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(1960’s and earlier)

- primitive file processing

Data collection and database creation

(1970’s)

- data modeling tools

- indexing and data organization techniques

- query languages and query processing

- user interfaces

- optimization methods

- on-line transactional processing (OLTP)

Database management systems

- network and relational database systems

(mid-1980’s - present)

- advanced data models: 

    extended-relational, object-

    oriented, object-relational

- application-oriented: spatial,

    temporal, multimedia, active,

   scientific, knowledge-bases,

   World Wide Web.

Advanced databases systems

(2000 - ...)

New generation of information systems

Data warehousing and data mining

(late-1980’s - present)

- data warehouse and OLAP technology

- data mining and knowledge discovery
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How can I analyze

this data?
???

???
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Knowledge

[gold nuggets]

[ a mountain of data]
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[a pick]

[beads of sweat]
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Æ!Ç�È~É	Ê�Ë�Ì/Í
Î ÏDÐ�Ñ Ò�Ó Ô|Õ!ÖV× Õ!Ø=ØDÙ�× Ð�Ð Õ/ÚX× Û�Ô=Î Ü'ÖV× Î Ù�× Ø�Û�Ñ Û�ÔhÝiÜ Þ²Þ�Þ

ßmà á Ö�Û�Ñ�â�ã á Õ!Ô=ØDä å!æ�çXèVé)Þ�êeÕ!Ð�Ñ�Û�Ô=ÚXÐ ãvëWÏ=Ù�ÔJÕ/ì�äXãvë ß ã=í6å/î�æ á=ï ã ß Õ/ÔJÕ/ØJÕ ð à ñ ð'òXó'óXó à Þ²Þ�Þ
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Ò�è â�Û�÷�Ù�× Ð�÷�ø�í ø�ÜXÐ�â�Û�ìJÕ â�Û�ÚXâBÙ�× Ð�Ü!ö�Ï=Ñ�Û�ÜXÔ ø�í ñXï'ùXù Þ óXó ú'Õ!õ|Õ!Ô û)Û�üXÜ'ý ñ ç'óXóhÞ óXó
Ò ù Ö�Ï�ö�Ñ�Û�Ø�Û�Ð�Î÷ ß Ó�õhöþÕ ä á Õ!Ô�ä'Ü Ö�Ï�ö�Ñ�Û�ØhÛ�Ð�Î ß ÓSõ�ö�Õ äX× Ù ñ è'ç ï Þ óXó ú'Õ!õ|Õ!Ô ÿZÏ=Ð�Û�Î��DÙ�Ü'Ô�Ñ ñhà ðXóhÞ óXó
Þ Þ~Þ Þ~Þ Þ Þ Þ Þ Þ Þ~Þ Þ Þ~Þ Þ/Þ Þ Þ Þ Þ Þ Þ~Þ Þ Þ Þ
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× ÖVõ�ö Ò�Ó ÔJÕ/ÖV× ÎgÕ!Ñ�× Ú'ÜXÙ�ä Ú'Ù�ÜXÏ=õ Ð+Õgö�Õ/Ù�ä Î Ü'ÖVÖ�Û�Ð�Ð�Û�Ü'Ô
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Þ~Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ~Þ Þ Þ Þ Þ

 Í���JÆ��
ì=Ù+Õ!Ô=Îâ Ò�Ó ÔJÕ/ÖV× Õ!Ø=ØDÙ�×~Ð�Ð
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Þ Þ Þ Þ Þ Þ Þ Þ Þ

�vÇDÍ�Æ����XÈ Ì È
Ñ�Ù+Õ!Ô=Ð Ò�Ó Î Ï=Ð�Ñ Ò�Ó × ÖVõ�ö Ò�Ó Ø|Õ!Ñ�× Ñ�Û�ÖV× Ö8× Ñ�âDÜ�Ø õ|ÕgÛ�Ø Õ/ÖVÜXÏ=Ô�Ñ
ø à ó'ó ßmà éWå'å ó ï	� ð à��'ïXù à å�� æ�å í�Û�Ð+Õ ñ�à èXå'òhÞ óXó
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ô ÉiÌ!Ë6È È~Ê	���
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Þ Þ~Þ Þ~Þ Þ Þ Þ~Þ
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× ÖVõ�ö Ò�Ó ì=Ù+Õ!Ô=Î+â Ò�Ó

éyåXå ë à
Þ~Þ Þ Þ~Þ Þ
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data
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clean

transform
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load
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data source in Vancouver

data source in New York

data source in Chicago
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roll-up
on time data

drill-down 

for Q1
on address

home 
entertainment

(types)
item

computer

phone

security

time

Q1

Q2

Q3

Q4

(cities)
address

New York

Montreal

Vancouver

Chicago

14K825K605K

(quarters)

home 
entertainment

(types)
item

computer

phone

security

March

Feb

Jan

time
(months)

(cities)
address

New York

Montreal

Vancouver

Chicago

400K

150K

100K

150K

home 
entertainment

(types)
item

computer

phone

security

time
(quarters)

Q1

Q2

Q3

Q4

address
(regions)

North

South

East

West

a)

<Vancouver,Q1,security>

b)
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×�¼cgÚ¸�ÖÃ¸�»�¾.ÂGÖÃÁQ·Y¾ÃÀ�ÁQÕÃ¸�ÁQÔì¾�ð�¼�»�¸N×V¼�»9¾�Àì¼ÉÕ.ÓÃÀ�º�ëì¾�¸�Ö�®

�ìñ�ßýÀ�º�¾¿¼�Õ)¾ÃÀ�¸~×�¼cgÚ¸�Ö�¸�»�ÓÌ¸~ó�¸�¾�æ7¸�¸�» ×þ¼ÉÕSÓSÖ�¼�·#¼É»Jº�¾�¼�Á�» º�»�×nÓSð=º�Õ�Õ�¼cQÚÓ�º�¾�¼�Á�»-® à ¸�¾�æ'¸�¸�»ýÓÃÀ�º�ÖSºQÓS¾Ã¸�Ö�¼��Nº�¾�¼�ÁQ»ýº�»J×nÓSð�Ô�ÕÃ¾�¸�ÖÃ¼É»ì½o®à ¸�¾�æ'¸�¸�»@ÓSð=º�ÕÃÕ�¼cQÚÓ�º�¾�¼�ÁQ»9º�»�×#ë�ÖÃ¸N×�¼=ÓS¾Ã¼ÉÁ�»-® � ÁQÖ.¸Nº�ÓÃÀsÁ�Â`¾ÃÀ�¸�Õ�¸¿ë�º�¼ÉÖÃÕ.Á�Â�¾íº�Õ���ÕNÙ�ÀìÁ�æ º�ÖÃ¸;¾ÃÀ�¸�Ø9Õ�¼�·#¼Éð=º�Ö&®
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