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NORMALIZATION/RELATIONAL DATABASE/ASSOCIATION ANALY SIS 

 

Relational database management systems store data in relations or tables. The 

design of tables in relational databases is important. The bad design of data tables 

brings some problems to the database systems such as insert anomaly, delete anomaly 

and update anomaly. Therefore, the normalization process has been introduced to 

resolve these problems. In this paper we apply the association analysis technique 

from the field of data mining to help normalizing tables that are badly designed. In 

the real world databases, normalization up to fifth normal form is hard to happen. So 

we would normalize to the third normal form which is adequate for most database 

applications. 
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����� 1 

����� 
 

1.1 .��	���.��������	�"#�
/��� 
 �*""ก��+
$ก�����&���#����'(
��
�� (Relational Database Management System: 
RDBMS) 	 ก�*""+*!��'�,�,���
���:�!���' (Table) 9��(5���
"�ก6"&���#��(�� ��-'&���#��,
����*��,�$��กก6!��'�,��	��"��	� (Attribute) (5���
"�ก6"&���#���ก�	���
4� ก����ก�""!���'�ก6"
&���#�	,-9��$,��+(�'7�%���,ก���ก6"&���#�	,-@45�@���ก
�9$� ��:��ก�$&��7�$���$%�ก����,�ก%��&���#� 
���� ก�����-�&���#� ก���"��:��ก�9&&���#�	,-�,��#�%��,���
� ��:���+�ก�$)���9��)'	,- 9��������
��:�&
$���' (Inconsistency) &�'&���#�@.-'��,�ก��� )���7�$�ก!� (Anomaly) +.'��D�	,-��&�'ก��
)�$)��ก�*"��ก����
""��	
$��� (Normalization process) &�'!���'&���#���:-��ก�9&�C<��
$
'ก���� ก�����,-�����'&���#�	,-��#�%��)�'(���'&�'!���'	,-9����#�%��#��"""��	
$��� 
(Unnormalized form) +�ก�#��""	,-�,)���@45�@��� (Redundancy) ����#�%��#��"""��	
$��� 
�$��#��"""��	
$����,	
4'��$$���ก
� 6 �#��"" $
'�,4 

1. �#��"""��	
$����*$
"	,-��.-' (First Normal Form: 1NF) 
2. �#��"""��	
$����*$
"	,-(�' (Second Normal Form: 2NF) 
3. �#��"""��	
$����*$
"	,-(�� (Third Normal Form: 3NF) 
4. �#��"""��	
$���)�$$� (Boyce-Codd Normal Form: BCNF) 
5. �#��"""��	
$����*$
"	,-(,- (Fourth Normal Form: 4NF) 
6. �#��"""��	
$����*$
"	,-��� (Fifth Normal Form: 5NF) 
ก��)����)����#�+�ก���&���#� (Knowledge Discovery in Databases: KDD) ��D�ก��

��*� ก!�%��&���#�	,-�ก6"��#�%����&���#�%���ก�$��*�����(#'( $ �ก��')�ก���:������'��	,-��D�
�+��&�'&���#��
4� 8 ก����*� ก!�%��&���#�	,-ก����>.'�,4 �
ก+*��D�ก��(� �������&�'&���#� ก��
���)��*���������ก�����,-�����'&�'&���#� ��*ก��)����)���(
��
��	,-@�����#����%�ก� ��
&�'&���#� ��D�!�� (�-'	,-)���"+�ก��)����)����#�+�ก���&���#�+*��,�ก��� )����#� (Knowledge) 
��*)����#�	,-9$��
4�(����>�5�9�%����*ก�"ก����'�7�ก��$5����� �ก�+ ��:��5�9�%����:-�%��ก��
��*������ก������'���
4� 8 ���� �')�ก����@��%���	)�����,ก��)����)����#�+�ก���&���#� %�
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ก�����)��*��&���#�	,-(�'��+�ก$���	,��	,-�)+���"��ก ��:-�)�����#��""ก�����,-�����'&�'
(����#����ก��"��:4�7����ก ��D�!�� 

ก��	5����:�'&���#� (Data mining) ):� ก�*"��ก��%�ก��(ก
$��:�)����)����#�+�ก
���&���#� ���:��ก
"ก��)����)����#�+�ก���&���#� �!�)5���� Data mining +*����%��%���#��
ก
(>�!� �
ก���)��*��&���#� ��*�
ก(��(��	� %�&�*	,-)5���� KDD �
ก+*%��%�ก� ��&�'�
ก��+
� (�&�
�C<<���*$�/�� (Artificial intelligence) ��*(�&� Machine learning 

�	)%�ก��	5����:�'&���#�	,-�����5���%��ก
"���&���#�&��$%�<�	�'$��� �ก�+ ):� 
�	)��)��,%�ก�����)��*��)���(
��
��&�'&���#� (Association analysis technique) ก��)����
)���(
��
��&�'&���#�%����&���#�	�'$��� �ก�+ +*	5�%��	��")���!��'ก��&�'7#�"����) �$�
)����#�	,-9$�+�กก��	5����:�'&���#�%��
ก/�*�,4 +*��#�%��#�&�'กP)���(
��
��%��
ก/�* >�� ... 
���� . . .  ��:�+�ก(���	,- ��D�(���! 9�(#�7��
��  @.-'���+*�5�กP)���(
��
��	,-9$��,49�%��
��*ก�"ก����'�7�	�' �ก�+ 

%�'����+
��,4� �'����	,-+*�
������	�'%�ก����
"�#��"""��	
$���>.'&
4�	,-(�� @.-'��D�
&
4�	,-(����>�5�9�(���'���&���#�9$�����'�,��*(�	���� �$�+*�5��	)��)ก��)����
)���(
��
��&�'&���#� @.-'��D��	)��)&�''��	�'$���ก��	5����:�'&���#��&�������� %�&
4�!��
ก����
"�#��"""��	
$���&�'���&���#����'(
��
��  
 

1.2 ���0+
����.�"#�ก������  
1. ��:-���ก�""!���'%�ก���ก6"&���#�9$�����'�,��*(�	���� 
2. ��:-������$�*�*����%�ก����ก�""!���'%�ก���ก6"&���#� 
3. ��:-�	5�ก����ก�""�#��""���$�&���#�+�กก��	5����:�'&���#�	,-����*(�ก
"ก��

��
"�#��"""��	
$��� 
4. ��:-��
�����,ก�����'���$�&���#�%����D�!���'&���#�	,-��#�%��#��"""��	
$���

�*$
"	,- 3 
 

1.3  "#�!"�"#��������  
1. �.ก/���,ก��)����กP)���(
��
��$����
�ก���	.���9������ 
2. �)�'ก����+
��,4��D�ก���5���
กก��&�'ก�*"��ก��ก����
"�#��"""��	
$��� ��*  

�	)��)ก��	5����:�'&���#�$���ก����)���(
��
��&�'&���#���	5�'�����ก
� ��:-�%��  
%�ก����ก�""!���'%����&���#�%���,��*(�	���� 
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3. �
�ก���	.�	,-�5���%�� ):� �
�ก���	.���9������ ��,�'�
�ก���	.��$,���	���
4�  
4. '����+
��,4� �'����	,-+*�
����
�ก���	.���9������ $�����/� SQL ��:-�%��'��%��*""

���&���#����'(
��
���	���
4� 
5. ก����
""��	
$��� +*	5�>.'"��	
$����#��""	,- 3 

 

1.4  
��3 4�����.�(�%���5(���� 
1. (����>��
"�#��"""��	
$���+�ก�,���
�	,-9����D�"��	
$��� %����#�%��#��""

"��	
$����*$
"	,- 3 9$�����'��$��6� 
2. 9$�����ก��(5���
"����'��%�ก����
"�#��"""��	
$��� 
3. )����#�	,-9$�+�กก��	5�'����+
�(����>�5�9�%��%�ก���
��� ก����ก�""�*""

���&���#�%���,��*(�	������-'&.4�!��9�%����)! 
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����������ก��	���������� ���!ก�� �"�#� 
 

 	A/P,��.-'	,-7#���ก�""���&���#�+*!��'�5���%��%�ก�����' ��:��ก�9&�C<���ก,-��ก
"
&���#�	,-��#�%��#��""	,-@
"@��� %����#�%��#��""	,-'���!��ก���5�9�%����*ก��%���ก�$�C<��ก
"
�*""���&���#�����	,-( $ 9$��ก� 	A/P,	,-��,�ก��� ก�*"��ก����
""��	
$��� (Normalization 
process) @.-'��D�ก�*"��ก��	,-%��%�ก��ก�*+���,���
� (Relation) 	,-�,�)�'(���'	,-@
"@�����ก��D�
�,���
����� 8 ��D��)�'(���'	,-'��� ��*��#�%��#��"""��	
$��� 	,-(����>�5�9�%��'��9$�����'�,
��*(�	���� ��:4���%�"	�,4+*�5��(�����	
�������ก�����*'����+
�	,-�ก,-��&��'ก
"'����+
���4�
�,4 �$�%��
�&��	,- 2.1 +*ก����>.'(���! 	,-!��'�,ก����
""��	
$��� ��*)���(5�)
<&�'ก����
"
"��	
$��� �
�&��	,- 2.2 +*ก����>.')�������&�'ก�*"��ก����
""��	
$��� ��*+ $��*(')�
&�'ก����
""��	
$��� �
�&��	,- 2.3 +*ก����>.'IC'ก��
�ก��&.4�!��ก
�����,ก,-��*��	 ��*�!��*
��*��	�,�#��""��D�����'9� �
�&��	,- 2.4-2.9 +*ก����>.'�����&�'�#��"""��	
$����!��*�*$
" 
��*����*��,�$&
4�!����,ก����
"�#��"""��	
$���%��!��*�*$
" !
4'�!��*$
"	,- 1 +�ก�*	
-'
>.'�*$
"	,- 5 �$� �
�&��	,- 2.10 +*ก����>.' ก���!ก�,���
���ก�ก��9� �
�&��	,- 2.11 +*ก����>.' ก��
)����กP)���(
��
�� �
�&��	,- 2.12 +*ก����>.'��,ก��)����กP)���(
��
�� �
�&��	,- 2.13 +*
ก����>.' ��*��	&�'กP)���(
��
������,	
4'��$ก,-��*��	�*9�"��' �
�&��	,- 2.14 +*ก����>.' ก��
)����กP)���(
��
��&�'&���#�%����&���#�&��$%�<� ��*%��
�&��	,- 2.15 +*ก����>.'
�
�ก���	.���9������ 
  

2.1  .��	���.��"#�ก��
��������(6�� 
 %�&
4�!��ก����ก�""���$����&���#����'(
��
�� (Codd, 1982) �$�9��9$�7������$�
�"" E-R �
4� &
4�!����ก	,-( $	,-7#���ก�""�*""+*!��'	5�):� ก���ก6"��"���&���#�	,-�ก,-��&��'
ก
"ก��	5�'��&�'�*""�$�� �$�&���#�	,-�ก6"9$��,4��+��#�%��#��""&�'��ก(��!��' 8 $
'!
�����'	,-
�($'%��#�	,- 2.1 	,-�($'!
�����'&�'���'��ก��(� �ก��)5����)����''��&�')�'���!��*)�	,-
	5�'��ก
""��/
	 ((�+�!� ��+���	�� ��* '����+ ��+���	��, 2549) 
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���'��)����')�'��ก��(���' ��*+5��
�	,- 15 �ก��)� �.�. 2551 
"��/
	 &�
�ก��(���' +5�ก
$ 

��
(
)�'�� 

�:-�
)�'�� 

��*��	
)���
�5���< 

�
!��
)����'/
�.�. 

(>��	,-
ก��(���' 

�
�
���-�	5�
'�� 

+5���� 
�.�. 	,-
	5�'�� 

)����'
�ก!� 

)����'
��ก
���� 

���
)����' 

1245 ( $%+ 9IIV� 16.0 516 
311 

01/01/49 
08/01/49 

50 
40 

640.0 
640.0 

560.0 
- 

1200.0 
640.0 
 

���)����'( 	� 1840.0 

2521 $,%+ �#� 16.0 516 
450 
431 

01/01/49 
15/01/49 
23/01/49 

56 
45 
36 

800.0 
720.0 
576.0 

240.0 
- 
- 

1040.0 
720.0 
576.0 

���)����'( 	� 2336.0 

�#�	,- 2.1 �($'!
�����'���'��)����''��&�')�'����*+5��$:�� �ก��)� �T 2551 
 

 +�ก!
�����'���'��)����''��&�'"��/
	W%��#�	,- 2.1 ��D��#��""���'��	,-7#��Q�"
!�'�� 
���� �+������	,-ก���'��&�'"��/
	!��'ก�� �$��ก!�>��9���,)������!���������%�ก��	5�'�� ก��
(���'���'��$
'ก����+*�,)���� �'��ก��*%�����������ก �,ก	
4'�
'�,&��7�$7��$)���&��'��ก �!�
��:-��,ก���5�)������!����&��������%�ก��	5�'��$
'ก���� 7#���ก�""�*""+*!��'�ก6"��"���
&���#�	,-9$��,4��	5�ก�����)��*�����)��+*��ก�""�*""���&���#�����'9� ��:-�%��9$����&���#�	,-$,
�,��*(�	���� (����>��,�ก%��&���#�9$��$�'��� ��*(*$�ก!��ก��)�") �+
$ก�����&���#��
4� 
 +�ก&���#�	,-9$�+�ก���'��$
'ก����+*�,�#��""	,-@
"@��� ��:-�'+�ก�,ก���ก6"����*��,�$
&�'&���#�	 ก����'9��$���ก
���$ @.-'>��7#���ก�""�*""�,ก���5�&���#�+�ก���'���,4"�'(�����
��*ก�"ก
���D�&���#��:-� 8 	,-�ก,-��ก
")�'���!��*)� ����(���'�,���
�	,-�,�#��""$
'!���'	,-
2.1 @.-'��D��,���
���,�'�,���
��$,����*!
4'�:-��,���
��,4��� X���'��ก��	5�'��Y +*��6�����,���
�
$
'ก�����,�#��""	,-7�$) �(�"
!�&��	,- 1 &�'�,���
�	,-ก����9����� ���'�!��*���'&�'�,���
�+*!��'
"��+ &���#�	,-�,��,�')���$,���	���
4� �!����'&���#�&�')��
���	,-��D� ��
((>��	,-ก��(���' ��*��	
(>��	,-ก��(���' �
�	,-���-�'�� ��* +5�����.�.	
4'��$	,-	5� +*�,&���#���กก�����.-')���ก6"��#� 
(Multi-valued attribute) @.-'����)������)�'���!��*)���+>#กก5���$%��9�	5�'���
'(>��	,-
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ก��(���'9$���กก�����.-'���' +.'��,�ก�
ก/�*&�'&���#�	,-��#�%�)��
���������,4��� ก� ��&���#�@45� 
(Repeating groups) ��*+*��,�ก�,���
�	,-�,ก� ��&���#�@45��,-��� ��D��,���
�	,-�
'9��7���ก����
""��	
$
��� (Unnormalized relation) 
 
!���'	,- 2.1 !���'���'��ก��	5�'�� 

����

.���� 

47�#

.���� 


��!)�

.��	

4����� 

���� 

*,�.��.+	 

#����

.%����/

4.	. 

����

�0�����

ก%#����� 


��!)�

�0�����

ก%#����� 

���

!���	���

��� 

������ 

4.	. ���

������ 

1245 ( $%+ 9IIV� 1441 16.0 516 
311 

"����
ก 
(5��
ก'�� 

01/01/49 
08/01/49 

50 
40 

2521 $,%+ �#� 2533 16.0 516 
450 
431 

"����
ก 
����)�� 
"����
ก 

01/01/49 
15/01/49 
23/01/49 

56 
45 
36 

2.2  ก�����ก��
��������(6�� (Normalization process) 
 ก�*"��ก����
""��	
$��� ��D�ก�*"��ก��	,-%��%�ก��ก�*+���,���
�	,-�,�)�'(���'	,-
@
"@�����ก��D��,���
����� 8 ��D��)�'(���'	,-'��� @.-'+*����	5�%��9���,&���#�	,-@45�@��� ��*��#�%�
�#��"""��	
$��� (Normal form) 	,-(����>�5�9�%��'����*9��ก��%���ก�$�C<��%$ 8 9$� (Codd, 
1970) 
 ก�*"��ก����
""��	
$��� ��D�ก��$5�����ก������'��D��5�$
"	,-ก5���$9��$���ก
���D�
&
4�!�� �($'$
'�#�	,- 2.2 !���C<��	,-�ก�$&.4�%�&
4�!���
4� 8 @.-'��D�ก�*"��ก��	,->#ก�5��(��
�$�"��(� (Boyce) ��* )�$$� (Codd) (Date and Fagin, 1992) @.-'�!��*&
4�!��(����>�"�'
��ก��D��*$
"!��) �(�"
!�9$�$
'�,4 

1. �#��"""��	
$����*$
"	,-��.-' (First Normal Form: 1NF) 
2. �#��"""��	
$����*$
"	,-(�' (Second Normal Form: 2NF) 
3. �#��"""��	
$����*$
"	,-(�� (Third Normal Form: 3NF) 
4. �#��"""��	
$���"��(�-)�$$� (Boyce-Codd Normal Form: BCNF) 
5. �#��"""��	
$����*$
"	,-(,- (Fourth Normal Form: 4NF) 
6. �#��"""��	
$����*$
"	,-��� (Fifth Normal Form: 5NF) 
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%��!��*&
4�!��&�'ก�*"��ก����
""��	
$���+*�,ก���*" �#��""�)�'(���'&�'
&���#�	,-��D�) �(�"
!�&�'�#��"""��	
$���&�'&
4�!���
4� 8 9�� @.-'�)�'(���'	,-�*" �,4+*
(����>�ก�9&�C<��	,-�ก�$&.4�%��)�'(���'&���#�&�'&
4�!��ก�������9$� ��:���+ก����9$���� 
ก�*"��ก����
""��	
$����!��*&
4�!��+*!��'���
�7�	,-9$�+�กก�*"��ก����
""��	
$���
%�&
4�!��ก�����������
"�� '��:-�%���,�)�'(���'!��	,-ก5���$9��%�&
4�!���
4� 8 �!�����'9�ก6
!��ก�*"��ก����
""��	
$���9��+5���D�!��'���-�+�กก��	5�%����#�%��#��"""��	
$����*$
"	,-
��.-' ��*(�4�( $	,-&
4�!��ก����
"%����#�%��#��"""��	
$����*$
"	,-����(��9� ก����):�
ก�*"��ก����
""��	
$���+*��+�����)�'(���'&�'&���#�	,-�5���	5�ก����
"%����#�%��#��""
"��	
$����
4� ���+
$��#�%��#��"""��	
$���&
4�!��%$ ����+.'���-�ก�*"��ก����
""��	
$���
+�ก&
4�!���
4���D�!��9� ��*�����$,��ก
�%�ก����+�������+*(�4�( $	,-&
4�!��%$ +*&.4���#�ก
"
�)�'(���'&�'&���#�	,-9$��
4��,)���>#ก!��'!��)�������&�'&���#�	,-ก5���$9��������:�9�� >��
7�	,-9$�+�กก�*"��ก����
""��	
$���%�&
4�!��%$(�'7�%���)�'(���'&�'&���#��,)�������
!��	,-ก5���$9�� ก�*"��ก����
""��	
$���ก6+*(�4�( $	,-&
4�!���
4� �!��$��ก!������*""
���&���#�+*+
$��D��*""	,-�,��*(�	���� >��	 ก�,���
�%��*""���&���#���#�%��#��"""��	
$
����*$
"	,-(�� 
 �������	
��	ก��������������� 

1. �$��:4�	,-%�ก��+
$�ก6"&���#� 

 ก�*"��ก����
""��	
$�����D�ก����ก�""��:-��$)���@45�@���&�'&���#� $
'�
4�
ก���$)���@45�@���&�'&���#������$��:4�	,-%�ก��+
$�ก6"&���#�!����$��� 

2. �$�C<��&���#�	,-9��>#ก!��' 

 ��:-�&���#�9���,)���@45�@��� ก����
"���,-�����'�ก�9&&���#�ก6(����>	5�9$�+�ก
����'&���#���,�'����'�$,�� +.'�����$�C<��ก�����,-�����'&���#�9��>#ก!��'9$� (Inconsistency)  
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�#�	,- 2.2 &
4�!��ก����
""��	
$���
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2.3  9/�ก�4��ก��":;��%#ก�� (Functional Dependency: FD) 
 ก����+�����)�'(���'&�'�!��*�,���
�����,�)�'(���'��#�%��#��"""��	
$����*$
"%$
+*��+����+�กIC'ก��
�ก��&.4�!��ก
� @.-'��D�)���(
��
���*����'��		��"��	�!��' 8 ���%��,��
�
�ก
"��		��"��	���:�ก� ��&�'��		��"��	�	,-	5�����	,-��D�),��&�'�,���
� @.-')���(
��
���,4+*>#ก
������$��#��""	�')��!��(!��	,-��,�ก��� IC'ก��
�ก��&.4�!��ก
� (Armstrong, 1974) @.-'�,�#��""
$
'�,4 

FD: Determinant-attribute → Dependency-attribute 
 �$�	,- Determinant-attribute ����>.' ��		��"��	�	,-�*" )��%$)����.-'���� +*(����>
�($')��&�' Dependency-attribute @.-'��D���		��"��	�	,-�,)���(
��
��ก
" Determinant-attribute 
�
4���ก�� $
'!
�����'%�!���'	,- 2.2 
 
!���'	,- 2.2 !���'�($')���(
��
���*����'������&"
!���*���� ��*�:-��+��&�'"
!� 

Personal_ID Personal_Name 

320500116321 �
��� 
1320100453011 �������� 
3120512450182 +�#< 
3120356781201 	
��,�� 
1208130303111 �� �'�� 
1105102630213 	
��,�� 

+�ก!���'+*(
'�ก!��6���� ��:-��,ก���*" )��������&"
!���*���� (Personal_ID) $���
������&%$������&��.-' +*(����>	��">.'�:-�&�'�+��&�'"
!���*���� (Personal_Name) 
!��������&	,-�*" �
4�9$� ���� ��:-��*" ������&"
!���*������D� X1320500116321� +*9$��:-�
�+��&�'"
!� ):� X�
���Y ��:���:-��*" ������&"
!���*������D� X1320100453011Y +*9$��:-�
�+��&�'"
!� ):� X��������Y ��D�!�� �!�%�	�'ก�
"ก
� ��:-��,ก���*" �:-��+��&�'"
!���*���� ก�
"
9��(����>	��">.'������&"
!���*����!���:-�	,-�*" �
4�9$�%�	 กก��, ��:-�'+�ก�,�:-��+��&�'
"
!���*����	,-@45�ก
� ���� ��:-��*" �:-��+��&�'"
!���D� X	
��,��Y +*9��(����>	��">.'������&
"
!���*����	,-����
$9$� ��:-�'+�ก" ))�	,-�:-� X	
��,��Y %�!���'�,��#� 2 )� 9$��ก� "
!���*����
������& X3120356781201Y ��* X1105102630213Y ��D�!�� $
'�
4�+�ก!���'$
'ก����(����>



  100 

 

 

ก����9$���� ������&"
!���*���� ��D� Determinant-attribute ��*�:-��+��&�'"
!���*���� ��D� 
Dependency-attribute @.-'(����>�&,��%��#�IV'ก��
�ก��&.4�!��ก
�9$�$
'�,4 

FD: Personal_ID → Personal_Name 
 �$�	
-�9�����+*(����>�"�'��*��	ก��&.4�!��ก
�9$���D� 3 ��*��	 $
'!��9��,4 
 2.3.1 ก��":;��%#ก��# %���	�,��� (Complete dependency) 

 ก��&.4�!��ก
�����'(�"#�����D��#��""ก��&.4�!��ก
� 	,-��		��"��	�	,-��%��),����
ก
&�'�,���
� (Nonkey attribute) �,ก��&.4�!����		��"��	���:�ก� ��&�'��		��"��	�	,-	5�����	,-��D�),��
��
ก (Primary key) &�'�,���
� 
  !
�����'	,- 1 ก5���$%���,���
�)�'�� ��*ก�"$�����		��"��	�!��' 8 $
'�,4 
 
�	�� (��
()�'��, �:-�)�'��, ��*��	)����5���<, ��
(7#�)�") �,  
  �
!��)����'/�.�.) 
 �,���
�)�'�� +*�,��		��"��	���
()�'�� 	,-�,&���#�9��@45�ก
���*%����D�),����
ก
&�'�,���
� $
'�
4� >���,ก�����'��'>.'��
()�'����,�'��.-'��
( ก6+*	5�%��	��">.'&���#�	,-�,��#�
���%���		��"��	��:-� 8 &�')�'��	,-�,��
(�
4�9$� !
�����'���� >�����'>.')�'��	,-�,��
(��D� 
X1245Y +*	5�%��	��"�����D�)�'��	,-�:-� X( $%+Y 	,-�,��*��	)����5���<$��� X9IIV�Y �,��
(7#�
)�") �������& X1441Y ��*�,�
!��)����'!���
-���'��D� X16 "�	/�.�.Y 
 +.'ก����9$������		��"��	���
()�'�� +*>#ก%��%�ก����:�ก ��:���D�!
���:�ก 
&���#�	,-��#�%���		��"��	��:-�)�'�� ��*��	)����5���< ��
(7#�)�") � ��*�
!��)����'/�.�. 
+�ก�,���
�)�'�� ��:�ก�����,ก�
���.-'):� ��		��"��	��:-�)�'�� ��*��	)����5���< ��
(7#�
)�") � ��*�
!��)����'/�.�. +*&.4�ก
"��		��"��	���
()�'�� ����'(�"#����
-���' @.-'(����>
�($'$����7����9$�$
'�#�	,- 2.3 ��:��&,���	�$���&��)���(
<�
ก/��9$�$
'�,4  

 ��
()�'�� → �:-�)�'��, ��*��	)����5���<, ��
(7#�)�") �,  
  �
!��)����'/�.�. 
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�#�	,- 2.3 ก��&.4�!��ก
�����'(�"#���&�'��		��"��	�%��,���
�)�'�� 
 

  !
�����'	,- 2 ก5���$%���,���
�ก��	5�'�� ��*ก�"$�����		��"��	�!��' 8 $
'�,4 
  ก�����	�� (��
()�'��, ��
((>��	,-ก��(���', �
�	,-���-�	5�'��,  
   +5�����
-���'	,-	5�'��	
4'��$) 
 �,���
��,4+*�,��		��"��	���
()�'�� ��*��
((>��	,-ก��(���' ����ก
�	5�����	,-
��D�),����
ก&�'�,���
� $
'�
4� ก�����'>.' ��
()�'�� ��.-' 8 ��*��
((>��	,-ก��(���' 	,-)�'��
)��
4�	5�'����#� +*	5�%��	��">.'&���#�%���		��"��	��
�	,-���-�	5�'�� ��*+5�����
-���'	,-
	5�'��	
4'��$ &�')�'����
(�
4� +.'ก����9$���� ��
()�'�� ��*��
((>��	,-ก��(���' +*>#ก%��
%�ก����:�ก ��:���D�!
���:�ก &���#�	,-��#�%���		��"��	��
�	,-���-�	5�'�� ��*+5�����
-���'	,-
	5�'��	
4'��$ ����'(�"#��� ��:�ก�����,ก�
���.-'):� ��		��"��	��
�	,-���-�	5�'�� ��*+5����
�
-���'	,-	5�'��	
4'��$ +*&.4�ก
"��		��"��	���
()�'�� ��*��
((>��	,-ก��(���' ����'(�"#��� 
@.-'(����>�($'$����7����9$�$
'�#�	,- 2.4 ��:��&,���	�$���&��)���(
<�
ก/��$
'�,4 

 ��
()�'��, ��
((>��	,-ก��(���' →�
�	,-���-�	5�'��,  
  +5�����
-���'	,-	5�'�� 	
4'��$ 
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��
()�'�� �
�	,-���-�	5�'��

+5�����
-���'	5�'��	
4'��$
��
((>��	,-ก��(���'

 

�#�	,- 2.4 ก��&.4�!��ก
�����'(�"#��&�'��		��"��	�%��,���
�ก��	5�'�� 
 

 2.3.2 ก��":;��%#ก��!<� �����%�� (Partial dependency) 

 ก��&.4�!��ก
���,�'"�'(�����D�ก��&.4�!��ก
� 	,-��		��"��	�	,-9��%��),����
ก&�'
�,���
� �,ก��&.4�!����		��"��	�"�'!
�	,-������D�),����
ก&�'�,���
�  
  !
�����' ก5���$%���,���
�ก��	5�'��!��(>��	,- &�')�'���,(),�� $
'�,4 
 ก��	5�'��!��(>��	,-  (��
()�'��, �:-�)�'��, ��
((>��	,-ก��(���',  
  ��*��	(>��	,-ก��(���', 	,-!
4'(>��	,-ก��(���') 
 �,���
�ก��	5�'��!��(>��	,- +*�,��		��"��	���
()�'�� ��*��
((>��	,-
ก��(���' ����ก
���D�),����
ก&�'�,���
� �$��, �:-�)�'�� ��D���		��"��	�	,-&.4�ก
"��		��"��	�
��
()�'�� @.-'��D���,�'"�'(���&�'),����
ก ��ก+�ก�,4��		��"��	���*��	(>��	,-ก��(���' ��*
	,-!
4'(>��	,-ก��(���' ก6��D���		��"��	�	,-&.4�ก
"��		��"��	���
((>��	,-ก��(���' @.-'��D���,�'
"�'(���&�'),����
ก����ก
� @.-'(����>�($'$����7����9$�$
'�#�	,- 2.5 ��:��&,���	�$���
&��)���(
<�
ก/��$
'�,4 

                      ��
()�'�� → �:-�)�'�� 

 ��
((>��	,-ก��(���' → ��*��	(>��	,-ก��(���', 	,-!
4'(>��	,-ก��(���' 
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�#�	,- 2.5 ก��&.4�!��ก
���,�'"�'(���&�'��		��"��	�%��,���
�ก��	5�'��!��(>��	,- 
 

 2.3.3 ก��":;��%#ก���������=���9 (Transitive dependency) 

 ก��&.4�!��ก
��""	���@�	,I��D��#��""ก��&.4�!��ก
� 	,-��		��"��	�	,-9��%��),��
��
ก&�'�,���
� �,ก��&.4�ก
"��		��"��	��:-�	,-9��9$���D�),����
ก&�'�,���
�  
  !
�����' ก5���$%���,���
�)�'��!��)����5���< �,(),��$
'!��9��,4 
  
�	�����
��������� (��
()�'��, �:-�)�'��, ��*��	)����5���<,  

 �
!���"�
(, +5�����.�.	,-!��'	5�&
4�!-5�, ��
(7#�)�") �, 
�
!��)����'/�.�.) 

 �,���
�)�'��!��)����5���< �,4+*�,��		��"��	���
()�'�� 	5�����	,-��D�),��
��
ก&�'�,���
� �$��,��		��"��	��:-�)�'�� ��*��	)����5���< +5���� �.�. 	,-!��'	5�&
4�!-5� 
�
!���"�
( ��
(7#�)�") � ��*�
!��)����'/�.�. 	,-&.4�ก
"��		��"��	���
()�'�� �,4����'(�"#��� 
�!�ก6�
')'�,"�'��		��"��	� ���� ��		��"��	��
!���"�
( ��*+5���� �.�. 	,-!��'	5�&
4�!-5� 	,-&.4�ก
"
��		��"��	���*��	)����5���< @.-'	
4'��		��"��	��
!���"�
( +5���� �.�. 	,-!��'	5�&
4�!-5� ��*
��*��	)����5���< !��'ก69��%��),����
ก��:���D�(�����.-'&�'),����
ก +.'��,�กก��&.4�!��ก
�
�*����'��		��"��	�	,-9��%��),���,4��� ก��&.4�!��ก
��""	���@�	,I @.-'(����>�($'$����7����9$�
$
'�#�	,- 2.6 ��:��&,���	�$���&��)���(
<�
ก/��$
'�,4 

 ��*��	)����5���< → �
!���"�
(, +5���� �.�. &
4�!-5�	,-!��'	5� 
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�#�	,- 2.6 ก��&.4�!��ก
��""	���@�	,I&�'��		��"��	�%��,���
�)�'��!��)����5���< 
 

2.4  �,
��������(6����(����� 1  
ก�*"��ก����
""��	
$����*$
"��ก( $ +*��D�ก�*"��ก��%�ก����
"!���'&���#�

&�'7#�%��%����#�%��#��""&�'�,���
� ก����):� )��&�'��		��"��	�&�'�!��*�>�(����>�,9$�)��
�$,���	���
4� ��:-�%����#�%��#��"""��	
$����*$
"	,- 1  
 �����: �,���
�%$+*��#�%��#��"""��	
$����*$
"	,- 1 9$�ก6!����:-� �,���
��
4�+*!��'�,
) �(�"
!�!��9��,4 

1. ��D��,���
�	,-�,),����
ก&�'�,���
� 

2. 9���,ก� ��@45���#�%��,���
� ��:���+ก����9$����)��&�'�!��*��		��"��	�&�'�!��*�>�

(����>�,9$�)���$,���	���
4� 
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3. ��		��"��	�	 ก��		��"��	�	,-9��%��),�� +*!��'&.4�ก
"��		��"��	�	,-��D�),����
ก����'

(�"#��� 

 2.4.1  ก��
�����!�4�����5	%!
>������(6��?��!
>���!�4�����	��,
��������(6����(����� 1 

 %�&
4�!��ก����
"�,���
�	,-9����D�"��	
$���%����D��,���
�	,-�,�#��"""��	
$
����*$
"	,- 1 �,4 +*!��'	5�ก��ก5�+
$ก� ��@45���ก9� �$�!
�����'ก����
"�,���
�%����#�%��#��""
"��	
$����*$
"	,- 1 (����>��"��9$�$
'!
�����'!��9��,4 

 

!���'	,- 2.3 !���'ก��(
-'(��)��	,-��D� Unnormalized form 
!�"���?����� ���������� �����,ก.�� 47�#�,ก.�� �������.�� 47�#���.�� ������ 

INV001 20-08-2008 C001 (�	�  CA101 CPU 20 
    MB205 Main broad 40 

INV002 20-08-2008 C002 " <�,  RA300 Ram 10 
INV003 21-08-2008 C003 " <��  MB205 Main broad 30 

    HD101 Hard disk 25 
    SG201 Sound Card 15 

 ��+����!���'	,- 2.3 +*��6������&	,-%"(
-' 1 ��
( ��*ก�"9�$���(��)����กก��� 
1 ���ก�� +.'ก����9$���� ��		��"��	���
(ก��(��)�� �:-�(��)�� ��*+5���� ��D�ก� ��@45�&�'�,���
� 
@.-'9��!�'ก
") �(�"
!�&�'�#��"""��	
$����*$
"	,- 1 $
'�
4�ก����
"%��*$
"�,4ก69$��ก�ก��&+
$
ก� ��@45���ก9� 	5�%��9$�7��
��$
'!���'	,- 2.4 

 

!���'	,- 2.4 !���'ก��(
-'(��)��	,-��D� 1NF 
!�"���?����� ���������� �����,ก.�� 47�#�,ก.�� �������.�� 47�#���.�� ������ 

INV001 20-08-2008 C001 (�	�  CA101 CPU 20 
INV001 20-08-2008 C001 (�	�  MB205 Main broad 40 
INV002 20-08-2008 C002 " <�,  RA300 Ram 10 
INV003 21-08-2008 C003 " <��  MB205 Main broad 30 
INV003 21-08-2008 C003 " <��  HD101 Hard disk 25 
INV003 21-08-2008 C003 " <��  SG201 Sound Card 15 
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 ��,ก��&+
$ก� ��@45�(����>	5�9$��$���ก&���#�&�'��&	,-%"(
-'@:4� XINV001� 
��ก��D� 2 �>� $
'�($'%�!���'	,- 2.4 @.-'7�	,-9$��,4+*��6������&	,-%"(
-'9��%��),����
ก&�'�,���
�
�,ก!��9� �!�),����
ก+*��*ก�"$�����&	,-%"(
-' ��*��
((��)�� @.-'�����+ก����9$����ก����
"
"��	
$���%����#�%��#��"""��	
$����*$
"	,- 1 �
4�+*!��'�,ก�����-���		��"��	�	,-����D�),��
��
ก�(�� �$�),����
ก!
�%���+*��*ก�"9�$���),��!
��$��"�กก
"��		��"��	�	,-��D�),����
ก&�'
ก� ��@45� 
 2.4.2  
/������#��!ก�(":;�ก����!�4�����	��,
��������(6����(����� 1 
 >.'�������,���
�+*>#ก��ก�""��:�>#ก��
"%����#�%��#��"""��	
$������� �!�
+�ก�
ก/�*&���#����%��,���
�"�'�,���
�	,-��#�%��#��"""��	
$����*$
"	,- 1 ก6��+ก��%���ก�$
�C<��&.4�9$��,ก ���� �,���
�ก��(
-'(��)��	,-��D� 1NF ���+*��#�%��#��"""��	
$����*$
"	,- 1 �!�
+*��6�����,&���#�"�'�>�	,-�,)��&�'&���#�@45�ก
� ���� &���#�%��>�	,- 1 ��* 2 �,��		��"��	�	,-�ก6"
&���#�@45�ก
� ):� ��&	,-%"(
-' �
�	,-(
-' ��
(�#ก)�� ��*�:-��#ก)�� ��D�!�� 
 %�ก���ก6"&���#�	,-@45�@���ก
��,4��ก+�ก+*	5�%��!��'(�4����:�'��:4�	,-%�ก��
+
$�ก6"&���#����� �
'ก��%���ก�$�C<��!�����,ก����&��$
'!��9��,4 

1. 
�������ก����ก���ก� ����!" (Update anomaly) 

 !
�����'���� %��,���
�ก��(
-'(��)�� >��!��'ก�����,-�����'�:-�&�'�#ก)��	,-�,
��
(�#ก)�� �C001� +�ก�$���:-� X(�	�Y ��D� X(�	��
�Y ก6!��'	5�ก�����,-��&���#�%������>�	,-�,
��
(�#ก)����D� �C001� @.-'��ก+�ก+*!��'%������%�ก���ก�9&���� ก6�
'9��(����>�
"��*ก
�9$����
�,ก���ก�9&9$���$)�"	 ก�>� ��*>����-'�,ก���ก�9&9��)�"ก6��+	5�%��&���#�%��,���
��ก�$)���
&
$���' (Inconsistency) ก
�&.4� ��:-�'+�ก�,"�'�>�	,-�,��
(�#ก)�����:��ก
� �!��,�:-�&�'�#ก)��
�!ก!��'ก
� ��D�!�� 

2. 
�������ก����ก��"����!" (Delete anomaly) 

 >����ก!��'ก���"�#ก)��	,-�:-� X" <�,Y ��ก9�+�ก�,���
� ก6+*	5�%��&���#�%�
�>�	,- 3 	
4'��$>#ก�"	�4' �!�ก6�"���ก���"&���#�%��>�	,- 3 	�4'9�+*	5�%��!��'(#<�(,�&���#� 
�ก,-��ก
"(��)��	,-�,��
(��D� �RA300� 9�$��� ��:-�'+�ก9��9$��,ก�����'��'>.'��
(�,4�,ก%��>��:-� 8 

3. 
�������ก����ก��%&�'����!" (Insert anomaly) 

 ��ก!��'ก�����-�����:-��#ก)��)��:-� 8 �&��9�%��,���
�ก��(
-'(��)�� �$�	,-
�#ก)���
'9���,���ก��(
-'(��)��+*9��(����>	5�9$� ��:-�'+�ก),����
ก&�'�,���
�ก��(
-'(��)�� 
��*ก�"9�$��� ��		��"��	���&	,-%"(
-' ��*��
((��)�� @.-'+�ก) �(�"
!�&�'),����
ก+*9�����%��
�,)�����'�ก�$&.4�%���		��"��	�	,-��D�),����
ก 
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 $
'�
4�+.'��6�9$���� ����,���
�+*��#�%��#��"""��	
$����*$
"	,- 1 ���� �!�"�'
�,���
�ก6�
'�,)���@45�@���&�'&���#���*ก��%���ก�$�C<��9$��,ก +.'!��'�,ก�*"��ก����
""��	
$
���%��*$
"!��9�   
 

2.5  �,
��������(6����(����� 2  
 �#��"""��	
$����*$
"	,- 2 �,4+*�ก,-��ก
")���(
��
���*����'),����
ก��*��		��"��	�
�:-�	,-9��9$���D�(���%$(�����.-'&�'),����
ก 
 Codd (1971) 9$�%�������9����� �,���
�%$+*��#�%��#��"""��	
$����*$
"	,- 2 ก6!����:-� 
�,���
��
4�+*!��'�,) �(�"
!�!��9��,4 

1. �,���
��
4���#�%��#��"""��	
$����*$
"	,- 1 

2. !��'9���,ก��&.4�!��ก
���,�'"�'(��� ก����):� !��'9���,��		��"��	�	,-9��%��),����
ก!
�

%$&.4�ก
"(���%$(�����.-'&�'),����
ก  

 2.5.1 ก��
�����!�4���,
��������(6����(����� 1 !
>���(����� 2 

 ��+�����,���
�ก��(
-'(��)�� %�!���'	,- 2.4 +*�"���),����
ก&�'�,���
���*ก�"
9�$�����		��"��	�(�'��		��"��	� 9$��ก� ��&	,-%"(
-' ��*��
((��)�� �!�+*�,��		��"��	��:-�
(��)�� @.-'9��%��),��&.4���#�ก
"��		��"��	���
((��)�� 	,-��D�(�����.-'&�'),����
ก��,�'����'�$,�� +�ก
!���'	,- 2.4 (����>�&,���7����&�'IC'ก��
�ก��&.4�!��ก
�9$�$
'�#�	,- 2.7 

 

 

�#�	,- 2.7 ก��&.4�!��ก
�&�'��		��"��	�%��,���
�ก��(
-'(��)�� 
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 ��+�����#�	,- 2.7 +*��6������		��"��	��
�	,-(
-' ��
(�#ก)�� ��*�:-��#ก)�� &.4���#�
ก
"��		��"��	���&	,-%"(
-' @.-'��D���,�'(�����.-'&�'),����
ก ��*��		��"��	��:-�(��)�� ก6&.4���#�ก
" 
��
((��)�� @.-'��D���,�'(�����.-'&�'),����
ก����ก
� (�'(����,-��'	,-��D�ก��&.4�!��ก
���,�'
"�'(���&�'�,���
� +.'	5�%���,���
�&�$) �(�"
!�&�'�#��"""��	
$����*$
"	,- 2 	5�%��!��'�,
ก����
"�,���
�%���  
 �$���,	,-+*	5�%���,���
���#�%��#��"""��	
$����*$
"	,- 2 ก�*	5�9$��$�ก��
(���'�,���
�&.4���%���(5���
"ก��&.4�!��ก
�	,-��D��C<�� @.-'+*	5�%��9$��,���
������ก�$&.4� $
'�($'
%�!���'	,- 2.5-2.7 
 

!���'	,- 2.5 !���'ก��(
-'(��)��	,-��
"�� '+�ก!���'	,- 2.4 
!�"���?����� ���������� �����,ก.�� 47�#�,ก.�� 

INV001 20-08-2008 C001 (�	�  
INV002 20-08-2008 C002 " <�,  
INV003 21-08-2008 C003 " <��  

!���'	,- 2.6 !���'(��)��	,-��
"�� '+�ก!���'	,- 2.4 
�������.�� 47�#���.�� 

CA101 CPU 
MB205 Main broad 
RA300 Ram 
HD101 Hard disk 
SG201 Sound Card 

!���'	,- 2.7 !���'���ก��(
-'(��)��	,-��
"�� '+�ก!���'	,- 2.4 
!�"���?����� �������.�� ������ 

INV001 CA101 20 
INV001 MB205 40 
INV002 RA300 10 
INV003 MB205 30 
INV003 HD101 25 
INV003 SG201 15 
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 +�ก!���'	,- 2.5-2.7 (����>�&,���	�$���&��)���(
<�
ก/���	��,���
�9$�$
'�,4 
 
 ก����'	���
�� (��&	,-%"(
-', �
�	,-(
-', ��
(�#ก)��, �:-��#ก)��) 
 ���
�� (��
((��)��, �:-�(��)��) 
 ��(ก����'	���
�� (��&	,-%"(
-', ��
((��)��, +5����) 
 
 ��ก�5��!��*�,���
����&,����D��7����ก��&.4�!��ก
� +*(����>�&,��9$�$
'
�($'%��#�	,- 2.8-2.10 

 

�#�	,- 2.8 ก��&.4�!��ก
�&�'��		��"��	�%��,���
�ก��(
-'(��)����
'+�ก��
"�#��"""��	
$��� 

 

�#�	,- 2.9 ก��&.4�!��ก
�&�'��		��"��	�%��,���
�(��)����
'+�ก��
"�#��"""��	
$��� 
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�#�	,- 2.10 ก��&.4�!��ก
�&�'��		��"��	�%��,���
����ก��(
-'(��)�� 
 ��
'+�ก��
"�#��"""��	
$��� 

 

 2.5.2  
/������#��!ก�(":;�ก����!�4�����	��,
��������(6����(����� 2 
 ��ก��+�����,���
�%��#�	,- 2.8-2.10 +*��6����	 ก�,���
���D��,���
�	,-��#�%�
�#��"""��	
$����*$
"	,- 1 ��* 2 ���� ��:-�'+�ก	 ก��		��"��	�+*&.4���#�ก
"),����
ก&�'�,���
�
�	���
4� �!�>����+�����!��*�,���
�����'�*��,�$���� +*�"��� "�'�,���
��,��		��"��	�	,-&.4���#�ก
"
��		��"��	��:-�	,-9��9$���D�),����
ก&�'�,���
�������#�$��� ���� �,���
�ก��(
-'(��)�� %��#�	,- 2.8 +*
�,��		��"��	��:-��#ก)�� @.-'��D���		��"��	�	,-9��%��),��	,-&.4���#�ก
" ��
(�#ก)�� 	,-��D���	��"��	�	,-
9��%��),������ก
� @,-'��D�ก��&.4�!��ก
��""	���@�	,I (�'7�%���ก�$�C<��)���7�$�ก!�!��ก�����-�
&���#� ):���ก!��'ก�����-�����:-��#ก)��)��:-� 8 �&��9�%��,���
�ก��(
-'(��)�� �$�	,-�#ก)���
'9���,
���ก��(
-'(��)��+*9��(����>	5�9$� ��:-�'+�ก),����
ก&�'�,���
�ก��(
-'(��)�� ):� ),��7(�	,-
��*ก�"9�$��� ��		��"��	���&	,-%"(
-' ��*��
((��)�� @.-'+�ก) �(�"
!�&�'),����
ก+*9�����
%���,)�����'%���		��"��	�	,-��D�),����
ก 
 

2.6  �,
��������(6����(����� 3  
 �,���
�	,-�,�#��"""��	
$����*$
"	,- 3 +*��D��,���
�	,-�,�����$
'!��9��,4 
 �����: �,���
�%$+*��#�%��#��"""��	
$����*$
"	,- 3 ก6!����:-� �,���
��
4�+*!��'�,
) �(�"
!�!��9��,4 

1. �,���
��
4���#�%��#��"""��	
$����*$
"	,- 2  

2. +*!��'9���,ก��&.4�!��ก
��""	���@�	,Iก����):� !��'9���,��		��"��	�	,-9��%��),��

��
ก!
�%$&.4�ก
"��		��"��	��:-� @.-'��D���		��"��	�	,-9��%��),����
ก����ก
� 
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 2.6.1 ก��
�����!�4���,
��������(6����(����� 2 !
>���(����� 3 

  ��+�����#�	,- 2.8 +*��6�����
')'�,�C<��ก��&.4�!��ก
���#� +.'+5���D�!��'	5�ก��
(���'�,���
�&.4���%�����:-��ก�9&�C<��	,-�ก�$&.4� %�ก����
"�,���
�	,-��#�%��#��"""��	
$���
�*$
"	,- 2 %����#�%��#��"""��	
$����*$
"	,- 3 �,&
4�!��$
'!��9��,4 

1. 	5�ก����ก��		��"��	�	,-�,ก��&.4�!��ก
��""	���@�	,I ��ก����D��,���
�

%����,ก��.- '�, ���
�  �����	
4 'ก5 ���$%����		��"��	�	,- ��D�!
� ��:�ก 

(Determinant) 	5�����	,-��D�),����
ก&�'�,���
�%����
4�$��� 

2. ��		��"��	�	,-��D�!
���:�ก�,4+*�
')'>#ก�ก6"��#�%��,���
��$��$��� ��:-�	5�����	,-

��D�),����ก (Foreign key) ��:-����'9��
'),����
ก&�'�,���
�%����,ก	, 

 $
'�
4��,���
�ก��(
-'(��)�� !��!���'	,- 2.5 +*!��'>#ก��ก��ก��D� 2 �,���
� 9$��ก� 
�,���
�ก��(
-' ��*�,���
��#ก)�� @.-'�($'!
�����'&���#�	,->#ก�ก6"��#�%��!��*�,���
�9$�$
'!���'	,- 2.8 
��* 2.9 ��:�(����>�&,���	�$����7����ก��&.4�!��ก
�9$�$
'�#�	,- 2.11 ��* 2.12 
 

!���'	,- 2.8 !���'ก��(
-'	,-��
"�� '+�ก!���'	,- 2.5 
!�"���?����� ���������� �����,ก.�� 

INV001 20-08-2008 C001 
INV002 20-08-2008 C002 
INV003 21-08-2008 C003 

!���'	,- 2.9 !���'ก���#ก)��	,-��
"�� '+�ก!���'	,- 2.5 
�����,ก.�� 47�#�,ก.�� 

C001 (�	�  
C002 " <�,  
C003 " <��  
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�#�	,- 2.11 ก��&.4�!��ก
�&�'��		��"��	�%��,���
�ก��(
-' 

 

�#�	,- 2.12 ก��&.4�!��ก
�&�'��		��"��	�%��,���
��#ก)�� 

2.7  �,
��������(6���# ��-.#((�  
 +�ก�,���
��#��"""��	
$���	
4' 3 �""	,-9$�ก���������� �#��"""��	
$����*$
"	,- 3 
+*��D��#��""	,-�
ก��ก�""!��'ก����ก	,-( $ ��:-�'+�ก(����>&+
$�C<��)���7�$�ก!�%�ก��
+
$ก��&���#�9$� ����'9�ก6!�� ���"�')�
4'�,���
�+*��#�%��#��"""��	
$����*$
"	,- 3 ����ก6!�� 
�!��
'�,��ก�(	,-+*�ก�$)���7�$�ก!�%�ก��+
$ก��&���#�&.4�9$��,ก >.'������+*�")���&��'����ก6!��  
 Connolly and Begg (2002) 9$����'���"��(� ��*)�$$� (Codd, 1974) 9$�%��������,���
�	,-
+*��#�%��#��"""��	
$���"��(�-)�$$� ���+*!��'�,) �(�"
!�!��9��,4 
 ��		��"��	�	,-	5�����	,-��D�!
���:�ก (Determinant) 	 ก!
�%��,���
�+*!��'	5�����	,-��D�),��
)#��&�' (Candidate Key) $��� 
 !
�����'	,-�($'%�!���'	,- 2.10 ��D�!
�����'&�'�,���
�)�'��-7#�)�") � 	,-�ก6"&���#���
(
)�'�� ��*��	)����5���< ��*�:-�7#�)�") � 
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!���'	,- 2.10 !���')�'��-7#�)�") � 
����.���� 
��!)�.��	4����� *,�.��.+	 

1121 9IIV� "���+�$ 
1254 ��*�� �
��
� 
2543 9IIV� (�
� 
1511 9IIV� "���+�$ 
4500 ��*�� (����� 
4500 9IIV� (�
� 

 >����ก�,&��ก5���$(5���
"ก���ก6"&���#�%��,���
� )�'��-7#�)�") � $
'!��9��,4 
1. )�'���!��*)�(����>�,)����5���<9$���กก�����.-'$��� ���� )�'����
( X4500Y 

�,)����5���<	
4'	�'$��� X��*��Y ��* X9IIV�Y 

2. )�'���!��*)�(����>�,7#�) �9$���กก�����.-')� ���� )�'����
( X4500Y +*�,7#�

)�") � 2 )� ):� X(�����Y ��* X(�
�Y 

3. )����5���<$�����.-' 8 +*(����>�,7#�)�") �9$���กก�����.-')� ���� )�'����
( 

X1121Y 	,-�,)����5���<	�'$��� X9IIV�Y +*�,7#�)�") ��:-� X"���+�$Y ��*)�'��

��
( X2543Y @.-'�,)����5���<	�'$��� X9IIV�Y ����ก
� �!��,7#�)�") ��:-� X(�
�Y 

4. 7#�)�") ��!��*)�+*�,)����5���<$���%$$�����.-'�	���
4� (9���,)����5���<

��กก�����.-'$���) 

5. )�'��)���.-' 	,-�,)����5���<$���%$$�����.-' +*�,7#�)�") ���,�')��$,���	���
4� 

6. )�'��)���.-' 	,-�,7#�)�") �)���.-' +*�,)����5���<��,�'$����$,���	���
4� 

 +�ก&��ก5���$&�'�,���
�	,-ก����%�&��'!�� >����ก��+����$���IC'ก��
�ก��&.4�!��ก
�&�'
��		��"��	�!��' 8 +*�"����,�#��""$
'!��9��,4 

- &��ก5���$%�&��	,-��.-'&��'!�� +*	5�%��9$���� ��
()�'�� 9��(����>%��%�ก����:�ก 

(Determine) ��*��	)����5���<9$� ��:�ก�����,ก�
���.-'):� ��*��	)����5���< 

+*9��&.4�ก
" ��
()�'�� 

- &��ก5���$%�&��	,-(�' +*	5�%��9$���� ��
()�'�� ก69��(����>%��%�ก����:�ก7#�

)�") �9$� 
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- &��ก5���$&��	,-(�� +*	5�%��9$���� ��*��	)����5���< 9��(����>%��%�ก����:�ก7#�

)�") �9$� 

- &��ก5���$&��	,-(,- +*	5�%��9$���� 7#�)�") � (����>%��%�ก����:�ก ��*��	)���

�5���<9$� ��:� 7#�)�") � +*��D�!
���:�ก (Determinant) ��*��	)����5���< @.-'

(����>�&,����D�&��)���(
<�
ก/��9$���� 

 7#�)�") � → ��*��	)����5���< 

- &��ก5���$&��	,-��� +*	5�%��9$����ก���5� ��
()�'�� �����ก
" ��*��	)����5���< 

+*(����>%��%�ก����:�ก7#�)�") �9$� @.-'(����>�&,����D�&��)���(
<�
ก/��9$���� 

 ��
()�'��, ��*��	)����5���< → 7#�)�") � 
 $
'�
4� !
���:�ก):�ก�����ก
�&�'��		��"��	���
()�'�� ��*��*�>	)����5���< 

- ��*&��ก5���$&��	,-�ก +*9$���� ��
()�'�� ��:-��5������ก
" 7#�)�") � ก6(����>%��

%�ก����:�ก��*��	)����5���<9$� @.-'(����>�&,����D�&��)���(
<�
ก/��9$���� 

 ��
()�'��, 7#�)�") � → ��*��	)����5���< 
 �$�!
���:�ก):�ก�����ก
�&�'��		��"��	���
()�'�� ��*7#�)�") � 
 $
'�
4� +�กIC'ก��
�ก��&.4�!��ก
�	
4'��$	,-ก������ (����>�5���(� ���D��7�����($'
)���(
��
���*����'��		��"��	�9$� $
'�#�	,- 2.13 

 

�#�	,- 2.13 ก��&.4�!��ก
�&�'��		��"��	�%��,���
�)�'��-7#�)�") � 

 



  250 

 

 

 %�ก����+����),��&�'�,���
��,4 +*�"���(����>��:�ก%��),������ (Composite key) �
�
9$��ก� (��
()�'��, ��*��	)����5���<) ��:� (��
()�'��, 7#�)�") �) )#�%$)#���.-'	5�����	,-��D�
),��&�'�,���
�9$� @.-'),������	
4'(�')#��,4+*>#ก��,�ก�����D�),��)#��&�' (Candidate key) &�'�,���
��
4���' 
 $
'�
4� �,���
�)�'��-7#�)�") � +*��D��,���
�	,-�,�
ก/�*$
'!��9��,4 

1. �,),��)#��&�'��กก�����.-'&.4�9� (Multiple candidate key) 9$��ก� ),��)#��&�' (��
()�'��, 

��*��	)����5���<) ��*),��)#��&�' (��
()�'��, 7#�)�") �) 

2. ),��)#��&�'������,4�!��*),��+*�,) �(�"
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-�):� �,+5������		��"��	�

��กก�����.-'��		��"��	�����ก
���D�),��)#��&�' 

3. ),��)#��&�'+*�,��		��"��	�	,-���:��ก
���:-��ก
���#� �
�9$��ก� ��
()�'��  

4. >���,ก����:�ก%��),��)#��&�' (��
()�'��, ��*��	)����5���<) 	5�����	,-��D�),����
ก

&�'�,���
� ��* (��
()�'��, 7#�)�") �) ��D�),��)#��&�' �,���
�)�'��-7#�)�") � �,4+*

��#�%��#��""""��	
$����*$
"	,- 1 ��*��#�%��#��"""��	
$����*$
"	,- 2 $��� 

��:-�'+�ก�,��		��"��	�	,-9��%��),����
ก �
�9$��ก� 7#�)�") � +*&.4���#�ก
"),����
ก����'

�	�+��' ��*�,���
��,4�
'��#�%��#��"""��	
$����*$
"	,- 3 $��� ��:-�'+�ก��D��,���
�	,-

9���,ก��&.4�!��ก
��""	���@�	,I @.-'��D�ก��&.4�!��ก
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ก$���ก
���' 

 �������,���
��,4+*��#�%��#��"""��	
$����*$
"	,- 3 ����  �!�����'9�ก6!�� �,���
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')'�,
�C<���ก,-��ก
")���7�$�ก!�!��ก��+
$��&���#����%��,���
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 2.7.1  
/������#��!ก�(":;�ก����!�4�����	��,
��������(6����(����� 3 

1. 
�������ก����ก��%�")'(���"	�ก� ����!" 
  >����ก7#�)�") ��:-� X"���+�$Y �,ก�����,-�����'�:-���D� X"��+"Y +*!��'�,
ก���ก�9&&���#������>�	,-�,�:-� X"���+�$Y ��#� @.-'>���,�>�%$	,-9��9$��ก�9& +*	5�%���ก�$�C<��
)���&
$���'&�'&���#�&.4�9$� ��:-�'+�ก+*ก�����D�����,7#�) �	,-�:-�	
4' X"���+�$Y ��* X"��+"Y 	
4' 
8 	,-��D�)��$,��ก
� 

2. 
�������ก����ก��"����!" 
  >��)�'��	,-�,��
( X4500Y 9$�����ก9� $
'�
4�ก���"�>�&�')�'��	,-�,
��
( X4500Y ��ก9�+�ก�,���
� +*	5�%��!��'(#<�(,�&���#��ก,-��ก
"7#�)�") �	,-�:-� X(�����Y @.-'�,
)����5���<	�'$��� X��*��Y 9�$��� 
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3. 
�������ก����ก��%&�'����!" 
  >���,7#�)�") ��:-� X(�"
!�Y 	,-�,)����5���<$��� X�#�Y �&����	5�'�� �!��
'9��
�,)�'��	,-��#����%!�ก��)�") �&�' X(�"
!�Y +*	5�%��9��(����>���-�&���#�7#�)�") �	,-�:-� 
X(�"
!�Y �,4�&��9�%��,���
�9$� ��:-�'+�ก��		��"��	���
()�'�� +*)����D�)�����' (Null)  
 +�ก�����+*��6���� �,���
�)�'��-7#�)�") � &��'!��9����#�%��#��"""��	
$���
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�):� 7#�)�") � 	,-9��9$�
��D�),��)#��&�' @.-'ก���,!
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 2.7.2 ก��
�����!�4���,
��������(6����(����� 3 !
>���!�4���,
��������(6�� 

 �# ��-.#((�  

 ก��+*	5�%���,���
�)�'��-7#�)�") � ��#�%��#��"""��	
$���"��(�-)�$$� +*
	5�9$��$�ก���5���		��"��	�	,-��D�!
���:�ก	,-9��%��),��)#��&�' ��*��		��"��	�	,->#ก��:�ก&�'!
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� ��*(5���
"�,���
��$��%��!
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���:�ก (	,-9��%��),��)#��&�') �
4�%��)'9��%��,���
��$�� �!�%��
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� ):� �,���
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ก ):� (��
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!���'	,- 2.11 !���')�'�� 
����.���� *,�.��.+	 

1121 "���+�$ 
1254 �
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� 
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1254 �
��
� 
2543 (�
� 
1511 "���+�$ 
4500 (����� 
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2.8  �,
��������(6����(����� 4  
 >��(��!���� �,�,���
�	,-�ก6"&���#��ก,-��ก
"�
ก�.ก/�	,-�'��,������!��' 8 %��	����.-' 8 ��*
)���(�%+%�ก,S�&�'�
ก�.ก/��!��*)� �$�%���!��*�>�%��,���
��ก6"&���#� ��
(�
ก�.ก/� ����
	,-�'��,�� ��* ก,S�	,-(�%+ $
'!���'	,- 2.13 ��*�,&��ก5���$&�'�!��*�,���
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'!��9��,4 

1. �
ก�.ก/��!��*)�(����>�'	*�",��9$���กก�����.-'����&.4�9� ���� �
ก�.ก/���
( 

�B4602613Y +*�'	*�",����,�� 2 ���� 9$��ก� X)��!��(!��Y ��* XI?(�ก(�Y 
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2. �
ก�.ก/��!��*)�(����>�,ก,S�	,-��"9$���กก�����.-'����' ���� �
ก�.ก/���
( 

�B4602613Y +*��"ก,S� 2 ��*��	 9$��ก� X�����45�Y ��* X�"$���!
�Y ��D�!�� 
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������ก:กD� ��4��������!�� � ก�E������?� 

B4602613 )��!��(!�� �����45� 
B4602613 I?(�ก(� �����45� 
B4602613 )��!��(!�� �"$���!
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 2.8.1 
/������#��!ก�(ก�������!�4�����	��,
��������(6����(����� 3 ����,
��� 

 �����(6���# ��-.#((� 
1. �*�+�
�������ก����ก��%�")'(���"	�ก� ����!" 

 �ก!
�����'���� >���
ก�.ก/���
( XB4602613Y !��'ก�����,-����'����	,-
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ก�.ก/�)��
4�	 ก
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$���'&�'&���#�&.4� 

2. �*�+�
�������ก����ก��"����!" 

 >���
ก�.ก/���
( XB4609615Y 9$�	5�ก��&��ก���กก���'	*�",��������,�� 
X��/�@,Y $
'�
4� ก���"�>�&���#�&�'�
ก�.ก/���
( �B4609615Y ��ก9� +*	5�%��!��'(#<�(,�
&���#�&�'�
ก�.ก/�)��:-� 8 	,-��"ก,S���*��	 X"�(�ก!"��Y 9�$��� 

3. �*�+�
�������ก����ก��%&�'����!" 

 >����ก!��'ก�����-�&���#�&�'�
ก�.ก/�	,-�,��
( ��D� �B4604595Y 	,-
�'	*�",������ X)������!����":4�'!��Y �!��
ก�.ก/�)��,4��D�)�	,-9����"ก,S���*��	%$��� 
$
'�
4� +*9��(����>���-�&���#�&�'�
ก�.ก/�)��,4�'%��,���
�9$� ����*9��(����>%(�)�����'�'%�
��		��"��	� ก,S�	,-(�%+ 9$� ��:-�'+�ก��D�(�����.-'&�'),����
ก 
 2.8.2  ก��
�����!�4�����	�ก��":;��%#ก��!4��ก�+%	5
!
>���!�4�����	��,
��� 

 �����(6����(����� 4 

 �C<��	,-�ก�$&.4�&��'!�� ��D��C<��	,-�ก�$+�ก�
ก/�*&�'&���#�	,-�,ก��&.4�!��ก
�
�""���'ก� �� @.-'�,�����$
'!��9��,4 (Fagin, 1977; Date, 2000) 
 �����: ก��&.4�!��ก
��""���'ก� �� 
 >���,�,���
� R %$ 8 ��*ก�"$�����		��"��	�����'���� 3 ��		��"��	� ���� R (X, 
Y, Z) ก��&.4�!��ก
��""���'ก� ��+*�ก�$&.4�>�� 

1. ��		��"��	� X 	,-%��%�ก����:�กก� ��&���#�%���		��"��	� Y (ก� ��&���#�%� 

Y &.4���#�ก
" X) +*�&,���	�$���(
<�
ก/�� X →→ Y ��* 

2. ��		��"��	� X +*%��%�ก����:�กก� ��&���#�%� Z (ก� ��&���#� Z +*&.4�ก
" X) 

�&,���	�$��� X →→ Z ��* 

3. &���#�%� Y��* Z +*�,)�����D���(�*!��ก
�):�9��&.4��ก�ก
� 

 +�ก�
ก/�*&�'&���#�%��,���
�$
'!���'	,- 2.13 +*�"����
ก�.ก/���
( �B4602613Y +*�,
&���#���#�>.' 4 �>� �$��,+ $� �'����):� !��'ก���ก6"&���#�����
ก�.ก/�)��,4�'	*�",����,����,�'
(�'���� ):� X)��!��(!��Y ��* XI?(�ก(�Y ��*ก,S�	,-�
ก�.ก/�)��,4��"):� X�����45�Y ��* 
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�Y @.-'>����'	5�ก���ก6"&���#��
ก�.ก/�)��,4%�����,�' 2 �>� $
'!���'	,- 2.14 +*	5�%��
!,)�������9$���� �
ก�.ก/�)�	,-�,��
(��D� �B4602613Y +*��"ก,S������45�ก6!����:-��&�!��'�'
��,������ X)��!��(!��Y ��*+*��"ก,S� X�"$���!
�Y ก6!����:-��&�!��'�'��,������ XI?(�ก(�Y @.-'
��D��#��""ก���ก6"&���#�	,-9��>#ก!��' �
�+*�5�9�(#�ก��!,)�������&�'&���#�	,-7�$9$� 	
4'�,4
��:-�'+�ก ����	,-�'	*�",��ก
"ก,S�	,-��"�
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� ):� 9��&.4�!��ก
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!���'	,- 2.14 !���'�
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������ก:กD� ��4��������!�� � ก�E������?� 

B4602613 )��!��(!�� �����45� 
B4602613 I?(�ก(� �"$���!
� 
B4603945 $�!���"( �	���( 
B4603945 $�!���"( �����45� 
B4609615 ��/�@, "�(�ก!"�� 

 ��ก�,ก���ก6"&���#�%��,���
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'!���'	,- 2.14 ��*>���
ก�.ก/���
( �B4602613Y �,ก,S�	,-
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+5��������	,-�
ก�.ก/�)��
4��'��,�� ��:-�9��%���ก�$ก��&.4�!��ก
��*����'����	,-�'	*�",����*ก,S�
	,-(�%+ +*9$�&���#�$
'!���'	,- 2.15 
 
!���'	,- 2.15 !���'�
ก�.ก/�-����-ก,S�-3 

������ก:กD� ��4��������!�� � ก�E������?� 

B4602613 )��!��(!�� �Z�$�"�� 
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B4603945 $�!���"( �	���( 
B4603945 $�!���"( �����45� 
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 +�ก�����&�'ก��&.4�!��ก
��""���'ก� ��+*��6���� �,���
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'!���'	,- 2.15 ��D��,���
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ก��&.4�!��ก
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ก�.ก/� 	,-%��%�ก����:�กก� ��&���#�&�' ����	,-
�'	*�",�� �&,���	�$���(
<�
ก/��9$���� 

 ��
(�
ก�.ก/� →→ ����	,-�'	*�",�� 
 ��ก+�ก�,4 ��		��"��	���
(�
ก�.ก/� ก6�
'%��%�ก����:�กก� ��&���#�&�' ก,S�	,-��" @.-'
�&,���	�$���(
<�
ก/��9$���� 

 ��
(�
ก�.ก/� →→ ก,S�	,-��" 
 �!� ����	,-�'	*�",�� ��*ก,S�	,-��" +*�,)�����D���(�*!��ก
� ):� 9��&.4�!��ก
� 
 Fagin (1977) 9$�%�������9����� �,���
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$���"��(�-)�$$� ��*!��'9���,ก��&.4�!��ก
��""���'ก� ���ก�$&.4����%�
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'!���'	,- 2.15 +*>#ก��ก
��ก��D�(�'�,���
�9$��ก� �,���
��
ก�.ก/�-���� ��*�,���
��
ก�.ก/�-ก,S� $
'�($'%�!���'	,- 2.16 
��* 2.17 !���5�$
" @.-'��D��,���
�	,-��#�%��#��"""��	
$����*$
"	,- 4 ���� 
 
!���'	,- 2.16 !���'�
ก�.ก/�-���� 

������ก:กD� ��4��������!�� � 

B4602613 )��!��(!�� 
B4602613 I?(�ก(� 
B4603945 $�!���"( 
B4609615 ��/�@, 
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!���'	,- 2.17 !���'�
ก�.ก/�-ก,S� 
������ก:กD� ก�E������?� 

B4602613 �Z�$�"�� 
B4602613 �����45� 
B4602613 �"$���!
� 
B4603945 �"���( 
B4603945 �����45� 
B4609615 "�(�ก!"�� 

2.9  �,
��������(6����(����� 5  
 Fagin (1979) 9$�%�������9����� �,���
�%$+*��#�%��#��"""��	
$����*$
"	,- 5 ��:-��,���
�
�
4���#�%��#��"""��	
$����*$
"	,- 4 ��*!��'9���,) �(�"
!�ก��&.4�!��ก
��""���'���� (Join 
dependency)  
 �#��"""��	
$����*$
"	,- 5 �,4"�')�
4'��+��,�ก��� Project-Join Normal Form (PJ/NF) 
�ก�$&.4�%�ก��,	,- �,���
���.-'��*ก�"$���+5������		��"��	�����'����(����		��"��	�&.4�9� 
��*��		��"��	�������,4!��'9���,)���(
��
���*����'��		��"��	��"""�'(��� ��*!��'9���,ก��
&.4�!��ก
��""���'ก� �� �!�ก6�
'�,�C<���ก�$&.4� (�����
ก/�� ��+�ก�+�5����, 2545) 
 !
�����'���� �,���
���
ก'��-)����5���<-�)�'ก�� ��*ก�"$�����		��"��	�	
4'��$ 3 
��		��"��	�  9$��ก�  ��
(��
ก'�� (EMP_NO) )����5���< (SKILL)  ��*��
(�)�'ก�� 
(PROJ_NO) �,���
��,4�,)���(
��
��&�'��		��"��	�	
4'(��%��
ก/�*	,-��D��'+�ก����):� 
 -    ��
ก'���,)����5���< 
 -    �)�'ก��!��'ก��)����5���< 
 -    ��
ก'��	,-�,)����5���<>#ก��"����%��	5�'��%��)�'ก�� 
 
 
 
 
 
 
 



  330 

 

 

!���'	,- 2.18 ��
ก'��-)����5���<-�)�'ก�� 
EMP_NO SKILL PROJ_NO 

1001 Computer Proj01 
1001 Computer Proj02 
1001 English Proj02 
1001 Math Proj03 
1002 English Proj02 
1003 Computer Proj02 

 ��+����!���'	,- 2.18 +*��6���� ��
ก'����
( X1001Y 	,-�,)����5���< ):� �Computer� 
�English� ��* XMath� �$��)�'ก�� XProj02� �,)���!��'ก��7#�	,-�,)����5���
	
4' XComputer� ��* �English� @.-'��ก��+����!���'!��) �(�"
!�&�'�#��"""��	
$��� +*
��6����!���'	,- 2.18 ��#�%��#��"""��	
$����*$
"	,- 4 �$��,	
4'(����		��"��	���*ก�"ก
���D�
),����
ก �!�ก6�
')'��D�!���'	,-�
')'�,�C<��ก��+
$ก��&���#���#�  ���� >��!��'ก���"&���#�
&�' �Proj03Y 	�4' +*�,7�	5�%��!��'(#<�(,�&���#�)����5���<$��� XMathY 9� ��:-�'+�ก9���,ก��
���'��'>.'&���#��,4%��>��:-� 8 +.'!��'	5�ก���!ก!���' ��D�(��!���'���� �$�%��!��*!���'����
+*��*ก�"9�$�����		��"��	��!��*)#���D�),����
ก$
'!���'	,- 2.19-2.21 
 

!���'	,- 2.19 ��
ก'��-)����5���< 

EMP_NO SKILL 

1001 Computer 
1001 English 
1001 Math 
1002 English 
1003 Computer 
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!���'	,- 2.20 )����5���<-�)�'ก�� 
SKILL PROJ_NO 

Computer Proj01 
Computer Proj02 
English Proj02 
Math Proj03 

!���'	,- 2.21 ��
ก'��-�)�'ก�� 
PROJ_NO EMP_NO 

Proj01 1001 
Proj02 1001 
Proj03 1001 
Proj02 1002 
Proj02 1003 

��:-��,ก���!ก�,���
�+�ก�,���
���.-'��D�����!���'%��
ก/�*�,4):� R (a1,a2,a3) ��D� R1 
(a1,a2), R2 (a2,a3) ��* R3 (a3,a1) �$��,���
�	,-�!ก��ก+*�,"�'(���	,-���:��ก
� ก����):� R1 �,
��		��"��	� a1 ��* a2 R2 �,��		��"��	� a2 ��* a3 @.-'�,��		��"��	����:��ก
" R1 ):� a2 R3 �,
��		��"��	� a3 ��* a1 @.-'�,��		��"��	�	,-���:��ก
" R2 ):� a3 �
-�):� ��		��"��	� a1, a2 ��* a3 
&�'�,���
� R >#ก�!ก��ก��D� (a1,a2), (a2,a3) ��* (a3,a1) !���5�$
"  

Join dependency &�'�,���
�+*�ก�$��:-��,ก����:-����' (Join) �,���
�	,-�!ก%��
ก/�*
&��'!�� �$�ก����:-����'+*%����		��"��	�	,-���:��ก
� �*����'�,���
�����	,-�!ก��ก����:-����'
ก
� 7�+�กก����:-����'�,���
�	,-�!ก��ก��	
4'��$ +*!��'9$�&���#����:���,���
��$�� 

ก���!ก�,���
���
ก'��-)����5���<-�)�'ก�� ��D�(���,���
� ):� �,���
���
ก'��-
)����5���< �,���
�)����5���<-�)�'ก�� ��*�,���
� ��
ก'��-�)�'ก�� ��:-�	5�ก������,���
�
	
4'(���&��$���ก
�+*9$�7�$
'�#�	,- 2.14  
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EMP_NO SKILL PROJ_NO 
1001 Computer Proj01 
1001 Computer Proj02 
1001 English Proj02 
1001 Math Proj03 
1002 English Proj02 
1003 Computer Proj02 

 
 

EMP_NO SKILL  SKILL PROJ_NO  PROJ_NO EMP_NO 
1001 Computer  Computer Proj01  Proj01 1001 
1001 English  Computer Proj02  Proj02 1001 
1001 Math  English Proj02  Proj03 1001 
1002 English  Math Proj03  Proj02 1002 
1003 Computer     Proj02 1003 

 
 

EMP_NO SKILL PROJ_NO 
1001 Computer Proj01 
1001 Computer Proj02 
1001 English Proj02 
1001 Math Proj03 
1002 English Proj02 
1003 Computer Proj02 

 

�#�	,- 2.14 ก�����ก
�&�'�,���
���
ก'��-)����5���< �,���
�)����5���<-�)�'ก��  
            ��*�,���
���
ก'��-�)�'ก�� 
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 ��+�����#�	,- 2.14 +*��6����7��
��	,-9$�+�กก�����	
4'(���,���
� %��7����:���$��):�
���:��ก
"!���'	,- 2.18 �
-�):� �,���
���
ก'��-)����5���<-�)�'ก�� 9��9$���#�%��#��"""��	
$
����*$
"	,-  5  ��:-�'+�ก�,  Join Dependency ��*��		��"��	�  SKILL ��:� PROJ_NO ��:� 
EMP_NO 	,-%��%�ก����:-����'!��'ก6��D���,�'(�����.-'&�'),����
ก +.'!��'	5�ก���!ก�,���
�����
��D�(���,���
� 
 ก�����,ก�
���.-'):� �,���
���.-'+*��#�%��#��"""��	
$����*$
"	,- 5 ก6!����:-� Join 
Dependency @.-'��D�7���+�กก����:-����'��		��"��	�	,-���:��ก
��*����'�,���
�	,-�!ก��ก �$�
��		��"��	�	,-%��%�ก����:-����'������,4 !��'%����D���:-����'&�'��		��"��	�	,-��D�),��%��,���
��:-� 
%�	�'!�'ก
�&���>��9���ก�$ Join Dependency ):� ��
'+�ก����,���
�	,-�!ก��ก����9$�&���#�9��
���:���$�� ก6%��>:�����,���
��
4���#�%��#��"""��	
$����*$
"	,- 5 ���� !
�����'���� !���'	,- 2.22 
 

!���'	,- 2.22  7#�7��!-+
'��
$-�)�'ก�� 
O_NO CITY PROJ_NO 

S1 BANGKOK PJ01 
S1 RAYONG PJ02 
S3 RAYONG PJ01 

  ��+����!���'	,- 2.22 +*��6������D��,���
�	,-��#�%��#��"""��	
$����*$
"	,- 4 �$�
��*ก�"$��� 3 ��		��"��	� 9$��ก� ��
(7#�7��! (O_NO) �:-�+
'��
$&�'7#�7��! (CITY) ��*��
(
�)�'ก�� (PROJ_NO) ��*ก�"ก
���D�),����
ก �,���
��,4�
')'�,�C<��	,-��+�ก�$)���7�$���$%�
ก�����-� �"��:���
"�� '&���#� +.'	5�ก���!ก�,���
��,4��ก��D� �,���
�7#�7��!-+
'��
$ �,���
�
+
'��
$-�)�'ก�� ��*�,���
�7#�7��!-�)�'ก�� @.-'$#���:��+*����*(� �!��ก�$�C<����:-��5��,���
�
	
4'(������:-����'ก
�+*�,&���#�	,-�ก���� (Spurious tuple) ):� &���#��>�	,- 3 $
'�#�	,- 2.15 @.-'��D�
&���#�	,-9���,��#�%��,���
��$�� ��ก�ก�$�C<��%��
ก/�*�,4 %��>:����!���'	,- 2.22 ��D��,���
�	,-��#�%�
�#��"""��	
$����*$
"	,- 5 ���� 9��!��'	5�ก���!ก�,���
� 

 

 

 

 
 
 



  370 

 

 

 

 
O_NO CITY PROJ_NO 
S1 BANGKOK PJ01 
S1 RAYONG PJ02 
S3 RAYONG PJ01 

 
 

O_NO CITY  CITY PROJ_NO  O_NO PROJ_NO 
S1 BANGKOK  BANGKOK PJ01  S1 PJ01 
S1 RAYONG  RAYONG PJ02  S1 PJ02 
S3 RAYONG  RAYONG PJ01  S3 PJ01 

 
 

O_NO CITY PROJ_NO 
S1 BANGKOK PJ01 
S1 RAYONG PJ02 
S1 RAYONG PJ01 
S3 RAYONG PJ01 

      Spurious Tuple   
 

�#�	,- 2.15 ก�����ก
�&�'�,���
�7#�7��!-+
'��
$ +
'��
$-�)�'ก�� ��*7#�7��!-�)�'ก�� 
 

2.10 ก����ก��!�4��	�ก!ก��5
 
 ก��	5�%���,���
���#�%��#��"""��	
$��� �,�
!> ��*(')���:-��$�C<��)���@45�@���&�'
&���#� ��*�$�C<��%���:-�'ก�����-� �" ��:���
"�� '&���#� �$�	
-�9�����ก����ก�""%��*$
"
���)�$ 7#���ก�""+*���������)��*���,���
�%����#�%��#��"""��	
$����*$
"	,- 3 �!�>���,ก��,
&�'�C<��	,-+5���D�!��'	5�!��9�>.'�#��"""��	
$���"��(�-)�$$� ��:��*$
"	,- 5 ��:��*$
"	,- 6 
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@.-'�,��ก�(�ก�$&.4�9$�������ก%�	�'�Q�"
!� ก6�����������!ก�,���
���ก�ก��)���+5���D� 
(Overnormalization) 
 &���(,�&�'ก���!ก�,���
��ก��)���+5���D� +*(�'7�%���*""	5�'���,��*(�	����9��$,�
ก 
��ก�,ก����,�ก%��&���#�	,-!��'�,ก����:-����'&���#��*����'�,���
� ��++*	5�%��(�4����:�'	�
���ก�
��*��+	5�%��9���,��*(�	�����	��	,-)�� ��ก+�ก�,4�
'	5�%��(#<�(,�)���(
��
��&�'&���#�	,-+*
%����*�����+�ก�,���
��
4��$�!�' 
 

2.11  กG.��	��	<��'� 
 กP)���(
��
�� ��D�กP	,-9$�+�กก��)����)���(
��
���*����'&���#�+�ก&���#�+5����
������ 	,->#ก�ก6"9��%��*""���&���#� @.-'(���%�<���������%��ก
"&���#�	����@)�
�	�'$���
 �ก�+ (Business transaction) (Han and Kamber, 2001) �$�+*�5�7��
��	,-9$�+�กก��)����
)���(
��
����%����*ก�"ก��!
$(��%+%�$��� �ก�+ ���� ก����'�7�ก��+
$������
�ก��&��
(��)�� ���)��&��(��)�����$%$)#�ก
� +.'+*	5�%���,��$+5������(#'( $ 
 !
�����'&�'ก��)����กP)���(
��
������''��� ���� ก�����)��*���A!�ก���&�'7#�"����) 
�$�+*	5�ก��)����)���(
��
��&�'(��)��!��'���$ก
� 	,->#ก@:4������ก
�&�'�#ก)���!��*)� $
'
�($'%��#�	,- 2.16 ��D��A!�ก���ก����:�ก@:4�(��)��&�'7#�"����) @.-'+*(
'�ก!��6������:-��#ก)��@:4�
��($����ก6+*@:4�&���C'$��� $
'�A!�ก���ก��@:4�&�'�#ก)��)�	,- 1 2 ��* 3 ��D�!�� 
 

 

!*ก���	,-%��%(�(��)�� 
 

��($ 
&���C'  ��($ &���C'  

��($ 
&���C' 

@,��,��  �45�!�� 9&�  ��� 
�#ก)��)�	,- 1  �#ก)��)�	,- 2  �#ก)��)�	,- 3 

 
   

�45�!�� 9&� 
   

    
  �#ก)��)�	,- n  

 
 

 

�#�	,- 2.16 ก�����)��*��ก��@:4�(��)��&�'7#�"����) 
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 2.12  ��'�ก��.����กG.��	��	<��'� 
 ก�*"��ก��)����กP)���(
��
��(����>�"�'��ก��D� 2 &
4�!�� ):� 
 2.12.1 ก����5#!�H	!=����
��กI�%#  (Frequent itemsets)    
  ก��)����9��	6��@!	,-���กQ"��� ��D�ก���5�9��	6�	
4'��$	,-�,��#���+
$���$��#� 
�$�9��	6�����>.'(�-'	,-���(�%+%�&�*�
4� ���� ��กก����>.'	����@)�
�ก��@:4�(��)�� 9��	6�ก6
+*����>.' (��)���!��*!
���:��!��*���$ @.-'+5����&�'��#�9��	6��@!+*�,&��$���-�&.4�!��
+5����&�'9��	6� ��-'>��9��	6��,+5������ก&.4� ก��)����9��	6��@!	,-���กQ"���ก6+*�,+5����
�@!	,-!��'	5�ก��)������ก&.4�!��9�$���  
  ก��)
$��:�ก9��	6���:-��5���%��%�ก��(���'9��	6��@!	,-���กQ"��� +*��:�ก���
�R��*9��	6�	,-�,)��)���>,-��กก�����:��	��ก
")��(�
"(� �	,-7#�%��ก5���$9����%���	���
4� �$���,�ก
9��	6��@!	,-�,)��)���>,-��กก�����:��	��ก
")��(�
"(� ��,4��� 9��	6��@!	,-���กP"��� (Large 
itemset) (���9��	6��@!��ก+�ก�,4��,�ก��� Small itemset 
 2.12.2 ก�������กG.��	��	<��'���ก5#!�H	!=����
��กI�%#  

  ก��(���'กP)���(
��
��+*(���'��+�ก9��	6��@!	,-���กQ"��� �$�กP
)���(
��
��	,-9$�+*!��'�,)��)�����:-��
-� (Confidence) ��กก�����:��	��ก
" )��)�����:-��
-�&
4�!-5�
	,-7#�%��9$�ก5���$9�� @.-')��)�����:-��
-�(����>��9$�+�ก 

  ( )
( )
( )A

BA
BA

untsupport_co

untsupport_co
confidence

∪
=⇒   

  �$� ( )BA∪untsupport_co  ):� +5����	����@)�
�	,-��*ก�"$��� A ��* B 
         ( )Auntsupport_co        ):� +5����	����@)�
�	,-��*ก�"$��� A 
 !
�����'ก��)����กP)���(
��
�� 
 !
�����' ��+�������ก��	����@)�
�ก��&��(��)��&�'����)�����'��.-' @.-'�,(��)����#� 4 
���$ ):� I1, I2, I3 ��* I4 ���ก��@:4�(��)���($'$
'!���'	,- 2.23 �$��!��*�>� ):� ���ก��@:4�
(��)��&�'�#ก)���!��*)� 
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!���'	,- 2.23 &���#�	����@)�
�ก��&��(��)�� 
TID ITEMSET 

T001 I1, I2 
T002 I2, I4 
T003 I2, I3 
T004 I1, I2, I4 
T005 I1, I3 
T006 I1, I2, I3 

 +�ก!���'	,- 2.23 (����>+5���'���ก��)����กP)���(
��
�� �$�ก5���$)��(�
"(� �
&
4�!-5��	��ก
" 50 ������@6�!� ��:��,���กQ&.4� 3 )�
4' +�ก+5���� 6 	����@)�
� 9$�$
'�#�	,- 2.17 

 
����&���#�+�ก���&���#�   
��:-��
"�!��*�)�$��$	 

C1 
9��	6��@! )��(�
"(� � 

{I1} 4 
{I2} 5 
{I3} 3 
{I4} 3 
   

 
���,�"�	,�")��(�
"(� �	,-�
"9$�
ก
")��(�
"(� �	,-ก5���$9�� 

F1 
9��	6��@! )��(�
"(� � 

{I1} 4 
{I2} 5 
{I3} 3 
{I4} 3 
   

(���'�)�$��$	 
C2 +�ก F1 

C2 
9��	6��@! 
{I1, I2} 
{I1, I3} 
{I1, I4} 
{I2, I3} 
{I2, I4} 
{I3, I4}  

����&���#�+�ก���&���#� 
��:-��
"�!��*�)�$��$	 
 

C2 
9��	6��@! )��(�
"(� � 
{I1, I2} 3 
{I1, I3} 2 
{I1, I4} 2 
{I2, I3} 2 
{I2, I4} 2 
{I3, I4} 0 

 

���,�"�	,�")��(�
"(� �	,-
�
"9$�ก
")��(�
"(� �	,-
ก5���$9�� 

  

F2 
9��	6��@! )��(�
"(� � 
{I1, I2} 3 

 

 

�#�	,- 2.17 !
�����'ก��)����กP)���(
��
�� 
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(���'�)�$��$	 

C3 +�ก F2 
C3 

9��	6��@!  

 
����&���#�+�ก���&���#� 
��:-��
"�!��*�)�$��$	 

 
C3 

9��	6��@! )��(�
"(� � 

 

 
���,�"�	,�")��(�
"(� �	,-
�
"9$�ก
")��(�
"(� �	,-

ก5���$9�� 
  

F4 
9��	6��@! )��(�
"(� � 

 

 

C3 = ∅ → F3 = ∅ → �
�ก���	.��� $ก��	5�'�� 
9��	6��@!	,-���กQ"��� ):� {I1}, {I2}, {I3}, {I4}, 
{I1, I2} 

กP)���(
��
��	,-)���" 
I1→I2 

I2→I1 

�#�	,- 2.17 !
�����'ก��)����กP)���(
��
�� (!��) 
 

2.13  
��!)�"#�กG.��	��	<��'� 
 %�ก�����)��*���A!�ก���ก��@:4�(��)��&�'�#ก)�� (Market basket analysis) ��D��,ก
�#��""��.-'%�ก��)����กP)���(
��
�� %�)�����D�+��'����กP)���(
��
���,��#�����
��*��	 ���(����>+5���กกP)���(
��
��9$��������	�'&.4���#�ก
"กP�ก�B�	,-%��%�ก��+5���ก 

1) ก,
������&��-������%�.����	 (Boolean association rule)  
  ��D�)���(
��
��	,-"�'"�ก>.'ก���,��:�9���,9��	6��
4���#� @.-'กP)���(
��
��	,-��D�
&���	6++��'	,-9$���+�กก�����)��*���A!�ก���ก��@:4�(��)��&�'7#�"����) ���� 

 

 �� → &�� (2.1) 
 
2) ก,
������&��-�%ก)'(�ก�������/ (Quantitative association rule)  

  ��D�กP)���(
��
�� 	,-��"��%���:-�'�ก,-��ก
")���(
��
���*����'������9��	6�
��:���		��"��	� @.-'%�กP)���(
��
���,4������&�'9��	6���:���		��"��	�+*>#ก�($'%����#�%�
�#�&�'���'&���#� $
'!
�����'กP)���(
��
���ก,-��ก
"������&��'���'�,4 �$�	,- X ):� !
����	,-
����>.'�#ก)�� ��*��		��"��	�	,-��D�������):� ���  ��* ���9$� 
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 ��� (X, �30 � 39�) ∧ ���9$�(X, �42000 � 50000�) → @:4�(X, X�>��!�Y) (2.2) 
 
3) ก,
������&��-����+�0'	���� (Single-dimensional association rule)  

 ��D�กP)���(
��
��	,-�,9��	6���:���		��"��	����%�กP)���(
��
�� �,ก�����'��'
ก
"&���#���,�'��.-'��!� ���� กP)���(
��
��	,-  (2.1) (����>�&,��%����#�%��#��""&�'กP
)���(
��
���""��.-'��!�9$�$
'�,4 
 

 @:4� (X, ��) → @:4�(X, &���C') (2.3) 
  
 กP)���(
��
��	,- 2.3 ��D�กP)���(
��
���""��.-'��!� ��:-�'+�ก�,ก�����'��'>.'
&���#���,�'�)���.-'��!� �
-�):� ��!� @:4� 

4) ก,
������&��-�+"�(���� (Multi-dimensional association rule)  

 ��D�กP)���(
��
��	,-�,9��	6���:���		��"��	����%�กP)���(
��
�� �,ก�����'��'
&�'&���#���กก���(�'��!�&.4�9� !
�����'���� กP)���(
��
��	,- (2.2) (����>��+����9$������D�
กP)���(
��
��������!� ��:-�'+�ก�,ก�����'>.'&���#�(����!�$���ก
� ):� ���  ���9$� ��* @:4� 

5) ก,
������&��-�+"�(����� (Multilevel association rule)  

 ก��)����กP)���(
��
��"�'��,	,-(����>)����กP	,-�,�*$
"&�'������	,-
�!ก!��'ก
�9$� ):� � $&�'กP)���(
��
���,กP)���(
��
���:-�!����$��� !
�����'���� 

 

���  (X, �30 � 39�) → @:4� (X, �����*(���!
��) (2.4) 

 
���  (X, �30 � 39�) → @:4� (X, ��>+
ก������!��) (2.5) 
 

 +�กกP)���(
��
��	,- (2.4) ��* (2.5) +*��6���� 9��	6�	,->#ก���'��'��#�%��*$
"	,-
�!ก!��'ก
� �
-�):� ����*(���!
� �,�*$
"	,-(#'ก��� �>+
ก������!� ��:-�'+�ก����*(���!
�
(����>+5���ก����9$���D� �>��!� �>+
ก������!� ��*�>+
ก���� 

6) ก,
������&��-������%�)(� (single-level association rule)  

 ��D�กP)���(
��
��	,-�,�
ก/�*)����ก
"กP)���(
��
�������*$
" �!ก!��'ก
�
��,�'กP)���(
��
���*$
"�$,��+*�,ก�����'��'&���#�	,-��#�%��*$
"�$,��ก
��	���
4� ���� 
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���  (X, �30 � 39�) → @:4� (X, ��",����) (2.6) 

 
���  (X, �30 � 39�) → @:4� (X, �( ���) (2.7) 
 

 +�กกP)���(
��
��	,- (2.6) ��* (2.7) +*��6����9��	6�	,->#ก���'��'��#�%��*$
"
�$,��ก
� �
-�):� �",��� �,�*$
"�$,��ก
�ก
" ( �� 
 

2.14  ก��.����กG.��	��	<��'�?�6��"�#	,�"��(?��% 
 Agrawal, Imielinski, and Swami (1993) 9$��(�����)�$ก��)����กP)���(
��
��&�'
&���#�+�ก���&���#�	,-�,&��$%�<� �$�%�����ก��	����@)�
� @.-'��D�&���#�ก��(
-'@:4�(��)��&�'
�#ก)�� �$��
�ก���	.�	,-�5���%��%�ก��)����กP)���(
��
���,4):� �
�ก���	.���9���( (AIS) �$�

กP)���(
��
��	,-9$�+*��#�%��#��""&�' IK → Il �$�	,- IK ):� &���#�� $	,- k, Il ):� &���#�� $	,- l 

��* IK ∩ Il =∅, k = 1, 2, 3, �  ก��	5�'��&�'�
�ก���	.��,4 +*��D�ก��������&���#�������" 
�$�&���#�	,-�������!��*��" +*��D�&���#����ก��	����@)�
�	
4'��$	,-�,��#�%����&���#� ก��
(���'9��	6��@!+*(���'+�ก&���#��!��*��))���$	,->#ก����&.4��� �$���++*��D�&���#���,�'
"�'(�����:���++*��D�&���#�	
4'��$&�'���ก��(��)�� (����)�$��$	9��	6��@!+*>#ก(���'��:-�
%��%�ก��!��+(�")��(�
"(� �&�'กP)���(
��
��	,-9$��� �$��)�$��$	9��	6��@!&�'��"
>
$9�+*>#ก(���'��+�ก 9��	6��@!	,-���กQ"���&�'��"ก������� ����*��,�$ก��	5�'��&�'
�
�ก���	.� ��9���( �($'$
'�#�	,- 2.18  
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Procedure LargeItemsets 
Begin 

Let Large set L = ∅; 

Let Frontier set F = {∅}; 
 

while F ≠∅ do  

 Let Candidate set C = ∅; 
 forall database tuples t do 
  forall itemsets f in F do 
   if t contains f then  
   let Cf = candidate itemsets that are extensions of f and contained in t; 
    forall itemsets cf in Cf do 

     if cf ∈ C then 
      cf.count = cf.count + 1; 
     else  
      cf.count = 0; 
      C = C + cf; 
    end 

  end 

 end 

end 

let F = ∅; 
 forall itemsets c in C do 
  if count(c)/dbsize > minsupport then 
   L = L + c; 
  if c should be used as a frontier in the next pass then 
   F = F + c; 
 end 

end 

�#�	,- 2.18 �
�ก���	.���9���( (AIS algorithm) 
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2.15  #��ก#���:	!#5<�##�� 
 Agrawal and Srikant (1994) 9$��(�� �
�ก���	.���9������ (Apriori) @.-'��D��
�ก���	.�
(5���
"ก��	5����:�'&���#���*��	ก��)����)���(
��
�� �$��
�ก���	.��,49$��
"ก������
"���
��D��
�ก���	.�(5���
"ก��)����)���(
��
�� 	,-�,��*(�	�������:�ก����
�ก���	.��:-� 8 	,-�)��,
�� �$��:-�&�'�
�ก���	.�>#ก!
4'&.4�!����
กก��	5�'��&�'�
�ก���	.� �
-�):� �
�ก���	.���9������
+*�,ก��	5�'����D��""�#� (Loop) ��:�����"9���:-�� 8 ��D��5�$
"�
4� ��:�	,-��,�ก��� Level-wise 
�$�9��	6��@!	,-���กQ"���%���"�C++ "
�+*�5�9�(���'��D��)�$��$	9��	6��@!%���">
$9� 

 ก��	5�'��&�'�
�ก���	.���9�������"�'��ก��D� 3 ���' ):� ก��(���'9��	6��@!	,-���กQ
"��� $
'�#�	,- 2.19 ก��(���'�)�$��$	9��	6��@! $
'�#�	,- 2.20 ก��(���'กP)���(
��
�� $
'�#�	,- 
2.21 

 
 

 Input: Database, D, of transaction; minimum support threshold, min_sup. 

 Output: L, frequent itemsets in D. 

 Method: 

 (1)  L1 = find_frquent_1-itemsets(D); 

 (2)  for (k=2; Lk-1≠∅; k++) { 

 (3)  Ck = apriori_gen(Lk -1, min_sup); 

 (4) for each transactions t  ∈ D { // scan D for counts 

 (5)  Ct = subset (Ck, t); // get the subsets of t that are candidates 

 (6)  for each candidates c ∈ Ct {  

 (7)   c.count++; 

 (8)  } 

 (9)  Lk = {c ∈ Ct | c.count ≥  min_sup} 

 (10)  } 

  (11)  return  ∪k Lk ; 
 

�#�	,- 2.19 ก��(���'9��	6��@!	,-���กP"��� 
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 Procedure apriori_gen(Lk-1: frequent (k-1)-itemsets; min_sup: minimum support 
 threshold) 

 (1) for each itemset l1∈ Lk-1 

 (2)  for each itemset l2∈ Lk-1 

 (3)   if (l1[1]= l2 [1])^ (l1[2]= l2 [2])^�^ (l1[k-2]= l2 [k-2])^(l1[k-1]= l2 [k-1]) then 
    { 

 (4)    c = l1  l2 ; // join step: generate candidates   

 (5)    if has_infrequent_subset(c, Lk-1) then 

 (6)        delete c; // prune step: remove unfruitful candidates 

 (7)    else add c to Ck; 

 (8)   } 

 (9) return Ck; 

 

 Procedure has_infrequent_subset(c: candidate k-itemset; Lk-1: frequent (k-1)-itemsets); 

   // use prior knowledge 

 (1) for each (k-1)-subset s of c 

 (2)  if s ∉ Lk-1  then   

 (3)   return TRUE; 

 (4) return FALSE; 

 

�#�	,- 2.20 ก��(���'�)�$��$	9��	6��@! 
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 Precondition: all frequent itemsets have been computed  
   each itemset has two attributes:  
     count   : �support� as an integer  
     size    : cardinality, i.e. number of items in itemset  

   (1) for each frequent k-itemset f ∈ F where k ≥ 2 {  
     (2)  generateRules(f, f);  
 (3) } 
 
 Procedure generateRules(Itemset f, Itemset left)  
  (1)   rules.add(a, f\a); // set of result association rules  
    (2)   if (left.size-1 > 1) then  
   (3)   generateRules(f, a);  
 

�#�	,- 2.21 ก��(���'กP)���(
��
�� 

 Dehaspe and De Raedt (1997) 9$��5��
�ก���	.���9��������%����:-���)���(
��
��&�'
&���#� +�ก!���'����!���' �$���D�ก���5��
�ก���	.���9���������
���$�����/�����6�ก %��
�:-���� WARMR @.-'	5�'��"����&���#����'����
� 
 Han et al. (1997) 9$��
����*"" DBMiner 	,-	5�'������ก
"�*""���&���#����'(
��
�� 
�$���D��*""	,-�,)���(����>	�'$���ก��	5����:�'&���#�	,-���ก���� ���� ก��+5���ก��*��	
&�'&���#� (Classification) ก��	5����7� (Prediction) ��* ก��)����)���(
��
��&�'&���#� 
(Association) ��D�!��  
 Thomas, Bodagala, Alsabti, and Ranka (1997) 9$��5��
�ก���	.���9��������	5�'��
����ก
"�*""���&���#����'(
��
�� ��*9$��
����
�ก���	.� FUP (Fast UPdate) &.4��� ��:-�%��
�*""(����>)����กP)���(
��
��9$�%�����:-��,ก�����-� ��:��"&���#�%�	����@)�
� 
 Saar Tsechansky, Pliskin, Rabinowitz, and Porath (1999) 9$��5��
�ก���	.���9��������
%����:-�)�����#��""&�')���(
��
��&�'&���#�&�'��'���"�����'��.-' �$���D�ก��	5�'��"�
�*""���&���#����'(
��
�� @.-'	5�ก��)����)���(
��
��+�ก���� 8 �,���
�   
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 Berzal, Cubero, Marín, and Serrano (2001) 9$��
����
�ก���	.� Tree-Based Association 
Rule mining (TBAR) (5���
"ก��)����)���(
��
��&�'&���#�"��*""���&���#����'(
��
�� 
�$��ก6"9��	6��@!	,-���กQ"���9��%��#��""&�'�)�'(���'!��9�� ��:-������$�*�*����%�ก��
)����)���(
��
��)���(
��
��&�'&���#�  

Hipp, Güntze,r and Grimmer (2001) 9$��5��
�ก���	.���9���������
���$�����/� C++ 
��*��D�ก��	5�'��"��*""���&���#����'(
��
�� (DB2 database system) ��:-�	5�ก��)����
)���(
��
��&�'&���#�%��ก
""��/
	 DaimlerChrysler 
 +�ก�$,!	,-7�����+�>.'�C++ "
� �
'9���,ก���5��	)��)ก�����)��*��)���(
��
��&�'&���#� 
��%��(5���
"ก�*"��ก����
"�#��"""��	
$��� '����+
��,4+.'9$��5��	)��)$
'ก������%�� @.-'
����*��,�$&�'&
4�!��!��' 8 ��*��,$5�����ก����+
�	
4'��$�
4� +*ก����>.'%�"	>
$9� 

 



  

 

����� 3 

��!�� ���'�����  
 

 '����+
��,4�,+ $� �'����	,-+*�
���ก�*"��ก����
"�#��"""��	
$���&�'!���'&���#�
%����&���#����'(
��
�� �$�����ก��	,-�
���&.4�+*%����/� SQL ��*�5�����	)��)ก�����)��*��
)���(
��
�� @.-'��D�'��	�'$���ก��	5����:�'&���#��&�������� �$��
�ก���	.�	,-�5���%����:-�
)�����#��""&�'&���#���:-��5�9�����%�ก����
"�#��"""��	
$��� ):� �
�ก���	.���9������ 
(Apriori) @.-'��D��
�ก���	.�	,-%��%�ก��	5����:�'&���#���*��	ก��)����กP)���(
��
�� กP
)���(
��
��	,-�5���%��(5���
"ก�*"��ก����
"�#��"""��	
$���!��'��D�กP	,-)��)�����:-��
-� 
100 ������@6�!��	���
4� ����*��,�$��:4���%�"	�,4��*ก�"9�$��� &
4�!��ก����+
� ���กQ��#�%����
&��	,- 3.1 ����ก�� NoWARs ��:-�ก��)����กP)���(
��
����*ก����
"�#��"""��	
$��� 
���กQ��#�%��
�&��	,- 3.2 ��*ก��	5�'��&�'����ก�� NoWARs ���กQ��#�%��
�&��	,- 3.3 
 

3.1  "�;��#�ก������  
 ���	�'ก����+
�&�''����+
��,4+*��*ก�"9�$���ก����ก�""��*�
���&
4�!��%�ก��
��
"�#��"""��	
$��� $���ก��%���	)��)ก�����)��*��)���(
��
�� �$��,����*��,�$&
4�!����,
$
'!��9��,4 

1) �.ก/���*��"���'����+
�	,-�ก,-��&��' 

2) �.ก/�&
4�!����,��*ก�*"��ก����
"�#��"""��	
$��� 

3) �.ก/�&
4�!��ก��	5�'��&�'�
�ก���	.���9������ �$�9$�	5�ก���.ก/�+�ก����ก�� 

WEKA �
����$� Frank, Hall, Holmes, Martin, Mayo, Pfahringer, Smith, and 

Witten (2008) (http://www.cs.waikato.ac.nz/ml/weka/) @.-'��D�����ก��(5���6+�#�	,-

��?$�7�@���(�)�$ (Open-source environment) 	,-%�����)��*�����#��"")���(
��
��

&�'&���#�%�'��	�'$���ก��	5����:�'&���#�  

4) ��ก�""�)�'(���'&���#�	$(�"	,-����*(�ก
"ก����
"�#��"""��	
$���$���

�	)��)ก�����)��*��)���(
��
�� 
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5) ��ก�""�
�ก���	.�(5���
"ก����
"�#��"""��	
$���$����	)��)ก�����)��*��กP

)���(
��
�� 

6) �
�������ก��!��	,-9$���ก�""�
�ก���	.�9�� 

7) 	$(�"����ก��ก
"&���#�	,-9$���ก�""9�� 

8) ���)��*����*(� �7�ก����+
� 
 

3.2  3
��ก�	 NoWARs !<7�#ก����!.�����กG.��	��	<��'����ก��
����,
���

 �����(6�� 
 ��:4���%�(����,4+*ก����>.'ก����ก�""�
�ก���	.���:-�ก�����)��*��กP ��*ก���5�
���)�$��*�
�ก���	.�	,-9$���ก�""9�����
�����D�����ก�� NoWARs �$���D�ก���5��	)��)��,
	,-�,��#����� ):� �	)��)ก�����)��*��)���(
��
�� ����*� ก!�%������ก
"�	)��)ก����
"�#��""
"��	
$��� ��:-��
�����D�����ก��(5���
"ก����
"�#��"""��	
$��� 
 3.2.1 #��ก#���:	 NoWARs: Normalization With Association Rules 

  �
�ก���	.�  NoWARs ��D�ก���5 � �	)��)ก����
"�#��"""��	
$�����
��*� ก!�%������ก
"�	)��)ก�����)��*��)���(
��
�� �$��
�ก���	.�(5���
"ก�����)��*��
)���(
��
��&�'&���#�	,-�5���%�� ):� �
�ก���	.���9������ ���%��
�ก���	.� NoWARs ��*ก�"
9�$���(���(5�)
<(��(��� ):� (���	,-	5�����	,-%�ก�����)��*����)���(
��
��&�'&���#�@.-'+*%��
7��
����ก��%��#�กP)���(
��
�� (���	,-%��%�ก��)
$��:�กกP)���(
��
����:-��5�9�%��%�
ก����
"�#��"""��	
$��� ��*(���	,-	5�����	,-%�ก�����'กP)���(
��
��	,-9$�%����#�%��#�
&�' Relational Schema @.-'��D�(),��&�'!���'���&���#�	,-%��%�ก����ก�""���&���#� 
����*��,�$&�'�
�ก���	.� NoWARs �($'$
'�#�	,- 3.1 ��*�($'&
4�!��ก��	5�'���$����&�'
����ก�� NoWARs $
'�#�	,- 3.2 
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Algorithm: NoWARs 

//Input: Data in table format 

//Output: Relational schema 

(1) Set Minimum Confidence value = 1.0 

(2) Set Minimum Support value = 0.0 and Maximum Support value = 1.0 

(3) Call Apriori to obtain association rules 

(4) For every rule from i to n do 

(5) Select one cause rule with max support value 

(6)  Select primary key of relation (2NF) 

(7)  Find corresponding attribute 

(8)   Select primary key of relation (3NF) 

(9)  Compare non key attribute in (8) with all attributes in (5) then cut it off and  

  we get one 3NF relation 

(10) Compare all non key attributes with 1NF relation and cut it off  

(11) Combine all primary keys of 2NF with the remaining attribute in (10) to become the 

 last 3NF 

 

�#�	,- 3.1 �
�ก���	.� NoWARs 
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�#�	,- 3.2 ก��	5�'���$����&�'����ก�� NoWARs 
 

 3.2.2 ก��������.�(�!(�5#!�H	!=� (Candidate itemset) 

  ก��(���'�)�$��$	9��	6��@!%���"��ก+*(���'��+�ก 9��	6�	,-���กQ��#�%�
���ก��	����@)�
�	
4'��$ �$�%���"��ก+*��D��@!&�'9��	6�	,-�,(����ก��,�'��.-'!
��	���
4� 
+�ก�
4�+.'�
")��(�
"(� �&�'�!��*9��	6��@! ��:-�	5�ก�����,�"�	,�"ก
")��(�
"(� �&
4�!-5� @.-'
���+*��,�ก9��	6��@!	,-�,)��(�
"(� ���กก�����:��	��ก
")��(�
"(� �&
4�!-5���� 9��	6��@!	,-���กQ
"��� (Large itemset) �$�9��	6��@!	,-���กQ"���%���"��ก+*�5�9�%��(���'�)�$��$	9��	6��@!
%���">
$9� ��*ก��	5�'��&�'�
�ก���	.�ก6+*	5�ก������"�
ก/�*�,49���:-�� 8 +�ก�*	
-'9��
(����>(���'�)�$��$	9��	6��@!%��*$
">
$9�9$�  
 3.2.3 ก�������5#!�H	!=����
��กI�%#  (Large itemset) 
  ก��(���'9��	6��@!	,-���กQ"���+*(���'��+�ก�)�$��$	9��	6��@! �$�
��+����+�ก)��(�
�(� �&�'�!��*�)�$��$	9��	6��@!��� �,)����กก�����:��	��ก
")��(�
�(� �
&
4�!-5�	,-ก5���$9����:�9�� >��%��ก6+*�5��@!�
4�9�(���'��D�9��	6��@!	,-���กQ"�����*	5�ก��
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"
�	.ก�'%�!���' $
'�#�	,- 3.3 �!�>��9��%��ก6+*	5�ก��!
$�@!�
4�	�4' 9���5�����D�9��	6��@!	,-
���กQ"��� ���	
4'9���5�����+����(���'��D��)�$��$	9��	6��@!%��*$
">
$9�$��� ��:-�'+�ก
�)�$��$	9��	6��@!�*$
">
$9�+*(���'��+�ก9��	6��@!	,-���กQ"���%��*$
"ก��������,4  

 

Count support 
value

Store to DB

Start

Stop

Support value >= 
Minimum support?

Read data from candidate 
itemset

End of data?

No

Yes

Yes

No

 

�#�	,- 3.3 &
4�!��ก��(���'9��	6��@!	,-���กQ"��� 
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 3.2.4 ก�������กG.��	��	<��'� 
  ก��(���'กP)���(
��
��+*(���'��+�ก9��	6��@!	,-���กQ"��� �$��5�9��	6�
�@!	,-���กQ"����!��*� $��(���'��D�กP)���(
��
��	,-��D�9�9$�	
4'��$ กP)���(
��
��	,->#ก

(���'&.4���+*��#�%��#��"" >�� → ���� �$�กP)���(
��
��	,-�($'��ก��+*�($'�R��*กP
)���(
��
��	,-�,)��)�����:-��
-���*)��(�
"(� � ��กก�����:��	��ก
")��)�����:-��
-���*)��
(�
"(� �&
4�!-5�	,-ก5���$9���	���
4� ��*	 ก 8 กP)���(
��
��!��'��D�กP	,-�,)��)��������:-�>:� 
100  ������@6�!��,ก$��� &
4�!��ก��(���'กP)���(
��
���($'$
'�#�	,- 3.4 

 

 

�#�	,- 3.4 &
4�!��ก��(���'กP)���(
��
�� 
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 3.2.5 !�.��.ก��.�(!�7#กกG.��	��	<��'�!<7�#ก��
����,
��������(6�� 
  (5���
"��:4���%�(����,4+*��D�ก���5��(���	)��)ก��)
$��:�กกP)���(
��
��	,-
9$�+�กก�����)��*��)���(
��
��&�'&���#� ��:-��5���%��(5���
"ก����
"�#��"""��	
$��� ก��
	5�'��%�(���+*���-�	5�'����
'+�ก	,-����ก��	5�ก��)����กP)���(
��
��	
4'��$+�ก&���#�9$�
���� �$�กP)���(
��
��	,-9$�+*��#�%��#��""&�'��		��"��	���! 9�(#���		��"��	�7� !��
�#��""&�'ก��)����)���(
��
��$����
�ก���	.���9������ $
'�,4 
  IF attribute1 = �value1� THEN attribute2 = �value2� 
  �$��ก!�����กP)���(
��
��	,-9$���+�,(���	,-��D���! ��กก�����.-'��		��"��	� 
��*(���	,-��D�7���กก�����.-'��		��"��	�����ก
� �!�(5���
"ก����
"�#��"""��	
$���%�
'����+
��,4+*��+�����R��*กP	,-�,(���	,-��D���! 	,-�,��,�'��.-'��		��"��	��	���
4� �$�(���	,-��D�
7�!����(����>�,ก,-��		��"��	�ก69$� @.-'��D�7���+�กก����+����(���	,-��D���! ��D�),����
ก&�'
�,���
��
-���' ��*กP	,-+*�5���%��%�ก����
"�#��"""��	
$���!��'��D�กP	,-�,�#��""@45� 8 ก
�
�,ก$��� �ก!
�����'����  

 1. A=a1 => B=b1 
 2. A=a2 => B=b2 

3. A=a3 => C=c1 
4. A=a4 => D=d1 
5. A=a5 => B=b3 

   +�ก!
�����'&��'!��+*��6���� กP)���(
��
��	,-(����>"�ก9$������		��"��	� C 
&.4���#�ก
"��		��"��	� A ���กQ�)�)�
4'�$,�� ):� กP)���(
��
��%�&��	,- 3 ��*กP)���(
��
��	,-
(����>"�ก9$������		��"��	� D &.4�ก
"��		��"��	� A ก6���กQ��,�'�)�)�
4'�$,������ก
� ):� กP
)���(
��
��%�&��	,- 4 (���กP)���(
��
��	,-"�ก9$������		��"��	� B &.4�ก
"��		��"��	� 
A ���กQ��#�>.'(�����' ):� กP)���(
��
��%�&��	,- 1 2 ��* 5 @.-'���+*��,�กกP)���(
��
��
�
ก/���,4��� กP)���(
��
��	,-�,�#��""	,-@45�ก
�  
  ��:-�9$�กP)���(
��
��	,-!��'ก������ ����ก��+*	5�ก���ก6"กP)���(
��
��
������
4��'���&���#�9��%��%�&
4�!��!��9� %�&
4�!��ก��)����กP)���(
��
����:-��5�9�%��%�
ก����
"�#��"""��	
$���(����>�($'9$�$
'�#�	,- 3.5 
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Show rule and store in DB

Start

Stop

One cause rule?

Read rule from stored table

End of data?
No

Yes

No

Yes

 

�#�	,- 3.5 &
4�!��ก��)
$��:�กกP)���(
��
�� 
 

3.3  ก��������"#�3
��ก�	 NoWARs 
 (5���
"��:4���%�(����,4 +*��D�ก����"��ก��	5�'��&�'����ก�� NoWARs 	,-9$�
�
���&.4� ��:-�(���')����&��%+%�ก��	5�'��&�'�
�ก���	.�$���!
�����' $
'!��9��,4 
 !
�����' ��+�������ก��&��(��)��&�'����&��(��)������6ก	����ก(����'��.-' @.-'�,(),��
&�'!���'(��)�� $
'�,4 
 Order (Inv, C_ID, C_Name, P_ID, P_TYPE, QTY) 
 ���ก��(
-'@:4�&�'�#ก)���($'$
'!���'	,- 3.1 �!��*�>��($'>.'���ก��(
-'(��)��&�'�#ก)��
�!��*)� @.-'��.-'�>��	�(��)����.-'���$�	���
4� �$��#ก)���!��*)�(����>	,-+*@:4�(��)��ก,-���$ก6
9$� %�ก��)����กP)���(
��
��+*)�����R��*กP)���(
��
��	,-�,)��(�
"(� �!
4'�!� 0 ��D�!��
9� (���)��)�����:-��
-�!��'��D� 100 ������@6�!��	���
4�  
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!���'	,- 3.1 ���ก��(
-'@:4� 
INV DATE C_ID C_NAME P_ID P_TYPE QTY 

INV001 20-08-2008 C001 Somjit P001 Refrigerator 10 
INV001 20-08-2008 C001 Somjit P002 TV 15 
INV002 20-08-2008 C002 Deejai P004 Phone 20 
INV003 21-10-2008 C002 Deejai P001 Refrigerator 5 
INV004 21-10-2008 C003 Somjit P003 Fan 11 
INV004 21-10-2008 C003 Somjit P004 Phone 30 

 +�ก!
�����'&���#����ก��(
-'@:4�(��)��$
'!���'	,- 3.1 ��:-�(�'&���#��&��9��
'����ก�� 
NoWARs (���&�'����ก��	,-	5�����	,-%�ก�����)��*����)���(
��
��&�'&���#� +*�($'
)���(
��
��	,-9$�%��#�&�'กP)���(
��
��	,-��,�ก��� One cause rule $
'�,4 

 
  

 1. INV=INV001 2 ==> DATE=20-08-2008 2     
   2. C_ID=C001 2 ==> INV=INV001 2     
   3. INV=INV001 2 ==> C_ID=C001 2     
   4. INV=INV001 2 ==> C_NAME=Somjit 2     
   5. INV=INV004 2 ==> DATE=21-10-2008 2     
   6. C_ID=C003 2 ==> INV=INV004 2     
   7. INV=INV004 2 ==> C_ID=C003 2     
   8. INV=INV004 2 ==> C_NAME=Somjit 2     
    
  

�#�	,- 3.6 กP)���(
��
��+�กก�����)��*��)���(
��
�� 
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 9. C_ID=C001 2 ==> DATE=20-08-2008 2     
 10. C_ID=C003 2 ==> DATE=21-10-2008 2      
 11. C_ID=C001 2 ==> C_NAME=Somjit 2     
  12. C_NAME=Deejai 2 ==> C_ID=C002 2     
  13. C_ID=C002 2 ==> C_NAME=Deejai 2     
  14. C_ID=C003 2 ==> C_NAME=Somjit 2     
  15. P_TYPE=Refrigerator 2 ==> P_ID=P001 2     
  16. P_ID=P001 2 ==> P_TYPE=Refrigerator 2     
  17. P_TYPE=Phone 2 ==> P_ID=P004 2     
  18. P_ID=P004 2 ==> P_TYPE=Phone 2       
  19. C_ID=C001 2 ==> INV=INV001 DATE=20-08-2008 2     
  20. INV=INV001 2 ==> DATE=20-08-2008 C_ID=C001 2      
  21. INV=INV001 2 ==> DATE=20-08-2008 C_NAME=Somjit 2       
  22. C_ID=C001 2 ==> INV=INV001 C_NAME=Somjit 2  
 23. INV=INV001 2 ==> C_ID=C001 C_NAME=Somjit 2     
  24. C_ID=C003 2 ==> INV=INV004 DATE=21-10-2008 2     
  25. INV=INV004 2 ==> DATE=21-10-2008 C_ID=C003 2     
  26. INV=INV004 2 ==> DATE=21-10-2008 C_NAME=Somjit 2     
  27. C_ID=C003 2 ==> INV=INV004 C_NAME=Somjit 2     
  28. INV=INV004 2 ==> C_ID=C003 C_NAME=Somjit 2      
  29. C_ID=C001 2 ==> DATE=20-08-2008 C_NAME=Somjit 2      
 30. C_ID=C003 2 ==> DATE=21-10-2008 C_NAME=Somjit 2     
  31. C_ID=C001 2 ==> INV=INV001 DATE=20-08-2008 C_NAME=Somjit 2     
  32. INV=INV001 2 ==> DATE=20-08-2008 C_ID=C001 C_NAME=Somjit 2      
 33. C_ID=C003 2 ==> INV=INV004 DATE=21-10-2008 C_NAME=Somjit 2     
  34. INV=INV004 2 ==> DATE=21-10-2008 C_ID=C003 C_NAME=Somjit 2     
 

 �#�	,- 3.6 กP)���(
��
��+�กก�����)��*��)���(
��
�� (!��) 
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 กP)���(
��
��	,-�($'%��#�	,- 3.6 	 กกP��D�กP)���(
��
��	,-�,)��)�����:-��
-� 100 
������@6�!� ��*�,)��(�
"(� �!
4'�!� 0 ��D�!��9� �$�	 กกP�,(���	,-��D���! ��,�'��.-'��		��"��	�
�	���
4� (���	,-��D�7�!����+*�,ก,-��		��"��	�ก69$�&.4���#�ก
")���(
��
���*����'��		��"��	�	,-
��D���! ��*��		��"��	��:-�%�!���'&���#� ก����"��กP)���(
��
��+*�ก!
�����'กP
)���(
��
���5�$
"	,- 11 ����"�� @.-'(����>��"��9$�$
'�,4  
 11. C_ID=C001 2 ==> C_NAME=Somjit 2 
 ��:-����)��*��กP)���(
��
���5�$
"	,- 11 ���� +*��6������D�กP)���(
��
��	,-�,(���	,-��D�
��! ��,�'��.-'��		��"��	� (C_ID=C001) ��*(���	,-��D�7�!����ก6�,��.-'��		��"��	�����ก
� 
(C_NAME=Somjit) !
���& 2 	,-���กQ��#���
' C_ID=C001 ��* C_NAME=Deejai ����)������ 
%�!���'�,&���#�	,-!�'ก
"�':-��9&�,4��#� 2 ���ก�� ��:���+!,)�������+�กกP)���(
��
���,49$�
��D� ��		��"��	� C_ID +*��D�!
��*" ��		��"��	� C_NAME ((����>�*" 9$���� �#ก)��	,-�,
������&��*+5�!
� (C_ID) ��D� C001 ):� �#ก)��	,-�:-� (C_NAME) Somjit) 
 ��
'+�ก7���ก�*"��ก��(���'กP)���(
��
������ ����ก��+*	5�ก��)�����#��""
&�'กP)���(
��
��	,-�,�
ก/�*���:�� 8 ก
� ���� กP)���(
��
���5�$
"	,-  11 ��D�กP
)���(
��
��	,-"�ก�����		��"��	� C_ID (����>�*" ��		��"��	� C_NAME 9$� ����ก��ก6+*
��+��������,กP9���,ก"��'	,-(����>��"��&���#��
ก/�*�,49$� @.-'+�ก�#�	,- 3.6 +*��6����กP
)���(
��
���5�$
"	,- 13 ��*กP)���(
��
���5�$
"	,- 14 ก6(����>"�ก)���(
��
���
ก/�*�,4
9$� �$�����ก��+*	5�ก��+
$�ก6"กP)���(
��	,-�,�
ก/�*���:�� 8 ก
��'%�!���' $
'�($'%�
!���'	,- 3.2 
 %�&
4�!��!��+�ก�,4+*��D�ก����+������กP)���(
��
��%��
ก/�*	,-��� (���	,-��D���! 
(����>�*" (���	,-��D�7�!����9$���ก	,-( $ +�ก!���'	,- 3.2 +*��6����กP)���(
��
���5�$
"	,- 7 
��* 13 ��D�กP)���(
��
��	,-�,(���	,-��D���! ��,�' 1 ��		��"��	� �!�(����>�*" (���	,-��D�7�
!����9$�>.' 3 ��		��"��	� 
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!���'	,- 3.2 �#��""กP)���(
��
��	,-�""��� 
���(����� กG.��	��	<��'� ������กG���	��,
���!�	7#�ก�� 

1 INV ==> DATE 4 
2 INV ==> C_ID 4 
3 INV ==> C_NAME 4 
4 INV ==> DATE, C_ID 4 
5 INV ==> DATE, C_NAME 4 
6 INV ==> C_ID, C_NAME 4 
7 INV ==> DATE, C_ID, C_NAME 4 
8 C_ID ==> INV 4 
9 C_ID ==> DATE 4 
10 C_ID ==> C_NAME 6 
11 C_ID ==>INV, DATE 4 
12 C_ID ==>INV, C_NAME 4 
13 C_ID ==> DATE, INV, C_NAME 4 
14 C_NAME ==> C_ID 2 
15 P_ID ==> P_TYPE 4 
16 P_TYPE ==> P_ID 4 

  +�ก!���'	,- 3.2 +*��6����กP)���(
��
���5�$
"	,- 7 ��* 13 	
4'(�'กP!��'ก6�,+5����กP
	,-�,�#��""���:��ก
��	��ก
� ):� 4 �	��ก
� �!���ก��+������		��"��	� INV ��*��		��"�	� 
C_ID %�!���'	,- 3.1 +*��6���� ��		��"��	�	,-(�)��	,-+*��D�),����
ก&�'�,���
� ):� ��		��"��	� 
INV 	,-�,)��%���		��"��	�@45�ก
�����	,-( $ $
'�
4�กP	,-)���5���%��(5���
"ก����
"�#��"""��	
$
��� ):� กP)���(
��
���5�$
"	,- 7  
 7. INV ==> DATE, C_ID, C_NAME 
 +�กกP)���(
��
���5�$
"	,- 7 (����>���'%����#�%��#��""&�'�,���
����(),�� @.-'
��D��,���
�	,-��#�%��#��"""��	
$����*$
"	,- 2 9$�$
'�,4 
 Order (INV, DATE, C_ID, C_NAME) 
 �,���
� Order ��*&���#�%��,���
���
'ก����
"�#��"""��	
$���%�&
4��,4���� (����>
�($'9$�$
'!���'	,- 3.3  
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!���'	,- 3.3 Order 
INV DATE C_ID C_NAME 

INV001 20-08-2008 C001 Somjit 
INV002 20-08-2008 C002 Deejai 
INV003 21-10-2008 C002 Deejai 
INV004 21-10-2008 C003 Somjit 

 ��:-���+������		��"��	�(���	,-��D�7�!����&�'กP)���(
��
���5�$
"	,- 7 +*��6����
��*ก�"9�$�����		��"� �	�	
4 '��$+5 ����  3  ��	���"� �	�$� ��ก
�  ): �  DATE C_ID 
C_NAME ��*��ก��+����!���'	,- 3.2 ��*ก�"$��� +*�"����,กP)���(
��
���5�$
"	,- 10 	,-
(����>"�'"�ก9$������		��"��	� C_ID ��D�!
��*" ��		��"��	� C_NAME %�&�*�$,��ก
�กP
)���(
��
���5�$
"	,- 14 ก6(����>"�'"�ก9$���� C_NAME ก6(����>��D�!
��*"  C_ID 9$�����ก
� 
%�ก��,�,4!��'	5�ก����:�ก��� +*%����		��"��	�9����D�),����
ก&�'�,���
� ��*>����ก��+����
+5����กP	,-�,�#��""���:��ก
� &�'กP)���(
��
���5�$
"	,-  10 ��* 14 +*�"��� กP
)���(
��
���5�$
"	,- 10 �,+5����กP	,-�,�#��""���:��ก
���กก���กP)���(
��
���5�$
"	,- 14 
$
'�
4�กP)���(
��
��	,-(�)���5���%��):� กP)���(
��
���5�$
"	,-  10 @.-'����ก��+*
ก5���$%��กP)���(
��
���,4��D�!���'	,-��#�%��#��"""��	
$����*$
"	,- 3 �$��($'%����#�%��#�
(),��9$�$
'�,4 
 Customer (C_ID, C_NAME) 
 �,���
� Customer ��*&���#�%��,���
���
'ก����
"�#��"""��	
$���%�&
4��,4���� 
(����>�($'9$�$
'!���'	,- 3.4 
 
!���'	,- 3.4 Customer 

C_ID C_NAME 

C001 Somjit 
C002 Deejai 
C003 Somjit 
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 ��+�����,���
� Customer +*�"��� ��D��,���
�	,-��*ก�"9�$�����		��"��	�	
4'��$
+5���� 2 ��		��"��	� 9$��ก� ��		��"��	� C_ID 	5�����	,-��D�),����
ก&�'�,���
� ��*��		��"��	� 
C_NAME @.-'��D���		��"��	�	,-9��%��),��	,-&.4�ก
"��		��"��	� C_ID ��*��:-��5���		��"��	� 
C_NAME 9����,�"�	,�"ก
"�,���
�ก��������,4 @.-'ก6):� �,���
� Order +*��6���� �,���
� Order ��' 
ก6�,��		��"��	� C_NAME $������:��ก
� ����ก��ก6+*	5�ก��!
$��		��"��	� C_NAME ��ก
+�ก�,���
� Order ��*(���'�,���
�%��� @.-'��D��,���
�	,-��#�%��#��"""��	
$����*$
"	,- 3 9$��,ก
��.-'�,���
� $
'�,4 
 Purchase (INV, DATE, C_ID) 
 �,���
� Purchase ��*&���#�%��,���
���
'ก����
"�#��"""��	
$���%�&
4��,4���� 
(����>�($'9$�$
'!���'	,- 3.5 
 
!���'	,- 3.5 Purchase 

INV DATE C_ID 

INV001 20-08-2008 C001 
INV002 20-08-2008 C002 
INV003 21-10-2008 C002 
INV004 21-10-2008 C003 

 
 ��:-���+������		��"��	�	,-��D�(���(���! &�'กP)���(
��
�� %�!���'	,- 3.2 +*��6����
��		��"��	� INV ��* C_ID ����>#ก�5�9�%��%�ก��(���'�,���
� ��*!��'ก6	5�����	,-��D�),����
ก
&�'�,���
�!��' 8 $
'	,-ก��������$���� ��*��ก��+����กP)���(
��
���5�$
"	,- 14 ��:-��5���
(���'��D��,���
�%��#��"""��	
$����*$
"	,- 2 �
�!��9� +*�"���กP)���(
��
���,49��(�)��
�5���(��'��D��,���
�%��� ��:-�'+�ก�,กP)���(
��
���
ก/�*)����ก
� ):� กP)���(
��
���5�$
"
	,- 10 @.-'>#ก�5�9�%��%�ก��(���'��D��,���
�%��#��"""��	
$����*$
"	,- 3 ���� ��ก�5�กP
)���(
��
���5�$
"	,- 14 ��(���'��D��,���
�%����,ก ก6+*	5�%���ก�$)���&
$���'ก
�9$� $
'�
4�กP
)���(
��
��	,-)���5���%��%�ก��(���'�,���
�%���):� กP)���(
��
���5�$
"	,- 15 ��* 16 �$��,
�#��""&�'กP)���(
��
��$
'�,4  

15. P_ID ==> P_TYPE 
16. P_TYPE ==> P_ID 
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 ��+����กP)���(
��
���5�$
"	,- 15 +*��6���� P_ID ��D�!
��*"  P_TYPE ��:���+ก����
9$���� P_TYPE &.4���#�ก
" P_ID ��*กP)���(
��
���5�$
"	,- 16 ก6(����>"�ก9$���� P_TYPE ��D�
!
��*"  P_ID ��:���+ก����9$��� �  P_ID &.4���#�ก
"  P_TYPE $
'�
4� P_TYPE ��* P_ID +. '�,
) �(�"
!���D�),��)#��&�'@.-'ก
���*ก
� %�ก��,�,4����ก��+*��:�กกP)���(
��
���5�$
"	,- 15 ��%��
%�ก����
"�#��"""��	
$��� @.-'(����>�&,��%����#�%��#�&�'�,���
����(),�� 9$�$
'�,4 
 Product (P_ID, P_TYPE) 
 �,���
� Product ��*&���#�%��,���
���
'ก����
"�#��"""��	
$���%�&
4��,4���� (����>
�($'9$�$
'!���'	,- 3.6 
 
!���'	,- 3.6 Product  

P_ID P_TYPE 

P001 Refrigerator 
P002 TV 
P003 Fan 
P004 Phone 

 
 ��:-���+�����,���
� Product +*�"�����D��,���
�	,-�,��,�' 2 ��		��"��	� �$��,��		��"��	� 
P_ID 	5�����	,-��D�),����
ก&�'�,���
� ��*�,��		��"��	� P_TYPE @.-'��D���		��"��	�	,-9��%��),��	,-
&.4�ก
"��		��"��	� P_ID ��*��ก��+����) �(�"
!�&�'�,���
�!��ก�*"��ก����
"�#��""
"��	
$��� +*��6�����,���
� Product ��D��,���
�	,-��#�%��#��"""��	
$����*$
"	,-  3 ���� 
��:-�'+�ก9���,�C<����:-�'&���#�ก� ��@45� 9���,ก��&.4�!��ก
���,�'"�'(��� ���	
4'9���,ก��&.4�!��ก
�
�""	���@�	,I%��,���
��,4  
 %�&
4�!��( $	���&�'ก�*"��ก����
"�#��"""��	
$���&�'�
�ก���	.� NoWARs ):� 
ก���5�),����
ก&�'�,���
�%��#��"""��	
$����*$
"	,- 2 	
4'(�'�,���
�	,-9$�	5�ก��)��������%�
&
4�!��ก��������,4 ����*ก�"ก
���D�),����
ก��:-�(���'�,���
�%��� �$��,���
�	,-(���'%����,4+*��#�
%��#��"""��	
$����*$
"	,- 3 	,-�,),����
ก��D�),��7(� (Composite key) ��*�,��		��"��	�	,-
9��9$�%��%�	 ก 8 &
4�!��	,-7����,��D���		��"��	�	,-9��%��),�� 	,-&.4���#�ก
"),��7(�)#��,4  @.-'��ก
����ก�
"9�$#!���'	,- 3.1 +*��6�����
')'��		��"��	�	,-�
'9��>#ก%����:���		��"��	�	,-���:���#�
):� ��		��"��	� QTY �
-���' ��*�,���
�	,-(���'%�&
4�!���,4+*>:��,���
�( $	���	,-���!��'ก�� �$�
�,���
�	,-��#�%��#��"""��	
$����*$
"	,- 2 �,���
���ก	,-����ก��)����9$�):� �,���
� Order @.-'�,
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��		��"��	� INV 	5�����	,-��D�),����
ก&�'�,���
� ��*�,���
�	,-��#�%��#��"""��	
$����*$
"	,- 2 
�,���
�>
$��):� �,���
� Product @.-'�,��		��"��	� P_ID 	,-	5�����	,-��D�),����
ก&�'�,���
� $
'�
4�
�,���
�( $	���	,-9$�+*�,����*��,�$&�'�,���
� $
'�,4 
 Detail (INV, P_ID, QTY) 
 �,���
� Detail �����$���&���#�%��,���
���
'ก����
"�#��"""��	
$���%�&
4��,4���� 
(����>�($'9$�$
'!���'	,- 3.7  
 
!���'	,- 3.7 Detail 

INV P_ID QTY 

INV001 P001 10 
INV001 P002 15 
INV002 P004 20 
INV003 P001 5 
INV004 P003 11 
INV004 P004 30 

 



  

 

����� 4 

ก���(�#����#)�
�� *� 
 

 %�ก��	$(�"��*(�	����&�'�*"" +*��D�ก��	$(�"��*(�	����%�ก����
"
�#��"""��	
$���$�������ก�� NoWARs @.-'ก�����,�"�	,�"��*(�	����%�ก����
"�#��""
"��	
$���&�'����ก�� +*	5�ก�����,�"�	,�"�*����'�,���
�	,-9$��,ก����
"�#��"""��	
$���
�����$�����ก�� NoWARs ก
"�,���
�	,-�
'9���,ก����
"�#��"""��	
$��� (5���
"ก��	$(�"
�*""+*	5�ก��	$(�""��)�:-�')������!��� Pentium IV )�����6� 3.2 GHz �����)���+5���
ก 
512 MB Z���$$�(ก�)���+  80 GB ��*	$(�""��*""+
$ก�����&���#� Oracle Database 10g 
Express Edition �$�ก��	$(�"��*(�	����&�'ก����
"�#��"""��	
$��� +*	5�ก��	$(�"
ก
"&���#�	
4'��$ 5 � $ $
'���กQ����*��,�$%��
�&��	,- 4.1 7�&�'ก����
"�#��"""��	
$��� 
���กQ%��
�&��	,- 4.2 7�ก��)
$��:�กกP)���(
��
�� ���กQ%��
�	,- 4.3 ��*�
�&��	,- 4.4 ��D�
ก���������7� 
 

4.1  "�#	,����?4�?�ก���(�#�  
 ก��	$(�"��*(�	����ก����
"�#��"""��	
$���&�'����ก�� NoWARs %��&���#�	,-
��D��������)�
�	,-�!ก!��'ก
�	
4'��$+5���� 5 � $&���#� &���#�	,-%��	$(�"�*""� $��ก ��D�
����*��,�$&�'&���#�ก���'	*�",����,�� (Register) �$��,+5����&���#�	
4'��$ 12 �>� ��*ก�"
9�$�����		��"��	�	
4'��$+5���� 7 ��		��"��	� 9$��ก� STUDENT_CODE, STUDENT_NAME, 
TEACHER_CODE, TEACHER_NAME, UNIT, SUBJECT_CODE ��* SUBJECT_NAME �$�
�,����*��,�$&�'&���#�$
'!���'	,- 4.1  

&���#�� $	,-(�'��D� &���#����ก��������$,�� (Video_Rental) &�'����������$,�����'��.-' 
�$��,+5����&���#�	
4'��$ 12 �>� ��*ก�"9�$�����		��"��	�+5���� 10 ��		��"��	� 9$��ก� 
TRANS_ID, RENT_DATE, CUST_ID, CUST_NAME, PHONE, ADDRESS, VDO_ID, COPY#, 
TITLE ��* RENT �$��,����*��,�$&�'&���#�$
'!���'	,- 4.2  

&���#�	$(�"� $	,-(�� ��D�����*��,�$&�'&���#�ก���
���@�I!����� (Data_Org) &�'
"��/
	9�	,���'��.-' �$��,+5����&���#�	
4'��$ 21 �>� ��*ก�"9�$�����		��"��	�	
4'��$
+5���� 8 ��		��"��	� 9$��ก� PROJ_ID, PROJ_NAME, EMP_ID, EMP_NAME, JOB_ID, 
JOB_DESC, JOB_CHG_HOUR ��* ASSIGN_HOUR �$��,����*��,�$&�'&���#�$
'!���'	,- 4.3 
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&���#�	$(�"� $	,-(,- ��D�&���#�ก��@:4�-&�� (Invoice) (��)��&�'����)�����'��.-' �$��,
&���#�	
4'��$ 8 �>� ��*ก�"9�$�����		��"��	�	
4'��$ 9 ��		��"��	� 9$��ก� ORDER_NO, 
ORDER_DATE, CUST_ID, CUST_NAME, ADDRESS, PRODUCT_ID, PRODUCT_DESC, 
UNIT_PRICE ��* QTY �$��,����*��,�$&�'&���#�$
'�($'%�!���'	,- 4.4 

&���#�	$(�"� $	,-��� ��D�����*��,�$&�'&���#�ก��	5�(,�>��!� (Car_Color) �$��,
+5����&���#�	
4'��$ 16 �>� ��*ก�"9�$�����		��"��	�	
4'��$+5���� 9 ��		��"��	� 9$��ก� 
PRD_SIZE_ID, PRD_ID, PRD_DESC, CUST_ID, CUST_NAME, UPRICE, QTY, ORDER_NO
��* ORDER_DATE �$��,����*��,�$&�'&���#�$
'!���'	,- 4.5 

 
 
 
 
 
 
 
 



  

 

!���'	,- 4.1 &���#�ก���'	*�",����,�� 
STUDENT_CODE STUDENT_NAME TEACHER_CODE TEACHER_NAME SUBJECT_CODE SUBJECT_NAME UNIT 

41010730 Somchai Bholajan Q1059 Samphan Yensamrarn 729101 Economy 2 
41010730 Somchai Bholajan Q1059 Samphan Yensamrarn 729111 Statistic 3 
41010730 Somchai Bholajan Q1059 Samphan Yensamrarn 999211 Computer 3 
41010943 Suthisa Pinijpaidhool Q1011 Siripattra Muanmalai 729111 Statistic 3 
41010943 Suthisa Pinijpaidhool Q1011 Siripattra Muanmalai 999211 Computer 3 
41010943 Suthisa Pinijpaidhool Q1011 Siripattra Muanmalai 729104 Financial Management 2 
41012147 Natthaporn Prakeb Q1061 Metee Piyakhun 729111 Statistic 3 
41012147 Natthaporn Prakeb Q1061 Metee Piyakhun 999211 Computer 3 
41012451 Nopadol Thabthong Q1035 Sirichai Sriphrom 729111 Statistic 3 
41012451 Nopadol Thabthong Q1035 Sirichai Sriphrom 999211 Computer 3 
41013327 Matana Pinipaidhool Q1059 Samphan Yensamrarn 729103 Marketing  2 
41013780 Somchai Bholajan Q1011 Siripattra Muanmalai 999211 Computer 3 
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!���'	,- 4.2 &���#�������$,��  
TRANS_ID RENT_DATE CUST_ID CUST_NAME PHONE ADDRESS VDO_ID COPY# TITLE RENT 

1 4/18/1995 3 Washington 502-777-757 95 Easy Street 1 2 A Space Odyssey 1.50 
1 4/18/1995 3 Washington 502-777-757 95 Easy Street 6 3 My Dog 1.50 
2 4/18/1995 7 Lasater 615-888-447 67 S. Ray Drive 8 1 Hopscotch 1.50 
2 4/18/1995 7 Lasater 615-888-447 67 S. Ray Drive 2 2 Apocalypse 2.00 
2 4/18/1995 7 Lasater 615-888-447 67 S. Ray Drive 6 1 My Dog 1.50 
3 4/29/1995 8 Jones 615-452-116 867 Lakeside  9 1 The Gods 2.50 
3 4/29/1995 8 Jones 615-452-116 867 Lakeside  15 2 Baker Boys 2.00 
3 4/29/1995 8 Jones 615-452-116 867 Lakeside  4 3 Boy And His Dog 1.50 
4 4/30/1995 3 Washington 502-777-757 95 Easy Street 3 1 Blues Brothers 2.00 
4 4/30/1995 3 Washington 502-777-757 95 Easy Street 8 4 Hopscotch 1.50 
4 4/30/1995 3 Washington 502-777-757 95 Easy Street 9 5 The Gods 2.50 
4 4/30/1995 3 Washington 502-777-757 95 Easy Street 17 3 The Witches  2.00 
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!���'	,- 4.3 &���#�ก���
���@�I!�����  
PROJ_ID PROJ_NAME EMP_ID EMP_NAME JOB_ID JOB_DESC JOB_CHG_HOUR ASSIGN_HOUR 

15 Evergreen 103 June E. Arbough 503 Elect. Engineer 84.50 23.8 
15 Evergreen 101 John G. News 502 Database Designer 105.00 19.4 
15 Evergreen 105 Alice K. Johnson 502 Database Designer 105.00 35.7 
15 Evergreen 106 William Smithfield 500 Programmer 35.75 12.6 
15 Evergreen 102 David H. Senoir 501 System Analyst 96.75 23.8 
18 Amber Wave 114 Annelise Jones 508 Applications Designer 48.10 24.6 
18 Amber Wave 118 James J. Frommer 510 General Support 18.36 45.3 
18 Amber Wave 104 Anne K. Ramoras 501 System Analyst 96.75 32.4 
18 Amber Wave 112 Darlene M. Smithson 507 DSS Analyst 45.95 44.0 
22 Rolling Tide 105 Alice K. Johnson 502 Database Designer 105.00 64.7 
22 Rolling Tide 104 Anne K. Ramoras 501 System Analyst 96.75 48.4 
22 Rolling Tide 113 Delbert K. Joenbrood 508 Applications Designer 48.10 23.6 
22 Rolling Tide 111 Geoff B. Wabash 506 Clerical Support 26.87 22.0 
22 Rolling Tide 106 William Smithfield 500 Programmer 35.75 12.8 
25 Starflight 107 Mirai D. Alonso 500 Programmer 35.75 24.6 
25 Starflight 115 Travis B. Bawangi 501 System Analyst 96.75 45.8 
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!���'	,- 4.3 &���#�ก���
���@�I!����� (!��) 
PROJ_ID PROJ_NAME EMP_ID EMP_NAME JOB_ID JOB_DESC JOB_CHG_HOUR ASSIGN_HOUR 

25 Starflight 101 John G. News 502 Database Designer 105.00 56.3 
25 Starflight 114 Annelise Jones 508 Applications Designer 48.10 33.1 
25 Starflight 108 Ralph B. Washington 501 System Analyst 96.75 23.6 
25 Starflight 118 James J. Frommer 510 General Support 18.36 30.5 
25 Starflight 112 Darlene M. Smithson 507 DSS Analyst 45.95 41.4 

 
!���'	,- 4.4 &���#�ก��@:4�-&�� (��)��  
ORDER_NO ORDER_DATE CUST_ID CUST_NAME ADDRESS PRODUCT_ID PRODUCT_DESC UNIT_PRICE QTY 

1006 10/24/2006 2 Value Furniture Plano-TX 7 Dining Table 800.00 2 
1006 10/24/2006 2 Value Furniture Plano-TX 5 Writer Desk 325.00 3 
1006 10/24/2006 2 Value Furniture Plano-TX 4 Entertainment Center 650.00 1 
1005 10/24/2006 4 Ball Furniture Dallas-TX 3 Computer Desk 750.00 4 
1008 10/25/2006 5 Best Furniture Fris-TX 3 Computer Desk 750.00 5 
1007 10/25/2006 6 Furniture DD Boulder-CO 11 4-Dr Dresser 500.00 4 
1007 10/25/2006 6 Furniture DD Boulder-CO 4 Entertainment Center 650.00 3 
1009 10/25/2006 2 Value Furniture Plano-TX 11 4-Dr Dresser 500.00 5 
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!���'	,- 4.5 &���#�ก��	5�(,�>��!� 
PRD_SIZE_ID PRD_ID PRD_DESC CUST_ID CUST_NAME UPRICE QTY ORDER_NO ORDER_DATE 

3mm 8 Blue Acrylic-3 8 Nimitr 2300 4 174 12/26/2008 
5mm 7 Red Acrylic-5 3 Niyom 3800 2 171 12/24/2008 
1mm 4 Green Acrylic-1 3 Niyom 800 1 171 12/24/2008 
4mm 11 Blue Acrylic-4 6 Bancha 3000 1 172 12/26/2008 
3mm 5 Green Acrylic-3 8 Nimitr 2300 2 174 12/26/2008 
2mm 9 Green Acrylic-2 8 Nimitr 1500 5 174 12/26/2008 
3mm 5 Green Acrylic-3 4 Sincharoen 2300 2 175 12/26/2008 
4mm 11 Blue Acrylic-4 4 Sincharoen 3000 1 175 12/26/2008 
2mm 6 Blue Acrylic-2 4 Sincharoen 1500 2 175 12/26/2008 
1mm 4 Green Acrylic-1 4 Sincharoen 800 4 175 12/26/2008 
5mm 7 Red Acrylic-5 2 Niyom 3800 7 176 12/27/2008 
4mm 11 Blue Acrylic-4 2 Niyom 3000 2 176 12/27/2008 
1mm 4 Green Acrylic-1 2 Niyom 800 4 176 12/27/2008 
2mm 9 Green Acrylic-2 8 Nimitr 1500 10 177 12/27/2008 
3mm 5 Green Acrylic-3 8 Nimitr 2300 2 177 12/27/2008 
1mm 4 Green Acrylic-1 6 Bancha 800 3 172 12/26/2008 
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4.2  *�"#�ก��
����,
��������(6��  
 4.2.1 *�ก���(�#�ก��"�#	,�ก������!�� �!�� � 
  ��:-��5�&���#�ก���'	*�",����,�� 9�	$(�"ก
"����ก�� NoWARs ����ก��
+*%��7�ก��	$(�"$
'�#�	,- 4.1 

    

 

�#�	,- 4.1 7��
��ก����
"�#��"""��	
$���&�'&���#�ก���'	*�",����,�� 
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 +�ก�#�	,-  4.1 +*��6��������ก��	5�ก����ก�,���
�9$�	
4'��$ 4 �,���
� @.-'
��*ก�"9�$��� 
 Table1 (TEACHER_CODE, TEACHER_NAME),  
             Primary Key: TEACHER_CODE 
 Table2 (STUDENT_CODE, STUDENT_NAME, TEACHER_CODE),  
             Primary Key: STUDENT_CODE 
 Table3 (STUDENT_CODE, SUBJECT_CODE),  
             Primary Key: STUDENT_CODE, SUBJECT_CODE 
 Table4 (SUBJECT_CODE, SUBJECT_NAME, UNIT),  
             Primary Key: SUBJECT_CODE 
 ��ก�5��,���
�	
4' 4 9�(���'��D�!���'+
$�ก6"&���#� +*9$�����*��,�$ก��+
$�ก6"
&���#�$
'!���'	,- 4.6-4.9 !���5�$
" 
 
!���'	,- 4.6 Table1_Register 

TEACHER_CODE TEACHER_NAME 

Q1059 Samphan Yensamrarn 
Q1011 Siripattra Muanmalai 
Q1061 Metee Piyakhun 
Q1035 Sirichai Sriphrom 

!���'	,- 4.7 Table2_Register 
STUDENT_CODE STUDENT_NAME TEACHER_CODE 

41010730 Somchai Bholajan Q1059 
41010943 Suthisa Pinijpaidhool Q1011 
41012147 Natthaporn Prakeb Q1061 
41012451 Nopadol Thabthong Q1035 
41013327 Matana Pinipaidhool Q1059 
41013780 Somchai Bholajan Q1011 
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!���'	,- 4.8 Table3_Register 
STUDENT_CODE SUBJECT_CODE 

41010730 729101 
41010730 729111 
41010730 999211 
41010943 729111 
41010943 999211 
41010943 729104 
41012147 729111 
41012147 999211 
41012451 729111 
41012451 999211 
41013327 729103 
41013780 999211 

!���'	,- 4.9 Table4_Register 

SUBJECT_CODE SUBJECT_NAME UNIT 

729101 Economy 2 
999211 Computer 3 
729104 Financial Management 2 
729111 Statistic 3 

   
 ��:-���+����!���'	,- 4.6-4.9 +*��6����	 ก!���'9���,�C<����:-�' )���@45�@���&�'
&���#� ��*��ก!��'ก��	,-+*	5�ก���"&���#� ���-�&���#� ��:����ก�*	
-'	5�ก���ก�9&&���#� ก6
(����>	5�9$� �$�	,-9���,)���7�$�ก!�%$ 8 �ก�$&.4�%����&���#� �!���ก��+����!���'	,- 4.1 
&���#�ก���'	*�",����,�� @.-'��D�!���'	,-�
'9��7���ก�*"��ก����
"�#��"""��	
$���$���
����ก�� NoWARs +*��6�����
')'�,�C<��	,-��+�ก�$&.4�9$�$
'!��9��,4 
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1) �*�+�1�ก��"����!" 

 ��ก�
ก�.ก/�	,-�:-� �Natthaporn Prakongkeb� 9$�����ก�����	���
� ก6!��'�,
ก���"&���#�&�'�
ก�.ก/�)��,4	�4' @.-'��ก+�ก!��'	5�ก���"&���#�%������>����� ก���"&���#�
&�'�
ก�.ก/�)��,4	�4' +*�,7�	5�%��(#<�(,�&���#�&�'��+����	,-�,��
(��+���� (TEACHER_CODE) 
��D� XQ1061� ):� ��+���� �Metee Piyakhun� 9� ��:-�'+�ก9���,ก�����'��'>.'��+����	����,4%�
&���#��>��:-� 8 

2) �*�+�1�ก��������	�ก� ����!" 

 ��ก!��'ก���$+5���������ก�! (UNIT) ���� �Fundamental of Computer� 
+�ก�$�� X3Y %�����:� X2Y ก6!��'	5�ก���ก�9&&���#�%������>�	,-�,��
(���� (SUBJECT_CODE) 
��D� X999211Y @.-'>���ก�9&&���#�9��)�"���� +*	5�%��&���#��ก�$)���&
$���'ก
�9$� ��:-�'+�ก����
�$,��ก
��!��,+5���������ก�!!��'ก
� ):� X3Y ��* X2Y �����ก�! 
 4.2.2 *�ก���(�#�ก��"�#	,�ก��!4%���(�3# 

  ��:-��5�&���#�ก��������$,�� 9�	$(�"ก
"����ก�� NoWARs ����ก��+*%��7�
ก��	$(�"$
'�#�	,- 4.2  
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�#�	,- 4.2 7��
��ก����
"�#��"""��	
$���&�'&���#�ก��������$,�� 
 

 +�ก�#�	,-  4.2 +*��6��������ก��	5�ก����ก�,���
�9$�	
4'��$ 4 �,���
� @.-'
��*ก�"9�$��� 
 Table1 (VDO_ID, RENT, TITLE), Primary Key: VDO_ID  
 Table2 (CUST_ID, ADDRESS, CUST_NAME, PHONE),  
             Primary Key: CUST_ID 
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 Table3 (TRANS_ID, CUST_ID, RENT_DATE), Primary Key: TRANS_ID 
 Table4 (TRANS_ID, VDO_ID, COPY#),  
             Primary Key: TRANS_ID, VDO_ID 
 ��ก�5��,���
�	
4' 4 9�(���'��D�!���'+
$�ก6"&���#� +*9$�����*��,�$ก��+
$�ก6"
&���#�$
'!���'	,- 4.10-4.13 !���5�$
" 
 
!���'	,- 4.10 Table1_Video_Rental 

VDO_ID RENT TITLE 

1 1.50 A Space Odyssey 
2 2.00 Apocalypse 
3 2.00 Blues Brothers 
4 1.50 Boy And His Dog 
6 1.50 My Dog 
8 1.50 Hopscotch 
9 2.50 The Gods 
15 2.00 Baker Boys 
17 2.00 The Witches  

!���'	,- 4.11 Table2_Video_Rental 

CUST_ID ADDRESS CUST_NAME PHONE 

3 95 Easy Street Washington 502-777-7575 
7 67 S. Ray Drive Lasater 615-888-4474 
8 867 Lakeside Drive Jones 615-452-1162 

 
!���'	,- 4.12 Table3_Video_Rental 

TRANS_ID CUST_ID RENT_DATE 

1 3 4/18/1995 
2 7 4/18/1995 
3 8 4/29/1995 
4 3 4/30/1995 
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!���'	,- 4.13 Table4_Video_Rental 
TRANS_ID VDO_ID COPY# 

1 1 2 
1 6 3 
2 8 1 
2 2 2 
2 6 1 
3 9 1 
3 15 2 
3 4 3 
4 3 1 
4 8 4 
4 9 5 
4 17 3 

 
 ��:-���+����7�	,-9$�+�ก����ก��$
'!���'	,- 4.10-4.13 +*��6����	 ก!���'��D�
!���'	,-��#�%��#��"""��	
$����*$
"	,- 3 @.-'9���,�C<����:-�' )���@45�@���&�'&���#� ��*��ก
!��'ก��	,-+*	5�ก���"&���#� ���-�&���#� ��:����ก�*	
-'	5�ก���ก�9&&���#� ก6(����>	5�9$��$�	,-9��
�,)���7�$�ก!�%$ 8 �ก�$&.4�%����&���#� �!���ก��+����!���'	,- 4.2 &���#�ก��������$,�� @.-'��D�
!���'	,-�
'9��7���ก�*"��ก����
"�#��"""��	
$���$�������ก�� NoWARs +*��6�����
'�,
&���#�%�"�'��		��"��	�	,-�,ก���ก6")��&�'&���#�@45� 8 ก
� ���� ��		��"��	� TRANS_ID, 
RENT_DATE, CUST_ID, CUST_NAME, PHONE ��* ADDRESS @.-'ก���ก6"&���#�@45� 8 ก
�
��D�+5������ก�
ก/�*�,4 +*	5�%���*""���&���#��(,��:4�	,-+5������ก%�ก���ก6"&���#�	,-@45� 8 ก
�
�$�9��+5���D� ��*!���'	,- 4.2 �
')'��D�!���'	,-��+�ก�$�C<��&.4�9$� $
'!��9��,4 

1)  �*�+�1�ก��"����!" 

 ��ก!��'ก���ก���ก���ก��������$,��	,-�,��
( TRANS_ID ��D� X1� @.-'��D�
���ก��������$,��&�'�#ก)���:-� XWashington� ��ก+�ก�,���
� ก6+*�,7�	5�%��!��'�"&���#�%��>�	,- 
��* 2 	�4' @.-'ก���"&���#�%��>�	,- 1 	�4' +*�,7�	5�%��&���#�&�'��$,�� 	,-�,��
(��$,�� (VDO_ID) 
��D� �1� �:-���:-�' (TITLE) XA Space Odyssey� >#ก�"��ก+�ก�,���
�$��� ��:-�'+�ก9���,ก�����'>.'
&���#�&�'��$,���,4%�&���#��>��:-� 8 ��:�%�ก��,)����ก
� >����ก!��'ก���ก���กก����D�(����ก
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&�'�#ก)���:-� (CUST_NAME) XJones� ก6+*�,7�	5�%��&���#�%��>�	,- 6-8 >#ก�"	�4'9�$��� @.-'ก��
�"&���#�%��>�	,- 7 ��* 8 	�4' +*�,7�	5�%��&���#�&�'��$,�� 	,-�,��
(��$,�� (VDO_ID) ��D� �9� �:-�
��:-�' (TITLE) �The Gods� ��* &���#�&�'��$,�� 	,-�,��
(��$,�� (VDO_ID) ��D� �15� �:-���:-�' 
(TITLE) �Baker Boys� >#ก�"��ก+�ก�,���
�$��� ��:-�'+�ก9���,ก�����'>.'&���#�&�'��$,��	
4'(�'
��:-�'%�&���#��>��:-� 8 

2)  �*�+�1�ก���������	�ก� ����!" 

 ��ก!��'�,ก��	5�ก�����,-�����'��)�ก��������$,��&�'��$,��	,-�,��
(��$,�� 
(VDO_ID) ��D� X9� +�ก��)����� (RENT) �$�� �2.50� ��D� X2.00� ก6!��'	5�ก�����,-�����'&���#�
%������>� @.-'��ก+�ก!��'�(,�����%�ก���ก�9&&���#����� �
'9��(����>�
"��*ก
�9$���� 9$��,
ก���ก�9&&���#�)�"��$���� @.-'��ก�ก�9&&���#�9$�9��)�"ก6+*	5�%��&���#��ก�$)���&
$���'ก
�9$� 
��:-�'+�ก��$,����:-�'�$,��ก
��!��,��)�����(�'��)� ):� �2.50� ��* �2.00� ��:�%�ก��,	,-�#ก)���,ก��
���,-���:-� ��*!��'ก����
"�� '�ก�9& ���� �#ก)��	,-�,��
(�#ก)�� (CUST_ID) ��D� X8Y ���,-���:-�+�ก 
�Jones� ��D� XJohn� ก6!��'	5�ก����
"�� '&���#�%��,ก�����>� ��*>���ก�9&&���#�9��)�"ก6+*	5�
%��&���#��ก�$)���&
$���'ก
�9$� ��:-�'+�ก�#ก)����
(�$,��ก
��!�ก�
"�,(�'�:-� ��D�!��  

4.2.3 *�ก���(�#�ก��"�#	,�ก��<�J��=#9������ 

��:-��5�&���#�ก���
���@�I!����� 9�	$(�"ก
"����ก�� NoWARs ����ก��+*%��7�ก��
	$(�"$
'�#�	,- 4.3 
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�#�	,- 4.3 7��
��ก����
"�#��"""��	
$���&�'&���#�ก���
���@�I!����� 
 

 +�ก�#�	,- 4.3 +*��6��������ก��	5�ก����ก�,���
���ก9$�	
4'��$ 4 �,���
� @.-'
��*ก�"9�$��� 
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 Table1 (JOB_ID, JOB_CHG_HOUR, JOB_DESC), Primary Key: JOB_ID  
 Table2 (PROJ_ID, PROJ_NAME), Primary Key: PROJ_ID 

 Table3 (EMP_ID, EMP_NAME, JOB_ID), Primary Key: EMP_ID 
 Table4 (PROJ_ID, EMP_ID, ASSIGN_HOUR), 
        Primary Key: PROJ_ID, EMP_ID 
 ��ก�5��,���
�	
4' 4 9�(���'��D�!���'+
$�ก6"&���#� +*9$�����*��,�$ก��+
$�ก6"
&���#�$
'!���'	,- 4.14-4.17 !���5�$
" 
 
!���'	,- 4.14 Table1_Data_Org 

JOB_ID JOB_CHG_HOUR JOB_DESC 

500 35.75 Programmer 
501 96.75 System Analyst 
502 105.00 Database Designer 
503 84.50 Elect. Engineer 
506 26.87 Clerical Support 
507 45.95 DSS Analyst 
508 48.10 Applications Designer 
510 18.36 General Support 

!���'	,- 4.15 Table2_Data_Org 

PROJ_ID PROJ_NAME 

15 Evergreen 
18 Amber Wave 
22 Rolling Tide 
25 Starflight 
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!���'	,- 4.16 Table3_Data_Org 
EMP_ID EMP_NAME JOB_ID 

101 John G. News 502 
102 David H. Senoir 501 
103 June E. Arbough 503 
104 Anne K. Ramoras 501 
105 Alice K. Johnson 502 
106 William Smithfield 500 
107 Mirai D. Alonso 500 
108 Ralph B. Washington 501 
111 Geoff B. Wabash 506 
112 Darlene M. Smithson 507 
113 Delbert K. Joenbrood 508 
114 Annelise Jones 508 
115 Travis B. Bawangi 501 
118 James J. Frommer 510 

!���'	,- 4.17 Table4_Data_Org 

PROJ_ID EMP_ID ASSIGN_HOUR 

15 103 23.8 
15 101 19.4 
15 105 35.7 
15 106 12.6 
15 102 23.8 
18 114 24.6 
18 118 45.3 
18 104 32.4 
18 112 44.0 
22 105 64.7 
22 104 48.4 
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!���'	,- 4.17 Table4_Data_Org (!��) 
PROJ_ID EMP_ID ASSIGN_HOUR 

22 113 23.6 
22 111 22.0 
22 106 12.8 
25 107 24.6 
25 115 45.8 
25 101 56.3 
25 114 33.1 
25 108 23.6 
25 118 30.5 
25 112 41.4 

 
 ��:-���+����!���'	,- 4.14-4.17 +*��6����	 ก!���'9���,�C<����:-�' )���@45�@���
&�'&���#� ��*��ก!��'ก��	,-+*	5�ก���"&���#� ���-�&���#� ��:����ก�*	
-'	5�ก���ก�9&&���#� ก6
(����>	5�9$� �$�	,-9���,)���7�$�ก!�%$ 8 �ก�$&.4�%����&���#� �!���ก��+����!���'	,- 4.3 
&���#�ก���
���@�I!����� @.-'��D�!���'	,-�
'9��7���ก�*"��ก����
"�#��"""��	
$���$���
����ก�� NoWARs +*��6�����
')'�,�C<��	,-��+�ก�$&.4�9$�$
'!��9��,4 

1) �*�+�1�ก��"����!" 

 ��ก��
ก'��	,-�:-� �Darlene M. SmithsonY 9$�����ก+�ก"��/
	 ก6!��'�,ก��
�"&���#�&�'��
ก'��)��,4	�4' @.-'��ก+�ก!��'	5�ก���"&���#�%��>����� ก���"&���#�&�'
��
ก'��)��,4	�4' �,7�	5�%��!��'(#<�(,�&���#�&�'!5�����'����	,-'��%�"��/
		,-�,��
('�� 
(JOB_ID) ��D� X507Y ):� '��%�!5�����' �DSS Analyst� 9� ��:-�'+�ก9���,ก�����'��'>.'!5�����'
'���,4%�&���#��>��:-� 8 

2) �*�+�1�ก���������	�ก� ����!" 

 ��ก"��/
	!��'ก����
"�
!��)����'!���
-���' (JOB_CHG_HOUR) &�' 
�Database Designer� +�ก�$�� X105.00Y ��D� X110.00Y ก6!��'	5�ก���ก�9&&���#�%������>�	,-�,
��
('�� (JOB_ID) ��D� X502Y @.-'>���ก�9&&���#�9��)�"���� +*	5�%��&���#��ก�$)���&
$���'ก
�9$� 
��:-�'+�ก'��!5�����'�$,��ก
��!��,�
!��)����'!���
-���'(�')�� ):� X105.00Y ��* X110.00Y  
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 4.2.4 *�ก���(�#�ก��"�#	,�ก��=7;#-"�  ���.�� 

  ��:-��5�&���#�ก��@:4�-&�� (��)�� 9�	$(�"ก
"����ก�� NoWARs ����ก��+*
%��7�ก��	$(�"$
'�#�	,- 4.4  

 

 

�#�	,- 4.4 7��
��ก����
"�#��"""��	
$���&�'&���#�ก��@:4�-&��(��)�� 
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 +�ก�#�	,- 4.4 +*��6��������ก��	5�ก����ก�,���
�9$�	
4'��$ 4 �,���
� @.-'
��*ก�"9�$��� 
 Table1 (PRODUCT_ID, PRODUCT_DESC, UNIT_PRICE),  
  Primary Key: PRODUCT_ID 
 Table2 (ORDER_NO, CUST_ID, ORDER_DATE), Primary Key: ORDER_NO 
 Table3 (ORDER_NO, PRODUCT_ID, QTY),  
             Primary Key: ORDER_NO, PRODUCT_ID 
 Table4 (CUST_ID, ADDRESS, CUST_NAME), Primary Key: CUST_ID 
 ��ก�5��,���
�	
4' 4 9�(���'��D�!���'+
$�ก6"&���#� +*9$�����*��,�$ก��+
$�ก6"
&���#�$
'!���'	,- 4.18-4.21 !���5�$
" 
 
!���'	,- 4.18 Table1_Invoice 

PRODUCT_ID PRODUCT_DESC UNIT_PRICE 

3 Computer Desk 750.00 
4 Entertainment Center 650.00 
5 Writer Desk 325.00 
7 Dining Table 800.00 
11 4-Dr Dresser 500.00 

!���'	,- 4.19 Table2_Invoice 
ORDER_NO CUST_ID ORDER_DATE 

1005 4 10/24/2006 
1006 2 10/24/2006 
1007 6 10/25/2006 
1008 5 10/25/2006 
1009 2 10/25/2006 
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!���'	,- 4.20 Table3_Invoice 
ORDER_NO PRODUCT_ID QTY 

1006 7 2 
1006 5 3 
1006 4 1 
1005 3 4 
1008 3 5 
1007 11 4 
1007 4 3 
1009 11 5 

!���'	,- 4.21 Table4_Invoice 

CUST_ID ADDRESS CUST_NAME 

2 Plano-TX Value Furniture 
4 Dallas-TX Beauty Furniture 
5 FRIS-TX Best Furniture 
6 Boulder-CO Furniture Gallery 

 
 ��:-���+����!���'	,- 4.18-4.21 +*��6����	 ก!���'9���,�C<����:-�' )���@45�@���
&�'&���#� ��*��ก!��'ก��	,-+*	5�ก���"&���#� ���-�&���#� ��:����ก�*	
-'	5�ก���ก�9&&���#� ก6
(����>	5�9$� �$�	,-9���,)���7�$�ก!�%$ 8 �ก�$&.4�ก
"���&���#� �!���ก��+����!���'	,- 4.4 
&���#�ก��@:4�-&��(��)�� @.-'��D�!���'	,-�
'9��7���ก�*"��ก����
"�#��"""��	
$���$���
����ก�� NoWARs +*��6����!���'$
'ก�����,ก��+
$�ก6"&���#�	,-�
')'�,&���#�	,-�ก6")��@45� 8 ก
� 
���� ��		��"��	� ORDER_NO, ORDER_DATE, CUST_ID, CUST_NAME ��* ADDRESS @.-'
ก���ก6"&���#�	,-�,)��@45� 8 ก
� �
ก/�*�,4 +*	5�%�����:�'��:4�	,-%�ก��+
$�ก6"&���#���D�����'��ก ��*
ก���ก6"&���#�$
'!���'	,- 4.1 �
')'�,�C<��	,-��+�ก�$&.4�9$�$
'!��9��,4 

1)  �*�+�1�ก��"����!" 

 ��ก�,ก���ก���ก���ก��@:4�������& (ORDER_NO) X1006Y ��ก+�ก�,���
� 
+*�,7�	5�%��&���#��>�	,- 1-3 >#ก�"	�4'9�$��� �!�ก6+*�"���ก���"&���#�%��>�	,- 2 	�4'9� +*�,7�
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	5�%��!��'(#<�(,�&���#�(��)�� 	,-�,��
((��)�� (PRODUCT_ID) ��D� X5� @.-'ก6):� XWriter Desk� 9�
$��� ��:-�'+�ก9���,ก�����'��'>.'(��)����4��,4%�&���#��>��:-� 8 

2)  �*�+�1�ก���������	�ก� ����!" 

 ��ก�,�#ก)�����,-�����'	,-��#���*!��'ก���ก�9&&���#�&�'�#ก)������
4� ���� 
���� XValue Furniture� ����9���#�	,- �Dallas-TXY ก6!��'�,ก�����,-�����'&���#�%������>�	,-�, 
��
(�#ก)�� (CUST_ID) ��D� X1006Y @.-'��ก+�ก+*!��'%������%�ก���ก�9&���� ก6�
'9��(����>
�
"��*ก
�9$���� 9$��,ก���ก�9&&���#�)�"���� @.-'��ก�ก�9&9$�9��)�"ก6+*(�'7�%��&���#��ก�$)���
&
$���'ก
�9$�  
 4.2.5 *�ก���(�#�ก��"�#	,�ก��������0 ��� 
  ��:-��5�&���#�ก��	5�	5�(,�>��!� 9�	$(�"ก
"����ก�� NoWARs ����ก��+*
%��7�ก��	$(�"$
'�#�	,- 4.5 
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�#�	,- 4.5 7��
��ก����
"�#��"""��	
$���&�'&���#�ก��	5�(,�>��!� 
   
 +�ก�#�	,- 4.5 +*��6��������ก��	5�ก����ก�,���
�9$�	
4'��$ 5 �,���
� @.-'
��*ก�"9�$��� 
 Table1 (PRD_SIZE_ID, UPRICE), Primary Key: PRD_SIZE_ID 
 Table2 (PRD_ID, PRD_DESC, PRD_SIZE_ID), Primary Key: PRD_ID 
 Table3 (ORDER_NO, CUST_ID, ORDER_DATE), Primary Key: ORDER_NO 
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 Table4 (PRD_ID, QTY, ORDER_NO), Primary Key: PRD_ID, ORDER_NO 
 Table5 (CUST_ID, CUST_NAME), Primary Key: CUST_ID 
 ��ก�5��,���
�	
4' 5 9�(���'��D�!���'+
$�ก6"&���#� +*9$�����*��,�$ก��+
$�ก6"
&���#�$
'!���'	,- 4.22-4.26 !���5�$
" 
 
!���'	,- 4.22 Table1_Car_Color 

PRD_SIZE_ID UPRICE 

1mm 800 
2mm 1500 
3mm 2300 
4mm 3000 
5mm 3800 

!���'	,- 4.23 Table2_Car_Color 

PRD_ID PRD_SIZE_ID PRD_DESC 

4 1mm Green Acrylic-1 
5 3mm Green Acrylic-3 
6 2mm Blue Acrylic-2 
7 5mm Red Acrylic-5 
8 3mm Blue Acrylic-3 
9 2mm Green Acrylic-2 
11 4mm Blue Acrylic-4 
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!���'	,- 4.24 Table3_Car_Color 
ORDER_NO CUST_ID ORDER_DATE 

171 3 12/24/2008 
172 6 12/26/2008 
174 8 12/26/2008 
175 4 12/26/2008 
176 2 12/27/2008 

!���'	,- 4.25 Table4_Car_Color 
PRD_ID QTY ORDER_NO 

8 4 174 
7 2 171 
4 1 171 
11 1 172 
5 2 174 
9 5 174 
5 2 175 
11 1 175 
6 2 175 
4 4 175 
7 7 176 
11 2 176 
4 4 176 
9 10 177 
5 2 177 
4 3 172 
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!���'	,- 4.26 Table5_Car_Color 
CUST_ID CUST_NAME 

2 Niyom 
3 Niyom 
4 Sincharoen 
6 Bancha 
8 Nimitr 
8 Nimitr 

 ��:-���+����!���'	,- 4.22-4.26 +*��6����	 ก!���'9���,�C<����:-�' )���@45�@���
&�'&���#� ��*��ก!��'ก��	,-+*	5�ก���"&���#� ���-�&���#� ��:����ก�*	
-'	5�ก���ก�9&&���#� ก6
(����>	5�9$� �$�	,-9���,)���7�$�ก!�%$ 8 �ก�$&.4�%����&���#� �!���ก��+����!���'	,- 4.5 @.-'
��D�!���'	,-�
'9��7���ก�*"��ก����
"�#��"""��	
$���$�������ก�� NoWARs +*��6����
�
')'�,�C<��	,-��+�ก�$&.4�9$�$
'!��9��,4 

1) �*�+�1�ก��"����!" 

 ��ก!��'ก���ก���ก���ก��(
-'@:4� (ORDER_NO) ������& X175Y +*�,7�	5�
%��!��'�"&���#�%��>�	,- 7-10 	�4'9� @.-'ก���"&���#�%��>�	,- 9 	�4' +*	5�%��!��'(#<�(,�&���#�
&�'(��)��	,-�,��
((��)�� (PRD_ID) ��D� X6Y 	�4'9� ��:-�'+�ก9���,ก�����'��'>.'(��)���,4%�&���#�
�>��:-� 8 

2) �*�+�1�ก���ก� ����!" 

 ��ก!��'ก����
"��)�!������� (UPRICE) &�' �Green Acrylic-3� +�ก�$�� 
X2300Y ��D� X2000Y ก6!��'	5�ก���ก�9&&���#�%������>�	,-�,��
((��)�� (PRD_ID) ��D� X5Y @.-'>��
�ก�9&&���#�9��)�"���� +*	5�%��&���#��ก�$)���&
$���'ก
�9$� ��:-�'+�ก(��)��!
��$,��ก
��!��,��)�
!�������!��'ก
� ):� X2300Y ��* X2000Y 
 

4.3  *�ก��.�(!�7#กกG.��	��	<��'� 
 ก��)����)���(
��
��&�'&���#�%$ 8 $����	)��)ก�����)��*��)���(
��
�� 7��
��	,-
��ก��+*��D�กP)���(
��
��+5������ก	,-�($')���(
��
��&�'&���#� 	
4'�,4+5����กP
)���(
��
��	,-9$�+*��ก��:�����&.4���#�ก
"&���#�	,-%��	$(�" ��-'&���#��,+5������กก6��-'9$�กP
)���(
��
����ก!��9�$��� @.-'%�'����+
���4��,49$�%��&���#�	$(�"+5���� 5 � $ ��*��:-��5�
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&���#��!��*� $9�	$(�"��:-�)����)���(
��
��$�������ก� NoWARs ����ก��+*%��7��
��
��D�กP)���(
��
��+5������ก @.-'%�ก�*"��ก�� ก����
"�#��"""��	
$���+*9���5�กP
)���(
��
��	 กกP	,-)���"�$�����ก����%�� �!�)
$��:�กกP)���(
��
����,�'"�'(�����%��
�	���
4� �$�+5����กP)���(
��
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���0+
����.� 

1. ��:-���ก�""!���'%�ก���ก6"&���#�9$�����'�,��*(�	���� 
 2. ��:-������$�*�*����%�ก����ก�""!���'%�ก���ก6"&���#� 
 3. ��:-�	5�ก����ก�""�#��""���$�&���#�+�กก��	5����:�'&���#�	,-����*(�ก
"'��    
                  Normalization 

4. ��:-��
�����,ก�����'���$�&���#�%����D�!���'&���#�	,-��#�%��#� 3NF 
 

�,
��������(6�����กG.��	��	<��'� 

 ก����
"�#��"""��	
$���%�'����+
��,4+*%��)���(����>&�'ก��)����กP
)���(
��
��&�'�
�ก���	.���9������ (Apriori) (Argawal and Srikant, 1994; Argawal et al., 
1993) @.-'��D�'���&�'��.-'&�'�	)��)ก��	5����:�'&���#� (Data mining) ��*�����5���%��
����ก
"���&���#����'(
��
�� (Sarawagi et al., 1998) �$�กP	,-9$�+�ก�
�ก���	.���9������ +*��#�
%��#�&�'กP)���(
��
�� >��-���� ��D�กP	,-%��"�ก)���(
��
��%�ก� ��&���#���� >���ก�$�
ก/�*
��.-'����+*��D�7�%���ก�$�,ก�
ก/�*��.-'!�����(�� �ก!
�����'�A!�ก���ก����:�ก@:4�(��)��&�'
�#ก)��&�'����)�����'��.-' ��D�$
'�,4 �#ก)��	,-@:4���($+*@:4�&���C'��*�45������$���$��� @.-'�&,��

)���(
��
��9$���D� ��($ [support = 5] → &���C', �45������ [support = 5] [confidence = 
100%] ����)������ �#ก)��	,-@:4���($�,��ก�(+*@:4�&���C'��*�45������$��� )���(
��
���,4�,)��
)�����:-��
-� 100% @.-'�,)��(�
"(� ��	��ก
" 5 ��:��,กก��,���� �#ก)��	,-@:4�"*��,-(5���6+�#�ก
"9&�9ก�

+*@:4��45������$��� @.-'�&,��)���(
��
��9$���D� "*��,-(5���6+�#�, 9&�9ก� [support = 6] → �45������ 
[support = 6] [confidence = 100%] ����)������ �#ก)��	,-@:4�"*��,-(5���6+�#���*9&�9ก��,��ก�(+*
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@:4��45������$��� )���(
��
���,4�,)��)�����:-��
-� 100% @.-'�,)��(�
"(� ��	��ก
" 6 ��D�!�� @.-'
'����+
��,4+*�5��R��*กP�
ก/�*��ก��%�� ก����):� ��D�กP	,-�,(����
���:�(���	,-��D�(���! ��,�'
��		��"��	��$,���	���
4� �,ก	
4'กP)���(
��
���
4�!��'�,)��)�����:-��
-���D� 100% ��*�,)��
(�
"(� �(#' 8 �,ก$��� 

%��!��*&
4�!��&�'ก�*"��ก����
""��	
$��� +*�,ก���*" �#��""�)�'(���'&�'
&���#�	,-)��+*��D�	,-��,�ก��� �#��"""��	
$��� (Normal form) 9�� @.-'�)�'(���'	,-�*" �,4+*
(����>�ก�9&�C<��	,-�ก�$&.4�%��)�'(���'&���#�&
4�!��ก�������9$� ��:�ก�����,ก�
���.-'):� ก��
��
"�#��"""��	
$����!��*&
4�!��+*!��'���
�7�	,-9$�+�กก����
"�#��"""��	
$���%�
&
4�!��ก������� ��:-��5�����
"�� '%���,�)�'(���'!��	,-ก5���$9��%�&
4�!���
4� 8 @.-'�!��*&
4�
�,�#��""&
4�!����,$
'�,4 

 
�,
��������(6����(����� 1  
 ก�*"��ก����
""��	
$����*$
"��ก( $ +*��D�ก�*"��ก��%�ก����
"!���'&���#�
&�'7#�%��%����#�%��#��""&�'�,���
� ก����):� )��&�'��		��"��	�&�'�!��*�>�(����>�,9$�)��
�$,���	���
4� ��:-�%����#�%��#��"""��	
$����*$
"	,- 1  
 ��(��: �,���
�%$+*��#�%��#��"""��	
$����*$
"	,- 1 9$�ก6!����:-� �,���
��
4�+*!��'�,
) �(�"
!�!��9��,4 

1. ��D��,���
�	,-�,),����
ก&�'�,���
� 

2. 9���,ก� ��@45���#�%��,���
� ��:���+ก����9$����)��&�'�!��*��		��"��	�&�'�!�

�*�>�(����>�,9$�)���$,���	���
4� 

3. ��		��"��	�	 ก��		��"��	�	,-9��%��),�� +*!��'&.4�ก
"��		��"��	�	,-��D�),��

��
ก����'(�"#��� 

!
�����'ก����
"�,���
�%����#�%��#��"""��	
$����*$
"	,- 1 (����>��"��9$�$
'
!
�����'!��9��,4 
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!���'	,- 1 ก��(
-'(��)�� Unnormal Form 
��&	,-%"(
-' �
�	,-(
-' ��
(�#ก)�� �:-��#ก)�� ��
((��)�� �:-�(��)�� +5���� 
INV001 20-08-2008 CU001 (�	� " <��ก CA101 CPU 20 

    RA300 Ram 40 
INV002 20-08-2008 CU002 " <�, %+$, MB205 Broad 10 
INV003 21-08-2008 CU003 " <�� $,%+ RA300 Ram 50 

 

 
+�ก!���'	,- 1 +*��6������&	,-%"(
-' 1 ��
( (),����
ก) ��*ก�"9�$���(��)����กก��� 1 

���ก�� $
'�
4�+.'ก����9$���� ��		��"��	���
(ก��(��)�� �:-�(��)�� ��*+5������D�ก� ��@45�&�'�,�
� 
@.-'9��!�'ก
") �(�"
!�&�'�#��"""��	
$����*$
"	,- 1 $
'�
4�ก����
"%��*$
"�,4ก69$��ก�ก��&+
$
ก� ��@45���ก9� $
'	,-9$������9�� $
'�,4 

 
!���'	,- 2 ก��(
-'(��)�� 1NF 
��&	,-%"(
-' �
�	,-(
-' ��
(�#ก)�� �:-��#ก)�� ��
((��)�� �:-�(��)�� +5���� 
INV001 20-08-2008 CU001 (�	� " <��ก CA101 CPU 20 
INV001 20-08-2008 CU001 (�	� " <��ก RA300 Ram 40 
INV002 20-08-2008 CU002 " <�, %+$, MB205 Broad 10 
INV003 21-08-2008 CU003 " <�� $,%+ RA300 Ram 50 

  
��,ก��&+
$ก� ��@45�(����>	5�9$��$���ก&���#�&�'��&	,-%"(
-'@:4� INV001 ��ก��D� 2 

�>� $
'�($'%�!���'	,- 2 @.-'7�	,-9$��,4+*��6������&	,-%"(
-'9��%��),����
ก&�'�,���
��,ก!��9� �!�
),����
ก+*��*ก�"$�����&	,-%"(
-'��*��
((��)�� @.-'�����+ก����9$����ก����
"�,���
�%����#�%�
�#��"""��	
$����*$
"	,- 1 �
4�+*!��'�,ก�����-���		��"��	�	,-����D�),����
ก�(�� �$�),����
ก
!
�%���+*��*ก�"9�$���),��!
��$��7��กก
"��		��"��	�	,-��D�),����
ก&�'ก� ��@45� 
 
�,
��������(6����(����� 2  

 �#��"""��	
$����*$
"	,- 2 �,4+*�ก,-��ก
"��:-�')���(
��
���*����'),����
ก��*��		��
"��	��:-�	,-9��9$���D�(���%$(�����.-'&�'),����
ก 
 ��(��: �,���
�%$+*��#�%��#��"""��	
$����*$
"	,- 2 ก6!����:-� �,���
��
4�+*!��'�,
) �(�"
!�!��9��,4 
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1. �,���
��
4���#�%��#��"""��	
$����*$
"	,- 1 

2. !��'9���,ก��&.4�!��ก
���,�'"�'(��� ก����):� !��'9���,��		��"��	�	,-9��%��),����
ก!
�

%$&.4�ก
"),����
ก��:�(���%$(�����.-'&�'),����
ก  

&
4�!��ก����
"�,���
�%����#�%��#��"""��	
$����*$
"	,- 2 (����>�($'9$�$
'�,4 
+�ก!���'	,- 2 (����>�&,��9$�*�ก��&�'IC'ก��
�ก��&.4�!��ก
�9$�$
'�,4 
 

 
 

�#�	,- 1 9$�*�ก��ก��&.4��ก�ก
�&�'�,���
�ก��(
-'(��)�� 
 

 ��,ก��	,-+*	5�%���,���
���#�%��#��"""��	
$����*$
"	,- 2 ก�*	5�9$��$�ก��(���'�,���
�
&.4���%���(5���
"ก��&.4��ก�ก
�	,-��D��C<�� @.-'+*9$��,���
�%���$
'�,4 
  ก��(
-'(��)��(��&	,-%"(
-', �
�	,-(
-', ��
(�#ก)��, �:-��#ก)��) 
  (��)��(��
((��)��, �:-�(��)��) 
  ���ก��(
-'(��)��(��&	,-%"(
-', ��
((��)��, +5����) 
  �$�(����>�&,��9$�*�ก��ก��&.4��ก�ก
�&�'�!��*�,���
�9$�$
'�,4 
 

 
 

�#�	,- 2 9$�*�ก��ก��&.4��ก�ก
�&�'�,���
�ก��(
-'(��)�� 
 

 
 

�#�	,- 3 9$�*�ก��ก��&.4��ก�ก
�&�'�,���
�(��)�� 



105 

 

 
 

�#�	,- 4 9$�*�ก��ก��&.4��ก�ก
�&�'�,���
����ก��(
-'(��)�� 
 

�,
��������(6����(����� 3  

 �,���
�	,-�,�#��"""��	
$����*$
"	,- 3 +*��D��,���
�	,-�,�����$
'!��9��,4 
 ��(��: �,���
�%$+*��#�%��#��"""��	
$����*$
"	,- 3 ก6!����:-� �,���
��
4�+*!��'�,
) �(�"
!�!��9��,4 

1. �,���
��
4���#�%��#��"""��	
$����*$
"	,- 2  

2. +*!��'9���,ก��&.4�!��ก
��""	���@�	,Iก����):� !��'9���,��		��"��	�	,-9��%��),��

��
ก!
�%$&.4�ก
"��		��"��	��:-� @.-'��D���		��"��	�	,-9��%��),����
ก����ก
� 

&
4�!��ก����
"�,���
�%����#�%��#��"""��	
$����*$
"	,- 3 (����>�($'9$�$
'�,4 
+�ก�#�	,- 2 +*��6�����
')'�,�C<��ก��&.4��ก�ก
� +.'+5���D�!��'(���'�,���
�&.4���%�����:-��ก�9&
�C<��	,-�ก�$&.4� @.-'9$�7�$
'�,4 
  ก��(
-'(��&	,-%"(
-', �
�	,-(
-', ��
(�#ก)��)  

�#ก)��(��
(�#ก)��, �:-��#ก)��) 

��:-��(�6+(�4�ก��ก�*"��ก����
"�#��"""��	
$���%��*$
"	,- 3 ���� +*9$��,���
�
	
4'��$$
'�,4 

ก��(
-'(��&	,-%"(
-', �
�	,-(
-', ��
(�#ก)��)  
�#ก)��(��
(�#ก)��, �:-��#ก)��) 

(��)��(��
((��)��, �:-�(��)��) 
  ���ก��(
-'(��&	,-%"(
-', ��
((��)��, +5����) 
 

��'�ก������  
%�'����+
��,4+*�5���
กก��&�'ก����
"�#��"""��	
$�����*�
�ก���	.���9������ ��

�
���!����D��
�ก���	.� NoWARs (Normalization With Association Rules) �$��
�ก���	.�+*�
"
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&���#��&����D�!���'&���#���*%��7��
����D�  Relation schema ����*��,�$&�'�
�ก���	.� 
NoWARs $
'�($'%��#�	,- 5 

 
 

Algorithm: NoWARs 

//Input: Data 
//Output: Relation schema 
Call Apriori 

for every rule from i to n do 
1. Select one cause rule with max support value 

1.1 Select primary key of relation (2NF) 
1.2 Find corresponding attribute 

1.2.1 Select primary key of relation (3NF) 
1.3 Compare non key attribute in (1.2.1) with all attributoes in (1) then cut it off 

and we get one 3NF relation 
2. Compare all non key attributes with 1NF relation and cut it off  
3. Combine all primary keys of 2NF with the remaining attribute in step 3 to become the 

last 3NF 
 

 

�#�	,- 5 �($'�
�ก���	.� NoWARs 
 

 �
�ก���	.� NoWARs +*���-�	5�'��+�ก�
"&���#��&����D�!���'&���#��&���� ������
)���(
��
��&�'&���#�+�ก!���'�
4�$����
�ก���	.���9������ @.-'กP)���(
��
��+*>#ก)
$��
�R��*กP	,-�,��,�'��.-'��!  (1 ��		��"��	�) (���7�	,-!�����
4�+*�,ก,-��		��"��	�ก69$� %�&
4�!��
��ก+*��D�ก����!���'	,-��#�%��#��"""��	
$����*$
"	,- 2 %��9$�ก��� @.-'���(����>��!���'�,4
9$�+�กกP)���(
��
��	,-�,)��(�
"(� �(#'	,-( $ ��*(���	,-��D���! (����>�*" (���	,-��D�7�	,-
!����9$���ก	,-( $ �ก!
�����' ���� OrderNO=171 5 ==> custName=Niyom ID=2 Date=24-12-
2008 5 conf:(1) @.-'กP$
'ก����(����>�($'%����#�%��#� Relational Schema 9$�$
'�,4 POrder (ID, 
custName, OderNO, Date) ��
'+�ก�
4�+.'	5�ก����!���'	,-��#�%��#��"""��	
$����*$
"	,- 3 
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+�ก!���'	,-��#��#��"""��	
$����*$
"	,- 2 �,ก	, @.-'(����>��!���'	,-��#�%��#��"""��	
$���
�*$
"	,- 3 9$�+�กกP	,-�,�
ก/�*$
'�,4 ID=2 5 ==> custName=Niyom 5 conf:(1) ��*(����>�($'
%����#�%��#� Relational Schema 9$�$
'�,4 Customer (ID, custName)  

+�ก!���' Customer +*��6������		��"��	�	,-9��%��),����
ก ):� ��		��"��	� custName ��:-�
!
$��		��"��	� custName ��ก+�ก!���' POrder +*9$�!���'	,-��#�%��#��"""��	
$����*$
"	,- 3 
):� Order (ID, OrdrNO, Date) �5�$
"!����+*��D�ก����!���'	,-��#�%��#��"""��	
$����*$
"	,- 
2 !���'!��9� @.-'(����>��9$�+�กกP	,-��� ProID=4 4 ==> productDesc=Green Acrylic Size=2 
UPrice=3800 4 conf:(1) @.-'กP$
'ก����(����>�($'%����#�%��#� Relational Schema 9$�$
'�,4 
PreProduct (ProID, productDesc, Size, UPrice) ��*+�กกP Size=2 4 ==>  UPrice=3800 4 
conf:(1) +*9$� Relational Schema ):� Price (Size, UPrice) ��*��:-�!
$��		��"��	� UPrice 	,-9��9$�
��D�),��&�'!���' Product ��ก+�ก!���' PreProduct +*9$�!���'	,-��#�%��#��"""��	
$����*$
"
	,- 3 ):� Product (ProID, producDesc, Size)  

&
4�!��!��9���D�ก��!
$��		��"��	�	,-9��%��),��	
4'��$��ก+�ก!���'	,-��D�&���#��&�� @.-'
�, Schema $
'�,4 1NFTB (Size, ProID, productDesc, ID, custName, UPrice, Qty, OrderNO, Date) 
+*��6�����
')'��		��"��	�	,-�
'���:���#� ):� ��		��"��	� Qty ��*��:-��5���		��"��	� Qty 9����
ก
"��		��"��	�	,-��D�),��&�'!���'	,-��#�%��#��"""��	
$����*$
"	,- 2 	
4'(�'!���' +*9$�!���'
	,-��#�%��#��"""��	
$����*$
"	,- 3 !���'( $	��� ):� Detail (ProID, OrderNO, Qty) 
 

*�ก������  

ก��	$(�"�*""+*	5�ก��	$(�""��)�:-�')������!���	,-%��@,�,�# Pentium IV )�����6� 
3.0 GHz ���&��$ 512 MB �$�%���*""���&���#� Oracle 10g &���#�	,-%��%�ก��	$(�"��D�
&���#�	,-9$�+�กก��(
'�)��*��&.4�����' ��*!
�����'&�'&���#�"�'(����,(),��$
'�,4 

Orders (Pid, Pname, Cust_ID, Cust_name, Brand, Warranty, Qty, INV, DATE)  
7�+�กก��	$(�"�($'9$�$
'�,4 
+�กกP)���(
��
��&
4�!��	,-9$�+�กก���
� 

Inv=A60 4 ==> Cust_ID=A4 Cust_name=Yinda Date=19-01-2008 4 conf:(1) 
@.-'+�กกP)���(
��
���,4���+*9$��,���
� 2NF ��ก�� 1 �,���
� ):� 

  Order (Inv, Cust_ID, Cust_name, Date) 
��*9$��,���
� 3NF ��ก�� 1 �,���
� ):� 

  Customer (Cust_ID, Cust_name) 
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 +�กกP)���(
��
�� 
Pid=503 3 ==> Pname=Cool-W Brand=Whirlpool Warranty=5 3 conf: (1) 

 @.-'+�กกP)���(
��
���,4���+*9$��,���
� 2NF ��ก�� 1 �,���
� ):� 
  Product (Pid, Pname, Brand, Warranty) 

��*9$��,���
� 3NF ��ก�� 1 �,���
� ):� 
  Brand (Brand, Warranty) 
 ��:-��
�����ก���(�6+(�4�����+*9$��,���
� 3NF 	
4'��$$
'�,4 

Customer (Cust_ID, Cust_name) 
Order (Cust_ID, Inv, Date) 
Brand (Brand, Warranty) 
Product (Pid, Pname, Brand) 
Detail (Pid, Inv, Qty)  

 7�ก��	$��'$
'	,-ก�������,&���#�"�'(��� 	,-%��(5���
"ก��	$(�"$
'�,4 
 
!���'	,- 3 !���' Orders 
Pid Pname Cust_ID Cust_name Brand Warranty Qty Inv Date 

506 Wash-W A4 Yinda Whirlpool 5 1 A60 19-02-2008 
503 Cool-W A4 Yinda Whirlpool 5 3 A60 19-02-2008 
501 TV-Sh A3 Saijai Sharp 3 1 A59 20-01-2008 

�
 

... ... ... ... ... ... ... ... 

 
 7��
��	,-9$�+�กก���
� �($'!���'	,- 4-8 $
'�,4 
 

 
 

 

 

 

 

����#��" 4 ����# Customer 

Cust_ID Cust_name 

A4 Yinda 
A3 Saijai 

... ... 

 

����#��" 5 ����# Order 
Cust_ID Inv Date 

A4 Yinda 19-02-2008 
A3 Saijai 20-01-2008 

... ...  
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!���'	,- 8 !���' Detail 

Pid Inv Qty 

506 A60 1 
501 A59 1 

... ...  

 

��+
���#)�
�� *�ก������  

'����+
��,4�,+ $� �'����	,-+*�
������	�'%�ก����
"�#��"""��	
$���!���'&���#� 
��:-�%��9$�!���'(5���
"�ก6"&���#�	,-�,��*(�	���� �$�C<��)���@45�@���&�'&���#� �$�%��
�	)��)ก����)���(
��
��&�'&���#��&�������� @.-'7�ก��	$(�"(� �9$�$
'�,4  

%�ก��%������ก�� NoWARs ��:-�	5�ก����
"�#��"""��	
$��� �$�ก����:�ก�R��*กP
	,-�,)��)�����:-��
-� 100% ��*)��(�
"(� ���#�%����' 0-40% ���กQ���7�	,-9$�+�กก��	$(�"$���
����ก�� NoWARs ก
"7�	,-9$�+�กก��	,-7#�%��ก�*	5�ก����
"�#��"""��	
$�����'%��7�	,-
���:��ก
� �
-�):� 7�	,-9$�+�ก����ก�� NoWARs �,)���>#ก!��' 100 ������@6�!� �!�ก����
"
�#��"""��	
$���%����#�%�&
4�	,-��กก����,4����ก��9��(����>	5�9$� @.-'>:������D�&��+5�ก
$&�'
����ก����*��D����	�'(5���
"ก���
���!��9�%����)! 
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CREATE OR REPLACE PROCEDURE THESIS.NoWARs (p_table varchar2, p_disp_rules 
varchar2 DEFAULT 'N', p_dlmtr varchar2 DEFAULT',') IS 
  v_tab_col      varchar2(4000); -- store column in table to normalize 
  v_table           varchar2(30)   := upper(p_table); 
  v_tot_tran      number(10)     := 0; -- total of transaction 
BEGIN 
  prepare_data (v_table, p_dlmtr, v_tab_col, p_disp_rules, v_tot_tran); 
  find_column_nf; 
  gen_all_nf (p_dlmtr); 
  get_nf (p_dlmtr); 
  find_3nf_from_result (p_dlmtr); 
  find_3nf_from_2nf (v_tab_col, p_dlmtr); 
  disp_all_complete (p_dlmtr, p_table, v_tab_col, v_tot_tran); 
END NoWARs; 
/ 
 
CREATE OR REPLACE PROCEDURE THESIS.find_column_nf IS 
  TYPE c_refcur IS REF CURSOR; 
  v_sl_det         varchar2(4000) ; 
  v_hrule_if       varchar2(50);-- for store head's key 
  v_drule_the varchar2(30000);-- for store dets key use in first candidate 
  d_dummy   c_refcur; -- select detail use in first candidate 
 
  /** variable for find col **/ 
  v_seq           number(10)  := 1; 
  v_status       varchar2(5)  := 'TRUE'; 
  v_last           number(10)  := 0; 
  v_first          number(10)  := 0; 
  v_round       number(10)  := 1; 
  v_dlmtr        varchar2(1)  := '='; 
  v_result        varchar2(5000); 
 
BEGIN 
  OPEN d_dummy FOR 'select substr(rule_if,1,instr(rule_if,''='')-1), rule_then '|| 
                   'from assoc_rule '|| 
                   'where instr(rule_if,'','') = 0 '|| 
                   'and rule_if_cnt > 1'; 
  LOOP --** rule then 
    FETCH d_dummy INTO v_hrule_if, v_drule_then; 
    INTO WHEN d_dummy%NOTFOUND; 
    BEGIN 
      -- initial variable 
      v_seq       := 1; 
      v_status  := 'TRUE'; 
      v_last    := 0; 
      v_first   := 0; 
      -- get column for count 
      WHILE v_status = 'TRUE' LOOP 
            IF  v_seq = 1 THEN 
      v_first := 1; 
                v_last := instr(v_drule_then, v_dlmtr, 1, v_seq)-1; 
            ELSE 
               v_first   := instr(v_drule_then, ',', 1, v_seq-1) + 1;  
               IF instr(v_drule_then, ',', 1, v_seq) > 0 THEN 
                  v_last := (instr(v_drule_then, v_dlmtr, 1, v_seq) - instr(v_drule_then, ',', 1, v_seq-1))-1; 
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               ELSE 
                  v_last     := instr(v_drule_then, v_dlmtr, -1, 1) - v_first; 
                  v_status := 'FALSE'; 
               END IF; 
            END IF; 
            v_seq     := v_seq + 1; 
            v_result  := substr(v_drule_then, v_first, v_last); 
            -- count column 
            BEGIN 
              UPDATE column_nf 
              SET    cnt_if   = nvl(cnt_if, 0) + 1, 
                         cnt_then = nvl(cnt_then, 0) + 1 
              WHERE  column_if   = v_hrule_if 
              AND    column_then = v_result; 
              IF SQL%NOTFOUND THEN 
                 INSERT INTO column_nf(column_if, column_then, cnt_if, cnt_then) 
                 VALUES (v_hrule_if, v_result, 1, 1); 
              END IF; 
            END; 
            COMMIT; 
      END LOOP; 
    END; 
  END LOOP; 
  CLOSE d_dummy; 
  EXCEPTION WHENOTHER THEN DBMS_OUTPUT.PUT_LINE (SQLERRM); 
            IF d_dummy%isopen THEN 
               CLOSE d_dummy; 
            END IF; 
END find_column_nf; 
/ 
 
CREATE OR REPLACE PROCEDURE THESIS.prepare_data (p_table varchar2, p_dlmtr 
varchar2, p_tab_col IN OUT varchar2, p_disp_rules varchar2, p_tot_tran IN OUT number) IS 
--  p_sel_col varchar2(100) := 'COLUMN_NAME'; 
--  p_table varchar2(30) := 'TEST1'; 
--  p_dlmtr varchar2(1) := ','; 
  p_cnt_status  varchar2(1)  := 'N'; 
  v_stop_status  varchar2(5)  := 'FALSE'; 
  v_can_seq        number(10)      := 1; 
  v_status         varchar2(10)    := 'TRUE'; 
  v_freq_seq       varchar2(50); 
  v_tot_tran       number(10)      := 0; -- total of transaction 
  p_min_sup        number(10)      := 1; 
  p_min_conf       number(10)      := 100; 
  v_first  number(3)  := 0; 
  v_pos    number(3)  := 0; 
  v_col  varchar2(4000); 
  v_col_sl  varchar2(4000); 
  v_chk  varchar2(4000); 
  v_result  varchar2(4000); 
  v_result2  varchar2(4000); 
  TYPE c_refcur IS REF CURSOR; 
  p_slct VARCHAR2(4000):= 'select column_name from user_tab_columns where table_name = 
'''||p_table||''''; 
  p_test  varchar2(4000); 
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  lc_str  VARCHAR2(4000); 
  lc_colval  VARCHAR2(4000); 
  c_dummy  c_refcur; 
  cnt_dummy  c_refcur; 
  c_dummy2  c_refcur; 
  v_cnt  number := 0; 
  l  number; 
 
BEGIN 
  DELETE FROM can_set; 
  DELETE FROM freq_set; 
  DELETE FROM assoc_rule; 
  DELETE FROM column_nf; 
  DELETE FROM result_nf; 
  COMMIT; 
  BEGIN 
    OPEN cnt_dummy FOR 'select count(*) from '||p_table; 
    FETCH cnt_dummy INTO v_tot_tran; 
    CLOSE cnt_dummy; 
    -- exception handler 
    EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
              IF cnt_dummy%isopen THEN 
                 CLOSE cnt_dummy; 
             END IF; 
  END; 
 
  p_tot_tran := v_tot_tran; -- add on 12-03-2009 use in display all for calculate % of max and min of 
support rules to use in process 
  -- open cursor for select column_name from user_tab_columns 
  OPEN c_dummy FOR p_slct; 
  BEGIN 
    LOOP 
        FETCH c_dummy INTO lc_colval; 
        INTO WHEN c_dummy%NOTFOUND; 
        lc_str    := lc_str || '||'||''''||p_dlmtr|| ''''|| '||'||''''|| lc_colval||'='|| ''''|| '||'|| lc_colval; 
        p_tab_col := p_tab_col || p_dlmtr || lc_colval; 
        v_cnt     := v_cnt + 1; 
    END LOOP; 
    CLOSE c_dummy; 
    v_col := substr(lc_str,8); 
    -- exception handler 
    EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
              IF c_dummy%isopen THEN 
                 CLOSE c_dummy; 
             END IF; 
  END; 
 
  WHILE v_status = 'TRUE' LOOP 
    IF v_can_seq != 1 THEN 
       BEGIN 
         -- open cursor for select data from assign table 
         OPEN c_dummy2 FOR 'select '||v_col||' from '||p_table; 
         LOOP 
             FETCH c_dummy2 INTO v_result2; 
             INTO WHEN c_dummy2%NOTFOUND; 
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             item.find_candidate (v_can_seq, v_status, v_result2, p_min_sup); 
         END LOOP; 
         CLOSE c_dummy2; 
         -- exception handler 
         EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
                   IF c_dummy%isopen THEN 
                      CLOSE c_dummy; 
                  END IF; 
       END;       
    ELSE 
       BEGIN 
         -- open cursor for select data from assign table 
         OPEN c_dummy2 FOR 'select '||v_col||' from '||p_table; 
         LOOP 
             FETCH c_dummy2 INTO v_result; 
             INTO WHEN c_dummy2%NOTFOUND; 
                  v_pos   := 0; 
                  v_first := 0; 
                  v_stop_status:= 'FALSE'; 
                  WHILE v_stop_status = 'FALSE' LOOP 
                        IF instr(v_result, ',', v_first+1) <= 0 THEN 
                           v_col_sl := substr(v_result, v_first+1); 
                           v_stop_status := 'TRUE'; 
                        ELSE 
                           v_pos := instr(v_result, ',', v_first+1); 
                           v_col_sl := substr(v_result, v_first+1, (v_pos-1)-v_first); 
                           v_first := v_pos; 
                        END IF; 
                        item.gen_candidate (v_can_seq, v_col_sl); -- generate first candidate 
                  END LOOP; -- for generate first candidate 
         END LOOP; 
         CLOSE c_dummy2; 
         -- exception handler 
         EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
                   IF c_dummy2%isopen THEN 
                      CLOSE c_dummy2; 
                   END IF; 
         DBMS_OUTPUT.PUT_LINE (v_result); 
       END; 
    END IF; -- end chk candidate sequence 
    -- generate frequence item set 
    item.gen_frequence (v_can_seq, v_tot_tran, p_min_sup); 
    v_can_seq := v_can_seq + 1; -- plus candidate sequence 
    COMMIT; 
  END LOOP;  -- end v_status loop 
  p_tab_col := substr(p_tab_col,2); 
  /** generate association rules **/ 
  rule.gen_rules (p_min_conf, p_disp_rules); 
END prepare_data; 
/ 
 
CREATE OR REPLACE PROCEDURE THESIS.gen_all_nf (p_dlmtr varchar2) IS 
  TYPE c_refcur IS REF CURSOR; 
  v_hcol_if      varchar2(30); 
  v_hcnt_if      number(5); 
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  v_dcol_then  varchar2(30); 
  v_nf         varchar2(4000); 
  h_dummy      c_refcur; -- for select head 
  d_dummy      c_refcur; -- select detail use in first candidate 
BEGIN 
  OPEN h_dummy FOR 'select column_if, max(cnt_if) '|| 
                   'from   column_nf '|| 
                   'group by column_if '|| 
                   'order by column_if'; 
  LOOP --** column_if 
    v_nf := NULL;  
    FETCH h_dummy INTO v_hcol_if, v_hcnt_if; 
    INTO WHEN h_dummy%NOTFOUND; 
    BEGIN 
      -- find column_then 
      OPEN d_dummy FOR 'select column_then '|| 
                       'from   column_nf '|| 
                       'where  column_if = '''||v_hcol_if||''' '|| 
                       'and    cnt_if = '||v_hcnt_if|| 
                       ' order by column_then'; 
      LOOP 
        FETCH d_dummy INTO v_dcol_then; 
        INTO WHEN d_dummy%NOTFOUND; 
        v_nf := v_nf||p_dlmtr||v_dcol_then; 
      END LOOP;           
      CLOSE d_dummy; 
      EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
                IF d_dummy%isopen THEN 
                   CLOSE d_dummy; 
                END IF; 
    END; 
    -- insert result_nf 
    BEGIN 
      INSERT INTO result_nf (tab_column, cnt_if) 
      VALUES (v_hcol_if||v_nf, v_hcnt_if); 
      EXCEPTION WHENdup_val_on_index THEN NULL;  
    END; 
    COMMIT; 
    -- show nf 
  END LOOP; 
  CLOSE h_dummy; 
  EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
            IF h_dummy%isopen THEN 
               CLOSE h_dummy; 
            END IF; 
END gen_all_nf; 
/ 
 
CREATE OR REPLACE PROCEDURE THESIS.get_real_nf (p_tab_col varchar2, p_cnt number, 
p_dlmtr varchar2) IS  -- called by get_nf p_tab_col, p_cnt send from get_nf 
  TYPE c_refcur IS REF CURSOR; 
  h_dummy      c_refcur; -- for select head 
  d_dummy      c_refcur; -- select detail use in first candidate 
  v_ptab_col   varchar2(4000); 
  v_htab_col   varchar2(4000); 
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  v_tab_col    varchar2(4000); 
  v_hcnt_if    number(5); 
  v_col        varchar2(30); 
  v_status     varchar2(5)  := 'TRUE'; 
  v_tab_col    varchar2(4000); 
  v_fpos       number  :=1; -- first position for substring 
  v_bpos       number  :=0; -- last position for substrinb 
  v_pos        number  :=1; -- position for calculate fpos and lpost 
  v_seq        number  :=1; -- sequential for find next delimiter 
BEGIN 
  -- find column_then 
  BEGIN 
    OPEN d_dummy FOR 'select tab_column, cnt_if '|| 
                     'from   result_nf '|| 
                     'where  length(tab_column) = '||length(p_tab_col)|| 
                     'and    tab_column != '''||p_tab_col||''' '|| 
                     'and    use_to_nf = ''N'''; 
    LOOP -- fetch data 
      FETCH d_dummy INTO v_htab_col, v_hcnt_if; 
      INTO WHEN d_dummy%NOTFOUND; 
      -- check all column in p_tab_col are match in v_htab_col 
      LOOP -- for get column 
        -- find position of delimiter 
        v_pos := instr(p_tab_col, p_dlmtr, 1, v_seq); 
        v_seq := v_seq + 1; 
        -- set back position for substring 
        IF v_pos = 0 THEN 
           v_bpos := length(p_tab_col) - v_bpos + 2; 
        ELSE 
           v_bpos := v_pos - v_fpos; 
        END IF; 
        v_col := substr(p_tab_col, v_fpos, v_bpos); 
        -- check column are match 
        IF instr(v_htab_col, v_col) = 0 THEN 
           v_status := 'FALSE'; 
           INTO; 
        ELSE 
           v_status := 'TRUE'; 
        END IF; 
        -- check column are match 
        -- exit when end of data 
        INTO WHEN v_pos = 0; 
        v_fpos := v_pos + 1; 
      END LOOP; 
      -- check support count 
      IF v_hcnt_if > p_cnt AND v_status = 'TRUE' THEN 
         v_ptab_col := v_htab_col; 
      ELSE 
         IF v_status = 'TRUE' THEN 
            BEGIN 
              UPDATE result_nf 
              SET    use_to_nf  = 'D' 
              WHERE  tab_column = v_htab_col; 
              IF SQL%NOTFOUND THEN 
                 NULL;  
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              END IF; 
              END; 
              COMMIT; 
         END IF; 
         v_ptab_col := p_tab_col; 
      END IF; 
      -- check support count 
    END LOOP; 
    CLOSE d_dummy; 
    EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
              IF d_dummy%isopen THEN 
                 CLOSE d_dummy; 
              END IF;    -- update result 
  END; 
  BEGIN 
    UPDATE result_nf 
    SET    use_to_nf  = 'Y' 
    WHERE  tab_column = v_ptab_col; 
    IF SQL%NOTFOUND THEN 
       NULL;  
    END IF; 
  END; 
  COMMIT; 
END get_real_nf; 
/ 
 
CREATE OR REPLACE PROCEDURE THESIS.get_nf (p_dlmtr varchar2) IS 
  TYPE c_refcur IS REF CURSOR; 
  v_dlmtr      varchar2(3) := ','; 
  v_cnt_dlmtr  number(5)   := 0; 
  v_htab_col   varchar2(4000); 
  v_hcnt_if    number(5); 
  v_dcol_then  varchar2(30); 
  v_nf         varchar2(4000); 
  h_dummy      c_refcur; -- for select head 
  d_dummy      c_refcur; -- select detail use in first candidate 
BEGIN 
  BEGIN 
    OPEN h_dummy FOR 'select tab_column,cnt_if '|| 
                     'from   result_nf '|| 
                     'order by length(tab_column) asc, cnt_if desc, '|| 
                     'decode(instr(tab_column, ''ID''), 0, decode(instr(tab_column, ''NO''), 0, 
instr(tab_column, ''CODE''), instr(tab_column, ''NO'')), instr(tab_column, ''ID''))'; 
    LOOP --** column_if 
      v_nf := NULL;  
      FETCH h_dummy INTO v_htab_col, v_hcnt_if; 
      INTO WHEN h_dummy%NOTFOUND; 
      -- count delimited in tab_column 
      get_real_nf (v_htab_col, v_hcnt_if, p_dlmtr); 
    END LOOP; 
    CLOSE h_dummy; 
    EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
              IF h_dummy%isopen THEN 
                 CLOSE h_dummy; 
              END IF; 
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  END; 
  -- set use_to_nf for rules are remain 
END get_nf; 
/ 
 
CREATE OR REPLACE PROCEDURE THESIS.find_3nf_from_result (p_dlmtr varchar2) IS 
  TYPE c_refcur IS REF CURSOR; 
  v_htab_col   varchar2(4000); 
  v_dtab_col   varchar2(4000); 
  v_ttab_col   varchar2(4000); -- temp v_htab_col for check is same record 
  v_tab_col    varchar2(4000); 
  v_cnt_fcol   number(7); 
  v_dcnt_col   number(7); 
  v_chk_3nf    varchar2(1)  := 'Y'; -- for check rule complete to 3nf 
  v_tchk_3nf   varchar2(1)  := 'Y'; -- for temp check rule complete to 3nf 
  h_dummy      c_refcur; -- for select head 
  d_dummy      c_refcur; -- for select head 
  v_col        varchar2(30); 
  v_tcol       varchar2(30); -- temp for v_col 
  v_fpos       number  :=1; -- first position for substring 
  v_bpos       number  :=0; -- last position for substrinb 
  v_pos        number  :=1; -- position for calculate fpos and lpost 
  v_seq        number  :=1; -- sequential for find next delimiter 
  v_pk         varchar2(3000); -- store primary key 
  v_dpk        varchar2(3000); -- store primary key 
BEGIN 
  BEGIN 
    OPEN h_dummy FOR 'select tab_column '|| 
                     'from   result_nf '|| 
                     'where  use_to_nf = ''Y'' '|| 
                     'order by cnt_if'; 
    LOOP --** column_if 
      -- fine 3NF 
      FETCH h_dummy INTO v_htab_col; 
      INTO WHEN h_dummy%NOTFOUND; 
      -- initial status to 'y' 
      v_chk_3nf := 'Y'; 
      -- check qty that first_column from tab_column are in other tab_column 
      BEGIN 
        SELECT count(tab_column) 
        INTO   v_cnt_fcol 
        FROM   result_nf 
        WHERE  use_to_nf  = 'Y' 
        AND    tab_column <> v_htab_col 
        AND    instr(tab_column, substr(v_htab_col, instr(v_htab_col, p_dlmtr, 1, 1))) > 0; 
        EXCEPTION WHENno_data_found THEN v_cnt_fcol := 0; 
      END; 
      -- update nf3 to define that tab_column is 3NF 
      -- find pk in 3NF 
      v_pk   := NULL;  
      v_fpos :=1; -- first position for substring 
      v_bpos :=0; -- last position for substrinb 
      v_pos  :=1; -- position for calculate fpos and lpost 
      v_seq  :=1; -- sequential for find next delimiter 
      BEGIN 
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        LOOP 
          -- find position of delimiter 
          v_pos := instr(v_htab_col, ',', 1, v_seq); 
          v_seq := v_seq + 1; 
          -- set back position for substring 
          IF v_pos = 0 THEN 
             v_bpos := length(v_htab_col) - v_bpos + 2; 
          ELSE 
             v_bpos := v_pos - v_fpos; 
          END IF; 
          v_col := substr(v_htab_col, v_fpos, v_bpos); 
          -- check rule complete to 3nf 
           IF nvl(v_cnt_fcol, 0) = 0 AND v_chk_3nf = 'Y' OR 
             (instr(v_tcol, 'CODE') > 0 or instr(v_tcol, 'ID') > 0 or instr(v_tcol, 'NO') > 0) THEN 
             BEGIN 
               SELECT 'N' 
               INTO   v_chk_3nf 
               FROM   result_nf 
               WHERE  instr(tab_column, v_col) > 0 
               AND    use_to_nf = 'Y' 
               AND    length(tab_column) < length(v_htab_col); 
               EXCEPTION WHENno_data_found THEN v_chk_3nf := 'Y'; 
             END; 
          END IF; 
          -- check column are match to be primary key 
          IF v_chk_3nf = 'Y' THEN 
             IF v_tchk_3nf = 'N' AND (instr(v_tcol, 'CODE') > 0 OR instr(v_tcol, 'ID') > 0 OR 
instr(v_tcol, 'NO') > 0) THEN 
                v_pk := v_tcol; 
                v_tchk_3nf := v_chk_3nf; 
             ELSE 
                IF instr(v_col, 'CODE') > 0 OR instr(v_col, 'ID') > 0 OR instr(v_col, 'NO') > 0  THEN 
                   v_pk := v_col; 
                END IF; 
             END IF; 
          ELSE 
             v_pk       := NULL;  
             v_tchk_3nf := v_chk_3nf; 
          END IF; 
          v_tcol     := v_col; 
 
          -- exit when end of data 
          INTO WHEN v_pos = 0; 
          v_fpos := v_pos + 1; 
        END LOOP; 
      END; 
 
      -- update status to 3nf 
      BEGIN 
        UPDATE result_nf 
        SET    nf3    = v_chk_3nf, 
               tab_pk = v_pk 
        WHERE  tab_column = v_htab_col; 
        IF SQL%NOTFOUND THEN 
           NULL;  
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        END IF; 
      END; 
      COMMIT; 
    END LOOP; 
    CLOSE h_dummy; 
    EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
              IF h_dummy%isopen THEN 
                 CLOSE h_dummy; 
              END IF; 
  END; 
 
  BEGIN 
    -- fine 3NF 
    -- to cut primary key from 3NF from 2NF 
    OPEN h_dummy FOR 'select tab_column, tab_pk '|| 
                     'from   result_nf '|| 
                     'where  use_to_nf = ''Y'' '|| 
                     'and    NF3 = ''Y'''; 
    LOOP --** column_if 
      -- fine 3NF 
      FETCH h_dummy INTO v_htab_col, v_pk; 
      INTO WHEN h_dummy%NOTFOUND; 
      -- check qty that first_column from tab_column are in other tab_column 
      v_dpk      := NULL;  
      v_dtab_col := NULL;  
      v_dcnt_col := 0; 
      BEGIN 
        OPEN d_dummy FOR 'select tab_column, cnt_if '|| 
                         'from   result_nf '|| 
                         'where  use_to_nf = ''Y'' '|| 
                         'and    NF3 = ''N'' '|| 
                         'and    instr(tab_column, '''||v_pk||''') > 0'; 
        LOOP 
          FETCH d_dummy INTO v_dtab_col, v_dcnt_col; 
          -- if v_htab_col is 3nf and not found in detail then v_htab_col is 2nf 
          IF v_dtab_col is NULL THEN 
             BEGIN 
               UPDATE result_nf 
               SET    nf2 = 'Y' 
               WHERE  tab_column = v_htab_col; 
               IF SQL%NOTFOUND THEN 
                  NULL;  
               END IF; 
             END; 
          END IF; 
          INTO WHEN d_dummy%NOTFOUND; 
 
          v_tab_col  := v_dtab_col; 
          v_col      := NULL;  
          v_fpos     :=1; -- first position for substring 
          v_bpos     :=0; -- last position for substrinb 
          v_pos      :=1; -- position for calculate fpos and lpost 
          v_seq      :=1; -- sequential for find next delimiter 
          BEGIN 
            LOOP 
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              -- find position of delimiter 
              v_pos := instr(v_tab_col, ',', 1, v_seq); 
              v_seq := v_seq + 1; 
              -- set back position for substring 
              IF v_pos = 0 THEN 
                 v_bpos := length(v_tab_col) - v_bpos + 2; 
              ELSE 
                 v_bpos := v_pos - v_fpos; 
              END IF; 
              v_col := substr(v_tab_col, v_fpos, v_bpos); 
              -- cut col from 3nf 
              IF instr(v_htab_col, v_col) > 0 AND v_col != v_pk THEN 
                 IF instr(v_dtab_col, p_dlmtr||v_col) > 0 THEN 
                    v_dtab_col := REPLACE(v_dtab_col, p_dlmtr||v_col); 
                 elsIF instr(v_dtab_col, v_col||p_dlmtr) > 0 THEN 
                    v_dtab_col := REPLACE(v_dtab_col, v_col||p_dlmtr); 
                 END IF; 
              END IF; 
              -- check column are match to be primary key 
              IF v_col <> v_pk AND (instr(v_col, 'CODE') > 0 or instr(v_col, 'ID') > 0 or instr(v_col, 
'NO') > 0)  THEN 
                 v_dpk := v_col; 
              END IF; 
              -- exit when end of data 
              INTO WHEN v_pos = 0; 
              v_fpos := v_pos + 1; 
            END LOOP; 
            v_tab_col := v_dtab_col; 
          END; 
          -- insert new 3NF 
          BEGIN 
            INSERT INTO result_nf(tab_column, cnt_if, use_to_nf, nf3, nf2, tab_pk) 
            VALUES (v_tab_col, v_dcnt_col, 'Y', 'Y', 'Y', v_dpk); 
            EXCEPTION WHENdup_val_on_index THEN NULL;  
          END; 
          COMMIT; 
        END LOOP; 
        CLOSE d_dummy; 
        EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM); 
                  IF d_dummy%isopen THEN 
                     CLOSE d_dummy; 
                  END IF; 
      END; 
      -- update nf3 to define that tab_column is 3NF 
      -- find pk in 3NF 
    END LOOP; 
    CLOSE h_dummy; 
    EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
              IF h_dummy%isopen THEN 
                 CLOSE h_dummy; 
              END IF; 
    -- fine 3NF 
    -- to cut primary key from 3NF from 2NF 
  END; 
END find_3nf_from_result;  / 
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CREATE OR REPLACE PROCEDURE THESIS.find_3nf_from_2nf (p_tab_col varchar2, p_dlmtr 
varchar2) IS 
  TYPE c_refcur IS REF CURSOR; 
  v_hcol       varchar2(30); 
  v_dcol       varchar2(30); 
  v_dnf2       varchar2(1); 
  v_dtab_pk    varchar2(4000); 
  v_htab_col   varchar2(4000)  := p_tab_col; 
  v_dtab_col   varchar2(4000); 
  v_tab_col    varchar2(4000); 
  v_cnt_fcol   number(7); 
  v_dcnt_col   number(7); 
  h_dummy      c_refcur;  -- for select head 
  d_dummy      c_refcur;  -- for select head 
  v_col        varchar2(30); 
  v_cfpos      number  :=1; -- first position dtab_col for name is dup 
  v_cbpos      number  :=0; -- last position dtab_col for name is dup 
  v_cpos       number  :=1; -- position for calculate fpos and lpost 
  v_cseq       number  :=1; -- sequential for find next delimiter for dup 
  v_chcol     varchar2(30);  -- check dup column 
  v_fpos      number  :=1; -- first position for substring 
  v_bpos     number  :=0; -- last position for substrinb 
  v_pos       number  :=1; -- position for calculate fpos and lpost 
  v_seq       number  :=1; -- sequential for find next delimiter 
  v_pk         varchar2(3000);  -- store primary key 
  v_dpk       varchar2(3000);  -- store primary key 
BEGIN 
  -- compare all non attribute key with 1NF and cut it off 
  BEGIN 
    -- open d_dummy for get all 3NF for fine 
    OPEN d_dummy FOR 'select tab_column, tab_pk, nf2 '|| 
                     'from   result_nf '|| 
                     'where  nf3 = ''Y'' '|| 
                     'and    use_to_nf = ''Y'''; 
    LOOP 
      -- fine 3NF 
      FETCH d_dummy INTO v_dtab_col, v_dtab_pk, v_dnf2; 
      INTO WHEN d_dummy%NOTFOUND; 
      -- update nf3 to define that tab_column is 3NF 
      -- initial value 
      v_pk   := NULL;  
      v_fpos :=1; -- first position for substring 
      v_bpos :=0; -- last position for substrinb 
      v_pos  :=1; -- position for calculate fpos and lpost 
      v_seq  :=1; -- sequential for find next delimiter 
      BEGIN 
        -- cut off primary key in 3NF 
        IF instr(v_dtab_col, p_dlmtr||v_dtab_pk) > 0 THEN 
           v_dtab_col := REPLACE(v_dtab_col, p_dlmtr||v_dtab_pk); 
        elsIF instr(v_dtab_col, v_dtab_pk||p_dlmtr) > 0 THEN 
           v_dtab_col := REPLACE(v_dtab_col, v_dtab_pk||p_dlmtr); 
        END IF; 
        -- cut off non primary key attribute from 1NF 
        LOOP 
          -- find position of delimiter 
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          v_pos := instr(v_dtab_col, p_dlmtr, 1, v_seq); 
          v_seq := v_seq + 1; 
          -- set back position for substring 
          IF v_pos = 0 THEN 
             v_bpos := length(v_dtab_col) - v_bpos + 2; 
          ELSE 
             v_bpos := v_pos - v_fpos; 
          END IF; 
          v_dcol := substr(v_dtab_col, v_fpos, v_bpos); 
 
          -- initial value for check duplicate column name 
          v_cfpos :=1; -- first position for substring 
          v_cbpos :=0; -- last position for substrinb 
          v_cpos  :=1; -- position for calculate fpos and lpost 
          v_cseq  :=1; -- sequential for find next delimiter 
          -- check duplicate column name 
          LOOP 
            -- find only found v_dcol in v_htab_col 
            IF instr(v_htab_col, v_dcol) > 0 THEN 
               v_cfpos := instr(v_htab_col, ',', instr(v_htab_col, v_dcol, 1, v_cseq)-1, 1)+1; 
               v_cpos  := instr(v_htab_col, ',', instr(v_htab_col, v_dcol, 1, v_cseq), 1); 
               v_cseq := v_cseq + 1; 
               IF v_cpos = 0 THEN 
                 v_cbpos := length(v_htab_col) - v_cfpos + 1; 
               ELSE 
                 v_cbpos := v_cpos - v_cfpos; 
               END IF; 
               -- cut column correct column from v_htab_col 
               v_chcol := substr(v_htab_col, v_cfpos, v_cbpos); 
               -- cut off non primary key attribute from in 1NF 
               IF instr(v_htab_col, p_dlmtr||v_chcol) > 0 THEN 
                  v_htab_col := REPLACE(v_htab_col, p_dlmtr||v_chcol); 
               elsIF instr(v_htab_col, v_chcol||p_dlmtr) > 0 THEN 
                 v_htab_col := REPLACE(v_htab_col, v_chcol||p_dlmtr); 
               END IF; 
            ELSE 
               v_cpos := 0; 
            END IF; 
            INTO WHEN v_cpos = 0; 
          END LOOP; 
          -- check column are match to be primary key 
          IF v_dnf2 = 'Y' AND nvl(instr(v_dpk, v_dtab_pk), 0) = 0  THEN 
             v_dpk := v_dpk||p_dlmtr||v_dtab_pk; 
          END IF; 
          -- exit when end of data 
          INTO WHEN v_pos = 0; 
          v_fpos := v_pos + 1; 
        END LOOP; 
      end; 
    END LOOP; 
    CLOSE d_dummy; 
    -- trim delimited 
    v_dpk := substr(v_dpk, 2); 
    EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
              IF d_dummy%isopen THEN 
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                 CLOSE d_dummy; 
              END IF; 
  END; 
  -- insert new 3NF from 1NF 
  BEGIN 
    INSERT INTO result_nf(tab_column, cnt_if, use_to_nf, nf3, nf2, nf1, tab_pk) 
    VALUES (v_htab_col, 0, 'Y', 'Y', 'Y', 'Y', v_dpk); 
    EXCEPTION WHENdup_val_on_index THEN NULL;  
  END; 
  COMMIT; 
END find_3nf_from_2nf; 
/ 
 
CREATE OR REPLACE PROCEDURE THESIS.disp_all_complete (p_dlmtr varchar2, p_table 
varchar2, p_tab_col varchar2, p_tot_tran number) IS 
  TYPE c_refcur IS REF CURSOR; 
  h_dummy      c_refcur;  -- for select head 
  v_use_rule  number(10)  := 0; 
  v_all_rule  number(10)  := 0; 
  v_min_usup  number(10)  := 0; 
  v_max_usup  number(10)  := 0; 
  v_tab_pk    varchar2(4000); 
  v_tab_col   varchar2(4000); 
  v_seq       number  := 1; -- first position for substring 
BEGIN 
  -- get all rules and rules used 
  BEGIN 
    SELECT sum(decode(instr(rule_if,','), 0, decode(rule_cnt, 1, 0, 1), 0)) use_rule, count(rule_if) 
all_rule 
    INTO   v_use_rule, v_all_rule 
    from   assoc_rule; 
    EXCEPTION WHENno_data_found THEN 
              v_use_rule := 0; 
              v_all_rule := 0; 
  END; 
  -- get min and max support from rules used 
  BEGIN 
    SELECT round((max(sup_cnt)*100)/p_tot_tran,2) mxsup, 
round((min(sup_cnt)*100)/p_tot_tran,2) mnsup 
    INTO   v_max_usup, v_min_usup 
    from   can_set 
    WHERE  can_seq = 'C1' 
    AND    sup_cnt > 1; 
    EXCEPTION WHENno_data_found THEN 
              v_max_usup := 0; 
              v_min_usup := 0; 
  END; 
 
  DBMS_OUTPUT.PUT_LINE ('Original table  :  '||p_table||'  ('||p_tab_col||')'); 
  DBMS_OUTPUT.PUT_LINE (''); 
  DBMS_OUTPUT.PUT_LINE ('All Association Rules Found :  '||v_all_rule||'  Rules'); 
  DBMS_OUTPUT.PUT_LINE ('All Association Rules Used :  '||v_use_rule||'  Rules, (Max. 
Support :  '||v_max_usup||'% , Min. Support :  '||v_min_usup||'% )'); 
  DBMS_OUTPUT.PUT_LINE (''); 
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  BEGIN 
    OPEN h_dummy FOR 'select tab_column, tab_pk from result_nf where nf3 = ''Y'' and 
instr(tab_column, '''||p_dlmtr||''') > 0'; 
    -- for display all 3NF 
    LOOP 
      FETCH h_dummy INTO v_tab_col, v_tab_pk; 
      INTO WHEN h_dummy%NOTFOUND; 
      DBMS_OUTPUT.PUT_LINE ('3NF Table '||v_seq||' ('||v_tab_col||') Primary Key : '||v_tab_pk); 
      v_seq := v_seq+1; 
    END LOOP; 
    EXCEPTION WHENothers THEN DBMS_OUTPUT.PUT_LINE (SQLERRM);  
              IF h_dummy%isopen THEN 
                 CLOSE h_dummy; 
              END IF; 
  END; 
END disp_all_complete; 
/ 
 
CREATE OR REPLACE PACKAGE THESIS.item IS 
  FUNCTION chk_match (p_status varchar2, p_chk_item varchar2, p_tran_item varchar2) 
RETURN varchar2; 
  FUNCTION find_chk_pos(p_seq number, p_set varchar2) RETURN varchar2; 
  PROCEDURE find_candidate (p_can_seq IN OUT number, p_status IN OUT varchar2, 
                            p_tran_item varchar2, p_min_sup number); 
  PROCEDURE gen_candidate (p_can_seq number, p_item_set varchar2); 
  PROCEDURE gen_frequence (p_freq_seq number, p_tot_rec number, p_min_sup number); 
END;  
/ 
 
CREATE OR REPLACE PACKAGE BODY THESIS.item IS 
  FUNCTION chk_match (p_status varchar2, p_chk_item varchar2, p_tran_item varchar2) 
RETURN varchar2 is 
  /* for chk item_set are in transaction */ 
  BEGIN 
    IF instr(p_tran_item||',', p_chk_item) > 0 AND p_status = 'TRUE' THEN /*Modified on 23-11-
2008 add ||',' after p_tran_item*/ 
       RETURN 'TRUE'; 
    ELSE 
       RETURN 'FALSE'; 
    END IF; 
  END chk_match; 
  -- 
  FUNCTION find_chk_pos(p_seq number, p_set varchar2) RETURN varchar2 is 
  /* find item for chk in transaction */ 
    v_last  number(10); 
    v_first number(10); 
  BEGIN 
   IF p_seq = 1 THEN 
      v_first := 1; 
      v_last := instr(p_set, ',', 1, p_seq)-1; 
   ELSE 
      v_first   := instr(p_set, ',', 1, p_seq-1) + 1; 
      IF instr(p_set, ',', 1, p_seq) > 0 THEN 
         v_last := (instr(p_set, ',', 1, p_seq) - instr(p_set, ',', 1, p_seq - 1))-1; 
      ELSE 
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         v_last := length(p_set) - instr(p_set, ',', -1, 1); 
      END IF; 
   END IF; 
   RETURN substr(p_set, v_first, v_last)||',';/*Modified on 23-11-2008 add ||',' after substr(p_set, 
v_first, v_last)*/ 
 END find_chk_pos; 
-- 
  PROCEDURE find_candidate (p_can_seq IN OUT number, p_status IN OUT varchar2, 
                            p_tran_item varchar2, p_min_sup number)IS 
 
    CURSOR set_l is 
               SELECT item_set, substr(item_set, (instr(item_set, ',', -1, 1)+1)) l_set 
               from   freq_set 
               WHERE  freq_seq = 'F'||(p_can_seq-1) 
               order by l_set; 
 
    CURSOR set_r (p_lset varchar2) is 
               SELECT item_set r_set 
               from   freq_set 
               WHERE  freq_seq = 'F1' 
               AND    p_lset < item_set 
               order by r_set; 
 
    v_chk      varchar2(4000); 
    v_status   varchar2(10); 
    v_tmp      varchar2(32767); 
  BEGIN 
    p_status := 'FALSE'; 
    FOR l in set_l LOOP 
        FOR r in set_r (l.l_set) LOOP 
            v_status := 'TRUE'; -- initial v_status for chk member 
            FOR i in 1.. p_can_seq LOOP -- for chk member of set 
                v_chk    := item.find_chk_pos (i, l.item_set||','||r.r_set); 
                v_status := item.chk_match (v_status, v_chk, p_tran_item); 
                p_status := 'TRUE'; 
            END LOOP; -- end loop chk member 
            IF v_status = 'TRUE' THEN -- chk item_set match with transaction 
               -- update support in candidate 
               item.gen_candidate (p_can_seq, l.item_set||','||r.r_set); 
            END IF; -- end if chk status 
        END LOOP; 
    END LOOP;     
--    commit; 
  END find_candidate; 
  -- 
  PROCEDURE gen_candidate (p_can_seq number, p_item_set varchar2) IS 
  BEGIN 
    UPDATE can_set 
    SET    sup_cnt = nvl(sup_cnt, 0)+1 
    WHERE  item_set = p_item_set; 
    IF SQL%NOTFOUND THEN 
       BEGIN 
         INSERT INTO can_set 
         VALUES ('C'||p_can_seq, p_item_set, 1); 
       END; 
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    END IF; 
  END gen_candidate; 
  -- 
  PROCEDURE gen_frequence (p_freq_seq number, p_tot_rec number, p_min_sup number) is 
  BEGIN 
    BEGIN 
      INSERT INTO freq_set 
      SELECT 'F'||to_char(p_freq_seq), item_set, sup_cnt 
      from   can_set 
      WHERE  can_seq = 'C'||to_char(p_freq_seq) 
      AND    (sup_cnt*100)/p_tot_rec >= p_min_sup; 
    END; 
  END gen_frequence; 
  -- 
END item;  
/ 
 
CREATE OR REPLACE PACKAGE THESIS.rule AS 
  FUNCTION find_chk_pos (p_seq number, p_set varchar2, p_status IN OUT varchar2) RETURN 
varchar2; 
  FUNCTION find_sup_cnt (p_item varchar2) RETURN number; 
  PROCEDURE gen_sub_rule (p_start number, p_freq_seq number, p_set varchar2, p_front 
varchar2, p_back varchar2, 
                          p_min_conf number, p_status IN OUT varchar2, p_rule_seq IN OUT number, 
p_disp_rules varchar2); 
  PROCEDURE gen_rules (p_min_conf number, p_disp_rules varchar2); 
  PROCEDURE ins_rules (p_iset varchar2, p_rule_seq number, p_rule_if varchar2, p_rule_then 
varchar2, p_min_conf number, p_disp_rules varchar2); 
END;  
 
 

CREATE OR REPLACE PACKAGE BODY THESIS.rule AS 
  FUNCTION find_chk_pos (p_seq number, p_set varchar2, p_status IN OUT varchar2) RETURN 
varchar2 IS 
    v_fpos number(10)   := 0; 
    v_bpos number(10)   := 0; 
  BEGIN 
    IF p_seq = 1 THEN 
       v_fpos := 1; 
    ELSE 
       v_fpos := instr(p_set, ',', 1, p_seq - 1) + 1; 
    END IF; 
 
    IF instr(p_set, ',', 1, p_seq) > 0 THEN 
       v_bpos   := instr(p_set, ',', 1, p_seq) - v_fpos; 
       p_status := 'TRUE'; 
    ELSE 
       v_bpos   := length (p_set) - instr(p_set, ',', 1, p_seq); 
       p_status := 'FALSE'; 
    END IF; 
    RETURN substr(p_set, v_fpos, v_bpos); 
RETURN NULL;  
 
  END find_chk_pos; 
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  FUNCTION find_sup_cnt (p_item varchar2) RETURN number is 
    v_cnt number(10); 
  BEGIN 
    SELECT sup_cnt 
    INTO   v_cnt 
    from   can_set 
    WHERE  item_set = p_item; 
    RETURN v_cnt; 
    EXCEPTION WHENno_data_found THEN RETURN 1; 
  END find_sup_cnt; 
  -- 
  PROCEDURE gen_sub_rule (p_start number, p_freq_seq number, p_set varchar2, p_front 
varchar2, p_back varchar2, p_min_conf number, p_status IN OUT varchar2, p_rule_seq IN OUT 
number, p_disp_rules varchar2) IS 
    v_status varchar2(5) := 'TRUE'; 
    v_front  varchar2(4000) ; 
    v_back   varchar2(4000) := '^'; 
    v_fcnt   number(10); -- front set's sup_cnt 
    v_icnt   number(10); -- item_set's sup_cnt 
    v_conf   number(10,2); 
  BEGIN 
    FOR j in (p_start + 1) .. (p_freq_seq) LOOP 
        IF p_start > p_freq_seq THEN 
           INTO; 
        END IF; 
        IF j > (p_start + 1) THEN 
           rule.gen_sub_rule (j-1, p_freq_seq, p_set, v_front, v_back, p_min_conf, p_status, p_rule_seq, 
p_disp_rules); 
        END IF; 
 
        v_front := rule.find_chk_pos (j, p_set, v_status); 
 
        IF v_front != REPLACE(p_back, ','||v_front) THEN 
           IF v_status = 'TRUE' THEN 
              v_back  := REPLACE(p_back, v_front||','); 
           ELSE 
              v_back  := REPLACE(p_back, ','||v_front); 
           END IF; 
        ELSE 
           INTO; 
        END IF; 
 
        v_front := p_front||','||v_front; 
        v_fcnt  := rule.find_sup_cnt(v_front); 
        v_icnt  := rule.find_sup_cnt(p_set); 
        v_conf  := round(v_icnt/v_fcnt, 2); 
        -- 
        -- display set and confidence 
        -- 
           p_rule_seq := p_rule_seq + 1;  
           rule.ins_rules (p_set, p_rule_seq, v_front, v_back, (p_min_conf/100), p_disp_rules); 
    END LOOP; 
  END gen_sub_rule; 
  -- 
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  PROCEDURE gen_rules (p_min_conf number, p_disp_rules varchar2) IS 
    CURSOR freq is SELECT freq_seq, item_set, sup_cnt 
                   FROM   freq_set WHERE  freq_seq > 'F1' ORDER BY freq_seq; 
    v_front     varchar2(4000); 
    v_back      varchar2(4000); 
    v_status    varchar2(10) := 'TRUE'; 
    v_icnt      number(10); -- item_set's sup_cnt 
    v_fcnt      number(10); -- front set's sup_cnt 
    v_conf      number(10,2); 
    v_freq_seq  number(10) := 0; 
    v_rule_seq  number(10) := 0; 
  BEGIN 
    FOR f IN freq LOOP 
        v_freq_seq := to_number(REPLACE(f.freq_seq, 'F', '')); 
        FOR i IN 1..v_freq_seq LOOP 
            v_front := rule.find_chk_pos (i, f.item_set, v_status); 
            IF v_status = 'TRUE' THEN 
               v_back  := REPLACE(f.item_set, v_front||','); 
            ELSE 
               v_back  := REPLACE(f.item_set, ','||v_front); 
            END IF; 
            v_fcnt   := rule.find_sup_cnt(v_front); 
            v_icnt   := rule.find_sup_cnt(f.item_set); 
            v_conf   := round(v_icnt/v_fcnt, 2); 
            v_rule_seq := v_rule_seq + 1; 
            rule.ins_rules (f.item_set, v_rule_seq, v_front, v_back, (p_min_conf/100), p_disp_rules); 
            rule.gen_sub_rule (i, v_freq_seq, f.item_set, v_front, v_back, p_min_conf, v_status, 
v_rule_seq, p_disp_rules); 
        END LOOP; 
    END LOOP; 
  END gen_rules; / 
  PROCEDURE ins_rules (p_iset varchar2, p_rule_seq number, p_rule_if varchar2, p_rule_then 
varchar2, p_min_conf number, p_disp_rules varchar2) IS 
    v_if_cnt  number := 0; 
    v_cnt     number := 0; 
    v_conf    number := 0; 
  BEGIN 
    v_if_cnt  := rule.find_sup_cnt(p_rule_if); 
    v_cnt     := rule.find_sup_cnt(p_iset); 
    v_conf    := round(nvl(v_cnt, 0)/nvl(v_if_cnt, 0), 2); 
    IF v_conf >= nvl(p_min_conf, 0) THEN 
       -- check display rules 
       IF p_disp_rules = 'Y' THEN 
          DBMS_OUTPUT.PUT_LINE (p_rule_seq||' : '||p_rule_if||' = '||to_char(v_if_cnt)|| 
          ' ->   '||p_rule_then||' = '|| to_char(v_cnt)||' conf : '||to_char (v_conf)); 
       END IF; 
       BEGIN 
         INSERT INTO assoc_rule (rule_conf, rule_if_cnt, rule_cnt, rule_if, rule_then) 
         VALUES (v_conf, v_if_cnt, v_cnt, p_rule_if, p_rule_then); 
       END; 
       COMMIT; 
    END IF; 
  END ins_rules; 
END;  / 
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