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j~Ñ2M!6Ü HL�$')7L�$ah �$ah XZÄ¥ �"¸ JL�$ËÚêÏÚç ILVW\h¥ �$Å!|Ù�$�* �"¸ ILVW\hÁÆç �$¿)/»¥ ÍÔä �,ÉÇÚê¥ �$Å

!|Ùchim �$���)�'»�". ÍÔä�,É9L 4@ !~Ñ �"É�$�"Æ {��%» ILVW\h¥ ÍÔä�,É9L 4@?@ �$¿:Lim HL�$')7L�$ah 3@9L �"ÏÕò

�$UW �$ÈÁÆç �)im �"ÉÚç ÍÔä �,É�"Æ¥ 2@{�ÉÚê �"�"3@�* �$¿¥ �$�,¸ ���" ÒÔò2M�,¸ �$¿¥¥ �$��Ñ9L ��ÏÕò!"2L �"ÏÕò

m�Ñ�". !~Ñ+/» �$ÐÔç j~Ñ 2M!6Ü HL�$')7L�$ah �$ahXZÄ��ÁÆç �"¿ �$ =K ;̧Q j~Ñ2M HL�$�"7L�$ah �$ahXZÄÏÚç JL�$ËÚê �%»

¥ 2MÍÚòj~Ñ2MÉÚê �$��Ñ !"^him �"É́$ JL�$ËÚê9L�) �,É¥m�Ñ ÍÔä�,ÉÏÚê !"´$ JL�$ËÚê9L�) 2MÍÚò�"¾2L m�Ñ�". �"�"�)

�"É�$ �"Æ{� ]f !~Ñ �%»�$¿ JL�$ËÚê9L j~Ñ!~Ñ �,É_fÌØ�%» �"�$�" !"́$ JL�$ËÚê¥ ÍÔä �,É �,É _fÉÚê ^fx� �%»�-É!"ÁÆç 2MÛãò

�"É�$ �"Æ{��" �$¿cg!"�".

ËÔç ÁÔçÊØÏÚç �$ÐÔç �"É�$�"Æ {� Ûãù�,É �"É�,Å ÏÚê U[4@im �"ÏÕò!"�$ 2MÛãò �"É�$�"Æ{�ÏÚê 2M�%»!|Ô {� �$ÈÁÆç �"É�,Åch

im�, ÍÔä �,É�"Æ sv�%» 7@�-¿ÏÚê �$ÏÕò!"ÁÆç �$�,ÅÏÚê :L�%»!~Ñ �". �$ �$�,ÅÏÚç ?@�"É JL�$ËÚê�� !"́$JL�$ËÚê9L 4@!"�*

�" �̧"¸ ÍÔä �,É�"Æ sv�%» 7@�-¿ÏÚê sv �,É!"UW U[�.ÇÏÚê !|Ù�-É!|Ø chim�, 2MÛãò �"É�$ �"Æ{�ÉÚê 2M �%»!~Ñ�". �$ �$�,Å ÏÚç �"¸ ÏÚç

�#É¥ �)�"É ¼¾ò�%»�%» ÏÚê �"ÏÕò!"�* 2MÛãò �"É�$�"Æ {�ÉÚê �,É{|Ð!$ sv!|Ô {� �$È2L !"�* 2MÛãò 3@¥ �"¸ JL�$ËÚê9L 4@

!~Ñ =KÉ�'» �/»�%»�$ ËÖê¼ÅÇÚò!"2L �$���)�$ÁÆç {~Ñ�-É9L�) %)ÏÖä q���,¸chim �$ÏÕò m}Ô {� �$È�".

Abstract

In relational database management systems(RDBMS), a table consists of sets of records

which are composed of a set of attributes. The number of distinct values(NDV) of an attribute

denotes the number of distinct attribute values that actually appear in the database records,

and is widely used in optimizing queries and supporting statistic queries. An object-relational

database management systems(ORDBMSs), however, support the inheritance between tables

which enforces an attribute de�ned in a super-table to be inherited in sub-tables automatically.
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Hence, in ORDBMSs, not only the NDV of an attribute in a single table but also the NDV

of an attribute in multiple tables(HNDV) is needed.

In this paper, we propose a method that calculate the HNDV using arrays of attribute

value intervals. In this method, an array of attribute value intervals is created for an attribute

of interest in each table in a table hierarchy, and HNDV can be calculated or estimated by

merging the arrays of attribute value intervals. The method accurately calculates the HNDV

using small additional storage space and is very e�cient for an environment where only some

of the tables in a table hierarchy are frequently updated.

1 �)ÉÔç

1.1 2MÛãò �"É�$�"Æ{�¥ �,É¥�� ÊØ:L�,Ä

4@�"{� HL�$')7L�$ah �$ah XZÄ¥ �"ÏÕò�" ÜÝùÏÚç ÏÚòÏÕòloimU[ @KÄ 2@ �"¿�"ÁÆç �$¿¥�)ÉÚê �"ÏÕò!"�* HL�$')7L�$ah 3@

¥ HL�$')ÉÚê �,ÄCK¸!~Ñ �". �$¿¥�)ÁÆç �,ÄCK¸ ÏÚê ��Ñ !"ÁÆç HL�$')�" �"�$ÁÆç df �.»ÏÚê ln !8Ñ!"�$ ´$?@ �"ÏÕò�$�* �$¿¥

�)�$�$ÁÆç �$¿¥ df�.»9L �"ÊÁÆç HL�$')ÉÚê �$¿ :Lim HL�$')7L�$ah9L�) ��Ûßú?@3@�$ ´$ !~Ñ HL�$')7L�$ah �$ah XZÄ

¥ 3@�� ^fÇ×ê�$�". �$¿¥�)�)�$�$�" |��) �'» �$¿¥ÉÚê �)�$!"ÁÆç �� �,ÉÏÚç �" �$É �%» 2M, �$�, �̧� �%» 2M, �$¿JKÜ 2M{}Ð¥

CKÉ�,É �%» 2M, �$¿JKÜ �%» 2Mim �$���) �'» �". �$ÐÖò �$ �,¸�� �%»2MÁÆç �"ÁÆò !~Ñ �*&) �"�$¥ �$¿¥ {� JKÜ �"É�,Å ÐÖò9L�) �$

ÏÕò ^fVZ¿ 9L ¼Æç�)!"�* �$af¥ �$ÏÕòchim �$¿¥ �-¿ ��ÉÚê \fÛßú?@ >K¿ {� �$ÈÁÆç {� JKÜ�"É�,Å ÏÚê �|Ý ÁÆç �� �,É�$�". �$ÉÚê ´$

?@�)ÁÆç �'»VZ¸ ah¥ ÐÔç:@ ��z�, �'»VZ¸ah¥ ÐÔò��, JL�$ËÚê 3@¥ �"¸ ÍÔä�,É 9L 4@!~Ñ �$af �"Æ, �$4@�"Æ, !$ahkmU[ @KÄ ��

�"É �$ �"Æ {�(NDV)�� �"ÍÏÚç HL�$')9L j~Ñ!~Ñ �"¸ ÐÔò ÒÔò2M �"inÇÚê�$ �"ÏÕò m�Ñ�" [1, 2, 7, 10].

�*�$�) ÍÔä �,É9L 4@ !~Ñ !$ahkmU[ @KÄ�$ �%» ?@ �"É ÍÔä�,É�"Æ¥ ËØlm �"É{|ÜÏÚê �$ÉÔä!"�* ÒÚä �,É ÍÔä �,É�"Æ ]fÁÆç ÒÚä �,É �,Ä

´$¥ ÍÔä �,É�"Æ 9L ?@ �"É!"ÁÆç ILVW\h�" �-Ë 2@ �,É \f ÐÔç:@!"ÁÆç�"ÉÚê �$ÉÔä !~Ñ �.Ç�$UW �"É �$�"Æ {� �%» ÒÚä�,É ÍÔä�,É9L 4@?@

JL�$ËÚê 3@9L �$¿:Lim ÐÔç:@!"ÁÆç ÍÔä �,É�"ÆÇÚê ÐÖò �)im �"ÉÚç �.Ç �$ �-Ë 2@�" �$ÁÆç�$ÉÚê �"�" >M» �.Ç�$�". �$���"Í ÏÚç

ÒÔò2M �"ÆÇÚêÏÚê �"ÏÕò!"ÁÆç �-É�� �$¿¥�)�$�$ÁÆç %)ÏÖä qÏ×ê �,¸�'» �$¿JKÜ2M {}ÐÏÚê CKÉ�,É!|Ô {� �$È ch�* HL�$')7L�$ah9L

4@ !~Ñ ÒÔò2M�,¸�'» �$¿¥9L 4@?@�)ÁÆç �$¿¥ÉÚê �$¿:Lim {�JKÜ !"�$ �"½ UW �-¿��ÉÚê sv!|Ô {� �$È ÁÆç �"É�,Ä�$ �$È �". �$ÐÔç

j~Ñ 2M !6Ü HL�$')7L�$ah �$ah XZÄ 9L�)ÁÆç �%»�$¿ JL�$ËÚê9L 4@ !~Ñ ÍÔä�,É !$ahkmU[ @KÄ�� �"É �$�"Æ {� �,É_f�%» ÏÚê ���$!"

^him �"¸�"¸ �%»�$¿ ÍÔä �,É !$ahkmU[ @KÄ �� �%»�$¿ �"É �$�"Æ {�(TNDV)�" !"�".

!~Ñ+/» =K¸ ;Q j~Ñ 2M HL�$')7L�$ah �$ah XZÄ �$�" =K¸ ;Q�$!#Ü HL�$')7L�$ah �$ah XZÄ(Object-Oriented Database

Management Systems, ODBMS) ÏÚç JL�$ËÚê(ÜÝùÏÚç ½Æê5@ah)ÇÚê �%»¥ 2MÛãòsvdfÉÚê :L¼¾ò !~Ñ�". U[ �$Ä 1ÁÆç �%»

�%»!~Ñ JL�$ËÚê 2MÛãòsvdfÉÚê _f �'» �.Ç�$�". �*�$�) Person JL�$ËÚêÏÚç �$�"É´$ JL�$ËÚê�$UW Employee JL�$ËÚê,
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Student_Emp

Person

StudentEmployee

U[ �$Ä 1: 9M:L JL�$ËÚê 2MÛãòsvdf

Student JL�$ËÚê, Student Emp JL�$ËÚêÏÚç ^fx� Person JL�$ËÚê¥ !"´$ JL�$ËÚê�$�* Student Emp JL�$

ËÚêÏÚç Employee JL�$ËÚê�� Student JL�$ËÚê9L ÇÔò�$9L !"´$JL�$ËÚê�$ m�Ñ�". �$�� �"ÍÏÚç 2MÛãòsvdf¥ �$ ��Ñ ÏÚç

�$ �"É ´$ JL�$ËÚê9L�) �,É¥m�Ñ ^fÇÚç ÍÔä �,É �$ !"´$ JL�$ËÚê9L\f lm !|Ø �$2L !~Ñ �". �"�"�) 2MÛãòsvdf 3@¥ ÒÚä �,É JL

�$ËÚêÏÚê �$¿¥¥ df�.» chim �"ÏÕò!"�)�" �$¿¥¥ �-¿��im ��Ûßú!"ÁÆç �-É��, ?@ �"É JL�$ËÚêÌØ �%» �"�$�" U[ �.Ç¥ !"

´$ JL�$ËÚê�"�$ �$¿¥¥ 4@ �"É�$ m}Ô {��" �$È �"[8, 12]. U[&)^him 2MÛãòsvdfÉÚê �$ ��Ñ !"ÁÆç HL�$')7L�$ah �$ah XZÄ

9L�) q�� �,¸�'» �$¿¥�) �$ �, �̧�ÉÚê {� JKÜ!"�$ ´$?@�)ÁÆç �"¸ JL�$ËÚê�� U[ �.Ç¥ !"´$ JL�$ËÚêÏÚê ÁÔç�$ �,¸chim !"�"

¥ JL�$ËÚêim �%»|�!"UW U[ �.Ç9L lm !|Øm�Ñ ÍÔä �,ÉÇÚê9L 4@!~Ñ !$ahkmU[@KÄ(2MÛãò !$ahkmU[@KÄ) �$Ë �"É �$ �"Æ{�( 2MÛãò �"É

�$ �"Æ {�)9L 4@ !~Ñ �,É _fÉÚê �$¿cgim !~Ñ �".

2MÛãò !$ahkmU[ @KÄ ÏÚç �$ÐÔç j~Ñ 2M!6Ü HL�$')7L�$ah �$ah XZÄ 9L�)�� ÇÔò �$¿!"2L �"¸ JL�$ËÚê9L 4@ !~Ñ �%»�$¿ !$ah

kmU[ @KÄ ÏÚê ���$!"UW U[ �.ÇÇÚê¥ !|Ù ÏÚê �$ÏÕò!"�* q�� �, çhim �$ ��Ñ!|Ô {��" �$È �"(��ÉÔä �|Ø df). U[&)�" 2MÛãò �"É

�$ �"Æ {�(HNDV)ÉÚê sv!"ÁÆç �.ÇÏÚç �%»ÍØ!"�$ �"½ �". �%»�$¿ 2MÛãò �"É�$ �"Æ{�ÉÚê 2M �%» !"�$ ´$?@ �-¿\f¥ �$ �,ÅÏÚê �"

ÏÕò!"�$ �"½UW �$ÐÔç �"É�$¸ ÏÚê U[4@im �$ÏÕò!"ÁÆç �-É��9LÁÆç �"ÏÚï�� �"ÍÏÚç �"É�,Å ÏÚê �"ÏÕò !|Ô {� �$ÈÏÚê �.Ç�$�".

1. �"¸�"¸¥ JL�$ËÚê9L 4@?@ ÇÔä �$Å�,¸ chim lnËÔçdf�"�" �.» {�df�"(lnËÔçÏ×ê 100%) ÒÔò?@ �%»�$¿�"É �$�"Æ {�ÉÚê 2M �%»

!~Ñ «$ �"¸ JL�$ËÚê¥ 2MÛãò �"É �$�"Æ{�ÁÆç ?@ �"É JL�$ËÚê�� !"´$ JL�$ËÚê¥ �%»�$¿ �"É �$ �"Æ{�¥ !|Ù ÏÚê �"ÏÕò!~Ñ �".

2. �"¸�"¸¥ JL�$ËÚê9L 4@?@ ?@ �"É JL�$ËÚê�� ^fÇÚç !"´$ JL�$ËÚêÏÚê !"�"¥ ÁÔç�$ �,¸�'» JL�$ËÚêim �%» |�!"UW ^f

ÇÚç JL�$ËÚêim��') UWio2L lnËÔçÏÚê sv �,É!"�)�" ^fÇÚç JL�$ËÚê9L 4@ !~Ñ �.» {�df�"ÉÚê {� JKÜ!~Ñ �".

�7Ú �.»FG �"É�,Å ÏÚç ÇÔò �$¿!~Ñ ÍÔä �,É�"Æ �$ �"{�¥ JL�$ËÚê9L ÐÔç:@ !|Ô {� �$È�$ CGÊØ9L �,É{|Ð!~Ñ 2MÛãò �"É�$ �"Æ{�ÉÚê 2M

�%» ?@ >K¿ {�ÁÆç �,ÆÏÚê �.Ç�$�". U[9L �%»?@ x� �.» FG �"É�,Å ÏÚç �$UX �,¸ �,É{|Ð!~Ñ 2MÛãò �"É�$ �"Æ{�ÉÚê sv!|Ô {�ÁÆç �$È �". U[

&)�" �$ �'»¥ 2MÛãò �"É�$ �"Æ{�ÉÚê ���$!"�$ ´$?@�)ÁÆç �"½ ÏÚç ��!"ÉÚê �� �"¿!"2L m�Ñ�". æ�#!"�/» !$ahkmU[ @KÄ�$�"

�"É �$ �"Æ {��� �"ÍÏÚç ÒÔò2M �,É_fÁÆç !|Ü�"É HL�$')7L�$ah¥ �$¼Æç �"É=@ÉÚê �%»�-É!"\fÉÔä ���$!"ÁÆç �.Ç�$ ÐÖòcg!~Ñ j~Ñ�.»

�'» HL, �%»�$¿ 2MÛãòsvdf �"É¥ �)Z[ !~Ñ JL�$ËÚê9L 4@?@ �"É�"É!~Ñ �/»�-É �$ �$���)�'» �-É��9L\f 2MÛãò �"É �$ �"Æ{�ÉÚê =KÉ

�'» !"�$ ´$?@�)ÁÆç ?@ �"É JL�$ËÚê �$�$9L\f U[ �.ÇÏÚê !"´$ ½Æê5@ahim lm!|Ø !"UW �$È ÁÆç ^fÇÚç JL�$ËÚê9L 4@ !~Ñ 2MÛãò

�"É �$ �"Æ {�ÉÚê �"�$ 2M �%» ?@ |��)�# �%» !"�$ CGÊØ�$�". �%»�/» �7Ú �.» FG �"É�,Å ÏÚç �/»�-É �$ �$���) �'» ?@�"É JL�$ËÚê¥
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�%»�$¿ �"É �$�"Æ {�ÉÚê =KÉ�'» !"UW U[ �$¥ JL�$ËÚê9L 4@?@�)ÁÆç �/»�� m�Ñ 2@{� �%»ÏÚê �"�"Ä !"�/» m�Ñ �".

ËÔç ÁÔçÊØÏÚç ´$¥ x� �"É�,Å¥ �$ �,ÄÏÚê �"¿�$¿ {� �$ÈÁÆç ÍÔä �,É�"Æ sv�%» 7@ �-¿ ÏÚê �$ÏÕò!"ÁÆç �"É�%» ÏÚê :L�$ !~Ñ�". �$

�"É�,Å ÏÚê �$ÏÕò!" �/» af �#É¥ �)�"É¼¾ò �%»ÏÚê �$¿ cgim !" �/» �)\f cf�"�" V[�$ �"½ 2L 2MÛãò �"É �$�"Æ {�ÉÚê 2M�%»!|Ô {� �$È

ch�* 2MÛãòsvdf3@¥ �"¸ JL�$ËÚê9L 4@?@ ÒÚä �,É JL�$ËÚê9L +/»ÐÖò m�Ñ =KÉ�'» �$ �$¿�)�"%)�"\f q�� �,¸ chim 2MÛãò �"É �$

�"Æ {�ÉÚê �"�"¸!|Ô {� �$È�".

1.2 j~Ñ)/» �/»sv

System R�� �"Í ÏÚç jm �|Ü�$¥ HL�$')7L�$ah �$ah XZÄ 9L�)ÁÆç df �'»¥ �.»HK¸ Ï×êÏÚê 9MÛãù!"�$ ´$?@�) ?@ �"É ÍÔä�,É 9L

4@ !~Ñ �"É �$�"Æ {�ÉÚê �"ÏÕò JKÛ �"[11]. U[&)�" �$ �.ÇÏÚç �.» {�df�"�" lnËÔçdf�"ÉÚê ÒÔò !~Ñ �$¿:L �,¸�'» ÒÔò2M �"Æ ÏÚê �$ÏÕò!"

�$ �"½ UW �$¿�,É�%»�-¸ ËØlm(uniform)ÉÚê �" �,É!~Ñ �.Ç �$�,È �$ CGÊØ9L cf�"Ï×ê\f ÁÔ÷UW �-É ��9L �"�"�)ÁÆç �$ �"¸¥ �$¿

JKÜ 2M {}Ð ÏÚê �.»HK¸ !"ÁÆç �-É ��\f �$È �"[2, 9]. �"�"�) ¼Æç5@¥ 4@�"{�¥ �"ÉÏÕò�$ahXZÄ ÏÚç �$¸�,Å�,¸�'» df�"ÉÚê ÒÔò?@ !$

ahkmU[ @KÄ ÏÚê sv �,É!"UW �"É�$ �"Æ{� �" �"¸ !"ÁÆç �.Ç �$ �$¿�%» ���$�,È �" [1, 6, 10].

[3, 4, 5] ÁÆç �$¿¥�)�$¥ �$ËÔç �/»�%»�'» �.»HK¸, df �'», loim EZ¸�/» �/»�%» ÇÚò9L j~Ñ!~Ñ �-¿ ��im CKÉ�,É �$ÁÆç ILVW\h¥

2@{�ÉÚê lnËÔçdf�"ÉÚê ÒÔò?@ 9MÛãù!"ÁÆç �$ �,Å ÏÚê :L �%»JKÛ �". ÒÚä!$ [5]ÁÆç �$ �%»�,¸ :L !~ÑÏÚê �"Ä�%»!~Ñ lnËÔçdf�"ÉÚê ÒÔò?@

�$Å!|Ù(aggregation) �$¿¥ÉÚê �)�$ !|Ô {� �$È ÏÚïÏÚê _f �-È �".

[2]ÁÆç lnËÔçdf�"9L¥?@ �"É�$�"Æ {�ÉÚê �� �,É!|Ø 9L �$È�) ÒÔò2M!|Ð�,¸ �$ �,ÅÇÚê�� HL�$')7L�$ah j~Ñ)/» �/» sv9L�) :L

�$�$ �,È(.» �$ �,ÅÇÚê¥ �,ÉÁÆòÏÚê �$¿ :L HL�$')ÉÚê �$ÏÕò?@ �$UX!" �-È �". U[�$!"�* HL�$')¥ ËØlm !6Ü =@9L�"�" �� �,É

�$ �,Å¥ �,É ÁÆòÏÚç V[2L �"¿�"�$�* �$¿!5Ø 9L :L�$ m�Ñ ^fÇÚç !6Ü =@¥ ËØlm9L4@?@ �%»ÐÔäah ).» �,ÉÁÆòÏÚê _f�$ÁÆç �� �,É �$

�,Å ÏÚç �,Æ �"ÁÆç �.Ç ÏÚê _f�$UW �$ÐÔç �� �,É �$ �,ÅÇÚêÏÚê �"�"ÊÛá !"�$_h�$\h �� �,É �$ �,ÅÏÚê :L �%»!"�-È �".

[1]ÏÚç �$ÐÔç9L :L�$ m�Ñ �)+,!~Ñ �$ �,Å\f cf�"�" 6@�� �"¸ÏÚç �,É \fim 9MÛãù!"ÁÆç �.Ç ÏÚç ËÖê�"ÁÆò !|ØÏÚê {� !|Ð�,¸chim

ÐÚò �-É !" �-È �". U[&)�" cf�"Ï×ê�$ �,¸�"É!~Ñ {�ÐØchim :L¼¾ò�$ �/» �$¿ :L�,¸ chim �"ÏÕò!"ÁÆçHLÁÆç ÊØ:L�" �,Æ ÁÆç �.Çchim

_fUW �$ÐÔç �"É�$¸ _f�"ÁÆç �%»�#¸!~Ñ !6Ü =@¥ �� �,É�"É�$¸ ÏÚê �"ÏÕò!" �-È�".

�$�� �"Í�$ �$ÐÔç �/» svÁÆç �%»�$¿ JL�$ËÚê 3@9L�)¥ �.»{�df�"ÉÚê q�� �,¸ chim {� JKÜ!"ÁÆç �"É�,Å ]fÁÆç lnËÔçdf�"

9L ¥?@ �$UX �,¸ �,É{|Ð !"2L ÒÚä �,É ÍÔä�,É 9L 4@ !~Ñ �"É �$�"Æ{�ÉÚê �� �,É!"ÁÆç �"É�,Å 9L 4@ !~Ñ �/» sv�" |�ÉÚê �$��UW �$È ch

�* �"�$¸ JL�$ËÚê 2MÛãòsvdfÉÚê �"Ä�%»!~Ñ �"É �$ �"Æ {� 2M �%» �$ �,ÅÏÚç :L �%»�$UW �$È �$ �"½�".

1.3 ÁÔçÊØ¥ sv�,É

ËÔç ÁÔçÊØ¥ sv�,É ÏÚç �"ÏÚï�� �"Í�". 2 �"É9L�)ÁÆç 2MÛãò �"É �$�"Æ ÏÚê 2M �%»!"�$´$?@ ËÔç ÁÔçÊØ9L�) :L�%» !"ÁÆç ÍÔä�,É�"Æ

sv �%» 7@�-¿ ÏÚê �$ÏÕò !~Ñ �$ �,ÅÏÚê �,¿�-É!"UW 3 �"É9L�)ÁÆç �$¿!5ØÏÚê ÒÔò?@ :L �%»m�Ñ �$�,Å¥ �,ÉÁÆòÏÚê �,Ä ÐÚò!~Ñ�". �"�$ �"¸

chim 4 �"É chim �-¿ÉÔçÏÚê AKÊÁÆç�". ��ÉÔäÏÚç �$ÐÔç RDBMS 9L�) �"ÏÕò!"ÁÆç !$ahkmU[ @KÄÏÚê �$ÏÕò!"�* 2MÛãò �.»HK¸ Ï×ê
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ÏÚê 2M�%» !"ÁÆç �"É�,Å �� U[ �" �"É�,É 9L 4@?@ �%»�#¸ !$ �,¿�-É!~Ñ �".

2 ÍÔä�,É�"Æ sv�%» 7@�-¿ ÏÚê �$ÏÕò !~Ñ 2MÛãò �"É�$�"Æ{�¥ 2M�%»

:L �%» !"UW�" !"ÁÆç 2MÛãò �"É �$�"Æ{�¥ 2M �%» �$ �,ÅÏÚç �"ÏÚï�� �"Í �$ x� �%»2MÉÚê �)�/ 2MÛãòsvdf �"É¥ �"¸ JL�$ËÚê9L

4@?@ |��)�'» ÍÔä �,É9L 4@ !~Ñ 2MÛãò �"É�$ �"Æ{�ÉÚê 2M�%»!~Ñ �".

1. �%»�$¿ ÍÔä�,É�"Æ sv�%» 7@ �-¿ sv�,É �%»2M :

�"¸�"¸¥ JL�$ËÚê9L 4@?@ df�"(�.» {�df�" ]fÁÆç lnËÔçdf�"))ÉÚê ÒÔò?@ �%»�$¿ �"É �$�"Æ {��� �%»�$¿ ÍÔä �,É�"Æ sv �%»

7@�-¿ÏÚê sv �,É!~Ñ � ILVW\h !6Ü =@im �) �"É!~Ñ �". lnËÔç df�"¥ �-É��9LÁÆç �%»�$¿�"É�$�"Æ {�ÁÆç �$ÐÔç �/»svÉÚê ÒÔò

?@ :L�%»m�Ñ {� �$¸ÏÚê �"ÏÕò!"�* �� �,É!~Ñ �".

2. ÍÔä�,É�"Æ sv �%» 7@�-¿ !|Ù�-É �$Ë 2MÛãò �"É �$�"Æ{�¥ 2M�%» �%» 2M :

�"¸ JL�$ËÚê9L 4@?@ ?@ �"É JL�$ËÚê�� !"´$ JL�$ËÚê¥ �%»�$¿ ÍÔä�,É�"Æ sv �%» 7@ �-¿ ÏÚê !|Ù�-É!"UW U[ �-¿ ��ÉÚê �$

ÏÕò!"�* ?@ �"É JL�$ËÚê¥ 2MÛãò �"É �$�"Æ {�ÉÚê 2M�%»!~Ñ �".

ÐÚä �"¸ JL�$ËÚê ÍÔä�,É9L 4@?@ ?@�"É JL�$ËÚê 3@9L ÐÔç:@!"ÁÆç ^fÇÚç ÍÔä �,É�"ÆÏÚê �"�"3@ÁÆç ÍÔä �,É�"Æ sv�%» 7@�-¿ ÏÚê sv �,É

!~Ñ �"ÏÚï, ?@ �"É JL�$ËÚê�� U[ �.Ç¥ !"´$ JL�$ËÚêÇÚê¥ ÍÔä�,É�"Æ sv �%» 7@�-¿ÏÚê !|Ù�-É!"�* 2MÛãò �"É �$�"Æ {�ÉÚê 2M �%» !"

ÁÆç �.Ç�$�".

�$�� �"Í�$ ÍÔä �,É�"Æ sv�%» 7@ �-¿ÏÚê �"ÏÕò!" �/» JL�$ËÚê 2MÛãò svdf �"É¥ �$¿�� JL�$ËÚê9L 4@ !~Ñ �/»�-É�%»�$ �$���)

�'» �-É ��9L\f 2MÛãò svdf �"É¥ ^fÇÚç JL�$ËÚêÏÚê �"�$ df�"?@�# !|Ô �$¿ cg�" �,Æ �". �'»�.»!$ �/»�-É �$ �$¿�)�"ÁÆç JL�$

ËÚê9L 4@?@�) �%» |��$ �,¸ chim ÍÔä �,É�"Æ 7@ �-¿ÏÚê :@ svÛßù!" �/» m�Ñ�". �"�"�) �"É �$�"Æ {� 2M �%» 9L �"ioÁÆç ��!"ÉÚê �"Ä

af�$ �$¿ {� �$È�". �%»�/» 9L 2MÛãò svdf �"É¥ ^fÇÚç JL�$ËÚê9L 4@ !~Ñ df�"ÉÚê {� JKÜ!~Ñ �.Ç �� ÇÔò�$¿!~Ñ q��ÉÚê �"�$^him

�,É{|Ð!~Ñ �"É�$ �"Æ{�¥ 2M �%»�$ �"ÁÆò!"�". �$�)�$ÁÆç x� �"É9L�)ÁÆç ´$¥ x� �� �,É 9L 4@?@ �"8L!"2L �,¿�-É!~Ñ�".

2.1 ÍÔä �,É�"Æ sv�%» 7@ �-¿ sv�,É �%»2M

2MÛãò �"É�$ �"Æ{�ÉÚê sv!"UW�" !"ÁÆç ÍÔä�,É�"Æ 9L 4@?@ �"¸ JL�$ËÚê �-¿im ÍÔä�,É�"Æ sv�%» 7@�-¿ ÏÚê sv �,É !"ÁÆç �%»2M�$

�". df�"ÉÚê ÒÔò?@ ��Ûßú m�Ñ ÍÔä �,É�"ÆÇÚê�� �$afsv �%»�%»�-¸(w)�$ �$Å)-¸chim |��)�$�* 2MÛãòsvdf3@¥ �"¸ JL�$ËÚê

Ti(i = 1; : : : ; N)9L 4@?@ �"ÏÚï�� �"Í ÏÚç �"inÉÚê CKÉ�,É!~Ñ�".

� lnËÔç �"É�$ �"Æ{�(SNDVi): lnËÔçdf�"ÉÚê ÒÔò?@ ��Ûßú m�Ñ ÍÔä �,É�"Æ 9L�)¥ �"É �$�"Æ¥ 2@{�

� �%»�$¿ �"É�$ �"Æ{�(TNDVi): JL�$ËÚê 3@¥ �%»�$¿ �"É�$�"Æ¥ 2@{�
1

1 lnËÔçdf�"¥ �-É�� �$ÐÔç �/»sv9L�) :L �%»m�Ñ ���,É¼¾ò�$¸ ÏÚê �"ÏÕò!"�* ���,Ém�Ñ�". ËÔç ÁÔçÊØ¥ �,ÉÁÆò+-É�"9L�)ÁÆç �|ØUWÊØ!7Ñ [1]9L�) :L
�$ !~Ñ �"É�$�"Æ¥ 2@{� 9MÛãù ¼¾ò �$¸ÏÚê �"ÏÕòJKÛ �". �%» �.»{�df�"¥ �-É��9LÁÆç TNDVi = SNDVi �$�".
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� sv�%» 7@�-¿ 3@¥ �"É �$ �"Æ{�(INDVi): ÍÔä �,É�"Æ sv�%» 7@ �-¿9L lm !|Øm�Ñ �"É�$ �"Æ¥ 2@{�

� �%»�$¿ ÍÔä�,É�"Æ sv�%» 7@ �-¿

�$ �%»2M9L�)ÁÆç lnËÔç df�"9L ¥?@ �.»HK¸m�Ñ ÍÔä �,É�"Æ ÇÚê9L 4@?@ �"ÏÚï�� �"ÍÏÚç �� �,ÉÏÚê {� JKÜ!~Ñ�".

1. |��)�'» ^fÇÚç ÍÔä �,É�"Æ ÏÚê �,É)-¿!~Ñ �".

2. �,É)-¿m�Ñ ÍÔä �,É�"Æ ÐÖò ÐÖòËÔäm�Ñ �"ÆÏÚç ^fx� :L�) !~Ñ �".

3. ÐÖòËÔä�$ :L�) m�Ñ ÍÔä �,É�"Æ ÇÚê9L 4@?@ ÍÔä �,É�"Æ sv�%» 7@ �-¿ÏÚê sv �,É!"�* ILVW\h !6Ü =@im �)�"É!~Ñ�".

ÍÔä �,É�"Æ sv�%» 7@�-¿ÏÚç JL�$ËÚê 3@9L ÐÔç:@!"ÁÆç ^fÇÚç ÍÔä �,É�"ÆÏÚê ���$!"ÁÆç �.Çchim 2@2@¥ ÍÔä�,É�"ÆÏÚê �) �"É!"ÁÆç �.Ç

�$ �"�$�", ÍÔä�,É�"Æ �$ �/»ÍÔä�,¸ chim �$�)�$ÁÆç �*&) 2@¥ sv �%»9L 4@?@ �"¸ sv�%»¥ �)ÏÚï�� ÀÆö �"Æ�%» ÏÚê ���$!"ÁÆç

�.Ç �$�". ÐÚä <sv�%»¥ �$�"¸, sv�%»¥ ÀÆö> !6Ü =@im �) �"É!~Ñ �".

�*�$�) �/» ÍÔäm�Ñ x� sv �%»¥ �%»�-¸�$ |��) �'» w _f�" �"¸ÏÚç �-É��9LÁÆç x� sv �%» ÏÚê !|Ù�/�) !"�"¥ sv �%»chim �,¿

�,É!~Ñ �". �"�"�) �-¿ ���,¸ chim CKÉ�,É�$ÁÆç ÍÔä �,É�"Æ sv�%» 7@�-¿ÏÚç w = 1�'» �-É ��9L lnËÔç3@9L ÐÔç:@!"ÁÆç ÍÔä �,É�"Æ ÏÚê

cf�" �,Æ �$ ���$ !~Ñ�"(SNDVi = INDVi). w > 1 �'» �-É ��9LÁÆç �$¿ :L ÐÔç:@!"�$ �"½ÁÆç ÍÔä�,É�"Æ ÏÚê lm !|Ø!|Ô {�

�$È ch^him cf�"ÉÚê �� �"¿!|Ô {� �$È�".

ÍÔä �,É�"Æ sv �%» 7@�-¿ 9L lm !|Ø �$UW �$¿ :Lim JL�$ËÚê 3@¥ ILVW\h9L\f ÐÔç:@!"ÁÆç �"ÆÏÚê �|Ø ÍÔä �,É�"Æ�$�"!"UW ÍÔä

�,É�"Æ sv �%» 7@ �-¿9LÁÆç lm !|Ø�$�" U[ �"Æ ÏÚê �"ÊÁÆç �$¿:L ILVW\h�" ÐÔç:@!"�$ �"½ÁÆç �"ÆÏÚê �)�'Ç ÍÔä�,É�"Æ�$�" !"�".

Ti 9L 4@?@ �)�'Ç ÍÔä �,É�"Æ 9L ¥?@ �"¿CKÉ !"ÁÆç SNDVi �� INDVi¥ cf�"ÉÚê sv �%» cf�"�" !"UW SNDVi 9L 4@ !~Ñ

sv �%» cf�"(IEi = INDVi � SNDVi)¥ �$ÉÚê sv �%» cf�"Ï×ê(IRi =
IEi

SNDVi
= INDVi�SNDVi

SNDVi
)im �,É¥ !~Ñ

�".

w > 1�'» �-É��9LÁÆç sv �%» cf�"�" �"¿CKÉ!|Ô �"ÁÆò�,É �$ ÁÆê�)�"�$ �%» U[9L �$IM!"�* ÍÔä �,É�"Æ sv�%» 7@ �-¿¥ 2@{�

\f ÐÖê�)\hÁÆç �"É�,Ä �$ �$È �". w¥ �"Æ ÏÚç HL�$')7L�$ah �$ahXZÄ j~Ñ �$�"9L ¥?@ �$ �,Ém�Ñ �". 9M:L 1ÏÚç ÍÔä�,É�"Æ sv

�%» 7@�-¿¥ sv�,É 9L 4@ !~Ñ �%»�%»!~Ñ 9MÉÚê _f �'» �.Ç�$�".

9M:L 1 w = 2�$UW, Ti 9L 4@ !~Ñ �.» {�df�"ÉÚê ÒÔò?@ ��Ûßúm�Ñ ÍÔä �,É�"Æ ÇÚê�$ �"ÏÚï�� �"ÍÏÚç �-É ��,

2, 11, 6, 14, 3, 1, 10, 2, 11, 15, 6, 4, 10, 7, 2

ÍÔä �,É�"Æ �,É)-¿�� ÐÖòËÔä :L�)ÉÚê �)�$ �/»,

1, 2, 3, 4, 6, 7, 10, 11, 14, 15

�$ �$UW, �$im��') CKÉ�,É �$ÁÆç ÍÔä �,É�"Æ sv�%» 7@ �-¿ÏÚç �"ÏÚï�� �"Í�".

<1, 7>, <10, 11>, <14, 15>
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�$ CG TNDVi = SNDVi = 10; INDV i = 11 �$ m�Ñ�". �"�"�) �$ �-É �� w = 29L �"ÉÚç ÍÔä �,É�"Æ sv

�%» 7@ �-¿¥ cf�"Ï×ê: IRi =
11�10
10
� 100 = 10% �" m�Ñ�".

2.2 ÍÔä �,É 7@�-¿ !|Ù�-É �%»2M

�$ �%» 2MÁÆç �"¸�"¸¥ JL�$ËÚê9L 4@ !~Ñ �%»�$¿ ÍÔä �,É�"Æ sv �%» 7@ �-¿ÏÚê �$ÏÕò!"�* �"¸ JL�$ËÚê(Ti)9L 4@ !~Ñ 2MÛãò �"É�$ �"Æ

{�(HNDVi)ÉÚê 2M�%»!~Ñ �".

Ti 9L 4@!~Ñ 2MÛãò ÍÔä �,É�"Æ sv �%» 7@�-¿�$ �%» Ti¥ ÍÔä �,É�"Æ sv�%» 7@�-¿ �� U[�.Ç¥ !"´$ JL�$ËÚê¥ ÍÔä �,É�"Æ sv�%» 7@

�-¿ ÏÚê !|Ù�-É!~Ñ �.Ç�$UW 2MÛãò ÍÔä �,É�"Æ sv�%» 7@�-¿ 3@¥ �"É�$ �"Æ{�ÉÚê HINDVi �" !"�/» HNDVi ÁÆç HINDVi ÉÚê

ÒÔò?@ 2M �%»m�Ñ �".

�"¿ UW�$ÐÚï 1 ÏÚç �$ �� �,É9L�) �"ÏÕò�$ÁÆç �.Çchim ÒÚä �,É ÍÔä �,É ÏÚê lm!|Ø !"ÁÆç 2MÛãòsvdf�"É¥ ^fÇÚç JL�$ËÚê9L 4@ !~Ñ

ÍÔä �,É�"Æ sv�%» 7@ �-¿ÇÚêÏÚê �$Å)-¸�"¾ �" �"¸ JL�$ËÚê9L 4@ !~Ñ HINDV ÉÚê 2M �%»!~Ñ�".

�$ �"¿UW�$ÐÚïÏÚç �"¸�"¸¥ ÍÔä �,É�"Æ sv �%» 7@�-¿ÇÚêim��') sv �%» ÏÚê �)()im �$À�)ÇÚê�$UW �)() 3@¥ sv �%»ÇÚêÏÚê �,É

)-¿!~Ñ �". U[�$UW �)() 3@¥ sv �%» ÇÚêÏÚê �"IMim �$Àch �/» �) ÍÔä �,É�"Æ¥ 2@{�ÉÚê 2M�%»!~Ñ �". �"�"�) 2MÛãò ÍÔä �,É�"Æ sv

�%» 7@�-¿ ÏÚç �$¿:LimÁÆç CKÉ�,É �$�$ �"½ UW �" �%» JL�$ËÚê �-¿ im HINDV �%» 2M �%»m�Ñ�".

Algorithm 1 2MÛãò �"É �$�"Æ {�ÉÚê sv!"�$ ´$ !~Ñ �-É!|Ù �"¿UW�$ÐÚï

prev key 7@ �-¿ÏÚç minimum �"Æ chim, HINDV 7@�-¿ �� insiders 7@�-¿ ÏÚç 0chim �"¸�"¸ jm�$�� !~Ñ �".

�"¸ JL�$ËÚê¥ ÍÔä �,É�"Æ sv�%» 7@�-¿¥ �7Ú �.» FG sv �%»¥ �$�"¸�"Æ �� sv �%»¥ ÀÆö�"Æ ÏÚê �)()im �$À�)ÇÚê�* cfÉÚï�"ÍØ

chim �,É)-¿!~Ñ �"2.

while �)()9L HL�$')�" �$È ÁÆç ÇÔò�%» do

curval  �)()3@¥ �$af ÍÔä�,É�"Æ3.

for Ti in curval¥ JL�$ËÚê�� U[ �.Ç¥ �"É´$ JL�$ËÚêÇÚê do

if insidersi != 0 then

HINDVi  HINDVi+ sv�%» [prev val; curval) 3@9L�)¥ �"É �$�"Æ¥ 2@{�

if Tag(curval) = `TO' then

prevali  curval

insidersi = insidersi � 1

if insidersi == 0 then

HINDVi  HINDVi + 1

end if

continue

end if

end if

prev vali  curval

insidersi = insidersi + 1

end for

if Tag(curval) = `TO' then

Table(curval)¥ ÍÔä �,É�"Æ sv�%» 7@ �-¿9L�) �"ÏÚï �.» ÍÔä�,É�"Æ sv �%»ÏÚê �)()im �$À �) ÇÚê�$UW �)()3@¥

�"Æ ÏÚê �,É)-¿!~Ñ �".

end if

end while
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U[ �$Ä 2�� 9M:L 2 ÁÆç �"É ´$ JL�$ËÚê T1 �� U[ �.Ç¥ !"´$ JL�$ËÚê T2 chim �$���)�'» JL�$ËÚê svdf9L 4@?@ �"¸

�"¸¥ sv�%» 7@�-¿ ÏÚê �$ÏÕò!"�* �"É´$ JL�$ËÚê T1¥ 2MÛãò �"É�$ �"Æ{�ÉÚê 2M�%» !"ÁÆç ���,ÉÏÚê _f�'» �.Ç�$�". �*�$�)

T1¥ sv �%» 7@ �-¿ÏÚç x� 2@¥ sv �%» < (a); (b) >�� < (e); (g) > im �$���)�$UW T2¥ sv�%» 7@�-¿ ÏÚç !"�"¥ sv

�%» < (b); (g) > im sv �,Ém�Ñ �.Ç chim !~Ñ �". U[�$Ä 29L�) 2MÛãò sv �%» 7@ �-¿(hierarchy interval array) ÁÆç �$¿:Lim

CKÉ�,É �$ÁÆç �.Ç�$ �"�$�* 2.3 �,¿¥ 3@ÏÕòÏÚê �,¿�-É !"�$ ´$?@ U[ �.Ç�$ CKÉ�,Ém�Ñ �.Çchim �" �,ÉJKÛÏÚê CG¥ svdfÉÚê �"�"

>M» �.Ç�$�".

9M:L 2 �"ÏÚïÏÚç �"¿ UW�$ÐÚï 19L ¥?@ U[ �$Ä 2¥ T1 �� T2¥ sv �%» 7@�-¿ ÏÚê �-É!|Ù !"�* T1¥ HINDV1 ÏÚê sv!"

ÁÆç ���,É �$�".

curval Tag(curval) prev val1 insiders1 HINDV1

minimum 0 0

(a) FROM (a) 1 0

(b) FROM (b) 2 1

(b) TO (b) 1 1

(e) FROM (e) 2 4

(g) TO (g) 1 6

(g) TO (g) 0 7

�"�"�) HINDV1 ÏÚç 7�$ m�Ñ�".

�"¿ UW�$ÐÚï 19L¥?@ �"¸ JL�$ËÚê9L 4@ !~Ñ HINDV�" 2M�%»�$ �/» �$ÉÚê ÒÔò?@ �"¸ JL�$ËÚê9L 4@ !~Ñ 2MÛãò �"É �$�"Æ {�

ÉÚê �"ÏÚï�� �"Í�$ 2M �%»!~Ñ �".

� JL�$ËÚê Ti¥ 2MÛãò �"É�$ �"Æ sv�%» 7@ �-¿ÏÚê sv�,É !"�$ ´$?@ �"ÏÕò !~Ñ �%»�$¿ �"É �$ �"Æ sv�%» 7@ �-¿ �$ ^fx� �.» {�

df�"9L¥?@ CKÉ�,É!~Ñ �.Ç �$�"�/»

HNDVi = HINDVi

� �%»�$¿ !|Ù�-É 9L �"ÏÕòm�Ñ �%»�$¿ ÍÔä�,É�"Æ sv�%» 7@�-¿ÏÚê sv �,É!"ÁÆçHL �$È�) lnËÔçdf�"ÉÚê �"ÏÕò !~Ñ �.Ç �$ !"�" �$ �"É

ÐÔç:@!"ÁÆç �-É��9LÁÆç �"ÏÚï�� �"ÍÏÚç ¼¾ò �$ Ï̧Úê �"ÏÕò!"�* 2MÛãò �"É�$ �"Æ {�ÉÚê �� �,É!~Ñ�".

2 �"¸ ÍÔä�,É9L 4@?@�)ÁÆç sv�%»¥ �$�" �̧"Æ�'»�$ ÀÆö �"Æ�'»�$ÉÚê ln�$!"ÁÆç TAG(`FROM' ]fÁÆç `TO')�� JL�$ËÚê �$¸�-¿�"ÉÚê ln�$!~Ñ �".

ÍÔä �,É�"Æ �$ �"ÍÏÚç �-É��9LÁÆç sv�%»¥ �$�" �̧"Æ ÏÚê ÀÆö�"Æ_f�" �"¸ÏÚç �"Æ chim ËÔç�".

3 �$À !/�'» ÍÔä�,É�"ÆÏÚç �)()9L�) :L�) m�Ñ�".
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true attribute value

single interval array of T1

single interval array of T2

FROM TO FROM TO

FROM TO

FROM TO

false attribute value

(b) (g)

(g)

hierarchy interval array of T1

(a)

(e)

(c) (d) (e) (f)
(a) (g)

(g)(b)

(a) (b)

U[ �$Ä 2: sv �%» 7@�-¿¥ �-É!|Ù ���,É

HNDVi =
X

TNDVj �
HINDVP
INDVj

(1)

�*�$�) j ÁÆç JL�$ËÚê Ti �� U[ �.Ç¥ !"´$ JL�$ËÚêÏÚê �"�" >M»�". lnËÔçdf�"ÉÚê �$ÏÕò!"ÁÆç �-É �� �$¿ :Lim JL�$

ËÚê3@9L ÐÔç:@!"ÁÆç ÍÔä �,É�"Æ¥ 2@{��" lnËÔçÏÚê ÒÔò?@ CKÉ�,Ém�Ñ �%»�$¿ ÍÔä �,É�"Æ sv�%» 7@�-¿ 9L �"�" �%» ÍÔä �,É�"Æ¥

2@{�_f�" �"½ �". �"�"�) �$¸ 1ÏÚç lnËÔç¥ !|Ù�-É9L �"ÉÚç �"Äaf �$Ï×êÏÚê �$ÏÕò!"�* HNDVÉÚê �� �,É !"ÁÆç �.Ç

ÏÚê �"�">M» �".

2.3 �$af sv�%» �%»�-¸ �"Æ9L �"ÉÚç cf�"¥ ËØ �,¸

:L �%» !"ÁÆç �$ �,Å9L �"�" 2MÛãò �"É �$ �"Æ {�ÉÚê sv!" �/» �$¿ :L 2MÛãò �"É�$ �"Æ{���ÁÆç cf�"�" �"¿CKÉ!|Ô {� �$È�". cf�"¥

��Ñ�'» ÏÚç x��"�$�" �$Èch�* U[ ÐÖò !"�"ÁÆç lnËÔçdf�"9L �"ÉÚç cf�"�$UW �"�)�$ !"�"ÁÆç w ÉÚê 1_f�" V[2L �,¿�,É!|Ø

9L �"ÉÚç cf�"�$�". lnËÔçdf�"9L �"ÉÚç cf�"ÁÆç lnËÔç¥ ��Ûßú �"É�,Å �$�" HL�$')¥ ËØlm ÒÚä �,É 9L �����$^him :L

�%» !"ÁÆç �$ �,Å��ÁÆç j~Ñ2M�" �,Æ �". �"�"�) �$ �,¿9L�)ÁÆç w ÉÚê 1_f�" V[2L �,¿�,É!"ÁÆç �.Ç�$ 2MÛãò �"É�$�"Æ {�¥ 2M

�%» 9L �$�$ÁÆç cf�"9L 4@?@ �,¿�-É!~Ñ �".

�.» �) �)�'Ç ÍÔä�,É�"Æ �$ 2MÛãò �"É �$�"Æ{�ÉÚê 2M �%»!"ÁÆçHL �) 01Ï2L �-É!#Ü ÏÚê �$�$ÁÆç�$ �"¿�"ËÔç�". N2@¥ �%»�$¿ JL

�$ËÚê9L�) CKÉ�,Ém�Ñ ÍÔä�,É�"Æ sv�%» 7@ �-¿ÏÚê �-É!|ÙJKÛ ÏÚê CG, �-É!|Ù¥ �-¿��im CKÉ�,Ém�Ñ ÍÔä �,É�"Æ sv �%» 7@ �-¿9L ÍÔä!"ÁÆç ÍÔä

�,É�"Æ(v) ÏÚç �"ÏÚï¥ �" �.Ç �"�$ �-É ��9L�) !"�"9L ?@ �"É!"ÁÆç �"Æ�$�"(U[�$Ä 2 �|Ødf).

1. v ÁÆç x�2@ �$ �"É¥ ÍÔä �,É�"Æ sv �%» 7@�-¿9L ÍÔä!"ÁÆç �"Æ�$�* v ÉÚê lm !|Ø!"ÁÆç ^fÇÚç ÍÔä �,É�"Æ sv �%» 7@ �-¿9L�) �|Ø

ÍÔä�,É�"Æ �$�" - U[ �$Ä 2¥ (b)�� (g)

2. v ÁÆç x�2@ �$ �"É¥ ÍÔä �,É�"Æ sv�%» 7@�-¿ 9L ÍÔä!"ÁÆç �"Æ �$�* v ÉÚê lm !|Ø!"ÁÆç �$¿ �� ÍÔä�,É�"Æ sv �%» 7@�-¿ 9L�)ÁÆç

�)�'Ç ÍÔä�,É�"Æ �$UW �$¿ ��9L�)ÁÆç �|Ø ÍÔä �,É�"Æ�$�" - U[ �$Ä 2¥ (e)

3. v ÁÆç x�2@ �$ �"É¥ ÍÔä �,É�"Æ sv �%» 7@�-¿9L ÍÔä!"ÁÆç �"Æ�$�* v ÉÚê lm !|Ø!"ÁÆç ^fÇÚç ÍÔä �,É�"Æ sv �%» 7@ �-¿9L�) �)

�'Ç ÍÔä�,É�"Æ �$�" - U[�$Ä 2¥ (f)

4. v ÁÆç cf �$¸ !"�"¥ sv �%» 7@ �-¿9L �%» ÍÔä!"ÁÆç �"Æ�$�* ?@ �"É sv�%» 7@ �-¿9L�) �|Ø ÍÔä �,É�"Æ �$�" - U[ �$Ä 2¥ (d)
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5. v ÁÆç cf�$¸ !"�"¥ sv�%» 7@ �-¿ 9L�%» ÍÔä!"ÁÆç �"Æ�$�* ?@ �"É sv�%» 7@�-¿ 9L�) �)�'Ç ÍÔä �,É�"Æ�$�" - U[�$Ä 2¥

(c)

�) �'Ç ÍÔä�,É�"Æ chim �'»!~Ñ cf�"�" �" �"É �"¸ 2L �"¿CKÉ !"ÁÆç �-É ��ÁÆç ^fÇÚç �) �'Ç ÍÔä�,É�"Æ 9L 4@?@ (2)¥ �-É���%» �$ �,¸ ÏÕò

�$ÁÆç �.Ç �$�". �$ �-É ��9LÁÆç �) �'Ç ÍÔä�,É�"Æ 9L¥ !~Ñ 2MÛãò ÍÔä�,É�"Æ sv �%» 7@�-¿¥ sv�%» cf�"Ï×êÏÚç 0�$ m�Ñ�". �%»�/»

�) �'Ç ÍÔä�,É�"Æchim �'»!~Ñ cf�"�" �" �"É V[2L �"¿CKÉ !"ÁÆç �-É ��ÁÆç ^fÇÚç �) �'Ç ÍÔä�,É�"Æ ÏÚç (5)¥ �-É��9L ?@ �"É !"UW �|Ø

ÍÔä �,É�"Æ ÏÚç ^fx� (1)¥ �-É ��9L ?@�"É!"ÁÆç �-É���$�".

U[&) �/» �) �'Ç ÍÔä�,É�"Æ9L ¥ !~Ñ cf�"�" �" �"É �)�$ÁÆç �"É{|Ü9L�) �%»�$¿ ÍÔä�,É�"Æ sv�%» cf�"Ï×ê�$ 2MÛãò ÍÔä �,É�"Æ sv

�%» cf�"Ï×ê9L �$�$ÁÆç �-É!#Ü ÏÚê �"¿ �"ËÔç�". �"5@¥ �$¸9L�) 1; : : : ;K ÁÆç Ti �� U[�.Ç¥ !"´$ JL�$ËÚêÇÚêÏÚê ¥�$ !~Ñ

�".

HIRi =
2MÛãò ÍÔä �,É�"Æ sv �%» 7@ �-¿9L lm !|Øm�Ñ �)�'Ç ÍÔä �,É�"Æ¥ 2@{�

2MÛãò ÍÔä �,É�"Æ sv �%» 7@�-¿9L lm !|Øm�Ñ �|Ø ÍÔä �,É�"Æ¥ 2@{�

<

P
IEj

max(SNDV1;���;SNDVK)
4

=
P IEj

max(SNDV1;���;SNDVK)

�
P IEj

SNDVj

=
P

IRj

ÐÚä �)+, !~Ñ �-É ��9L\f �) �'Ç ÍÔä�,É�"Æ9L ¥?@ �"¿CKÉ!~Ñ 2MÛãò ÍÔä �,É�"Æ sv�%» 7@�-¿¥ cf�"Ï×êÏÚç �%»�$¿ ÍÔä �,É�"Æ sv

�%» cf�"Ï×ê¥ !|Ù _f�"ÁÆç �" 2̧L m�Ñ �". �"�"�) �$ �"¸¥ �-É �� �$¿�$�"\f �)�'Ç ÍÔä �,É�"Æ 9L ¥ !~Ñ cf�"ÁÆç JL�$ËÚê¥ 2@

{��" ÁÆê�)�"Ä 9L �"�" �%»ÍÖê �,¸ chim �%» ÐÚò�" !|ØÏÚê �"¿ {� �$È �".

�$ �-¿ ��ÁÆç �.» {�df�"ÉÚê �"ÏÕò !~Ñ �-É ��9L 4@?@�)ÁÆç 2MÛãò �"É�$ �"Æ{�¥ cf�"Ï×ê9L �$¸�,Å �,¸ ÏÕòm}Ô {� �$È�". U[

&)�" lnËÔçdf�"9L ¥ !~Ñ �-É ��9LÁÆç �%»�$¿ �"É �$ �"Æ{�¥ ���,É 9L�)\f �$�$ �� �,É¼¾ò �$¸ 9L ¥?@ cf�"�" �"¿CKÉ!"�$ CG

ÊØ9L �$ �-É ��9LÁÆç ´$¥ �-¿ ��_f�" %) ½Æç �"Æ¥ cf�"Ï×ê�$ �"¿CKÉ!|Ô {� �$È�".

3 �,ÉÁÆò+-É�"

�,É ÁÆò +-É �"ÁÆç �$¿ :L HL�$')�" �" �'» !|Ù�,Ém�Ñ HL�$')ÉÚê �$ÏÕò !~Ñ �-¿ ���$�". ln 1ÏÚç �,É ÁÆò +-É�"ÉÚê ´$?@ �$¿!5Ø {~Ñ�-É

ÏÚê �"�" >M» �". �"¸ JL�$ËÚê¥ ÍÔä �,É�"Æ�$ �" �$¿ {� �$È ÁÆç �-É�-¸ÏÚê ÍÔä�,É�"Æ �-É�-¸ �$�" !|Ô CG, ln 1¥ JL�$ËÚê �%» ÍÔä �,É

�"Æ¥ ËØlm !6Ü=@ÁÆç �"¸ JL�$ËÚêÇÚê �%»¥ ÍÔä �,É�"Æ �-É�-¸ �$ �)Z[ �,É \f �-Å �$ÁÆç�"ÉÚê �"�" >M» �.Ç�$�". U[&)^him t~Ñ�.»

�-Å�}Ø �$ �%» JL�$ËÚêÇÚê �%»¥ ÍÔä �,É�"Æ �-É�- �̧$ ^fx� �"ÍÏÚç �.Ç�$UW z� �-Å�}Ø ÏÚç ÍÔä�,É�"Æ¥ �-É�-¸�$ �)im �"¿ �" x�2@�$ �"É

¥ JL�$ËÚê9L�) ÇÔò�$9L �"�"�"ÁÆç ÍÔä �,É�"Æ �$ �,Æ ÁÆç �-É ��ÉÚê �"�">M» �". �"�"�) t~Ñ�.»�-Å�}Ø�� z� �-Å�}ØÏÚç ÍÔä�,É�"Æ

4max(v1; � � � ; vK)ÏÚç v1; � � � ; vK ÐÖò9L�) �" �"É ½Æç �"ÆÏÚê ¥�$!~Ñ�".
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�$¿!5Ø df �.» �"Æ

JL�$ËÚê �"É ILVW\h {� 1,000,000

JL�$ËÚê¥ 2@{� 30

ÍÔä �,É�"Æ¥ ËØlm !6Ü =@ �,É swËØlm

JL�$ËÚê �%» ÍÔä �,É�"Æ ËØlm !6Ü =@ t~Ñ�.»�-Å�}Ø, z� �-Å�}Ø

df�" �"É�$¸ lnËÔçdf�"(0.1%, 0.5%, 1%, 5%, 10% lnËÔçÏ×ê), �.»{�df�"

�$af ÍÔä �,É�"Æ sv �%» �%»�-¸(w) 1, 2, 4, 8, 16

ln 1: �$¿!5Ø df�.»

ËØlm¥ �#É¼Æä �%»ÏÚê ln !8Ñ!~Ñ �.Ç�$�* �$¿:L HL�$')7L�$ah9L�)ÁÆç �#É�"¥ ÐÖò �%» !6Ü =@\f ÐÔç:@ !|Ô {� �$È�". lnËÔçdf

�"¥ �-É �� �.»;Q JL�$ËÚê¥ �"É�$�"Æ {�ÉÚê 9MÛãù!"�$ ´$?@ [1]9L�) :L �%»m�Ñ �$�,ÅÏÚê �"ÏÕò!" �-È�".

�$¿�%»�,¸ chim !$ahkmU[ @KÄ sv�,É �$ �,Å ]fÁÆç �%»�$¿ JL�$ËÚê9L �$È �) �"É�$ �"Æ{�ÉÚê ��Ûãù!"ÁÆç �$�,Å¥ �,ÉÁÆò +-É �"

ÉÚê ´$?@�)ÁÆç ÍÔä �,É�"Æ¥ �'»\f9L 4@?@ Zip�an ËØlm�" |�im �"ÏÕò�$UW [1, 10], ÍÔä�,É�"Æ �";Q¥ ËØlm9L 4@?@�)

ÁÆç ÇÚò �%»�-¸, �$Ä¥ �%»�-¸, Zip�an �%»�-¸ ÇÚòÏÚê �"ÏÕò!"�$\f !~Ñ �". U[&)�" ËÔç ÁÔçÊØ�$ :L�$!"ÁÆç �$�,Å¥ ÊÔä�,¸ ÏÚç

�$ÐÔç �/»sv¥ 4@�"É�$ �,È(.» lnËÔçdf�"ÉÚê q�� �,¸chim {�JKÜ!"ÁÆç �$�,Å �$�" lnËÔçdf�"ÉÚê ÒÔò?@ �%»�$¿ JL�$ËÚê¥ �"É

�$ �"Æ {�ÉÚê sv!"ÁÆç �� �,É ¼¾ò �$¸ ÏÚê 8@im�$ :L �%»!"ÁÆç �.Ç�$ �"�$�" �%»�$¿ JL�$ËÚê9L 4@ !~Ñ �� �,É �"É�,ÅÏÚç �$ÐÔç �/» sv

�$ �,Å ÇÚêÏÚê U[4@im �"ÏÕò!"�$ 2MÛãò svdf9L �,¸ÏÕò !|Ô {� �$ÈÁÆç �"É�,ÅÏÚê :L �%»!"ÁÆç �.Ç�$�". �"�"�) ÍÔä �,É�"Æ ËØlm9L

4@ !~Ñ �*&) !6Ü=@ ÐÖò¥ !"�" �'» �,É swËØlm�%» ÏÚê �"ÏÕò !~Ñ �$¿!5Øchim U[ ÒÚä �$ÉÏÚê �%»�#¸!$ �"�"3@UW�" !" �-È �".

U[ �$Ä 3�� U[ �$Ä 4ÁÆç �"¸�"¸ t~Ñ�.»�-Å�}Ø �� z��-Å�}Ø df�.» chim !"´$ JL�$ËÚê¥ 2@{��" ÁÆê�) �"Ä9L �"�" :L �%»!"ÁÆç

�"É�$¸ 9L¥ !~Ñ �$�"É ´$ JL�$ËÚê¥ 2MÛãò �"É �$�"Æ {��� U[ �.Ç¥ �$¿:L�"Æ ��¥ cf�"Ï×êÏÚê �"�" >M» �.Ç �$�". �"¸ U[�$Ä¥

�� �"É�%» ÏÚç 4@ÏÚò!"ÁÆç U[5@lo9L�) �"ÏÕò m�Ñ lnËÔçÏ×ê(0.5% � 100%(�.»{�df�")) �� w¥ �"Æ ÏÚê �"�">M» �.Ç �$�"5.

�.» {�df�"(U[ �$Ä 3-(a), U[ �$Ä 4-(a))¥ �-É�� w = 16chim �,¿�,É ?@\f �$4@ 10%4@¥ cf�"Ï×êÏÚê 9Ä �$ �"½ ÏÚï

ÏÚê �"¿ {� �$È�". lnËÔçdf�"(U[�$Ä 3-(b), U[ �$Ä 4-(b))¥ �-É��9LÁÆç 0.1%¥ lnËÔçdf�" �$�$9LÁÆç �$4@ 100% �"

�#É¥ cf�"Ï×êÏÚê _f�'»�".

:L�$ m�Ñ �$¿!5Ø�-¿ ��9L�) w �"Æ �$ ÐÚò�"!|Ø 9L �"�" cf�"Ï×ê�$ ÐÚò�"!"ÁÆç �.ÇÏÚê ËÔê {� �$È ÁÆçHL �$�.Ç ÏÚç w¥ �"Æ

ÏÚê V[2L !|Ô{�ÉÔä �) �'Ç ÍÔä�,É�"Æ �$ ÁÆê�)�"È �$ CGÊØ�$�". 9M�$�,¸ chim z��-Å�}Ø df�.» 9L�) lnËÔç df�"ÉÚê {� JKÜ!~Ñ �-É

��(U[ �$Ä 4-(b)) w �"Æ �$ �-É!#ÜÏÚê �)¥ �$�$�$ �"½ ÁÆç �.Ç chim �"�" �%»�". U[ �$��ÁÆç lnËÔçdf�"¥ �-É�� 2MÛãò �"É

�$ �"Æ {�ÉÚê 2M �%»!"�$ ´$?@ �$¸ 1ÉÚê �"ÏÕò!"ÁÆçHL, z� �-Å�}Ø¥ �-É �� HINDVi =
P

INDVj �$ �$^him �$¸ 1¥

ENDVi =
P

TNDVj �" �$UW, w ÁÆç 2@2@¥ JL�$ËÚê9L 4@ !~Ñ TNDVj( �%»�$¿ �"É �$�"Æ {�)ÉÚê �� �,É!"ÁÆçHL �-É!#Ü

ÏÚê �$�$�$ �"½�$ CGÊØ�$�".

�.» {�df�"¥ �-É��(U[ �$Ä 3-(a), U[�$Ä 4-(a)) ÇÔò�$¿!~Ñ w �"Æ ÏÚê �,¸ÏÕò!" �/» t~Ñ�.»�-Å�}Ø 9L�)ÁÆç !"´$ JL�$ËÚê¥ 2@

{��" ÐÚò�" !|Ô {�ÉÔä cf�"Ï×ê�$ �"Ä af!"ÁÆç �-É!#ÜÏÚê _f�$�" z� �-Å�}Ø ÏÚç �-¿�"ÉÚç �/»��ÉÚê _f�$�$ �"½ ÁÆç�". �$�� �"Í ÏÚç

50.1%ÁÆç cf�"Ï×ê�$ 500% ÉÚê 9Ä�)�)ÁÆç j~Ñ2Mim U[ �$Ä9LÁÆç �"�"3@�$ �"½�"È�".
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lnËÔçdf�" �$Ï×ê w = 1 w = 2 w = 4 w = 8 w = 16

0.1% lnËÔçdf�" 74.1(0%) 36.9(10%) 18.0(22%) 8.4(35%) 4.2(47%)

0.5% lnËÔçdf�" 51.7(0%) 27.9(4%) 14.0(11%) 7.4(17%) 3.7(24%)

1% lnËÔçdf�" 46.8(0%) 25.4(4%) 13.7(9%) 6.9(15%) 3.5(21%)

5% lnËÔçdf�" 40.6(0%) 22.9(3%) 12.3(6%) 6.0(11%) 2.9(16%)

10% lnËÔçdf�" 38.9(0%) 21.8(2%) 11.2(6%) 6.0(9%) 2.9(14%)

�.»{�df�" 32.4(0%) 18.2(2%) 9.5(4%) 4.7(7%) 2.5(10%)

ln 2: �$af sv �%»�"Æ �%»�-¸ 9L �"ÉÚç JL�$ËÚê �"É sv �%» 7@ �-¿ ILVW\h¥ 2@{�

!8Ñ�"É ÏÚê _f�$ÁÆç �$��ÁÆç t~Ñ�.»�-Å�}Ø¥ �-É �� JL�$ËÚê¥ 2@{��" ÁÆê�)�"¿ {�ÉÔä �)�'Ç ÍÔä�,É�"Æ�� �"ÍÏÚç �"ÆÏÚê �"ÊÁÆç �$¿

:L ÍÔä �,É�"Æ�$ ÐÔç:@ !|Ô �"ÁÆò�,É�$ �)�$�$ CGÊØ�$�*, �%»�/» z� �-Å�}Ø¥ �-É ��9LÁÆç JL�$ËÚêÇÚê �%» 9L ÍÔä�,É�"Æ¥ �-É�-¸ �$

�-Å �$�$ �"½�" �$�� �"ÍÏÚç �"ÁÆò �,É�$ ÐÔç:@!"�$ �"½�$ CGÊØ �'» �.Çchim �" �"¸m�Ñ �".

ln 2 ÁÆç t~Ñ�.»�-Å�}Ø �$¿!5Ø 9L�) w 9L �"ÉÚç JL�$ËÚê�"É sv �%» 7@�-¿ ILVW\h¥ 2@{��� JL�$ËÚê �"É w >= 1 im �'»!~Ñ

sv �%» cf�"Ï×êÏÚê BK¸ËØÏ×êim �"�" >M» �.Ç �$�".

sv �%» 7@�-¿ ILVW\h¥ 2@{�ÁÆç ¼¾é sv �%» 7@�-¿ÏÚê �)�"É!|Ô �) �"É¼¾ò�%»¥ �$¿cg �#ÉÏÚê �"�" >M»�". :L�$m�Ñ ^fÇÚç �-É

��9L�) w = 16 ÏÚê �"ÏÕò!" �/» �)�"É¼¾ò �%» �$ 107@ �$ �"É ÐÖê�)ÇÚê �,È�". �%»�/» U[im �'»!~Ñ cf�"Ï×ê\f ÐÚò�" !~Ñ�". ÒÚä

!$ 0.1% lnËÔç df�"¥ �-É�� w = 16�'» �-É �� cf�"Ï×êÏÚç 47% 9L �$ÉÚç�". U[ �.ÇÏÚç �"¸ÏÚç lnËÔçÏ×êim lnËÔçÏÚê ��Ûßú

!" �-È �$ CGÊØ9L ��Ûßú m�Ñ ÍÔä �,É�"Æ ÇÚê�%»9L �%»�-¸�$ V[UW U[9L �"�" �) �'Ç ÍÔä�,É�"Æ¥ �"Æ �$ ÐÚò�"!"�$ CGÊØ�$�".

4 �-¿ÉÔç

2MÛãò �$¿¥ÉÚê �$ ��Ñ!"ÁÆç ORDBMS ]fÁÆç ODBMS 9L�)ÁÆç q���,¸�'» �$¿¥�)�$ÉÚê ´$?@�) �%»�$¿ JL�$ËÚê( ]fÁÆç

½Æê5@ah)9L 4@ !~Ñ �"É �$ �"Æ {�ÁÆç ÊÖêÉÔç 2MÛãòsvdf �.» ;Q9L 4@ !~Ñ �"É �$ �"Æ {�9L 4@ !~Ñ �,É _fÉÚê �$¿ cgim !~Ñ�".

ËÔç �/» svÁÆç �%»�$¿ JL�$ËÚê 3@9L�)¥ ÒÚä �,É ÍÔä�,É9L 4@ !~Ñ �"É �$�"Æ {�¥ 9MÛãù9L 4@ !~Ñ �/» svÉÚê {�JKÜ !"�-È(.» �$ÐÔç

�/» sv��ÁÆç �"¿�$ JL�$ËÚê 2MÛãòsvdfÉÚê ´$ !~Ñ 2MÛãò �"É�$ �"Æ{�ÉÚê 2M�%» !"�$ ´$!~Ñ �$ �,ÅÏÚê :L �%»!" �-È �". :L �%»!"ÁÆç

�$ �,Å ÏÚç JL�$ËÚê 2MÛãò svdf �"É¥ �"¸ JL�$ËÚê9L 4@?@ �.»{�df�" ÜÝùÏÚç lnËÔçdf�"ÉÚê ÒÔò?@ ��Ûßú m�Ñ ÍÔä �,É�"Æ ÏÚê �"�"

3@ÁÆç ÍÔä �,É�"Æ sv�%» 7@�-¿ ÏÚê sv �,É !"UW �"¸ JL�$ËÚê�� U[ �.Ç¥ !"´$ JL�$ËÚê¥ ÍÔä �,É�"Æ sv �%» 7@�-¿ ÏÚê �-É!|Ù !"�* ?@

�"É JL�$ËÚê¥ ÍÔä �,É9L 4@ !~Ñ 2MÛãò �"É�$ �"ÆÏÚê 2M �%»!"ÁÆç �$ �,Å�$�".

:L �%»!"ÁÆç �$ �,ÅÏÚê �"ÏÕò!" �/» �%»�$¿ JL�$ËÚê9L�)¥ �"É�$ �"Æ {�ÉÚê sv!"�$ ´$?@�)ÁÆç �$ÐÔç¥ �"É�$¸ ÏÚê �/»!6Ü �,Æ

�$ �$ÏÕò !|Ô {� �$È ch�* �"½ ÏÚç �) �"É¼¾ò�%» ÏÚê �"ÏÕò!"�$ �"½UW�)\f 2MÛãò �"É �$�"Æ {�ÉÚê �$UX�,¸ �,É{|Ð !$ 2M�%»!|Ô {� �$È

�". ÒÚä!$ 2MÛãòsvdf 3@¥ �$¿�� JL�$ËÚê9L 4@?@�) �%» �/»�-É �$ �'»�.» !$ �$���)�$ÁÆç {~Ñ�-É 9L q���,¸chim �"ÏÕò m}Ô

{� �$È�".

���9LÁÆç �"É �$�"Æ sv�%» 7@�-¿ ÏÚê �) �"É!"�$ ´$!~Ñ �-¿\f¥ ¼¾ò �%»ÏÚê �"ÏÕò!"�$ �"½UW !$ahkmU[@KÄ¥ HL�$')��
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!|Ù�-É !"�* �) �"É!"ÁÆç �"É�,Å9L 4@?@ �/» svÉÚê {� JKÜ!|Ô 9M �,É�$�".
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��ÉÔä

2MÛãò !$ahkmU[@KÄ¥ �$��Ñ �"É�%»

JL�$ËÚê 2MÛãò svdf9L�) JL�$ËÚê¥ ÒÚä �,É ÍÔä �,É 9L 4@ !~Ñ 2MÛãò �.»HK¸Ï×êÏÚç j~Ñ2M!6Ü HL�$')7L�$ah �$ah XZÄ9L�)�� �"Í

�$ ?@ �"É ÍÔä�,É9L 4@ !~Ñ !$ahkmU[ @KÄ ÏÚê �"¸ JL�$ËÚê�"�" ���$!"ÁÆç �.Ç chim�) 2M �%» �$ �"ÁÆò!"�". �"ÏÚïÏÚç �$ �"É�,Å

¥ 3@ÏÕò�� �"�"É�,É ÏÚê _f �'» �.Ç �$�".

�"É ´$ JL�$ËÚê T1 �� !"´$ JL�$ËÚê T2; : : : ; TN chim �$���)�'» JL�$ËÚê 2MÛãòsvdf9L 4@!"�* �"ÏÚï�� �"Í�$ df

�.» �$ |��)�$¿ CG

� JL�$ËÚê i(1 � i � N)¥ ILVW\h( �'» ah *.»ah) 2@{� : Ni

� 2MÛãòsvdf �"É¥ ^fÇÚç ILVW\h¥ 2@{� : NH =
PN

i=1Ni

� |��)�'» �$¿¥9L 4@?@ JL�$ËÚê i¥ !$ahkmU[ @KÄÏÚê ÒÔò?@ 9MÛãù m�Ñ �.»HK¸Ï×ê:sei

� |��)�'» �$¿¥9L 4@?@ JL�$ËÚê i¥ !$ahkmU[ @KÄ ÏÚê ÒÔò?@ �.»HK¸m}Ô �.Ç chim 9M �"É�$ÁÆç ILVW\h¥ 2@{� : Sei =

s
e
i �Ni

� |��)�'» �$¿¥9L 4@?@ 2MÛãò svdf �.» ;Q9L�) �.»HK¸m}Ô �.Ç chim 9M �"É�$ÁÆç ILVW\h¥ 2@{� : SH =
PN

i S
e
i

T1 9L�)¥ 9M �"É 2MÛãò �.»HK¸ Ï×ê(s
e
H)ÁÆç �"ÏÚï�� �"Í �$ sv !|Ô {� �$È �".

s
e
H = SH

NH

=

P
N

i=1
Sei

NH

=

P
N

i=1
sei�Ni

NH

=

P
N

i=1
sei�Ni

NH

�%»�$¿ ´$¥ �"¸ �/» {�9L 4@ !~Ñ �$¿:L �"Æ �$ �"ÏÚï�� �"Í �" �/»,

� �$¿:L �.»HK¸ Ï×ê:si

� �$¿:Lim �.»HK¸m}Ô ILVW\h¥ 2@{� : Si = si �Ni

� 2MÛãò svdf �.» ;Q9L�) �.»HK¸m�Ñ ILVW\h¥ 2@{� : SH =
PN

i S
e
i

�%»�$¿ �.»HK¸ Ï×êÏÚê !$ahkmU[ @KÄÏÚê ÒÔò?@ 9MÛãù !|Øchim�, �"¿CKÉ!"ÁÆç cf�"Ï×ê(di)ÏÚê �$¿�%»�,¸ chim �"ÏÚï�� �"Í �$ �,É

¥!"�*
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di =
Sei�Si
Si

=
sei�N�si�N

si�N

=
sei�si
si

�$ �"Æ ÏÚç !$ahkmU[ @KÄ¥ sv�,É �"É�$¸ �$�" !$ahkmU[ @KÄÏÚê �)�"É !"�$ ´$?@ �"ÏÕò !~Ñ �) �"É¼¾ò �%»¥ V[�$9L �"�"

�"¿ �" �'» �". ÇÔò �$¿!~Ñ �"É�,Å chim T1 9L�)¥ 2MÛãò �.»HK¸Ï×ê9L 4@ !~Ñ cf�"Ï×ê(dH )ÏÚê 2M �%» !"�/» �"ÏÚï�� �"Í�".

dH =
SeH�SH
SH

=

P
N

i=1
Sei�
P

N

i=1
Si

SH

=

P
N

i=1
(Sei�Si)

SH

=

P
N

i=1
diSi

SH

=

P
N

i=1
diSi

SH

=
PN

i=1 di
Si
SH

�%»�$¿ �%»�$¿ �.»HK¸ Ï×ê9L�) �"¿CKÉ!~Ñ �"ÉÚç cf�"Ï×ê¥ �$4@ �"Æ ÏÚê

dmax(dmax � d1; : : : ; dN )�"!" �/»

dH �
PN

i=1 dmax
Si
SH

= dmax

PN

i=1
Si
SH

= dmax

�" m�Ñ �". ÐÚä, 2MÛãò �.»HK¸ Ï×êÏÚç U[ �.ÇÏÚê 2M�%»!"�$ ´$?@ �"ÏÕò !~Ñ 2@2@¥ !$ahkmU[ @KÄ9L�) �"¿CKÉ !"ÁÆç cf�"Ï×ê

_f�"ÁÆç V[�$ �"½ ÁÆç cf�"Ï×êÏÚê �"Ê ÏÚïÏÚê ¥�$ !~Ñ �". �"�"�) �"¸�"¸¥ JL�$ËÚê9L 4@ !~Ñ !$ahkmU[ @KÄ �$ �$UX �,¸ �,É{|Ð

!~Ñ �-É�� U[ �.ÇÇÚêÏÚê ÒÔò?@ 2M �%»m�Ñ 2MÛãò �.»HK¸Ï×ê ]f !~Ñ ÛßòËØ!~Ñ �,É{|Ð�,É ÏÚê �"�$ÄÏÚê �"¿ {� �$È �".
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