sacrifice some features, such as concurrency

Warning: the term NoSQL is also used sometimes
for systems based on the contrary, more complex
models: Object /XML / RDF — not here



NoSQL : different flavors

I eme performance
Massive scalability

assive distribution

btal availability
ion
saction rates

queries on very

No universality
Less independence

— No 3 levels

Less abstraction

— Not relational and ¢
— Simple Data: k

- — Simple querl




Examples

value store with weak consistency
Cassandra (Apache), Dynamo (Amazon)

e store on disk
op Hbase (Apache), BigTable (Google)
e with N1INF
free software) o
se single-threaded for OLT







Data get organized in cubes
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Discussion




Standard query language: MDX (mskr, 1997)

from, where, group-by
a table (2-dim)
mns from some tables
ith predicates in where
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MDX

with, select, from, where
Yields a cube (N-dim)
Select: select cube dimensic

With: specification on se
dimensions

Where speuﬂ_ ati







Uncertainty

f uncertain data
1 academia

industry
in QL — Trash semantics




Conditional tables & uncertainty

Friend Location  Condition
Alice London E

Bob London EAF

Alice Paris -E

Lucile London F

Friend Location Friend Location
Alice London Alice London Alice Paris Alice Paris
Bob London Lucile London
Lucile London

4 possible worlds




Conditional tables & probabilities

Friend Location  Condition
Alice London E

Bob London EAF

Alice Paris -E

Lucile London F

Eis 80%
Fis 40%

Friend Location Friend Location Friend Location Friend Location
Alice London Alice London Alice Paris Alice Paris
Bob London Lucile London
Lucile London

32% 48% 8% 12%




~ Ajewel of databases







Algebra for complex objects

)oints reachable from a in a graph G

(G) URL(G) :thenodesinG
: the powerset of D

c query (in classical relational alge
(@) A Vx,y (R(x) AG(x,y) =




Quantify
Over Sets of

Quantify
Over Sets of

Quantify
Over
Sets

calculus

Complexity

Quaiitify

§., Over Sets of

Over




Conclusion




Conclusion
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