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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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???
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Knowledge

[gold nuggets]

[ a mountain of data]

[a shovel]

[a pick]

[beads of sweat]

�n�¡¬©�6�¤¥@ú©µ K�]Jà���¢±�»½H�¡­6�¡­6¬RÇÎ¦¤¥¯���Q�¤ª6�¡­6¬`¨¼§©�cÖ ­6§�¹c ¡¥¯®³¬©¥�G¼�¡­ ¢«¥]�¤¥]¦«¢¤�¡­6¬@����¢¤¢«¥]�¤­6¦¢JÃ�¡­"´m§©�6�M®1��¢±�1µ

���j k �6l�¥7�	�<� +:�~���<����§¨+:��+:��8m�

R �¡½H�1 £´e¦«¢Q��¢«¥B®Ë¾ ÃW-�ÀX-?n~Æ ¿�Æ ¿)2 �«¥¸¨¼¥]�«¦`¢«§�æ oBÛÊê±Ú©è¸ÛÊÝºÞ ßáã�êHpÕÜ3ÝöÞ6ÝºÞ ß�q@â�Þ�ã�äcå£æQØBß©æ6�]êQã�Ü�å¡Ú�êÊß©æ@Ú�Ü@ã�$ Þ ÛÕç"ã��@Ø©ÚÈÛÆÚ�µ`Ñcª6¥3¢¤¥]�«½��¡¦�©�¸¢«���� £ ¡´@��½H�¡¦¤­6§©½e¥]�¯µ ù ¥�½H¥]½@�V¥]�Å¢¤ª���¢}¢«ª1¥M½H�¡­6�¡­6¬c§�¨Å¬©§m ²®×¨¼�¤§©½��«§6�¤Ö ¦Î§m�o¦±��­�®@�¡¦o�¤¥Q¨¼¥]�¤�«¥¯®e¢«§`��¦Rß�ã�å£Ø»½H�¡­6�¡­6¬R�±��¢¤ª6¥]�}¢«ª���­�«§6�¤Ö�§©��¦Q��­�®�½e�£­1�£­1¬�µ`Ñcª �6¦¯¾	�±®6��¢±�e½H�¡­6�¡­6¬�!@¦«ª6§m�6 º®�ª��B°©¥@�V¥]¥]­y½H§m�«¥3���6�6�«§m�6�«�º��¢«¥] ¡´�­���½e¥¯® �«Ö ­6§�¹c ¡¥¯®³¬©¥@½H�¡­6�¡­6¬`¨Õ�«§©½®6��¢±�s!V¾©¹cª1�²�¤ªe�£¦��6­ ¨¼§m�«¢«�1­���¢¤¥] ¡´3¦¤§©½H¥�¹cª���¢o ¡§m­6¬�µ	� µ ­6§�¹c ¡¥¯® ¬m¥c½H�¡­6�¡­6¬�!�¾���¦«ª1§©�«¢¤¥]�c¢«¥��«½r¾m½"�B´»­6§©¢o�¤¥QÏ�¥¯�¸¢c¢«ª6¥�¥]½e�6ª���¦¤�¡¦S§m­½H�¡­6�¡­6¬Ã¨¼�«§m½  º���¤¬©¥c��½e§©�6­ ¢«¦J§�¨ó®6��¢±�1µ3rÃ¥]°©¥]�¤¢«ª6¥� £¥�¦«¦¯¾V½e�£­1�£­1¬c�£¦}�M° �¡° �º®�¢¤¥]�«½ �¤ª����±�m�Q¢«¥]�¤�¡¿]�¡­6¬�¢«ª1¥M�6�¤§³�¸¥]¦«¦}¢«ª���¢JÀ�­�®³¦��R¦«½=�� ¡ ¦«¥�¢�§�¨Î�1�«¥¯�Q�¡§m�6¦�­ �6¬©¬m¥]¢«¦R¨¼�¤§©½��e¬©�¤¥¯��¢�® ¥B�� o§�¨Î�±�B¹ ½"��¢¤¥]�«�º�� -G �n�¡¬©�1�«¥=ú©µ K/J�µ�ÑcªÐ�1¦¯¾Ë¦¤���¤ª �e½H�¡¦¤­6§©½e¥]�Î¹cª1�²�¤ª��]���¤�«�¡¥]¦��V§©¢¤ª
�±®1��¢±�i!H��­�® �«½H�¡­6�¡­6¬�!��V¥¯�]��½e¥3�@�V§©�1�6 º���M�¤ª6§©�º�Q¥mµMÑcª6¥��«¥@���«¥»½"��­ ´@§m¢«ª6¥]��¢¤¥]�«½e¦Ù�]���«�«´ �¡­6¬=�`¦«�¡½H�¡ º���}§©�R¦« ¡�¡¬©ª ¢« ¡´H® �ÁÿË¥]�«¥]­ ¢½H¥B��­6�¡­6¬`¢«§=®6��¢Q�@½H�¡­6�¡­6¬V¾©¦¤���¤ª ��¦�s ¿�Â�YZ*�,�ÃW2�,tn~Æ ¿�Æ ¿)2Mu,ÁsÂvn ÃW-�À'-aw3-�./,�.hx s ¿�ÂaYR*�,�Ãy2�,M,Jz;À�Á�-XÅiÀ�Æ ÂI¿ex-ÃW-�ÀX-�{|0)-�ÀdÀX,oÁs¿
-�¿)-�*�`y.*Æ�.hx�ÃW-�À'-U-�Á/ÅX[)-�,"Âv* Âv2�` ¾ ��­�® ÃW-�ÀX-ºÃ<Á�,$ÃW2IÆ ¿)2 µ
1-��­ ´r�V¥]§©�1 £¥=¢¤�«¥¯��¢{®6��¢±�%½H�¡­6�¡­6¬-��¦@�=¦¤´Ð­1§©­ ´ ½ ¨¼§©�@��­1§©¢«ª1¥]�3�V§©�1�6 º���« ¡´��6¦«¥B®Ó¢¤¥]�«½�¾5�~} ¿�Â�YZ*�,�ÃW2v,��'Æ�.dÅsÂ���,"Á�`
Æ ¿

�%-�ÀX-�w)-v./,�. !�¾B§©��} �M� µ¯÷R ¡¢«¥]�¤­���¢¤�£°m¥] ¡´Ð¾B§m¢«ª6¥]�¤¦o° �¡¥]¹Ó®6��¢Q�R½H�¡­6�¡­6¬c��¦J¦«�¡½H�1 £´���­`¥]¦«¦¤¥]­ ¢«�º�� 1¦«¢«¥��@�£­»¢«ª6¥c�6�¤§6�Q¥]¦«¦�§�¨�Ö ­6§�¹c ¡¥¯® ¬m¥® �¡¦±�¸§�°©¥]�¤´Ó�¡­�®6��¢±������¦¤¥]¦¯µ µ ­6§�¹c ¡¥¯® ¬m¥-® �¡¦±�Q§�°m¥]�«´ò��¦@�-�6�¤§6�Q¥]¦«¦=�¡¦@® ¥]�6�º�Q¢¤¥¯®ò�¡­ �n�¡¬©�6�¤¥�ú©µ M�¾o��­�®Ó�Q§m­6¦«�¡¦¤¢«¦H§�¨×��­Ó�¡¢«¥]�Q��¢¤�£°m¥¦«¥BÒ©�1¥]­��Q¥`§�¨o¢«ª1¥M¨Õ§© ¡ ¡§�¹c�£­1¬Ù¦¤¢«¥]�1¦�]
% Ãy-\À'-ºÅh*�,J-�¿�Æ ¿)2 G¼¢¤§@�«¥]½e§�°©¥R­6§©�¡¦«¥�§m�c�£�¤�«¥] ¡¥]°©��­ ¢�®6��¢±��J]¾
% Ãy-\À'-2Æ ¿�ÀX,J2XÁ�-\À�Æ ÂX¿ GÕ¹cª6¥]�«¥»½@�6 ¡¢«�¡�6 ¡¥M®6��¢Q��¦¤§©�6�Q�Q¥]¦�½"�B´`�V¥×�¸§©½@�6�¡­6¥¯®\J �¯¾
% Ãy-\À'-�.!,J*�,�ÅiÀ�Æ ÂX¿ G¼¹cª1¥]�«¥3®1��¢±�»�«¥� £¥�°©��­ ¢c¢«§@¢¤ª6¥���­��� £´ ¦¤�£¦c¢Q��¦¤Ö"���¤¥��«¥]¢¤�«�¡¥]°©¥B®e¨¼�«§m½w¢«ª1¥3®6��¢Q������¦«¥�J�¾
% Ãy-\À'-@ÀdÁ�-�¿�. u,ÂIÁ�n?-�ÀdÆ ÂI¿ GÕ¹cª6¥]�«¥�®6��¢±�����¤¥-¢«�Q��­6¦Æ¨¼§©�¤½H¥¯®y§m�"�Q§m­6¦«§m £�º®6��¢«¥¯®y�¡­ ¢«§�¨¼§m�«½e¦{���6�6�«§m�6�«�º��¢«¥=¨¼§m�@½H�¡­6�¡­6¬-� ´��¥]�Æ¨¼§©�¤½H�¡­6¬�¦¤�6½H½=���¤´3§m�M��¬©¬m�«¥]¬ ��¢¤�£§m­H§m��¥]�Q��¢¤�£§m­6¦¯¾m¨Õ§©�c�¡­6¦«¢Q��­��¸¥�J+�m¾
% Ãy-\À'-tn~Æ ¿�Æ ¿)2 G·��­e¥]¦«¦¤¥]­ ¢«�º�� J�6�¤§6�Q¥]¦«¦R¹cª6¥]�¤¥��¡­Ð¢¤¥] ¡ ¡�£¬m¥]­ ¢Î½e¥]¢«ª1§³®³¦M���«¥����6�6 ¡�¡¥¯®@�¡­=§©�Q® ¥]�c¢«§@¥¸Ä³¢¤�±�m�Q¢Ù®6��¢±�»����¢¤¢«¥]�¤­6¦¢J�¾
% 03-\À�ÀX,"Ás¿�,J�J-�* Ä)-�À�Æ ÂI¿ GÕ¢«§H�º® ¥�­Ð¢¤�Á¨¼´H¢¤ª6¥�¢«�¤�6 ¡´=�£­ ¢¤¥]�«¥]¦¤¢«�¡­6¬e����¢¤¢«¥]�¤­6¦��«¥]�6�¤¥]¦«¥�­Ð¢¤�¡­6¬-Ö ­6§�¹c ¡¥¯® ¬m¥Ù�V��¦«¥B®=§©­-¦¤§©½e¥ Æ ¿�ÀX,"Á�(

,#.YÀdÆ ¿)2I¿3,�.X.�n?,|-�.*Ä�Á�,�. &"R ¥¯�¸¢«�¡§©­�ú©µ P�J]¾6��­V®
% s ¿�ÂaYR*�,�Ãy2�,t0�Á�,�./,"¿<À'-�ÀdÆÇÂI¿ GÕ¹cª6¥]�¤¥3° �¡¦«���� ¡�£¿B��¢«�¡§m­"��­V®=Ö ­6§�¹c ¡¥¯® ¬©¥»�«¥]�6�¤¥]¦«¥�­Ð¢Q��¢¤�£§m­�¢«¥¯�¤ª6­1�²Òm�6¥�¦×���«¥`�6¦«¥B®-¢¤§H�6�¤¥]¦«¥]­ ¢¢«ª6¥�½e�¡­6¥¯®`Ö ­6§�¹c ¡¥¯® ¬m¥Ù¢¤§3¢¤ª6¥��6¦¤¥]�¢J�µ

�g�?�|�g������� ���i�����=�V���B�	�=�m�������g�����/�	���
�V���=�X�=���	�����������V�J������� ���1���/���V�����+� �����=��� �=�����/�����������+� ���/�	��� ���/���V�����������X�+�+���	�����6�������¡ ��=�����6�	�=�
���+�	�����i���=�����!�����g���)����� ���+�m���V�e���!���m v�g�����=� �=���!¢

£X¤ � ���+�	�����+�����/���6�i��� �=�	��� �����/�	���+���g�=���+� �=��� �������/�	��� ��� �����J������� �����+�m¥J�����g�����	�=�����/���6�������+�
�i���g�������'�
�+���+¦X�=� ���i��������� ���������R�	�=���
�/���m� �����/���
 �� �����=� �=�	���=��¢



:=<�§a<7Ï;Ë�¨©E?4L5�Í?>,ÏM@65	Ív5ªGM>,ÌL>,Ì�NPO W

patterns

knowledge

Integration

Cleaning &

Data

Mining

Selection &

Transformation

..

..

data

warehouse

data bases
flat files

Evaluation

& Presentation
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Þ Þ Þ Þ~Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ~Þ Þ Þ~Þ Þ~Þ Þ

ô ÉiÌ/Ë
Û�Ñ�× Ö Ò�Ó Ô|Õ!ÖV× ìDÙ+Õ/ÔDØ Î/Õ!Ñ�× Ú'ÜXÙ�ä Ñ�ä�õJ× õ=Ù�Û�Î × õ�ö�Õ!Î~× Ö�Õ!Ø=× Ð�ÏDõ=õhö�Û�×~Ù Î ÜXÐ�Ñ

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

Ì!Ë�����Ê��XÌ+Ì
× 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

éWå'å ú/Ü'ÔD×~Ð ã�ú'Õ!Ô=× â=ÜXÖV×6×~Ô�Ñ�× Ù�Ñ+ÕgÛ�Ô=ÖV× Ô�Ñ Ö Õ!Ô|Õ!ÚX×~Ù ñ�à/ù ã óXó'ó ð	�
Þ~Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ~Þ Þ Þ Þ Þ

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

ë à ß Û�Ñ�ä á�� Ï|Õ!Ù�× èXç ï�ß Õ/Ö�ì�Û�× á Ñ Þ�ã=í)Õ/ÔDÎ Ü'Ï��'× Ù ã�ë ß í�å	�Mè/î6ðhã ß Õ!Ô|Õ!Ø|Õ
Þ Þ Þ Þ Þ Þ Þ Þ Þ

�vÇDÍ�Æ����XÈ Ì È
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Þ~Þ Þ Þ Þ Þ Þ~Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ/Þ Þ~Þ!Þ

ô ÉiÌ!Ë6È È~Ê	���
Ñ�Ù+Õ!Ô=Ð Ò�Ó Û�Ñ�×~Ö Ò�Ó � Ñ�ä
ø à ó'ó Ò�è à
ø à ó'ó Ò ù ð
Þ Þ~Þ Þ~Þ Þ Þ Þ~Þ
��Ê�Í��XÈ ��É
× 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 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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Ä/ÒSÒNÏ	Ê�ÑGÿãËÎÑ�Ï�Ð~Ï/.1Ä/ÍÌËÎÑ S'Ê�ÑGÿ�ÅoV�Ð�Ë�È�Å=ÅUÑ��QÈ�Ð�ÊSÈ_º7Ï�Ð	.NÈ�ÍíÈ�Ð�ÊSÈ¬T�Ä1Ä3ÄKV�\Qñ�ã3¾�À�¸�Ö.ÕÃÁQÔ�ÖSÓS¸�Õ3Á�Â`ëìÔ�ó�ð�¼=Ó�º�¾Ã¼ÉÁ�»V¼�»�ÓSð�Ô�×�¸3·sº	RSÁ�Ö§·sº�ÓÃÀ�¼�»�¸7ð�¸Nº�Ö�»�â
¼�»�½�Ù�º�ÖÃ¾�¼cQÚÓS¼=º�ð�¼�» ¾Ã¸�ð�ð�¼É½�¸�»�ÓS¸�ÙQº�»�×_��»�Á�æ.ð�¸N×þ½Q¸.Õ�Ø�ÕÃ¾�¸�·yRÌÁQÔ�ÖÃ»�º�ð�ÕNÙ�Õ�ÁQ·#¸7Á�Â æ.À�¼=ÓÃÀ)À�º	ê�¸.ó�¸�¸�»9·¹¸�»�¾�¼�Á�»�¸N×�º�ó�Á�ê�¸Qñ6ã3¾�À�¸�ÖÃÕ7¼�»�ÓÌðÉÔJ×�¸
î®ÿQÊ�^ Ñ=ÐJÈ
� ÈSÿ�Í�Ð�Ñ=Ð��<T�î���\�� Ä/ÍÌËÎÑ S'Ê�ÑGÿ�ÅDV�Ð�Ë�È�Å Å�Ñ��QÈ�ÐJÊíÈ�C�Ï���Í�ÐJÿ�Å8TGÄ,V�\¹º�»�×�º7Ï���Ð�Ñ�Ë�Ñ�lãÈ�!ÚÊ�ÑGÈ�ÐJÊíÈ�ñ � »@Á�êQ¸�ÖÃê�¼É¸�æ Á�Â;ÓSð=º�ÕÃÕ�¼cQÚÓ�º�¾�¼�ÁQ»
ÂGÖÃÁQ· º¿ÕÃ¾íº�¾Ã¼�Õ�¾�¼=Ó�º�ð ë�º�¾�¾Ã¸�Ö�»9Ö�¸	ÓSÁQ½�»�¼�¾�¼�ÁQ»9ëJ¸�Ö�ÕÃë�¸NÓÌ¾�¼�êQ¸VÓ�º�»9óJ¸/ÂGÁ�Ô�»�×V¼�»9ï1ÔJ×�ºVº�»�×�i3º�Ö�¾��B� � ñ

n�¼�Á�»�¸�¸�ÖÃ¼É»ì½)æ'ÁQÖ��VÁQ»s×ìº�¾íºLê�¼�Õ�Ô�º�ðÉ¼��Nº�¾�¼�ÁQ»¿¾�¸	Ó�Àì»�¼��QÔì¸�Õ1¼�Õ.×�¸�ÕíÓÌÖ�¼�ó�¸	×9¼�»³Y�^þÈ"4 Ñ�Ò	��ÿ�Ådñ;Ñ�Ò/+JÅÉÿ�
¹Ï�.JXµ��ÿ�Ð�ËÎÑûËäÿãËÎÑ�l�È8V�Ð	.NÏ�Í��úÿãËÎÑGÏ�Ð
�Bç ½	� º�»J×¿Æ7Ð�l	Ñ�Ò�ÑGÏ�ÐìÑ=Ð��KV�Ð	.	Ï�Í	�Vÿ	Ë�ÑGÏ�ÐL� ç ¶�� ÙNóJÁQ¾ÃÀ�ó�Ø/ò`ÔþÂG¾�¸QÙ�º�»�×�7.ÍSÿ�+�^�ÑGÊÌÒ ÿ�Ð-]�7.Ííÿ�+�^ Ñ�Ê�V�Ð	.NÏ�Í	�Vÿ	Ë�ÑGÏ�Ð_ô7ÍSÏNÊSÈÌÒSÒÌÑ Ð��`ó�Ø à ¸�Ö�¾Ã¼É»9�B� � ñ4 ÑûÒ���ÿ�ÅjY�ÈSÊ�^�Ð�Ñ!ä��þÈÌÒj.NÏ�Í/Æ6��+�Å�Ï�Í�Ñ=Ð���ñ�ÿ	Ë�ÿ$�Sÿ	ÒNÈÌÒ ó�Ø~è3¸�¼�· � µ � � ë�ÖÃ¸�Õ�¸�»�¾ÃÕùº¿óìÖ�Á º�×9¾�Ôì¾�ÁQÖÃ¼=º�ð�ÁQ»9ê�¼�Õ�Ô�º�ð�¼{�	º�¾�¼�Á�»VÂGÁ�Ö1×�º�¾Sº¿·¹¼�»�¼�»�½�ñ
Ã~º	RÌÁQÖVÓSÁQ»�Â�¸�Ö�¸�»JÓS¸�Õsº�»�×@ÕÃØ�·¹ëJÁQÕ�¼�Ô�·#Õ/ÁQ»@ê�¼�Õ�Ô�º�ðÉ¼��Nº�¾�¼�ÁQ»b¼�»�ÓSð�Ô�×�¸9Ä_º�î Zª�o�Vÿ�ÐõW ÿQÊÌËäÏ�ÍSÒ¹Ñ=Ð�º7Ï��,+-��Ë�Ñ=Ð���!-
	ÒSË�È	�LÒâT�º�ZµV|\QÙ4 ÑûÒ���ÿ�Å�Ñ��Nÿ	Ë�ÑGÏ�Ð�Ù�º�»�×¬V�Ð�Ë�È�Í�ÐJÿ	Ë�ÑGÏ�Ð�ÿ�Å(!-
��K+�Ï	Ò�Ñ����éÏ�Ð¬V�Ð�.NÏ�Í	�Vÿ	Ë�ÑGÏ�Ð54wÑ�Ò	�þÿ�Å�Ñ��NÿãËÎÑGÏ�Ð�ñ�Ð ¸�Õ�¸Nº�ÖíÓÃÀ¿ÁQ»�ê�¼�Õ�Ô�º�ð�¼{�	º�¾�¼�Á�»1¼�Õ`º�ðÉÕÃÁ.ë�Ô�ó�ð�¼�Õ�Àì¸N×
¼�» YJÍSÿ�Ð�ÒNÿQÊÌË�ÑGÏ�Ð�ÒVÏ�Ð.4wÑ�Ò	��ÿ�Å�Ñ ��ÿãËÎÑ�Ï�Ð@ÿ�Ð-] º7Ï��,+-��Ë�È�Í
7.Ííÿ�+d^ ÑGÊÌÒ�ÙVC�Ï���Í�Ð�ÿ�Å7Ï/.�º7Ï*�K+(��ËäÿãËÎÑGÏ�Ð�ÿ�Å'ÿ�Ð-],7.ÍSÿ�+�^�ÑGÊSÿ�ÅG!ìËäÿãËÎÑ�ÒSË�ÑGÊÌÒÌÙ�º�»�×
VSÆlÆ§Æ º7Ï*�K+(��ËäÈ�ÍJ7 ÍSÿ�+d^ ÑGÊÌÒ)ÿ�Ð-]¿Ä8+#+�ÅUÑGÊSÿ	Ë�ÑGÏ�Ð�Ò�ñ



� ½ ¡§ª.£;° �§¥§±��$�@¤� L�§±/¢.­��'¡.��¤�¢. 
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h µHi n�ñ � ×�Ö�¼=º�º�»�Õ1º�»�×¹ï¿ñj��º�»�¾Ã¼É»ì½Q¸Qñ�ñ�ÿ	Ë�ÿbî~Ñ=ÐìÑ=Ð���ñ � ×�×�¼�ÕÃÁQ»�â/ß@¸�Õ�ð�¸�ØDz6i3º�Ö�ð�Á�æ�Ù � »�½�ðûº�»�×�Ù µ åQå�kìñ
hml i LJñ à ¸�Ö�¾�¼�» ñ/7.Ííÿ�+d^ ÑGÊÌÒ)ÿ�Ð-]"7.Ííÿ�+�^�ÑGÊ8V�Ð�.NÏ�Í	�Vÿ	Ë�ÑGÏ�Ð�ô7ÍíÏ	ÊSÈSÒSÒ�Ñ=Ð���ñ à ¸�Ö�ð�¼�» Ù µ å$� µ ñ
h ç i�� ñ�î'À�º�Ô�×�À�Ô�Ö�¼ º�»�× � ñ�ï/º	Ø º�ðÎñ � » Á�êQ¸�ÖÃê ¼�¸�æ�Á�Â7×�º�¾íº¿æ.º�ÖÃ¸�À�ÁQÔìÕ�¼�»�½¹º�»J×�ãªð � n�¾Ã¸NÓÃÀ�»�ÁQð�Á�½QØ�ñ7Ä_º�în!oV87�î�9�ñT� ÈSÊíÏ�Í&]�Ùl k�zmk ¶po � ½ Ù µ åQå$�ìñ
h ½>i LJñ�ð§ñJï1¸�êQÁQÖÃ¸Qñ�ô7ÍSÏ$�Sÿ$��Ñ=Å�ÑûË|
Vÿ�Ð-]�!�Ë�ÿ	Ë�Ñ�ÒSËÎÑGÊÌÒ6.NÏ�Í3Æ7Ð��ãÑ=ÐJÈíÈ�Í�Ñ=Ð�� ÿ�Ð-] Ë!^�È%!ÚÊ�ÑGÈ�Ð�ÊSÈ��GI�Ë�^³È�]�ö.ï3Ô���ó�Ô�ÖÃØ�n�Ö�¸�ÕÃÕNÙ µ å�å ¶ ñ
h ¶pi¼� ñqL�ñJï1Á�ó�Õ�Á�» ñ�Ä/Ð�V�Ð�Ë�ÍíÏ�]���ÊÌËÎÑ�Ï�Ð ËäÏ
71È�Ð�È�ÍSÿ�ÅUÑ��NÈ&]��`Ñ=ÐJÈíÿ�Íªî®Ï�]�È�ÅÇÒ�ñ§î'À�º�ë�·9º�»¹º�»�×�i1º�ð�ð�Ù µ åQå(r�ñ
h k i ÐLñ�ï3Ô�×�º¿º�»�×�n�ñ�i1º�Ö�¾	ñ�ô ÿ	Ë�ËäÈ�Í�ÐUº§Å�ÿ	ÒSÒ�Ñ S7ÊSÿ	Ë�ÑGÏ�Ð³ÿ�Ð-]�!ÚÊSÈ�ÐJÈ/Ä/Ð�ÿ�Åc
	ÒÌÑûÒÌñ�ß�¼Éð�¸�ØDz ü ¸�æ¦}7Á�Ö>��Ù µ å#�Qç�ñ
h � i � ñ�n�¼=º�¾Ã¸�¾�Õ���ØQâ � À�º�ë�¼�Ö�Á Û ¸	×�ñms�ñ([ùÏãËäÈÌÒ1Ï/.6VWCdº Ä,Vjt uq&�¸9Ï�Í�`	Ò�^þÏ�+M��Ð�Ï*0.ÅÉÈ�]��QÈ�ñ/Ñ�ÒNÊíÏ*lãÈ�Í	
/Ñ=Ð_ñ�ÿ	Ë�ÿ$�Sÿ	ÒNÈÌÒCT3�ªñ,ñvt uq&�\Qñ�ï3¸�¾ÃÖ�ÁQ¼�¾	Ù

Ã³¼ûÓÃÀ�¼�½�º�» Ù(LQÔ�ð�Ø µ å$��å�ñ
h � i � ñ-n�¼=º�¾Ã¸�¾�Õ���ØQâ � À�º�ë�¼�Ö�Á Û ¸N×�ñms�ñ¬[�Ï	Ë�ÈSÒúÏ�.;Ä3Ä1Ä,Vjt &>$Ú¸9Ï�Í�`	Ò�^þÏ�+���Ð�Ï�0.Å�È&]~��È�ñ/Ñ�ÒNÊSÏ�l�È�Í	
#Ñ=Ð�ñùÿ	Ë�ÿ$�SÿãÒ�ÈÌÒ�T3�ªñ,ñvt &>$�\Qñ � »�º	â

Àì¸�¼�·®Ù�î � ÙqLQÔìðÉØ µ å�å µ ñ
h å i ÐLñ � ð�·sº�Õ�Ö�¼�º�»J× � ñ à ñ ü º	êQº�¾ÃÀ�¸QñHW ��Ð-]�ÿ��VÈ�ÐþËäÿ�ÅBÒúÏ�.ªñùÿãËäÿ#�íÿãÒNÈ/!-
	ÒSËäÈ���Ò��21QÐ(]sÈ�]*ö à ¸�·CR�º�·¹¼�»-Þ�î'Ô�·V·)¼�»�½�ÕNÙ µ å�å ½ ñ
h µ r i � ñ-Ã@ñ � º	Ø�Ø ºQ× Ùj�Vñ-n�¼=º�¾�¸�¾ÃÕ>��Ø�â � ÀJº�ë�¼�Ö�ÁJÙDn�ñ � ·VØ�¾�ÀwÙ�º�»�×mÐLñ � ¾�À�Ô�Ö�ÔìÕíº�·VØ Û ¸N×þÕNñms�ñ/ÄC]*lãÿ�Ð�ÊSÈSÒ¿Ñ=Ð���Ð�Ï*0.ÅÉÈ�]��QÈ�ñ;ÑûÒ�ÊSÏ*lãÈ�Í	


ÿ�Ð-]_ñ�ÿ	Ë�ÿ¹î³Ñ Ð�Ñ=Ð���ñ �K�,� 2 Þ$Ã 2 ò n�ÖÃ¸�Õ�Õ	Ù µ åQå(k�ñ
h µQµHi � ñÔÃ@ñ � º	Ø�Ø ºQ×�º�»�× Ð�ñ � ¾ÃÀ ÔìÖ�Ô�ÕSº�·VØ Û ¸N×þÕNñms�ñ»[ùÏãËäÈÌÒ Ï/.9Ä1Ä3ÄKVwt &xI»¸sÏ�Í�`NÒ�^þÏ�+y��Ð�Ï�0.Å�È�]��QÈ�ñ;Ñ�ÒNÊSÏ�l�È�Í�
nÑ=Ð°ñ�ÿ	Ë�ÿ$�Sÿ	ÒNÈÌÒ

T:�ªñKñ�t &xI~\Qñ � ¸Nº�¾Ã¾�ð�¸QÙdß � ÙwLQÔ�ð�Ø µ å�å ½ ñ
h µ l i � ñÔÃ@ñ � º	Ø Ø�ºQ×�º�»�×bÐ�ñ � ¾�À�Ô�Ö�ÔìÕíº�·VØ Û ¸N×�Õ	ñms�ñ�ô7ÍíÏ	Ê�ö $�ÒSË�V�Ð�Ë/ö6º7Ï�Ð	.	ö ��Ð�Ï*0.ÅÉÈ�]��QÈ¢ñ;Ñ�ÒNÊSÏ�l�È�Í	
)ÿ�Ð(]ªñ�ÿ	Ë�ÿ�î³Ñ Ð�Ñ=Ð���T:�ªñKñvt &8S�\Qñ�,�K� 2 n�ÖÃ¸�Õ�Õ	Ù � Ô�½Jñ µ åQå ¶ ñ
h µ ç i � ñÔÃ@ñ � º	Ø�Ø ºQ× Ù-Ð�ñ � ¾ÃÀ ÔìÖ�Ô�ÕSº�·VØ�Ù�º�»J×��Vñ-n5¼ûº�¾�¸�¾ÃÕ>��Ø�â � À�º�ë�¼�ÖÃÁ Û ¸	×�ÕNñms�ñ_[�Ï	Ë�ÈSÒVÏ/./Ä1Ä1Ä,Vjt &>0°¸sÏ�Í�`NÒ�^þÏ�+���Ð�Ï�0.Å�È�]��QÈ�ñ;Ñ�Ò�X

ÊSÏ*lãÈ�Í	
¿Ñ=Ð�ñùÿãËäÿ#�Sÿ	ÒNÈSÒbT3�ªñ,ñvt &>0�\Qñ6ßnº�Õ�À�¼�»�½�¾�ÁQ»wÙ ï/î/ÙqLQÔìðÉØ µ å�åQç�ñ
h µ	½>i ß�ñ�i�ñ 2 »�·#ÁQ» ñz�µ��Ñ=Å�]�Ñ=Ð��)Ë�^þÈ¼ñùÿãËäÿ ¸sÿ�ÍSÈ�^�Ï���ÒNÈ�ñzLQÁ�À�»�ßý¼�ðÉ¸�Ø Ù µ å�å�k�ñ
h µN¶pi ÐLñ � ñqL�ÁQÀ�»�ÕÃÁQ»~º�»J×sï¿ñ�ß ñ�ß�¼ûÓ���¸�Ö�» ñ§Ä¢+$+JÅ�ÑGÈ�]_îm��ÅBË�Ñ�l�ÿ�Í�Ñ�ÿ	Ë�È-!�Ë�ÿ	Ë�Ñ�ÒSËÎÑGÊSÿ�Å�Ä/Ð�ÿ�Åc
	ÒÌÑûÒ&�20�Í&]¹È�]*öjn�ÖÃ¸�»�¾�¼=ÓS¸�i3º�ð�ð�Ù µ åQå l ñ
h µ k i ï¿ñ � ñ�è3¸�¼�·®ñ8R3¼ÉÕÃÔ�º�ð�¾�¸NÓÃÀ�»ì¼ ��Ô�¸�Õ�ÂGÁQÖw¸���ë�ð�ÁQÖÃ¼É»ì½1×�º�¾Sº�ó�º�Õ�¸�Õ	ñ 2 »<Y(�QË�Ï�Í�ÑGÿ�Å#[ùÏãËäÈÌÒ���0QÍ�]jV�Ð�Ë/ö�º7Ï�Ð	.	ö�Ï�ÐE��Ð�Ï*0.ÅÉÈ�]��QÈHñ;ÑûÒ�ÊSÏ*lãÈ�Í	


ÿ�Ð-]_ñ�ÿ	Ë�ÿ¹î³Ñ Ð�Ñ=Ð���T:�Cñ,ñvt &w{�\QÙ ü ¸�æ.ëJÁQÖ�¾ à ¸	ºQÓÃÀ Ù�î � Ù � Ô�½�ñ µ åQå$�ìñ
h µ � i ÐLñ�è3¼É·VóJº�ð�ð�ñµY�^�È,ñùÿãËäÿõ¸9ÿ�ÍíÈ�^þÏ*��Ò�È�Y�Ï	Ï�Å `ãÑ�Ë�ñALQÁQÀì»�ß�¼Éð�¸�ØM| � ÁQ»ìÕNÙ ü ¸�æ�}7ÁQÖ��ÚÙ µ åQå(k�ñ
h µ � i }Vñ§è3Áþ×þÖíº�¾ÃÁ�geº�»�×°Ð�ñ � ñ6Ã³¼ûÓÃÀ�º�ð�Õ>��¼�ñ î®ÿQÊ�^ Ñ Ð�È�� ÈSÿ�Í�ÐìÑ=Ð����ùÄ/Ð@Ä/ÍSË�Ñ S7Ê�ÑGÿ�Å�V�ÐþËäÈ�Å=Å�Ñ ��È�Ð�ÊSÈ¹Ä¢+$+JÍíÏ	ÿQÊ�^$�54�Ï�Åhö%0Qñ Ã³ÁQÖ�½�º�»

è/º�Ô�ÂG·sº�»�» Ù µ åQå(r�ñ
h µ å i n�ñ�ðwº�»�½�ð�¸�Ø ñlÆ7Å�È	�VÈ�ÐþËGÒ)Ï/.,î®ÿQÊ�^ Ñ Ð�È/� ÈSÿ�Í�Ð�Ñ=Ð���ñ6Ã9Á�Ö�½ º�»~è;º�Ô�ÂG·9º�»�» Ù µ åQå(k�ñ
hml r i ÐLñ � ñ$Ã9¼=ÓÃÀ�º�ð�Õ�� ¼�Ù 2 ñ à ÖSº�¾>��Á�Ù�º�»�×_Ã@ñQè3Ô�óJº�¾Nñ�î®ÿQÊ�^ Ñ Ð�ÈO� ÈSÿ�Í�Ð�Ñ=Ð��)ÿ�Ð(]�ñùÿ	Ë�ÿ¼î³Ñ Ð�Ñ=Ð���÷8î®ÈÌË!^�Ï�]ãÒùÿ�Ð(]1Ä¢+$+�ÅUÑGÊSÿ	Ë�ÑGÏ�ÐþÒÌñwLQÁ�À�»

ß�¼Éð�¸�ØM| � ÁQ»ìÕNÙ µ å�å$�ìñ
l ¶



l k } ¤ } © ¤�¢ª«1±.£/°§ª�þ

hml µHi ÐLñ � ñDÃ9¼=ÓÃÀ�º�ðÉÕ���¼ÎÙ~LJñ�� ñÚî.º�Ö�óJÁQ»�¸�ðÉð�Ù�º�»J×9ò�ñDÃ@ñDÃ9¼�¾íÓÃÀ�¸�ð�ð�ñ¬î®ÿ�Ê�^�Ñ=Ð�È�� ÈSÿ�Í�Ð�Ñ=Ð����§Ä/Ð~Ä/ÍSËÎÑ S7Ê�Ñ�ÿ�Å-V�Ð�Ë�È�Å=ÅUÑ��QÈ�Ð�ÊSÈ/Ä¢+$+�ÍSÏNÿ�Ê�^#�4JÏ�ÅhöG$�ñ6Ã9ÁQÖÃ½ º�»9è/º�Ô�ÂG·9º�»�»wÙ µ å$�Qçìñ
hml�l i ÐLñ � ñDÃ9¼=ÓÃÀ�º�ðÉÕ���¼ÎÙ~LJñ�� ñÚî.º�Ö�óJÁQ»�¸�ðÉð�Ù�º�»J×9ò�ñDÃ@ñDÃ9¼�¾íÓÃÀ�¸�ð�ð�ñ¬î®ÿ�Ê�^�Ñ=Ð�È�� ÈSÿ�Í�Ð�Ñ=Ð����§Ä/Ð~Ä/ÍSËÎÑ S7Ê�Ñ�ÿ�Å-V�Ð�Ë�È�Å=ÅUÑ��QÈ�Ð�ÊSÈ/Ä¢+$+�ÍSÏNÿ�Ê�^#�4JÏ�ÅhöG1�ñ6Ã9ÁQÖÃ½ º�»9è/º�Ô�ÂG·9º�»�»wÙ µ å$��kìñ
hml ç i ÐLñ � ñ�Ã9¼=Ó�ÀJº�ð�Õ>��¼�º�»�×
�Vñ�ò�¸NÓSÔ�ÓS¼�ñHî®ÿQÊ�^ Ñ=Ð�È)� Èíÿ�Í�Ð�Ñ=Ð����`Äëîm��ÅBË�Ñ�ÒSË�Ííÿ	Ë�È��~
3Ä8+$+JÍíÏ	ÿQÊ�^$�64JÏ�Åhö~I�ñ6Ã9Á�Ö�½�º�»sè/º�Ô�ÂG·sº�»�» Ù µ åQå ½ ñ
hml ½>i ò�ñ�Ã ñ�Ã9¼�¾íÓÃÀ�¸�ð�ð�ñ�î®ÿQÊ�^ Ñ=Ð�È/� ÈSÿ�Í�ÐìÑ=Ð���ñ6Ã~Óx�/ÖSº	æyi.¼�ð�ð�Ù µ åQå#��ñ
hml ¶pi LJñ ü ¸�¾Ã¸�ÖNÙ(Ã@ñ�i�ñ�è3Ô�¾�»ì¸�ÖNÙJî/ñqL�ñ ü º�ÓÃÀ ¾ÃÕ�À�¸�¼É·bÙ º�»�×�ðlñ$ßnº�Õ�ÕÃ¸�Ö�·9º�» ñ Ä¢+$+JÅ�ÑGÈ�]/�`Ñ Ð�ÈSÿ�Í-!�Ë�ÿ	Ë�Ñ�ÒSËÎÑGÊSÿ�Å�î®Ï�]QÈ�ÅBÒ���I�Ë�^³È�]�ö 2 ÖÃæ.¼É»�z

î'Àì¼ûÓ�º�½QÁJÙ µ åQå(k�ñ
hml k i � ñ�n�¼=º�¾�¸�¾�Õ>��Ø�â � À�º�ëì¼ÉÖÃÁúº�»�×�ß ñqL�ñ � ÖSº	æ.ð�¸�Ø ñD�ùÐJÏ�0.ÅÉÈ�]~��È¼ñ;Ñ�ÒNÊSÏ�l�È�Í	
VÑ=Ð�ñ�ÿ	Ë�ÿ$�Sÿ	ÒNÈÌÒÌñ �K�,� 2 Þ$Ã 2 ò n�ÖÃ¸�Õ�Õ	Ù µ åQå µ ñ
hml � i LJñ�Ð�ñ ò Ô�¼�»�ð=º�»wñKº�Idö
S$÷,ô7ÍSÏ���Ííÿ*��Ò�.NÏ�Íªî®ÿ�Ê�^�Ñ=Ð�È)� ÈSÿ�Í�Ð�Ñ=Ð���ñ6Ã9ÁQÖÃ½ º�»³è/º�Ô�ÂG·sº�»�» Ù µ åQå�ç�ñ
hml � i LJñ ß ñ � À�º	ê�ð�¼��úº�»�×#ò�ñ � ñ ï3¼�¸�¾�¾Ã¸�Ö�¼=ÓÃÀ ñO� ÈSÿ$]�Ñ Ð��NÒ�Ñ=Ðâî ÿ�Ê�^�Ñ=Ð�È/� ÈSÿ�Í�Ð�Ñ Ð��ãñ6Ã³ÁQÖ�½�º�»9è;º�Ô�ÂG·9º�»�» Ù µ å�å�rìñ
hml å i ÐLñ�i�ñ � À�Ô�·Væ.º	Ø�ñÚÄ¢+$+JÅ�ÑGÈ�]J!ìËäÿãËÎÑ�ÒSË�ÑGÊSÿ�Å6Y�Ñ��VÈ-!ÚÈ�Í�ÑGÈÌÒ1Ä/Ð�ÿ�Åc
	Ò�Ñ�Ò�ñ6n�Ö�¸�»�¾Ã¼ûÓÌ¸�i1º�ðÉð�Ù µ å#�$��ñ
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