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�� � � � �� � ��� � ! " # $

%(network traffic analysis)& ' () * " + ,

(Web click stream mining)&-./ 0 1 23 4

$ %(on-line transaction analysis)5�6 7 89

: ; ��<= > ? @ A ��<�B ? CD * 1

2 E D F � G A � < " (dynamic data 

stream)H�I J � ��6 7 K L3 4 �<" �

M N � �<" (multiple data streams)O P Q R

(relations)� “ S TU V” (window join)W X-

. “ S TY V”(window aggregate)W XH6 7

Z [ �\ ] �<̂ �_` a b c �d e = f V

g h i � �3 4 �<" �j k �H6 7 lm n

o p q �_` : ; d r�s E + t _` a b c

�: ; d u �-v q w xy z { | : ; 3 4 �

<" �_` H 

�����������������<+ , &�<" + , &_` : ; &

_` a b c  

 

Abstract 
In many applications such as network traffic 

analysis, Web click stream mining, and on-line 

transaction analysis, the data we need to process 

is not static, but a continuous dynamic data 

stream. In this paper, we focus on transactional 

data streams, and consider “window join” 

operation and “window aggregate” operation for 

multiple data streams and relations. We find that 

the optimization techniques used in the 

traditional relational database system can not be 

directly applied on the data stream processing 

system. We propose three possible query 

execution plans, and investigate the techniques 

of query optimization, in order to efficiently 

process the query of transactional data streams. 

Keywords: data mining, data stream mining, 

query processing, query optimization 

 

1.�������� 
 �} ~ �<" �j k ���� y z : ;  

“ D F � �_` ”(continuous query)�� � � �

� �<� � � C� �s E � � C� 2��� �

L_` � m a � �� � H� �I � 0 �� � �

�\ ] P Q u �<̂ � ] � � � � ��<" _

` : ; �� � 8� � �  ¡ ¢x�£ ¤ H 

 � ��<" ? -¥ ¦ ~ �d u �� # E

§ F ¨ © �CD * �<�ª « L��<" �:

; � � �¬ ­ ® n ¯ 9 ° [14]±(1)�<" ��

� C¯ �<² ³ a � � q � ´ S C� H(2)�

<" �� �<= µ �¨ © �¶ ? : ; �<" 8

q · � �¸ ¹ º ? y » �H(3) a � �<" �

: ; U ¼ � � 9 q w ½ V· � ¾�9 ° ¦ ~

¨ © H� �\ ] �<^ � ; � ] - “¿ V” À

Á : ; ¸ Â �d u Ã e Ä Å � � ��<" �

j k ��ª « Æ Ç �<" � � �È � �¢· É

�<� ; � ] � � C¯ ¥ � �  ¡ H 

D F _` a Ê m [ � Tapestry [13] � ]

��Ë �_` Ì Í � Î � TQL(Tapestry Query 

Language)�? Co - SQL U Ï c _` Ì Í

�Ð Ñ 8Ò Ó m � �Ì Í �Ô 9 ? � � : ;  

append-only Õ A ��<^ Ö _` H TQL _

` �� ¯ 2�(× L�<^ � snapshot ØÙ

C� _` �s E · �  “set union” � VÚ Û Ü  
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one-time queries �U ¼ H Tapestry Ý y lÞ

ß G S T(sliding window)�à á â q �B E �

_` �ØÙ 0 ã Ý y M N �<" ��<� �

� � C� �9 ° H  

Arasu et al.[4] l m � CQL Ì Í

(Continuous Query Language)�ä 7 · �  SQL 

Ì Í �å Ï -.S T(window)�ÀÁ �¢�<

" L� æP Q R�-ç [ _` �è � Ì é H

CQL ê ë � � ì � Stanford � � Ó í �C¯

î ï  STREAM ��<" � ; � ] ð Õ �H

CQL 8 · � ��< Õ A ñ ò  streams � 

relations�ó ô Ë ã lÞ n õ Ô 9 �W X�ñ

ò ö C ¯ stream ¨ © C ¯ relation � 

stream-to-relation W X&ö ÷ Ë  relations ¨ ©

C¯ relation� relation-to-relation W X&-.

ö C ¯ relation ¨ © C ¯ stream � 

relation-to-stream W XHÐ I 0 � CQL ? ø

�Cù ³ ��D F _` Ì Í H  

� < " + , (data stream mining) 

[5-6,8,9,11-12]��<" � ; � ] (DSMS)? �

<^ ú û �ü ¯ � P E ý 9 �� � þ �H� �

� � Ù �<+ , Ö � �� �× ¢�<ö �<^

� � ß æ cache� � � > Ò Ó C¯  procedural 

program � L cache ���<ì + , H � B

��<" � ; � ] �· � Û o d u � : ; ?

y 	 
 ��Û ? ª �Cù �� u Ì Í Ã e y z

{ | : ; D F E � � ��<" �<�
 � ó ô

Ò Ó � � � � � � � ;  buffers&windows&

load shedding &� indexing 5 � �HLuo et al. 

[10]lm ESL (Extension of SQL)�<" Ì Í �

Ë ? - SQL �Ð Ñ 8Z � m � ��p -¢�

<" + , 8 � 9 � æ�� P â q � � � ESL 

�HÛ o d u q w � �<" + , Ä Å · � �<

" � ; � ] ���<� � � � �<£ � � �

�H    

 O \ ] P Q u �<̂ � ] C � �U V(join)

W X��<" � ; � ] �ã ? C¯ � � ý 9

�W XH�� � � � ��6 7 � � � 9 U V=

� ��<" -Ó X� P �ý 9 ��H� ��<

" ? Ã » ��B E  “ U V” W Xp q ? � L�

(many-to-many)�U VÕ u �ª « ½ V� � �

� 9 O  “ U V” W X� � � �� � ¢U V� �

 » ! �C¯ " # � $ �S T�HÛ o Õ A � 

“ U V” W X�� Î � “ ß G S TU V”(sliding 

window join)HDas et al.[7] M N �� % y » �

j k ��L “ ß G S TU V” �_` : ; - 

approximate query answer � � &  exact query 

answerH �� ' ( � % �load shedding � )

Á � � · � � ¢�<" � * Ü ¸ Â ì + 
 �-

, -  “ U V” W XØÙ 2� . / H 

��<" _` : ; �� � d � �³ � �

P � � 8lm �_̀ �Ô 9 ? K L/ 0 0 1 �

" # 2 3 �� � �4 5 y C̄ 6 º �d e p -

� 7 8 �<"  “one-pass” � 9 � ­ �y z |

: ; � ¯ 3 4 �<" �£ ¤ _` H�I J �

��6 7 ¢-J � [2]�  “ ß G S T ð u ” 

(sliding window model)�Ð Ñ �s E Å F � C

¯ : � �� � ; ¼ [3]�M N � ¯ 3 4 �<"

(multiple transactional data streams) O P Q R

(relations)� “ S TU V”(window join) W X-

. “ S TY V”(window aggregate)W XH6 7

Z [ �\ ] �<̂ �_` a b c �d e = f V

g h i � �3 4 �<" �j k �Hª « 6 7 l

m n o p q �_` : ; d r�s E + t _̀ a

b c �: ; d u �-v q w xy z { | : ; 3

4 �<" �_` H 

 

2. � � � � � � �� � � � � � �� � � � � � �� � � � � � �  
�I J � ��6 7 ¢<= Ö � 8lm �

TSQL(Transactional data Stream Query 

Language)_` Ì Í [2] � à á � P �_` H�

J � [2]��6 7 -3 4 �<" �L > �Ò Ó

� Ci f V3 4 �<" �_` Ì Í H6 7 Ò Ó

�ý (ñò � �<" O P Q R� “ S TU V” 

W X-. “S TY V” W XH  
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TSQL �Ô 9 å Ï ñò ±  

� �<" �Ò #   

 OpenStream �<" î Î   

 Range ? @ [ �2�(89 ) A �S T� $      

 Slide D F _` �2���   

 Start_time �<" B C · � �� C 2� 

 End_time �<" D E � � �2�  

� _` 9 � �Ò #   

 Select ø � î Î   

 From P Q Rî Î F �<" î Î   

 Where 9 � Ò #   

 Group by G H I J �ø � î Î  

 Having Ò # I J � 9 �   

K Ò 3 4 �<" ��� C L ¸ Â ñ M  

“ 3 4 � N ” (tid)&“ O v ” (date)&-.“ 3 4 ²

³ ¿ ” (<item, quantity>)�ó ô �K Ò �<^ �

y C¯ � P �P Q RR(item, location, category, 

supplier)H­ ® ? C¯ · �  TSQL � � Ù _`

�� P �Ö � 6 7 ã ¢-Û ¯ � P � Q 
 _`

a b c �: ; d u H  

 
� �� �� �� � ±_` R S T U V �DS1�DS2�<"

��3 4 õ W (category) ø �XY Z ” E [ û

(location)�X\]^� _ Z Ö 3 4 # ` ��

� F 5�10¾�® m ÷  item&supplier&-.

3 4 ` # �� � C U Ó XC� HK Ò 6 7 8M

N � 3 4 2 � �  ? ö  2007/10/28 a

2007/11/30�E H-TSQL à á _` �­ ± 

 

OpenStream DS1,DS2  

Range 5 days  

Slide 1 day  

Start_time 2007/10/28 AM 8:00  

End_time 2007/11/30 AM 8:00  

 

select item, sum(quantity)  

from DS1  

group by DS1.item  

as ds1(item,quantity)  

select item, sum(quantity)  

from DS2  

group by DS2.item  

as ds2(item,quantity)  

 

select ds1.item, ds1.quantity+ds2.quantity  

from ds1, ds2  

where ds1.item=ds2.item  

as ds(item,quantity)  

 

select R.item, R.supplier, quantity  

from ds, R 

where ds.item=R.item and R.location= “\

]”and R.category = “ Y Z ” and 

quantity  10�  

 

3. one-pass 	 
 �	 
 �	 
 �	 
 �  
 � �I � � 8+ t �_` a b c �d e

? -J � [2]� “one-pass” b Xe �Ð Ñ 8Z

� m � ��ª « ��Û C $ ' ��6 7 c d e

f “one-pass” b Xe �ÀÁ H 

 K Ò · � ¾�_` S T$ �n ¯ [ ��- 

wi(1≤ i ≤n) � RgHö h 1 p - i j k | l

æ��2�(T2 �S T [ �� wi 8 & R��

��� m ��2�(T1 �S T [ �� wi-1 8

& R���H<= D F _` �# n ��2�(

T21 p ¢2�(T1 �S T [ �w5 8ñ M ��

�o S �ó ô > ¸ Â C¯ � [ �(p 1  T2�S

T [ �w1 )Ö � P ��H q « õ r ­ S �1 p

É æ�<" �D F _` �� C¯ : � 8 � 9

�� P �<�s E ØÙ Y VW Xs � ��t2

' � � �� sum(quantity)uHC v �<" �Y

VW XU ¼ É æÖ � �1 p ¢÷ -P Q R� w

u x y ��<^ ��6 7 Î Ö �  “z 9 �

�”� � � > �÷ Ë P Q R � Ù  “ U V”(join)

W XH  

 one-pass b Xe Ö Ò Ó Ô 9 ñ M ­ ® ü

¯ { | ±  
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{ | C±<= �<" _` �� C 2�&Range

}&Slide}-.Y VW X�o õ �¢

�<" L� �S T [ �Ö  “z 9 �

�” x y � � H  

{ | ~±¢�<" �“z9 ��”-P Q R� w

u x y ��<^ ��� � > �÷ Ë P

Q R � Ù �<^ �� P W XH  

 m : ; * C¯ S T �  �_` 2��<

" � § F � � Ù �H« d e L�Å � æ��<

" � � � 9 � � C� �> <= 8L� �S T [

�¢z 9 ��x y � � ��­ C : � �D F _

` ì � � H 

 

����1. � 	 
 � � 
 � � �� 	 
 � � 
 � � �� 	 
 � � 
 � � �� 	 
 � � 
 � � �  

 

����1: T1 (2007/11/1)����DS1�� 	�� 	�� 	�� 	  

S T O v  ² ³ ¿  

<C,2> 

<B,2><F,3> 1
11w  2007/11/1 

<A,1><K,2> 

<C,1><F,1> 1
12w  2007/10/31 

<A,2><B,3> 

<E,2><L,3> 

<B,1><C,1><J,2> 1
13w  2007/10/30 

<K,1><L,1> 

<E,2><F,2> 

<C,2><J,1> 

<A,1> 
1
14w  2007/10/29 

<F,1><L,2> 

<C,1><L,2> 

<J,2> 1
15w  2007/10/28 

<B,3><E,1> 

 
����2: T1 (2007/11/1)����DS2�� 	�� 	�� 	�� 	  

S T O v  ² ³ ¿  

<K,1><G,2> 

<A,1><B,1><C,1> 

<E,2><G,2> 
1
21w  2007/11/1 

<A,1><D,2> 

<D,2><G,1> 

<D,1><K,1> 1
22w  2007/10/31 

<J,1><K,2> 

<A,1><C,2> 

<E,2><J,1> 1
23w  2007/10/30 

<K,1><L,2> 

<D,1><E,1> 

<A,2><B,3> 1
24w  2007/10/29 

<G,1><D,1> 

<B,2><C,1> 1
25w  2007/10/28 

<G,1><K,1> 

 

 

����3: T2 (2007/11/2)����DS1�� 	�� 	�� 	�� 	  

S T O v  ² ³ ¿  

<C,1><E,1> 

<A,1><B,2> 2
11w  2007/11/2 

<K,2> 

<C,2> 

<B,2><F,3> 2
12w  2007/11/1 

<A,1><K,2> 

<C,1><F,1> 2
13w  2007/10/31 

<A,2><B,3> 

<E,2><L,3> 

<B,1><C,1><J,2> 2
14w  2007/10/30 

<K,1><L,1> 

<E,2><F,2> 

<C,2><J,1> 

<A,1> 
2
15w  2007/10/29 

<F,1><L,2> 
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����4: T2(2007/11/2)����DS2�� 	�� 	�� 	�� 	  

S T O v  ² ³ ¿  

<D,1><G,2><J,3> 2
21w  2007/11/2 

<A,2><K,1> 

<K,1><G,2> 

<A,1><B,1><C,1> 

<E,2><G,2> 
2
22w  2007/11/1 

<A,1><D,2> 

<D,2><G,1> 

<D,1><K,1> 2
23w  2007/10/31 

<J,1><K,2> 

<A,1><C,2> 

<E,2><J,1> 2
24w  2007/10/30 

<K,1><L,2> 

<D,1><E,1> 

<A,2><B,3> 2
25w  2007/10/29 

<G,1><D,1> 

 
4. � � � 
 � � � � � �� � � 
 � � � � � �� � � 
 � � � � � �� � � 
 � � � � � �  

M N t2 ' � � � �LDS1&DS2�<" �

P Q RR ì _` �¢3 4 õ W (category) ø �

XY Z ^ E [ û (location)�X\]^� _ Z

Ö 3 4 # ` �� � F 5�10 ¾�® m ÷

item&supplier&-.3 4 ` # �� � C U Ó X

C� HR1�R2 $ W ? �2�(T1(2007/11/1)

2��<" DS1�DS2��<HR3�R4 $ W

? �2�(T2(2007/11/2)2�DS1�DS2��

<H-R1�� �2007�11�1 O y 3 L 3 4 �

÷ �t~L 3 4 ñ M ² ³ XB^� � # �2�

² ³ XF^�� # �3H 

6 7 · � � N c
abw Rg�<" DSa �2

�( Tc 2� � N � b �S T [ �H<=

one-pass b Xe � { | C�� à R 1æR 4�

�< � �1 p $ W É æR 5æR 8�U ¼ H-

R 5 �� ��S T 1
11w � A(1)Rg ² ³ “A”�

3 4 � # ` �� 1H�2�( T1�<= R 5

�R 6 1 p � � m 2�( T1�z 9 ����

R 98gH � � | �� T22�(�ã p -<

= R 7�R 8 � � m 2�( T2�z 9 ���

�R 108gH 

 

����5: �� ��� ��� ��� � T1—DS1 � � � � � � �� �� � � � � � �� �� � � � � � �� �� � � � � � �� � 

S T � ² ³ 3 4 � � # ` � 
1
11w  A(1),B(2),C(2),F(3),K(2) 
1
12w  A(2),B(3),C(1),F(1) 
1
13w  B(1),C(1),E(2),J(2),K(1),L(4) 
1
14w  A(1),C(2),E(2),F(3),J(1),L(2) 
1
15w  B(3),C(1),E(1),J(2),L(2) 

 

 

����6: �� ��� ��� ��� � T1— DS2 � � � � � � �� �� � � � � � �� �� � � � � � �� �� � � � � � �� � 

S T � ² ³ 3 4 � � # ` � 
1
21w  A(2),B(1),C(1),D(2),E(2),G(4),K(1) 
1
22w  D(3),G(1),J(1),K(3) 
1
23w  A(1),C(2),E(2),J(1),K(1),L(2) 
1
24w  A(2),B(3),D(2),E(1),G(1) 
1
25w  B(2),C(1),G(1),K(1) 

 

 

����7: �� ��� ��� ��� � T2—DS1 � � � � � � �� �� � � � � � �� �� � � � � � �� �� � � � � � �� � 

S T � ² ³ 3 4 � � # ` � 
2
11w  A(1),B(2),C(1),E(1),K(2) 
2
12w  A(1),B(2),C(2),F(3),K(2) 
2
13w  A(2),B(3),C(1),F(1) 
2
14w  B(1),C(1),E(2),J(2),K(1),L(4) 
2
15w  A(1),C(2),E(2),F(3),J(1),L(2) 

 

 

����8: �� ��� ��� ��� � T2—DS2 � � � � � � �� �� � � � � � �� �� � � � � � �� �� � � � � � �� � 

S T � ² ³ 3 4 � � # ` � 
2
21w  A(2),D(1),G(2),J(3),K(1) 
2
22w  A(2),B(1),C(1),D(2),E(2),G(4),K(1) 
2
23w  D(3),G(1),J(1),K(3) 
2
24w  A(1),C(2),E(2),J(1),K(1),L(2) 
2
25w  A(2),B(3),D(2),E(1),G(1) 
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����9������ ��� ��� ��� � T1 —DS1����DS2����� � �  � � �  � � �  � � �   

DS1 S T DS2 S T  ���� 
     � �  

item           

A 1 2 0 1 0 2 0 1 2 0 

B 2 3 1 0 3 1 0 0 3 2 

C 2 1 1 2 1 1 0 2 0 1 

D 0 0 0 0 0 2 3 0 2 0 

E 0 0 2 2 1 2 0 2 1 0 

F 3 1 0 3 0 0 0 0 0 0 

G 0 0 0 0 0 4 1 0 1 1 

J 0 0 2 1 2 0 1 1 0 0 

K 2 0 1 0 0 1 3 1 0 1 

L 0 0 4 2 2 0 0 2 0 0 

���� 10������ ��� ��� ��� � T2— DS1���� DS2����� � �  � � �  � � �  � � �   

DS1 S T DS2 S T  ���� 
    � �  

item           

A 1 1 2 0 1 2 2 0 1 2 

B 2 2 3 1 0 0 1 0 0 3 

C 1 2 1 1 2 0 1 0 2 0 

D 0 0 0 0 0 1 2 3 0 2 

E 1 0 0 2 2 0 2 0 2 1 

F 0 3 1 0 3 0 0 0 0 0 

G 0 0 0 0 0 2 4 1 0 1 

J 0 0 0 2 1 0 0 1 1 0 

K 2 2 0 1 0 1 1 3 1 0 

L 0 0 0 4 2 0 0 0 2 0 

 
4.1 � 	 
 �! " # $� 	 
 �! " # $� 	 
 �! " # $� 	 
 �! " # $  

¢T12�(�DS1�DS2 � S T��z

9 �� $ W � � ; P Q Rds1�ds2H-R9 �

² ³ XA^�� �Ë × L� æP Q Rds1�� T

L ¸ Â �Û T L ¸ Â � V � �R11 8gHL

P Q Rds1 ØÙ ­ ® �Y VW X�É æR12 

�U ¼ �¢U ¼ x y �T1_ds1R � �H 

select item, sum(quantity) 

 from ds1 

 group by ds1.item 

 as T1_ds1 (item,quantity)  

õ r �ì e �¢T12�(�DS2&T22

�(�DS1�DS2 � S T��z 9 ��� � �

ØÙ Y VW X�É æR13æR15�U ¼ H 
 
����11����T1 �� � � ��� � � ��� � � ��� � � � %%%%A&&&&'�( �'�( �'�( �'�( �ds1 � )� )� )� )
  * + �* + �* + �* + �5 , - ., - ., - ., - .  

S T [ � � N  item quantity 

1 A 1 

2 A 2 

3 A 0 

4 A 1 

5 A 0 

 
����12����T1�� � * �( ��� � * �( ��� � * �( ��� � * �( �ds1 / 0 1 2 3 4 �/ 0 1 2 3 4 �/ 0 1 2 3 4 �/ 0 1 2 3 4 �  
   5 65 65 65 6 — T1_ds1  

item quantity 

A 4 

B 9 

C 7 

D 0 

E 5 

F 7 

G 0 

J 5 

K 3 

L 8 
����13����T1�� � * �( ��� � * �( ��� � * �( ��� � * �( �ds2 / 0 1 2 3 4 �/ 0 1 2 3 4 �/ 0 1 2 3 4 �/ 0 1 2 3 4 �  
   5 65 65 65 6 —T1_ds2  

item quantity 

A 5 

B 6 

C 4 

D 7 

E 5 

F 0 

G 7 

J 2 

K 6 

L 2 

1
11w 1

12w 1
13w 1

14w 1
15w 1

21w 1
22w 1

23w 1
24w 1

25w

2
11w 2

12w 2
13w 2

14w 2
15w 2

21w 2
22w 2

23w 2
24w 2

25w
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����14����T2�� � * �( ��� � * �( ��� � * �( ��� � * �( �ds1 / 0 1 2 3 4 �/ 0 1 2 3 4 �/ 0 1 2 3 4 �/ 0 1 2 3 4 �   

  5 65 65 65 6 —T2_ds1  

item quantity 

A 5 

B 8 

C 7 

D 0 

E 5 

F 7 

G 0 

J 3 

K 5 

L 6 

 

����15����T2�� � * �( ��� � * �( ��� � * �( ��� � * �( �ds2 / 0 1 2 3 4 �/ 0 1 2 3 4 �/ 0 1 2 3 4 �/ 0 1 2 3 4 �   

   5 65 65 65 6 —T2_ds2 

item quantity 

A 7 

B 4 

C 3 

D 8 

E 5 

F 0 

G 8 

J 5 

K 6 

L 2 

 

4.2 7 8 # $ �9 :7 8 # $ �9 :7 8 # $ �9 :7 8 # $ �9 :  

 �<" � � � : ; g ; � �Å Ç 6 7 M

N 3 4 �<" _` : ; a b c �d e H6 7 M

N · � ü o = � �: ; d u �tCo : ; d u

� $ ��ØÙ d r A�&�ØÙ d r B��t~

o : ; d u � Î Ö ��ØÙ d u C�H 

sCutCo : ; d u ± 

ØÙ { | �­ ±  

step1±�¢ � C¯ 2�(� 2 ¯ �<" P Q R

  � Ù VÚ H 

step2±¢ step1�U ¼ � P Q R R � Ù � P W

  X�s M N _` �a b c : ; H 

 � step1�¢2�( T1 � P Q R

T1_ds1(R 12)�P Q R T1_ds2(R 13)ØÙ U

V(join) W X�� h 2 8g�¢U ¼ x y �

T1_ds_qR � ���R 168gHõ r �ì e �

¢2�( T2�P Q R T2_ds1(R 14)�P Q R

T2_ds2(R 15)ØÙ U V(join)W X�U ¼ x y �

T2_ds_q R � ���R 178gH 

� step 2�¢R 16�U ¼ (T1_ds_q)�P

Q R RsR 18uØÙ � F �� P W X�� m

3 4 # ` �� � F 5� 10 E 3 4 õ W ø �

XY Z ^-. � �X\]^� _ Z �® m ÷  

item&supplier&-.3 4 ` # H 

 

 

 
���� 2����; < = # $ > � ?; < = # $ > � ?; < = # $ > � ?; < = # $ > � ? step1('�� �'�� �'�� �'�� � T1) 

 

���� 16����T1_ds_q �@�@�@�@  

item quantity 

A 9 

B 15 

C 11 

D 7 

E 10 

F 7 

G 7 

J 7 

K 9 

L 10 

 



���� �� � � � 	 
 � � 
 � � �

2008 International Conference on Advanced Information Technologies (AIT) 

���� 17����T2_ds_q�@�@�@�@  

item quantity 

A 12 

B 12 

C 10 

D 8 

E 10 

F 7 

G 8 

J 8 

K 11 

L 8 

 

 

����18����� 	 A � �� 	 A � �� 	 A � �� 	 A � ��( ��( ��( ��( � R 

item location category supplier 

A \] Y Z  ] C 

B �] � 6  Hi-tec 

C � ] � �  $ � �  

D \] Y Z  � �  

E \] Y Z  � �  

F � ] � �  $ � �  

G \] � 6  Hi-tec 

H �] Y Z  ] C 

I � ] � �  $ � �  

J \] Y Z  � �  

K \] Y Z  ] C 

L � ] � 6  Hi-tec 

M \] Y Z  ] C 

N � ] � �  $ � �  

O � ] Y Z  ] C 

P \] � 6  Hi-tec 

Q � ] � 6  Hi-tec 

R \] Y Z  � �  

S \] Y Z  ] C 

T �] � �  $ � �  

 

 

 K Ò �2�(T1�2�(T2��<"

��8y p q m [ � item � ê ¸ Â �z 9 �

���ª « �R16�R17�m [ � item �¿

V? � � �H6 7 p -M N ­ ® ü o = � �Ø

Ù d r: 

 

�ØÙ d rA� 

 q = \ ] _` a b c �d e � : ; ��

ØÙ  selection > ØÙ  join �ØÙ d rA� h

3 8gH�2�(T1�¢R16�R18 q ØÙ d

rA� : ; �É æR19�R20���U ¼ -.

R21�a � U ¼ H�2�(T2�6 7 p -· �

�T12���U ¼ R1(R19)�- h 4�ØÙ d

r� : ; �É æR22���U ¼ �R23�a �

U ¼ H 

 

 
���� 3����/ 0 > B/ 0 > B/ 0 > B/ 0 > B ACCCC''''�� ��� ��� ��� � T1DDDD 

 
���� 19����R1 = EEEEcategory= “��������” and location=“ � �� �� �� � ” R 

item location category supplier 

A \] Y Z  ] C 

D \] Y Z  � �  

E \] Y Z  � �  

J \] Y Z  � �  

K \] Y Z  ] C 

M \] Y Z  ] C 

R \] Y Z  � �  

S \] Y Z  ] C 
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���� 20����T1_ds_q1 = EEEEquantity 10����  T1_ds_q 

item quantity 

B 15 

C 11 

E 10 

L 10 

 

���� 21����A_T1_ds = Π R.item, R.supplier,     

    T1_ds_q1.quantity(R item T1_ds_q1) 

item supplier quantity 

E � �  10 

 

 

���� 4����/ 0 > B/ 0 > B/ 0 > B/ 0 > B ACCCC'�� �'�� �'�� �'�� � T2DDDD 

 

���� 22����T2_ds_q1 = ����quantity����10 T2_ds_q 

item quantity 

A 12 

B 12 

C 10 

E 10 

K 11 

 

���� 23����A_T2_ds = Π R1.item, R1.supplier,     

    T2_ds_q1.quantity (R1 item T2_ds_q1) 

item supplier quantity 

A ] C 12 

E � �  10 

K ] C 11 

�ØÙ d rB� 

�2�(T1�6 7 ¢Xquantity�10^�

9 � Ó X � aXjoin^ Ö � ØÙ �� h 58gH

R24�ØÙ  join Ö � �U ¼ H�� L � F �

2�T2�_ ` ì � � � 6 7 ö R 24 ) �  

R.item � R.supplier ü ¯ � � � x y ; P Q

RR2��R 258gH Å ­ � LR 24Ø Ù  

selection � projection �1 p É æR26���

U ¼ �R27�a � U ¼ H�2�(T2ØÙ _`

2�6 7 p -· � P Q RR2 � ,  ØÙ �2

��� h 6�ØÙ d rHÖ � �D F _` ã p

-� � � �d u � g ; HLT2_ds_q (R17)�

ØÙ Xquantity �10^� 9 � ) � � �É æR

22�U ¼ HLR22�P Q RR2ØÙ  join � 

projection Ö � �1 p É æR28�a � U ¼ H 

 

 

 
���� 5����/ 0 > B/ 0 > B/ 0 > B/ 0 > B BCCCC'�� �'�� �'�� �'�� � T1DDDD 

 
 

���� 24����T1_ds_temp1 =����category=“��������”  

          and location=“ � �� �� �� � ” (R item T1_ds_q) 
item location category supplier T1_ds_q.item quantity 

A \] Y Z  ] C A 9 

D \] Y Z  � �  D 7 

E \] Y Z  � �  E 10 

J \] Y Z  � �  J 7 

K \] Y Z  ] C K 9 
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���� 25�����( ��( ��( ��( � R2 

item supplier 

A ] C 

D � �  

E � �  

J � �  

K ] C 

 

���� 26����T1_ds_temp2 = EEEEquantity����10       

    T1_ds_temp1 

item location category supplier quantity 

E \ Y Z  � �  10 

 

���� 27����B_T1_ds = Π item, supplier, quantity 

(T1_ds_temp2) 
item supplier quantity 

E � �  10 

 

   

 
���� 6����/ 0 > B/ 0 > B/ 0 > B/ 0 > B BCCCC'�� �'�� �'�� �'�� � T2DDDD 

 

 
���� 28����B_T2_ds = Π R2.item, R2.supplier,  

         T2_ds_q1.quantity (R2 item T2_ds_q1) 
item supplier quantity 

A ] C 12 

E � �  10 

K ] C 11 

 

s~ut~ o : ; d u ± 

�ØÙ d u C� 

ØÙ { | �­ ± 

step 1±�¢ � 2�(��<" P Q R � W �

P Q R R � Ù U V(join)W XH 

step 2±> ¢ step1�U ¼ ØÙ Y VW X�s E

M N _` �a b c : ; H  

� step1�¢2�( T1�P Q RT1_ds1 (R 12) 

O P Q R R (R 18)ØÙ � P W X�� h 7 8

gH¡category=“��” and location=“� � ” R�ØÙ U ¼

�R1(�R 198g)H¢R1�T1_ds1ØÙ  join 

W X�É æR 29 ���U ¼ �a � > L

T1_ds1_tmep1 ØÙ  projection W X�É æR

30�a � U ¼ Hõ r �ì e �¢2�( T1�

P Q R T1_ds2(R 13)&2�( T2 �P Q R

T2_ds1(R 14)�P Q R T2_ds2(R 15)ØÙ õ

r � W X� U ¼ $ W x y � T1_ds2_r&

T2_ds1_r� T2_ds2_rR � ��(R 31æR 33)H 

 

 

���� 7����/ 0 > B/ 0 > B/ 0 > B/ 0 > B C???? step1CCCC'�� �'�� �'�� �'�� � T1DDDD 

 
���� 29����T1_ds1_temp1 = R1 item T1_ds1 

item location category supplier T1_ds1.item T1_ds1.quantity 

A \] Y Z  ] C A 4 

D \] Y Z  � �  D 0 

E \] Y Z  � �  E 5 

J \] Y Z  � �  J 5 

K \] Y Z  ] C K 3 
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���� 30����T1_ds1_r = Π item, supplier, quantity 

           (T1_ds1_temp1) 

item supplier quantity 

A ] C 4 

D � �  0 

E � �  5 

J � �  5 

K ] C 3 

 

���� 31����T1_ ds2_r 

item supplier quantity 

A ] C 5 

D � �  7 

E � �  5 

J � �  2 

K ] C 6 

 

���� 32����T2_ds1_r 

item supplier quantity 

A ] C 5 

D � �  0 

E � �  5 

J � �  3 

K ] C 5 

 

���� 33����T2_ ds2_r 

item supplier quantity 

A ] C 7 

D � �  8 

E � �  5 

J � �  5 

K ] C 6 

 

 � step 2�<= step 1�U ¼ sR 30æ

R 33uØÙ � F �W X�� h 8 8g�1 p

� m 3 4 # ` �� � F 5� 10&3 4 õ W ø

�XY Z ^-. � �X\]^�_ Z H¢2�

(T1�P Q RT1_ds1_r(R 30)�T1_ds2_r(R

31)ØÙ � P W X�É æR 34�U ¼ Hõ r �

ì e �¢2�( T2�P Q R T2_ds1_r(R 32)

�P Q R T2_ds2_r(R 33)ØÙ � P W X�É æ

R 35�U ¼ H 

 

 

���� 8����/ 0 > B/ 0 > B/ 0 > B/ 0 > B C???? step2CCCC'�� �'�� �'�� �'�� � T1DDDD 

 

 
���� 34����C_T1_ds 

item supplier quantity 

E � �  10 

 

 
���� 35����C_T2_ds 

item supplier quantity 

A ] C 12 

E � �  10 

K ] C 11 

 

�0 á �ü o : ; d u ��6 7 p -Z

[ ØÙ d rC ¢ ØÙ d rA�ØÙ d rBx�

£ ¤ £ ¤ E ØÙ � join � � ã ¢ � � �ª «

tCo : ; d u � t~ o : ; d u �b HB Ø

Ù d rB�R2��<# ¢ ØÙ d rA�R1�

�<#  �ª « ØÙ d rB × ¢ ØÙ d rAx

y z { H8-�-ØÙ z { �} ¥ � ¢ � �Ø

Ù d rB¦ØÙ d rA¦ØÙ d rCH 
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5. � �� �� �� �  
 � � \ ] : ; �<" �X U V^(join) 

W X2�? �¢§ C �<" ��<h ]� � ;

P Q R � �> ¨ � �<^ � join W X� U

V�ª « � 9 © ª � � �¸ ¹ º �B E ã × «

; ý £ � � �<�¬ ­ H�I J � �� � U ¼

�Z [ �\ ] �<^ �_` a b c �d e = f

Vg h i � �3 4 �<" �j k �H³ � 6 7

� � _` a b c �: ; d u ê ë É æCÜ ý

9 � ; ¼ �5 � 6 7 ¢§ F � � �lm Ci g

� ��<" _` a b c � ® ¯ d r�� �<"

_` � ] �å Ï x�g � H 

 

 

� �� �� �� �  
I J � Ö � � ° É ± � × ² � � � Ó í NSC 

95-2221-E-159-017 � ³ ´ H 
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