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Mepiexopeva o

= To X6¢G...

= ... TO ONUEPQ ...

= ... kal To aUpio TwV Baoswv Aedouevav

= AvaAuTIkOTEPA Ba doupe un napadoaiakouc Tponoug oxediaonc BA...
= MG UNooTNPIOUKE avTIKEiJeva aTig BA
= TI €ival pia XML BA
= NG ekTeENOUPE NoAudlaoTaTn avaluan e aTOXO TN Afyn ano@acewy

= ... kal 6a ouvexiooupe e oUYXPOVEC TATEIC Kal EQAPHOYEC BA 6nwc:
= XpoviKn}, XWpIKN, NOAUHEDIKN (EIKOVEG K.d.) MAnpogopia
= EvV KIVI\O€l Kal NPOOWNIKEG BA, peUjaTa deOOUEVQY, ...

EuxapioTieg: pépog Tou UAIKoU BaaileTal o€ dlagdveieg Twv T. ZeAAr (EMM),
1. lwavvidn (EKMA), M. BaoiAeiddn (Mav/pio lwavvivwy)
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IoTopia Twv BA (1)

= Late 60's: network (CODASYL) & hierarchical (IMS) DBMS.

= Low-level “record-at-a-time” DML, i.e. physical data structures reflected
in DML (no data independence)

= 1970: Codd's paper -- the relational model. The most
influential paper in DB research (Turing award).

= Data independence. Allows for schema and physical storage structures to
change under the covers. Truly important theory, led to "paradigm shift"
in thinking and in practice.
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IoTopia Twv BA (2)

|

= mid 70's: 2 full-function (sort of) prototypes
= Ancestors of essentially all today's commercial systems
= Ingres: UCB 1974-77 (Stonebraker & colleagues)
= Led to Ingres Corp (CA), Sybase, MS SQL Server.
= System R: IBM San Jose (now Almaden)
= Led to IBM's DB2, Oracle.

= Both were viable starting points, proved practicality of relational
approach. Beautiful example of theory - practice !!
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IoTopia Twv BA (3)

= 80's
= commercialization of relational systems
= 1979: Oracle v.2 is the first commercial RDBMS
= SQL becomes de-facto standard.
= 90’s: the age of maturity
= network & hierarchical essentially dead (though commonly in use!)

relational becomes mainstream

improvements in terms of transactional facilities, performance and stability

RDBMS'’s as back-end for internet front-ends

Application Servers and middleware

object relational (support for ADT's)
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>AUEPQ: 0 Opoc-KAeIdi €ival ...
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= KAIHGKwon o€ TepAaTIouc OyKoug nAnpogopiag !

= [Mapadeiyyara:

= EOSDIS (NASA’s Earth Observing System Data and Information System):
1 Tb/day, keep it all for 15 years (they need tertiary storage for that)

= WalMart: 365 node system, 6Tb online, 4billion row table, 200million
updates daily, 4000 queries/day, 1500 users/week

= "The world produces between 1 and 2 exabytes of unique information per
year, which is roughly 250 megabytes for every man, woman, and child
on eartt’"

= Source: Lyman & Varian. How much information?
http://www.sims.berkeley.edu/research/projects/how-much-info-2003/
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AUpIO: O,TI MOUV Ol «COPOI» o

= Senior database researchers gather every few years to assess the
state of database research and to recommend problems and problem
areas that deserve additional focus.

= Laguna Beach, Calif. in 1989,

Palo Alto, Calif. (Lagunitas) in 1990,
Palo Alto, Calif. (Lagunitas II) in 1995,
Cambridge, Mass. in 1996,

Asilomar, Calif. in 1998,

Lowell, Mass. in 2003

Claremont, Calif. in 2008
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Lowell report, 2003 i

= Integration of Text, Data, = Data Mining
Code, and Streams = Self Adaptation

=  Information Fusion )

= Privacy
=  Sensor Data and Sensor
Networks Trustworthy Systems
= Multimedia Queries = New User Interfaces

= Reasoning about Uncertain * One-Hundred-Year Storage
Data = Query Optimization

. Personalization
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'Ox1 nia Baceig «0edOPEVWV

it is time to stop grafting new constructs onto the traditional
architecture of the past. Instead, we should rethink basic DBMS
architecture with an eye toward supporting:

= Structured data
= Text, space, time, image, and multimedia data

= Procedural data, that is data types and the methods that
encapsulate them

= Triggers
= Data streams and queues

as co-equal first-class components within the DBMS architecture
- both its interface and its implementation - rather than as
afterthoughts grafted onto a relational core
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Claremont report, 2008

|

=  Revisiting database engines = Interplay of structured and

- broadening range of unstructured data

applicability (streams, read- = e.g. extract structure and meaning
mostly analytics, ...), from un- and semi-structured data
improving performance for .
specific domains, ... = Cloud data services
= manageability /scalability aspects,

= Declarative programming for o -
specialized services, ...

emerging platforms

- data parallelism (e.g. Map- = Mobile applications and virtual

Reduce), enterprise application worlds
programming (e.g. Ruby on * heterogeneous data streams
Rails), etc. management, privacy issues, ...
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BiBAIoypa®ia

AEiCel va d1aBAcETE TIC 2 Mo NPOCPATEC OXETIKEC AVAPOPES

= Claremont report (2008)
http://db.cs.berkeley.edu/claremont/claremontreport08. pdf

= Lowell report (2003)
http://research.microsoft.com/~Gray/Lowell/
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AG EEKIVI\OOULE. ..

* ... M€ Un napadoaiakoug Tponoug oxediaong BA...
* ... Kal M€ OUYXPOVEC TATEIG Kal EQApHOYEC BA...
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AvTikeipeva oTic BA - OODBMS

= KAdoeig (classes), AvTikeipeva (objects), MéBodol (methods), ...

class Person : public d_Object {
public:
d_String name;
d_String address;

Y
class Account : public d_Object {
private:
d_Long balance;
public:
d_Long number;
d_Set <d_Ref<Customer>> owners;
int find_balance();
int update_balance(int delta);
Y

BA: [11] Z0yxpoveg Taoeig kal
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AvTikeipeva oTic BA - ORDBMS

= Aopnuévol TUnol (Structured types)

create type Publisher as
(name varchar(20), branch varchar(20))

create type Book as
(title varchar(20), author-array varchar(20) array [10],
pub-date date, publisher Publisher,
keyword-set setof(varchar(20)))

= [lapadelyya opioyoU nivaka:
create table books of Book = MNapadelyla eloaywyng eyypapne:

insert into books
values
(" Compilers’, array[ " Smith’,  Jones'],
Publisher(*McGraw Hill’," New York’),
set(" parsing’,  analysis’))
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What's XML?

W3C Standard since 1998

= Subset of SGML

= (ISO Standard Generalized Markup Language)
= Data-description markup language

= HTML text-rendering markup language

De facto format for data exchange on Internet
= Electronic commerce

= Business-to-business (B2B) communication
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Core XML Technologies

|

= XML Validation: Contract for Data Exchange
= DTD, Relax N/G, XML Schema

= XML API: Programmatic Access to XML
= DOM, SAX

= Transformation Languages for Data Exchange and Display
= XSL, XSLT, XPATH, XQuery
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An XML Document

<? xml version="1.0"?>
<! DOCTYPE sigmodRecord SYSTEM “sigmodRecord. dtd">
<sigmodRecord>
<issue>
<volume> 1</ volume>
<number> 1</ number>
<articles>
<article>
<title> XML Research Issues</ title>
<initPage> 1</ initPage>
<endPage> 5</ endPage>
<authors>
<author AuthorPosition="00"> Tom Hanks</ author>
</ authors>
</ article>
</ articles>
</ issue>
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XML and Databases

= Data stored in SQL databases need to be published in XML for data
exchange

= Specification schemes for publishing needed
= Efficient publishing algorithms needed
= Storage and retrieval of XML documents
= Need to support mapping schemes
= Need to support data manipulation XML API-s
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Storing XML

= Storage foundation of efficient XML processing
= XML demands own storage techniques

= Characteristics of XML data:

Optional elements & values, repetition, choice, inherent order, large text
fragments, mixed content

= Characteristics of XML queries:
Document order & structure, full-text search, transformation
= Goals of tutorial
= Existing storage features for XML
= New storage features for XML

MNA.MEL - Navvng O=odwpidng
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AnoBnkec Asdopevwy .
(Business Intelligence — BI)
Making End User
Decisions
Data Presentation Business
) o . Analyst
Visualization Techniques

Data Mining Data
Information Discovery Analyst

Data Exploration

Statistical Analysis, Querying and Reporting
' Data Warehouses / Data Marts

OLAP, MDA DBA

Data Sources

Paper, Files, Information Providers, Database Systems, OLTP
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MeBodoAoyia OLAP

= BrAuara avaAuTikng diadikaciag:
= ano To oxedlaogud TnNG avaiuang,
= ... OTN OUYKEVTPWON Kal opyavwon TwV anapaitnTwv dedopévav
= ... TNV avdAuon Toug kal Napouciacn TwV anoTEAEOUATWY Kal TENIKA ...

= TNV eKUETANEUDN

TWV OMoIwv

OUMNEPACHATOV Bpfiymeri ‘ pranming

- ( .) annin:

Reportin
P = @ Data Collection

JData Access

ent  Source: SPSS
Preparation
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AnoBnkec AedopEvwy — Eva napadelyua

Product
Sales product ID
Ti R v description
ime 7 o type
*
et ‘4 (e LD | R type description
q e .
time ID | product ID *
day_of_week
month 5
q . ’ location ID +. ‘e, Location
~
MCEEIE uantit; e
| d Y | “ Jocation ID
| turnover | zip code
city
state
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'Own KUBoU dedopEVWV

N
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NwAnosig (péon Tipn,
nwAnBgica NnocoTNTA KOK.) ’
N Date 4°¢ Tpipfvou npoiovTog 123 oto Dallas
& 00-1 00-2  00-3 00- uri
S B2 7 7
Q& 150 7 7 7 =7 Dallas
200 77 7 7 Y -
sum 7 =
IA/| | Houston =
Y g
I A| | Seattle (S
sum
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XPOVIKEC BAceIC OEDOUEVWV

lToia n avaykn yia XpoviKeS LACEIC OEOOUEVWV,

. squwvr'] XPOVIKWV OUUNEPACUATWV OE BACEIC
YVWOEWV

= eEaywyn oUPNEPAoPATWV OXETIKA PE TNV I0TOPIA
YEYOVOTWYV OTO NApeABov,

= oXedIaOPOG HEANOVTIKWV NPA&EwV Kal NpoBAEwn
OUVEMEIQV,

= AOYIOHOG NAVw OTNV NEPiodo eykupOTNTAG TNG TIMAG
TwV OEOOPEVWV.

24
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®YZH TOY XPONOQY

=

Ta povreda xpovou Ttaéivopouvral aviloya LE:
= TNV NUKVOTNTA ToUu Xpovou,

= TO €i00C KAl TO JEYEBOC TWV OTOIXEIWOWV
XPOVIKWV Hovadwy,

= TO JovTeNO €EENIENC TOU XpOVvou,
= TIG OIA0TACEIC TOU XpOVOU,
= TIG NPAEEIC oTO XPOVO.
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EIAOZ TOY XPONOY

=

= [€yOVO¢. JIa ANOUOVWEVN OTIYUN OTO XPOVO.

= Aigornua (interval): o xpovoc PeTa&u duo
YEYOVOTWV.

= Aidpkeia (duration). €va nood XpoOvou WE
0TaBepO PNKOC, AAAG Xwpic kaBoplopeva
akpa.

= [IEpIOPIoIEVO XpOoVIKO dIdoTnua (span). Jia
KaTeuBuvopevn B1apkela Xpovou (BeTIkN N
apvnTikn).
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[MPA=EIZ 2TO XPONO - 2XEZEIZ TO
ALLEN

Y
"
X I I
X beforeY ——» : :
I X I
X equals Y :4—»:
X
X meets Y < :: :
X I I
< | > |
X overlaps Y < i > |
I X I
X during Y : — :
I X I
X starts Y —> |
I I
X
X finishes Y : <—>:
I I
I I
-27
BA: [11] Z0yxpoveg Taoeig kal £ MNA.MEL — Navvng O=odwpidng
Ll 1 - - %\%
XpovoAloyikec oelpeC (time series) .

= SUVOAO TIHWV XaPAKTNPIOTIKWY OTOV G§ova Tou Xpovou
= {<t, a,>, <, a,>, ..., <t,a,>}
= [Mapadeiyyara:
= MWANCEIG NPOIOVTWV
= TNAENIKOIVWVIAKA
dedopéva
= 1aTpIKG onpaTa

= akoAouBieg
nePIBAAOVTIKWV
METPROEWV
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AvaAuon XpoVOAOYIKWV OEIPWV

= AVvGAUGn XPOVOAOYIKWV CEIPWV: N avakaAuyn npotunwv
OTIG TIMEG.
= Eidn npotUunwv:

= TAon : ouoTNUATIKA YN enavaiappavopevn alhayr aTo xpovo
(n.x. oTaBepr avénon)

= KUKAOC : enavaAayBavopevn GUHnEPIpopa

= Enoyiakd npoTuno : NnapOUoIE TINEC OE CUYKEKPIMEVEG NEPIOOOUC —
MEPQ, PNVa, £TOG KAM. - TOU XpOVOU

= Mn @ualoloyikd dedopéva (outliers) : oToixeia nou dev Unopouv va
KaTtnyopionoin8ouv
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Baoeig Xwpikwv AedopEVWV

|

= Anaitnon yia €191kn dlaxeipion TWV KUN-aA@apIOunTnIKwWV
OeDOUEVWY

= KATAAANAEC YAWOOEC ENEPWTHOEWV

= €IOIKEC YEBODOI DEIKTODOTNONG

= B&uaTa BeATIoTONOINONG EPWTHOEWV
* YNOOTNPIEN XWPIKWV TEAEOTWV

= “BpeC TO KOVTIVOTEPO VOOOKOUEID"

= “Bpec oec TIc noAeic nou Boiokovrar o€ anooTaocn 5Km ano akTeg”
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Baoeic Xwplkwv AEOONEVWV e

AvaAuTika via ...

= MovTéAa AsdopeEvwv

* FTA\wooec Enepwtiocwv
= MéBodol AsikTodOTNONG

= APXITEKTOVIKN ZUCTNUATWY

] ] 9%
MovTteAa Adopevwv "

= AUO BACIKEC NPOOEYYIOEIG
- raster model - vector model

.

R X-Axis

=
Y-Axis

|z R =

=
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= R-tree

DIEJF[c] M [I]K] [LMIN] |

K
e
J B
o] |
i [
M
N (L]
C
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Mapadelyua

= Consider a spatial dataset with:
= County boundary (dashed white line)

= Census block - name, population,
boundary (dark line)

= Water bodies (dark polygons)

= Satellite Imagery (gray scale pixels)

= Storage in a SDBMS table:
create table census_blocks (
name string,
population number,

boundary polygon );
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MNA.NEL — Mavvng O0dwpidng




s
=2

PeUpata dedopEvwv

= Data streams differ from conventional stored relation model:
= Data elements in the stream arrive online

= System has no control over order in which data elements to be
processed

= Data streams are potentially unbounded in size

= Once an element from a data stream has been processed, it is
discarded or archived. It cannot be retrieved easily unless it is stored
in memory, which is small relative to the size of data streams

= QOperating in data stream model does not preclude use of data in
conventional stored relations.
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DBMS versus DSMS "
= Persistent relations = Transient streams

: Random access : Sequential access

: Only current state matters : History/arrival-order is critical

: Relatively low update rate : Possibly multi-GB arrival rate

: Assume precise data : Data stale/imprecise
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The Database Model

User/Application

Register Query Results

Database Query Processor

Software to access Stored Data

>
Stored
Data
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The Data Stream Model

User/Application

Register Query I Results

S SN SN S— S— Stream Query Processor

e e e e Software to access

Streaming Data

(Shir‘afch Spcg:/e bisk) —r—
emory and/or Dis
—r— T
s
—

BA: [11] ZUyxpoveg Taoeig ka1 EQappoyég 38 MNA.NEL — Mavvng O0dwpidng




