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 � � � '(

 �
 $
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@�%� A�B� '�"%��)���� �.Index$���� ���� (  5�E3F�G� � 5����� -�7�) ��� ��#�  8�� �


���� ���H%�&� 5����� 
I ��� ���=HG ����� ��(�. �
 $�*H)� J�(E A��(� �
 @�%� (�.����);"  

�.����� /��I)�  ����I $( .��� �(
��� 8�(%�" $����� �4%�7� -�(�& 0��1�2�  �
���!�
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 $(M� ���  A�F  8%2�� -"� �� @�%� 5�=HG ��;���!. ���� N�	� '��#*  (�
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����� /��I � �4%7� '�.�����  �%��& �.�
��%�&� -�(& 8%2� O�
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5��36� � ����� ���#9� .��(�?����� ��� '�#
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�� (� U&�� (���*6) ����%= �  �2(�T  �M2�E 
�1�  0.�� �
 (4#  ����� '!�& ,��� .����

� �� �� �<���-+� �.����A�� 8�� V2� '�(
 $-&� (�?$ ����  ��Index ��� W���
�. '�(�
 

 �9#�� � �4%7����� �
��!�
 !� $�(�? 5��G (%<�
 ������ � -�(& �
 �.�  ���H%&� ���� .���

���� 
��%��& ��������	 -�(��  ;%7�& �� -&� '����� �(�M� ���  '�.����� 
I ��� �
 �. 

 -�(& �
 ,��2 �� �� �� ���7
�  ���	 ���! ��.�� � /(�	 ��
 X�&�	 -�(& A��(� 8�� �
 � �#�

�  0��12�$���� ��%��& (. .�
�� � ����� (. �� �� -&� ���.����� '��E����Y  �  '�����

������ �� � (�4%7� ����)��9�1�2 /��I , ��� (?  '��.����� ����	 ����� '����"�� 
I ��

� :(�! ,9� [
�F  .���  
Pointer  Search Key 

;%7�& A�B����� �����	 -�(��  '�.���� ��4�� '�(
 -��� ��%��& !� $�.�  ���H%&� �. .��##�

� !� \�F& ����� 8�(%<�
 $-��� [�� ]�%R  '�.(�7  �� -&� 89�  [�� .-&� L(
 �
 �<�

 L(�
 �� �<�� !� ]�%R  '�.(�7  �� -&� 89�  [�� 8�#^�. � .���
 5��H%  L(
 �� �<�� !�

� 
!���%  -���� �
 U��(� 8�� �� �� $���
 
�79�B Tree+ − ����� ��_(. .;�%�7. �����  '

�(?8"	 -��� $��� (%<�
 -��� '�.;� � (�[���  ��4�� '(� �&(%&� 
� ! �9���4�I !� .���

�
 $-��� �� �� -���� -���& N�	 $
I '��#"	 ��� -�&� -���� [�� �
 �%7
�� (%<8�"	  �

;�[��  ���  �4%�7� -�(�& 0��1�2� P���
 ����� ���4�� '�.��%���& $����B Tree+ − 

-�����%���& .�#%�7. ����! '�#"	 � ;� [�� �
 ���.B Tree index+ ��
 X�&�	 '�(�
 Range 

ueryQ  �Equality Query  A&�# .-&� ����� -�&��& ����� 8��(
�#
U�&�� '��>? ��%���&

B Tree+ �  P��
��� Range Query�.  �Equality Query�.U*�(  ' (�M� ����  
�%& �
 ��
 $

 K�4�� '(%<�
 -�(&���.  

:���� Y  '�� ���� ������  ]�(�� ���� !� 
�%& �#_ �� �� (
�%�& �
 � .��� ��� ���.

�  ]�(�� �"�I '�� ���� $������	� 
��
)Search Key( �  �%H?�� .���  ���� �� V+��

 5��36� ���� '���"�� '�� �
 �����"�� �4%7� ���� (���Y  UY2 $����' � .��� 

:���� �  ]�(�� ��G� ���� '�� ���� A�B� $��� ����� 
��. �4%7� ���� -)�E 8�� �� ��

�  � ����� ���� ( � 8�� '�(
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 �.��� ��G� (�. '�� ����� ]�(�� �
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 ]��(�� 
��9 � 8��(
��#
 .-�2(? (M� �� �4%7� ���� 
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.���� ���� ���� �� '�� ����  
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Search Key�  (A�(  '�#*  -)�E 8�� �� .�#��?
�%& A��(� �.����� '!�& ���Q  '�(
 .-&�.


�%& A��(� '�� ���� (?�. '�(X,Y) ����I $���
 ��� ]�(��1 1 2 2(x , y ) (x , y )<  $-�&�

 (?�1 2x x<  �� �1 2x x=  �1 2y y< 

:����  -�(�& U�Y2 $����
 ���� ]��(�� (�*��(�)
�%�&�#_ ��� 
�%�& ��� '�� ���� (?�

  '�.�4%7��  0��12� �� 
�%&�#_ �� 
�%& 
I (
 �#%*.�.�  

:���� �M2�E ��
(& ,��=� A��  ���� '���"�� � ]�(���  ;%7�& �
 '� (�
 ���� .���

 '�� ���.�  '���"�� �7���  ����I ��G� �M2�E �
 ���H%&� K��#. � ��� ����� 8��(
�#
 $���

���� -&��&�(���S 5��36� ;4E 0��12� (
 $'��>?  ����. � ���G� ��M2�E '�� (�
 ����

.���� (�a�� �7��  

:����  5����� � J>E $b������ ����� �� �)��� �� ���&�!�(
 $����	 ����� ���� ��#�� 

�  J(T  '(%<�
 
� ! ����� ���� �� �)��� �
 -*7� (���#� 5������ 8��� V�*� ��
 � ��#�

���� �(�! .��
 �.��� ��"#� 8��(
��#
 .������ ���&�!�(
 �
 !��� ��� ���	 ����� �
 K���. 1�� �.


�%& '���  ��4�� ���� ���.�  K��4�� �4%�7� �"�I '�� @��#� �
 �� $��(?����.  8��(
��#


(.���� ����� �_ -�(& $���
 (%<�
 ���� �� '�.Insert $Update  �Delete  ����� 
I ��

�  (%��.��� .-&� ���	 ���� �� !� 5��36� V�(& �
��!�
 � �4%7� , �� ���� ��� � �  

:���� ����  � ���� �9�#9� ����12� $'��>?��7�� ����. � ��G� �M2�E '�c2 !� '���Y  ��

�  ��d���
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 �#�1. 8�� ���
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�	�&�
'�    �	 ���� (#)*�SQL-DDL 
 '�(
�����  '�� ���� �� ������ $���	  ��%&� !�CREATE INDEX �  ���H%&� ��
 .����

���� 5�TR<  ]�(�� $��%&� 8�� '�(�� ��  1�� L�)����b�� � .���  

 ��� K(2��4�� :-&� (�! 5��G �
 ����  
CREATE [UNIQUE] [CLUSTERED | NONCLUSTERED] INDEX index_name 
ON table_name (column1 [ASC | DESC], column2 [ASC | DESC], ...); 

 '�(
���  '�� ��� ]�(�� ���� �� ������ $����	  ��%�&� !�DROP INDEX  ���H%�&�

� �  J>E 1�� L�)���� !� ���� 5�TR<  ]�(�� $��%&� 8�� '�(�� �
 .���.���  

 ��� K(2J>E :-&� (�! 5��G �
 ����  
DROP INDEX index_name 

 

:���� ���� ���� W�� �� ��� ��6 �
  

)1A�(  W�� !� ����() � ���2 W�� !� ���� (Hash �  
I �&�(
 �
 � ��� �� ��.;�!��(	  

1- ,-.� /#0 '� �������)Ordered Index(  

�  ]��(�� ����� !� 
�%& �#_ �� �� (���Y  '�� ���� �� $;�%H? �� ��F���. ��
 � .����


�%&�  ]�(�� �"�I '�� ���� �� ���. $�������	� 
��
)Search Key�  ��%H? ( �� .����

 �4%�7� ����� (����Y  U�Y2 $����	 ����� ��� 5��36� ���� '���"�� '�� �
 ���� �� V+��

'���"�� �  .���V�(�& '�4%�7� -"� $(�A�(  ����� �� ��
 �4%�7� ����� (����Y  ����

A�(  5��G�  '���"�� ���.-&� ���
 8��. 1�� '��>� �� -�� �� $��� 

:����   ����A�(� ����I ��%��& �� ��� �
 ��� ��%��&B Tree+ ����	 ,
�+.-&� '!�&  

:����  ��SQL Server A�(  ������%��& ��� �
 ���B Tree+����	.-&� ��� '!�&  �


��%��& �� ���� (���Y  (��� 5��*�B Tree+ �  '���"��.���  

:���� $��� ��6 �
 (�B ���� 
��%��& �� -���� �F� �#��  ������� '�(
 �� -&���	� 

�  ��(+ ���H%&� ��� .�(�?  

:���� �� 5����� K�4��B Tree+$ -��� (��& �� -*7�-&� (%��(& �. �� 8��(
�#
 $SQL 

Server ��%��&B Tree+  -"�'���"�� �  ��(+ ���H%&� ���  ���� (���Y �(�?.  

:���� A�(  ���� 5��G �� �
 ���clustered Index  �Nonclustered Index .���� ����  

,-.� ���� 1�#2 �3 ���clustered Index  

:���� �  ���� (. (Q���E ������� clustered Index .���
 �%���  

:����  ���� �� ��G� ���� �� ��� ! ��SQL Server ]�(�� 8�)�� ��� �  ����  '�� (
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I�  ��4�� ������� 
I �
 �� clustered Index �  �%H?���.  

:���� �� clustered Index �.����� �YF#  A��(� ���	 ���� �� �9�1�2 A��(� �
 
� ��_ 
I�. 

�7�� ���. '�� (
 -&� 
�79�. �  ���� (. 8��(
�#
 �� (Q���E �����clustered Index  �%���

.���
  jHE�.����� �YF#  A��(� ���	 ���� �� �9�1�2 A��(� �
 
� ��_ 
I�.  ���. '�� (


�7��  K�#
 �<R
 U&��Row Offset Array ����� U&�� ��  K�4�� �.(?.��(?  

:���� A�(  ���� �
 5��G �
 ���clustered Index�  1�� ��)�� �� ��G� ���� $.�#��?  

:���� A�(  ���� (���Y  5��G �
 ���clustered Index  � ���
 �(2 �
 (T=#  � �%9� ���


UNIQUE .��(? ]�(��  

:���� A�(  ���� 5��G �
 ���clustered Index�  8�� �
 (4#  $ �� '�.����� �� ���

 � �*��(� 5��G �
 ���	 ��������� �. '�� (
�.���� �(��S �7�� �  

 ��4�� �� ��F+clustered Index :-&� (�! 5��G �
  
CREATE UNIQUE CLUSTERED INDEX index_name 
ON table_name (column1 ASC, column2 ASC, ...); 

:����  ���� �� ��G� ���� �� ��� ! ��SQL Server ]�(�� �  ��� ��6 �
 k�2 �� ��F+

 �(�� ������� .���  

:����  ��4�� �� (��d� ,
�+(�B � l(2 0�	 ��6 �
clustered Index  ��%&�UNIQUE  ���H%&�

� ��(? ���� (���Y  
��
 �(2 �
 (T=#  � ���%9� �� $������� .��(? 

:����  ��4�� �� (��d� ,
�+(�B � l(2 0�	 ��6 �
clustered Index  ��%&�Ascending  ��ASC 

�  ���H%&���(? �� $�����  ���� (���Y  
��
������� .��(?  

:���   ���� (�! �� ��F+ '�(�� �
S  ��G� ���� �
S#  �� V*� �
 �clustered Index  
�%& '��

S# �  ��4��.��(?  
CREATE TABLE S ( 
    S# int NOT NULL, 
    SName varchar(255), 
    City varchar(255), 
    PRIMARY KEY (S#) 
); 

 ��4�� �� ��F+clustered Index �  �(�� ������ ��F
 �� $���:-&� (�! 5��G �
  
CREATE UNIQUE CLUSTERED INDEX PK_S 
ON S (S# ASC);  
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:��(��
 (M� �� �� (�! �����  
 

Color Pname P #  QTY P # S#  City Sname S# 
Red Pn1 P1  10 P1 S1  C1 Sn1 S1 
Blue Pn2 P2  20 P2 S1  C2 Sn2 S2 

 ����P  30 P1 S2  C2 Sn3 S3 
  ����SP  C3 Sn4 S4 

     C4 Sn5 S5 
        C5 Sn6 S6 
        C6 Sn7 S7 
        C7 Sn8 S8 
        C7 Sn9 S9 

       �!
�S 

 !� ���H%&� �
clustered Index  
�%& '�� ����  � l(2 0�	S# � ���� �
 ����R&�	 -�(& $

 /�&� (
 �� �4%7� �� ���.�� � /(	S#  ���� ��S �  K�4���  0��12� $�#.� .�
��  

 :���   
SELECT S# 
FROM S 
WHERE S#='S9' 

 
�%& /�&� (
 �� �4%7� �� ���.�� � /(	 ���  �� � �S# ��� K�4�� ����� ]��(�� .��#.�

.����� �� � /(	 �
 ����R&�	 -�(& �� '(�a�� `�. k�2  

:���� ����	 ����I ��� �
 $���� ��%��& �%�>? ���  '!�& '����1  ,��)� ��
 �!�(� � �� � .��

��%���& $5���36� �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%��� ��%��&B Tree+  -�"�

����	�  ��(+ ���H%&� ���  ���� '!�&.�(�?  

��6�� B Tree+  

B Tree+ %  -��� '�#�  �
) 
!��Balanced Tree (������ -��� �� � -&�)Binary Tree(  �

������ '�4%7� -��� ��)BST-Binary Search Tree.(  

:���� ��%��&B Tree+ −  ��%��& 8�� �� .-&� �4%7� -��� �� �&)�<�� �(? W�� ootR

Node)����  �(? $(Intermediate Node)L(
 �(? � (Leaf  Node( � ���� �� ��� ��.L(
 0��.

�#%7. fF& �� ��. ��%��& (��� 5��*� �
B Tree+ −  $�<�� \�F& !�  L(
 � ����  ,�9<�

-&� ���. 

:����  
��
 
!��%  �
 ���� �
��%��&B Tree+ − �(? ��. 
�79� ��G�2 � fF& �� ����  '�.

�(? !� �� (. �
 �&(%&� -"� $�<�� �� L(
 K!O ���79� ,E�(  L(
 fF& �� ����  '�.

-&�. � ��� (��� 5��*� �
 �(? '�.L(
 fF& �� ���� (leaf)  �� ���79� ([��)��G�2 '����
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\�F& ����� �
 A&�#%  �7�� �
 ����(  ����� ������� (. �� �9#�� ,�)� �
 .�#%7. �<�� -��� 

� ��. �� ��� ! 8��(
�#
 .-&�(?'�. �79� [�� '���� L(
 fF&(. �� 5����� K�4�� $�#��
 �� 

�(? 9� �#�1. (��& �
 ���7�(?�. ����. 

:���� ���� ,�)� �
 �����)g�*����(? 8�
 ((?�� 0����	 $��%��& 8�� �� �.B Tree+  -�(& �


.��� �  K�4�� 

:���� �E3FG�B Tree+ −  ���� ��t � �#��?(t 2)≥�(? (. ,��� ��,+��E m�t
1

2

   −  
  

  �

(Q���Et 1− �����)
���!(2 ����� 8�#^�. .-&� �4%7� �������� ����� !� �9� (�.(? (%<�
 �.

�(? (. 8��(
�#
 $-&�  L(
 (�B ,+��Et

2

  
  
  

 (Q���E � ��!(2t  �#Q%&� �<�� �%*)� .���� ��!(2

�  � -&����� �� , �� ,+��E ����� �4%7�  �<�� � � $���
 �%��� ��!(2 �� ,+��E �#�� $���


 
��. (Q���Et 1− ���� �4%7� �� � (Q���E �#�� $���
 �%��� �����t  .��!(2����+ �� �� '

 ���?�( �� '�x �Y�+� $���*� L(
 (?� $���
 �%��� ���� ��x 1+  .���� ��!(2  

�����:t 1≤ − �� ���	� 
��
 ��
��B Tree+ −  ����t t
1

2

   − ≤  
  

  

�����:t≤ ��
��"��#�)
�%&'(&�  ��B Tree+ −  ����t t

2

   ≤  
  

 

:���� ��%��& ��B Tree+ − ������(? � �<�� �� ����  '�.(?�(? �
 ����  '�. ��!(2 '�.

�  ���������� � � $�##�L(
 �� ����  '�.(? ����� �7�� �� �6�
(  '�.����� �� �.(F& �
 �.

� .�##�  

:���� ��B Tree+ �.���� K������	 ���� ' L(
 ��L(
 � ���� '����"�� ��.����9� ��
 ��. (
�  ,T%  (�7  �� �� ���� � �)��(&�*��(� � -���� �� �.����� 0�����	 '�(�
!��& ;.�(�2 �.� 

:���� !� ���H%&�B Tree+ �  0��12� �� (M� ���  5��36� �
��!�
 � �4%7� -�(& '�(�
 .�.�

!� ���H%�&� ��
 (�M� ���  5��36� �
��!�
 � �4%7�B Tree+  !��BI ��<�� !� �4%�7� 5������

� L(
 !� �9� �
 
��&� �� � ����  ���	 � ��� �..�#� ��Q  '�(
 �� (�! ,9�B Tree+ :-&�  

www.khalilifar.ir



16  (�	�	 ������) ���� � �!���" �#$!" 

  
  )�
��!�
 � �4%7� '�(
 k�2 ,9� ��lookup(  ���� �
 �%7
�� �����53  �#��R53  ����� ��%
�
53  �
98 �  �7��Y  �<�� �#�����$  �(? n�(& �
 �(%#� -&� 
I !� (%�� 
�_B  ��  ����� .���
53 !� $36  !� � (%?�1
53  �(�? n�(�& ��
 �>�) -�&� '���7  ��� (%9_��E �� ���. �� ��%���&

B Tree+ L(
 �� ����  '�.���� UY2����� '��E �.�.����� �
 ���.(?���	 ���� '  .�#%�7.
�  K��� �%+� �4%7� ,�� �>)L(
 �� �4%7� ���  ���� �� ����.  '�����	 -�7�) �
 .��� ���	

L(
� ����4  �.�  �)�*�� ����4  �� �)��.�#��?  

:���� �� ��%��&B Tree+ −  $�(? (. �� �4%7� ���� 8��#_ ���� ,�)� �
���  ����� \�F&

�  K�4�� '�#� �
��Q  
��#� �
 .��� -"� ����'��>? '�� �#_ 5��36�8� 
����   �����

��%��& �� ���� (���Y  '���"�� � b�� � ���	 ���� �� !�B Tree+ −$  �"#� ����  fF&

�5��� �
 � -&� fF& �& �� �� '��� ��B Tree+ − �  ��4�� ����  fF& 0� �
 �� .���V+�� 

 �#�1. ��%7
�� �
 ���� �
�4%7� 5����� $\�F& ����� �
 ���� 
��
 ;�\�F& � !� g�Y� �+ 5

��%��&B Tree+ − �  @�7= ���.  

��6��  �	 9�	 
:;B Tree+  

��� : :��(��
 (M� �� �� (�! �%�� b��  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

:����  ���� ��#� l(2t=5  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��5-1=4 
.-&� 

 ���)�* &�
�
�����"��#�)(�+&�  ! &�
�
�,��� �- ���	� 
��
 :.*� &�% 
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4 Number of Keys  

 
5  Number of Pointers  

.)�� �� /�� 0����1B Tree+ :.*� &�% ,��� �- 

Action  Index node Full  Leaf node Full  

Place the record in sorted position in the 
appropriate leaf node  NO  NO  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- keys >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to 
the parent node 

NO  YES  

Index node 

Split into two nodes 

1- key < middle key go to the left index node 

2- key >= middle key go to the right leaf node 

3-move the smallest key of right leaf node to 
the parent node 

YES  NO  

:����  �4%7� '�.���� ����4  ����� (?��&' U�&� ���� ����I ��
 (�
�(
 middle key  ��.���

 �4%7� '�.���� ����4  ����� (?� � � .��
/!%  �� '���7  ���6 �
 �4%7� '�.���� ����I ��

 �� ���(? -�& �  ��(+ -&�� � o_ � .���(�?middle key  �(�? �����4  ��c� 8�(%9_���

.��
 �.��� -&�� -�&  

����� ��%
� ���  ���� �
5 �  b��:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

  
 '�.���� �
 '��
 '�.����� Np&10 $25  �30 b�� ���� A��(  5���G ��
 �� � A���(� �
  �

'��>���� � :���  
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5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 

 � ��� �� ���� �
 '��
 �����50 �  b��:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
50  
�_�(? (M� ���  -&� (	(5,10,25,30,50)  �  5��G �(? ;�7Y� ,��:�(�?  

Action  Index node Full  Leaf node Full  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- keys >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to 
the parent node 

NO  YES  

  

right leaf node  left leaf node  
(25,30,50)  (5,10)  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- key >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to the parent node 

����:  8�(%9_�����  ��right leaf node  �#�����4  ����� �(25, 30, 50)  ���� ��#��25  ��

O�
 �(?(� ���%&(2 )Copy( � .��� 

(25) 

(25,30,50)  (5,10)  
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 ���� �
 '��
 ����� � ��� ��15 b�� ��� A�(  5��G �
 '��>���� � � :���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
15  
�_(M� ���  �(?  (	��-7(5,10,15)   5��G �(? ;�7Y� ,������(�?. 

Action  Index node Full  Leaf node Full  

Place the record in sorted position in the 
appropriate leaf node  NO  NO  

  

right leaf node  left leaf node  
(25,30,50)  (5,10,15)  

Place the record in sorted position in the appropriate leaf node  

����:  ���� �
 '��
 ����� UY215 �  '��>���� � b�� ��� A�(  5��G �
.���  

  
 ���� �
 '��
 ����� � ��� ��20 �  '��>���� � b�� ��� A�(  5��G �
:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
20  
�_(M� ���  �(?  (	��-7(5,10,15,20)   5��G �(? ;�7Y� ,������(�?.  
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Action  Index node Full  Leaf node Full  

Place the record in sorted position in the 
appropriate leaf node  NO  NO  

  

right leaf node  left leaf node  
(25,30,50)  (5,10,15,20)  

Place the record in sorted position in the appropriate leaf node  

����:  ���� �
 '��
 ����� UY220 �  '��>���� � b�� ��� A�(  5��G �
.���  

  
 ���� �
 '��
 ����� � ��� ��55 �  '��>���� � b�� ��� A�(  5��G �
:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
55  
�_(M� ���  �(?  (	��-7(25,30,50,55)   5��G �(? ;�7Y� ,������(�?. 

Action  Index node Full  Leaf node Full  

Place the record in sorted position in the 
appropriate leaf node  NO  NO  

  

right leaf node  left leaf node  
(25,30,50,55)  (5,10,15,20)  

Place the record in sorted position in the appropriate leaf node  

����:  ���� �
 '��
 ����� UY255 �  '��>���� � b�� ��� A�(  5��G �
.���  
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 ���� �
 '��
 ����� � ��� ��75 �  b��:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
75  
�_(M� ���  �(? -&� (	(25,30,50,55,75)  �  5��G �(? ;�7Y� ,��:�(�? 

Action  Index node Full  Leaf node Full  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- keys >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to 
the parent node 

NO  YES  

  

right leaf node  left leaf node  
(50,55,75)  (25,30)  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- key >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to the parent node 

����:  8�(%9_�����  ��right leaf node  �#�����4  ����� �(50,55,75)  ��� �#��50 �(? �
 

O�
(� ���%&(2 )Copy( � .��� 

(50) 

(50,55,75)  (25,30)  
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 ���� �
 '��
 ����� � ��� ��80 �  '��>���� � b�� ��� A�(  5��G �
:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
80  
�_(M� ���  �(?  (	��-7(50,55,75,80)   5��G �(? ;�7Y� ,������(�?. 

Action  Index node Full  Leaf node Full  

Place the record in sorted position in the 
appropriate leaf node  NO  NO  

  

right leaf node  left leaf node  
(50,55,75,80)  (25,30)  

Place the record in sorted position in the appropriate leaf node  

����:  ���� �
 '��
 ����� UY280 �  '��>���� � b�� ��� A�(  5��G �
.���  

  
 ���� �
 '��
 ����� � ��� ��85 �  b��:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 
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 ���� b�� �
85  
�_(M� ���  �(? -&� (	(50,55,75,80,85)  �  5��G �(? ;�7Y� ,��:�(�? 

Action  Index node Full  Leaf node Full  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- keys >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to 
the parent node 

NO  YES  

  

right leaf node  left leaf node  
(75,80,85)  (50,55)  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- key >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to the parent node 

����:  8�(%9_�����  ��right leaf node  �#�����4  ����� �(75,80,85)  ��� �#��75 �(? �
 

O�
(� ���%&(2 )Copy( � .��� 

(75) 

(75,80,85)  (50,55)  

 
 ���� �
 '��
 ����� � ��� ��90 �  '��>���� � b�� ��� A�(  5��G �
:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
90  
�_(M� ���  �(?  (	��-7(75,80,85,90)   5��G �(? ;�7Y� ,������(�?. 
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Action  Index node Full  Leaf node Full  

Place the record in sorted position in the 
appropriate leaf node  NO  NO  

  

right leaf node  left leaf node  
(75,80,85,90)  (50,55)  

Place the record in sorted position in the appropriate leaf node  

����:  ���� �
 '��
 ����� UY290 �  '��>���� � b�� ��� A�(  5��G �
.���  

  
 ���� �
 '��
 ����� � ��� ��60 �  '��>���� � b�� ��� A�(  5��G �
:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
60  
�_(M� ���  �(?  (	��-7(50,55,60)   5��G �(? ;�7Y� ,������(�?. 

Action  Index node Full  Leaf node Full  

Place the record in sorted position in the 
appropriate leaf node  NO  NO  

  

right leaf node  left leaf node  
(75,80,85,90)  (50,55,60)  

Place the record in sorted position in the appropriate leaf node  

����:  ���� �
 '��
 ����� UY260 �  '��>���� � b�� ��� A�(  5��G �
.���  
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 ���� �
 '��
 ����� � ��� ��65 �  '��>���� � b�� ��� A�(  5��G �
:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
65  
�_(M� ���  �(?  (	��-7(50,55,60,65)   5��G �(? ;�7Y� ,������(�?. 

Action  Index node Full  Leaf node Full  

Place the record in sorted position in the 
appropriate leaf node  NO  NO  

  

right leaf node  left leaf node  
(75,80,85,90)  (50,55,60,65)  

Place the record in sorted position in the appropriate leaf node  

����:  ���� �
 '��
 ����� UY265 �  '��>���� � b�� ��� A�(  5��G �
.���  

 

 ���� �
 '��
 ����� � ��� ��28 �  '��>���� � b�� ��� A�(  5��G �
:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
28  
�_(M� ���  �(?  (	��-7(25,28,30)   5��G �(? ;�7Y� ,������(�?.  
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Action  Index node Full  Leaf node Full  

Place the record in sorted position in the 
appropriate leaf node  NO  NO  

  

right leaf node  left leaf node  
(25,28,30)  (5,10,15,20)  

Place the record in sorted position in the appropriate leaf node  

����:  ���� �
 '��
 ����� UY228 �  '��>���� � b�� ��� A�(  5��G �
.���  

 

 ���� �
 '��
 ����� � ��� ��70 �  b��:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
70  
�_(M� ���  �(? -&� (	(50,55,60,65,70)  �  5��G �(? ;�7Y� ,��:�(�? 
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Action  Index node Full  Leaf node Full  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- keys >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to 
the parent node 

NO  YES  

  

right leaf node  left leaf node  
(60,65,70)  (50,55)  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- key >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to the parent node 

����:  8�(%9_�����  ��right leaf node  �#�����4  ����� �(60,65,70)  ��� �#��60 �(? �
 

O�
(� ���%&(2 )Copy( � .��� 

(60) 

(60,65,70)  (50,55)  

 

  
 ���� �
 '��
 ����� � ��� ��95 �  b��:���  

5,10,25,30,50,15,20,55,75,80,85,90,60,65,28,70,95 

 ���� b�� �
95  
�_(M� ���  �(? -&� (	(75,80,85,90,95)  �  5��G �(? ;�7Y� ,��:�(�?  
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Action  Index node Full  Leaf node Full  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- keys >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to 
the parent node 

NO  YES  

  

right leaf node  left leaf node  
(85,90,95)  (75,80)  

leaf node 

Split into two nodes 

1- keys < middle key go to the left leaf node 

2- key >= middle key go to the right leaf node 

3-copy the smallest key of right leaf node to the parent node 

����:  8�(%9_�����  ��right leaf node  �#�����4  ����� �(85,90,95)  ��� �#��85 �(? �
 

O�
(� ���%&(2 )Copy( � .��� 

(85) 

(85,90,95)  (75,80)  

 

  
 ���� � ��� ��85  �#�� (�O�
 fF& ���2�� �  b�� .���  

 ���� b�� �
85  
�_ �(?�2�� -�&� (�	(25,50,60,75,85)  �(�? ;��7Y� ,��� ��2��  5���G
� :�(�?  
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Action  Index node Full  Leaf node Full  

Index node 

Split into two nodes 

1- key < middle key go to the left index node 

2- key >= middle key go to the right leaf node 

3-move the smallest key of right leaf node to 
the parent node 

YES  NO  

  

right leaf node  left leaf node  
(60,75,85)  (25,50)  

Index node 

Split into two nodes 

1- key < middle key go to the left index node 

2- key >= middle key go to the right leaf node 

3-move the smallest key of right leaf node to the parent node 

����:  8�(%9_�����  ��right leaf node  �#�����4  ����� �(60,75,85)  ��� �#��60 �(? �
 

O�
(� ���%&(2 )Move�  (���� �
 $���' Move  �
 
I 5��H� �Copy -)�E �� -�+� ,�*+ '�.
.��#�  

(60) 

(75,85)  (25,50)  
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�  K�4�� ���� �����	 ����� �� �� � /(	 W�� �� ��� ��6 �
:��(?  

)1�FY� '�� � /(	() � '�2�!�
 '�� � /(	 (�  
I �&�(
 �
 � ��� �� �� '�.;�!��(	  

1 -�56� ��� ! 7&8)��Point query   ��Equality query(  
�FY� '�� � /(	 �� �4%7� ���  
�%& ���Y  �� -&� ���.(F& �
��!�
 � ���&�#� J�. $'�

 ���� ��
6  .���� ��(+ �R<   

 ���� (�! �� ��F+ '�(�� �
S  ��G� ���� �
S#  �� V*� �
 �clustered Index  
�%& '��S# 

�  ��4��.��(?  
CREATE TABLE S ( 
    S# int NOT NULL, 
    SName varchar(255), 
    City varchar(255), 
    PRIMARY KEY (S#) 
); 

 ��4�� �� ��F+clustered Index �  �(�� ������ ��F
 ��:-&� (�! 5��G �
 $���  
CREATE UNIQUE CLUSTERED INDEX PK_S 
ON S (S# ASC); 

:��(��
 (M� �� �� (�! �����  
 

Color Pname P #  QTY P # S#  City Sname S# 
Red Pn1 P1  10 P1 S1  C1 Sn1 S1 
Blue Pn2 P2  20 P2 S1  C2 Sn2 S2 

 ����P  30 P1 S2  C2 Sn3 S3 
  ����SP  C3 Sn4 S4 

     C4 Sn5 S5 
        C5 Sn6 S6 
        C6 Sn7 S7 
        C7 Sn8 S8 
        C7 Sn9 S9 

       �!
�S 

:����   !� ���H%&� �
clustered Index  
�%�& '�� ����  � l(2 0�	S# ����R�&�	 -�(�& $

 /�&� (
 �� �4%7� �� ���.�� � /(	 � ��� �
S#  ���� ��S �  K�4���  0��12� $�#.� .�
��  

:����  
�%�& /��&� (
 �� �4%7� �� ���.�� � /(	 ���  �� � �S# ��� K��4�� ]��(�� .��#.�

 /(	 �
 ����R&�	 -�(& �� '(�a�� `�. k�2 ����.����� �� �  

��� :  ���� /�&� (
 �� (�! �%�� b��S :��(��
 (M� ��  

S1,S2,S3,S4,S5,S6,S7,S8,S9 
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:��(��
 (M� �� �� (�! '�� � /(	  
SELECT S# 
FROM S 
WHERE S#='S9' 

:����  '��� g(�where  �#��S#='S9' �� ��
6  �R<   �#�� 8�� � -&� ��� ! 7&8

�56��� '�� � /(	 ���(� .:-&� (�! 5��G �
 k�2  
S# 
S9 

"���8���)�* �- 9�' :)�# �%�*B Tree+  
����	 ����I ��� �
 $���� ��%��& �%�>? ���  '!�& ��%���& '����1  ,��)� ��
 �!�( � � � .��

��%��& $5��36� �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%���B Tree+ ����	 -"� '!�&

�  ��(+ ���H%&� ���  ����.�(�?  

:����  ���� ��#� l(2t=3  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��3-1=2 
.-&�  

"��#�)���� &�
�
� ���)�*,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�%  

 
key=2 Number of Keys  

 
t=3  Number of Pointers  

 ���;� ���)�*B Tree+ :.*� &�% ,��� �- 

  

  
�����:   �����9S ��%��& �� �4%7� !� N	B Tree+  �%��� 5��G �
 � ��4 -�(E  ��

�  -2�� K��"_ fF& 
I ���(�� �*�(  �� $���( )tO Log n.-&�  
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:����  (?� ��� ��6 �
n  � ���
 (�.�����)�.(F& (Q���E �����t  � -��� ����h  \�F& �����

��%��& ��B Tree+ − :-&� ��(+(
 (�! U
��� ����I $���
  
For a t-order B+ tree with h levels of index 

- The minimum number of records stored is:
h 1 h 2

min
t t

n 2 2
2 2

− −
   = −   
   

 

- The maximum number of records stored is: h h 1
maxn t t −= −  

- The minimum number of keys is:
h 1

key min
t

n 2 1
2

−
−

 = − 
 

 

- The maximum number of keys is: h
max keyn t 1− = −  

- The space required to store the tree is:( )O n  

- Inserting a record requires:( )tO Log n  

- Performing a point query: ( )tO Log n  

- Performing a range query with k elements: ( )tO Log n k+  

 :�����  ���  ����� �
��!�
 � �4%7�(M�  �#���56� ��� ! 7&8)��Point query  ��  

Equality query(( ��%��& ��B Tree+ �*�(  !�( )tO Log n .-&�  '��
 ����� 
�(� ���	 �

��%��& ��B Tree+  �*�(  !�o(1) .-&�  ���  '�.����� �
��!�
 � �4%7� 8�#^�.(M� �!�
 '�

 �#�� ��� ! 7&8"%�-��)query Range( ��%��& ��B Tree+ �*�(  !�( )tO Log n k+ 

.-&�  �!�
 '�� � /(	�  ��� \(� (���� '�.���  

��� :  ���� /�&� (
 �� (�! �%�� b��S :��(��
 (M� ��  
S1,S2,S3,S4,S5,S6,S7,S8,S9  

:����  ���� ��#� l(2t=4  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��4-1=3 
.-&�  

 &�
�
� ���)�*"��#�)����,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�%  

 
key=3 Number of Keys  

 
t=4  Number of Pointers  
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 ���;� ���)�*B Tree+ :.*� &�% ,��� �- 

  
��� :  ���� /�&� (
 �� (�! �%�� b��S :��(��
 (M� ��  

S1,S2,S3,S4,S5,S6,S7,S8,S9  
:����  ���� ��#� l(2t=5  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��5-1=4 
.-&� 

"��#�)���� &�
�
� ���)�*,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�%  

 
key=4 Number of Keys  

 
t=5  Number of Pointers  

 ���;� ���)�*B Tree+ :.*� &�% ,��� �- 

  
�����: �%�� �� !� 5���H%  � b�� A��(� (M� !� 
�79� � q,*+ ��Q  �� �� (���Y  (M� !� 
�79� '

.�#%��� \�F& ����� � 
� ��_ $��%��& �� 
�79� ,9� �� $���� (M�  

"���8����< ���)�* �- 9�' :)�# �%�*  
����	 ����I ��� �
 $���� ��%��& �%�>? ���  '!�& ��%���& '����1  ,��)� ��
 �!�( � � � .��

��%��& $5��36� �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%���B Tree+ ����	 -"� '!�&

�  ��(+ ���H%&� ���  ����.�(�?  
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S#  City Sname S# 
S1  C1 Sn1 S1 
S2  C2 Sn2 S2 
S3  C2 Sn3 S3 
S4  C3 Sn4 S4 
S5  C3 Sn5 S5 
S6  C4 Sn6 S6 
S7  C5 Sn7 S7 
S8  C6 Sn8 S8 
S9  C7 Sn9 S9 

Index  ����S  

:����   �����S9 ��%��& �� �4%7� !� N	 �F� 5��G �
 � ����I  ��9 -�(E ����� �� ;"� 

�  -2�� 
I ���(�� �*�(  �� $���( )O n .-&�  

:���� 
I !� �� �����
� ��=  fr�� $-&� (%9_�� ���	 ���� �
 -*7� ���� ��%��& ��

���� ��%��& '�� �
��!�
 � �4%7� -�(& �� -&�  ���	 ���� �
 -*7� 0�
.-&� (�  �


 � �4%7� '�(�� 
� ! (��� 
��
�  0.�� �
��!�
�F
�� [
�F  .�
��:(�! '  

  

:����  �F
��' 2�� k� ���� ��%��& �
 '�.� ����I ��%��&B Tree+.-&� k��G 

2 - ��� ! 7&8"%�-��)Range query(  
�!�
 '�� � /(	 �� �4%7� ���  
�%& ���Y  �� -&� ���.(F& �
��!�
 � ���&�#� J�. $'�

 ���� "%�- .���� ��(+ �R<   

��� :  ���� /�&� (
 �� (�! �%�� b��S :��(��
 (M� ��  

S1,S2,S3,S4,S5,S6,S7,S8,S9 
:��(��
 (M� �� �� (�! '�� � /(	  

SELECT S# 
FROM S 
WHERE S#>'S4' AND S#<='s9' 

 '��� g(�where  �#��S#>'S4' AND S#<='s9' �� "%�- �R<   �#�� 8�� � -&� ! 7&8

 ���"%�-��:-&� (�! 5��G �
 k�2 '�� � /(	 ���(� .  
S# 
S5 
S6 
S7 
S8 
S9 
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:����  ����� '�.S5$ 6S $S7 $S8 �S9 ��%��& �� �4%7� !� N	B Tree+  5��G �
 �

 �%��� ��4 �  -2�� K��"_ fF& �� -�(E 
I ���(�� �*�(  �� $���( )tO Log n k+.-&�  

"���8���)�* �- 9�' :)�# �%�*B Tree+  
����	 ����I ��� �
 $���� ��%��& �%�>? ���  '!�& ��%���& '����1  ,��)� ��
 �!�( � � � .��

��%��& $5��36� �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%���B Tree+ ����	 -"� '!�&

�  ��(+ ���H%&� ���  ����.�(�?  

:����  ���� ��#� l(2t=3  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��3-1=2 
.-&�  

"��#�)���� &�
�
� ���)�*,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�%  

 
key=2 Number of Keys  

 
t=3  Number of Pointers  

 ���;� ���)�*B Tree+ :.*� &�% ,��� �- 

  
�����:  ����� '�.S5$ 6S $S7 $S8 �S9 ��%��& �� �4%7� !� N	B Tree+  5��G �
 �

 �%��� ��4 -�(E  K�+ �#_ ��  -2�� K��"_ fF& �� 
I ���(�� �*�(  �� $���

( )tO Log n k+.-&�  
"���8����< ���)�* �- 9�' :)�# �%�*  

����	 ����I ��� �
 $���� ��%��& �%�>? ���  '!�& ��%���& '����1  ,��)� ��
 �!�( � � � .��

��%��& $5��36� �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%���B Tree+ ����	 -"� '!�&

�  ��(+ ���H%&� ���  ����.�(�? 
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S#  City Sname S# 
S1  C1 Sn1 S1 
S2  C2 Sn2 S2 
S3  C2 Sn3 S3 
S4  C3 Sn4 S4 
S5  C3 Sn5 S5 
S6  C4 Sn6 S6 
S7  C5 Sn7 S7 
S8  C6 Sn8 S8 
S9  C7 Sn9 S9 

Index  ����S  

:���� ����� '�.S5$ S6 $S7 $S8 �S9 ��%��& �� �4%7� !� N	 �F� 5��G �
 � ����I  ��9 

-�(E ����� �� ;"� �  -2�� 
I ���(�� �*�(  �� $���( )O n .-&�  

,-.� ����1�#2 �3 ��� Nonclustered Index 
:���� �  ���� (. �� � ��� � �T"� (Q���E �����Nonclustered Index .���
 �%���  

:���� �� Nonclustered Index �.����� �YF#  A��(� ���	 ���� �� �9�1�2 A��(� �
 
� ��_ 


I�. � �1) �7�� ���. '�� (
  
�79���-7 ����� ���� 
I '�(
 ;. � �1)��.  ���Y  �� �"#� �

����� ��
 (? �� -&� ���	 ���� �� (M� ���  ���Y  '��E �� '�����Nonclustered Index  

�  '���"�� .���  

:���� A�(  ���� �
 5��G �
 ���Nonclustered Index 1�� �����a �� ��(2 ���� $

� .�#��?  

:���� A�(  ���� (���Y  5��G �
 ���Nonclustered Index �  �(2 �
 (T=#  � �%9� �����


 (?� ���UNIQUE �  � ��(? ]�(�� (?� ���*� �(2 �
 (T=#  � �%9� �����UNIQUE  ]�(��

.��(��  

 ��4�� �� ��F+Nonclustered Index :-&� (�! 5��G �
  
CREATE [UNIQUE] [NONCLUSTERED] INDEX index_name 
ON table_name (column1 [ASC | DESC], column2 [ASC | DESC], ...); 

:����  ��4�� �� (��d� ,
�+ � l(2 0�	 ��6 �
Nonclustered Index  ��%&�UNIQUE  ���H%&�

����  �� $��(? ���Non-Unique, Non-Clustered  �(2 �
 (T=#  � ���%9� �
 !��� 5��G ��

 ��%&� ���� (���Y  
��
UNIQUE �  ���H%&��  �� $��(? ���Unique, Non-Clustered.  

:����  ��4�� �� (��d� ,
�+ � l(2 0�	 ��6 �
Nonclustered Index  ��%&�Ascending  ��

ASC �  ���H%&� �� $��(?�����  ���� (���Y  
��
�������  �
 !��� 5��G �� .��(?�?!@� 

 ��%&� ���� (���Y  
��
Descending  ��DESC �  ���H%&�.��(? 

:����  ��%&� -<	 (?�INDEX  ��%&� �� clustered ��%&� �� �Nonclustered  -)�E $���
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 l(2 0�	Nonclustered .-&� 

:����  ��%&� -<	 (?�INDEX  ��%&� Unique  l(2 0�	 -)�E $���*�Non-Unique  -&�

��� ;. �%��� ��.���  

:���   ���� (�! �� ��F+ '�(�� �
S  ��G� ���� �
S#  �� V*� �
 �clustered Index  
�%& '��

S# ���  ��4.��(?  
CREATE TABLE S ( 
    S# int NOT NULL, 
    SName varchar(255), 
    City varchar(255), 
    PRIMARY KEY (S#) 
); 

 ��4�� �� ��F+clustered Index �  �(�� ������ ��F
 ��:-&� (�! 5��G �
 $���  
CREATE UNIQUE CLUSTERED INDEX PK_S 
ON S (S# ASC); 

 �����:��(��
 (M� �� �� (�! 

Color Pname P #  QTY P # S#  City Sname S# 
Red Pn1 P1  10 P1 S1  C1 Sn1 S1 
Blue Pn2 P2  20 P2 S1  C2 Sn2 S2 

 ����P  30 P1 S2  C2 Sn3 S3 
  ����SP  C3 Sn4 S4 

     C4 Sn5 S5 
        C5 Sn6 S6 
        C6 Sn7 S7 
        C7 Sn8 S8 
        C7 Sn9 S9 

       �!
�S 

 !� ���H%&� �
clustered Index  
�%& '�� ����  � l(2 0�	S# � ���� �
 ����R&�	 -�(& $

 /�&� (
 �� �4%7� �� ���.�� � /(	S#  ���� ��S �  K�4���  0��12� $�#.� .�
��  

 :���   
SELECT S# 
FROM S 
WHERE S#='S9' 

 
�%& /�&� (
 �� �4%7� �� ���.�� � /(	 ���  �� � �S# ��� K�4�� ����� ]��(�� .��#.�

.����� �� � /(	 �
 ����R&�	 -�(& �� '(�a�� `�. k�2  

 :���  ��� ���4�� A���  (��! ��%&� '�(��Nonclustered Index  �Non-Unique  5���G ��


����� $ K�� �
CityX  
�%& '��City  ���� ��S � .��� 
CREATE NONCLUSTERED INDEX CityX 
ON S (City ASC); 
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:-&� k�2 �� ��F+ ����  $(�! �� ��F+ $l(2 0�	 5���%&� �
 ���� �
  
CREATE INDEX CityX 
ON S (City); 

&� �
 !� ���H%Nonclustered Index $ �� �4%�7� ��� ���.�� � /(	 � ��� �
 ����R&�	 -�(&

 /�&� (
City  ���� ��S �  K�4���  0��12� $�#.� .�
�� 

 :���   
SELECT S# 
FROM S 
WHERE City='C2' 

 
�%& /�&� (
 �� �4%7� �� ���.�� � /(	 ���  �� � �City ��� K�4�� ����� ]�(�� .�#.�

 .����� �� � /(	 �
 ����R&�	 -�(& �� '(�a�� `�. k�2 

 :���  �� ��4�� A��  (�! ��%&� '�(��Nonclustered Index  �Unique  5��G �
������ $

 K�� �
SnameX  
�%& '��Sname  ���� ��S � .��� 

CREATE UNIQUE NONCLUSTERED INDEX SnameX 
ON S (Sname ASC); 

:-&� k�2 �� ��F+ ����  $(�! �� ��F+ $l(2 0�	 5���%&� �
 ���� �
  
CREATE UNIQUE INDEX SnameX 
ON S (Sname); 

:����  ��%�&� U&�� �%9� ���� ��4�� �#�� k�2 ��%&�Unique  �(��� ,�
�+ �����G �� U�Y2

 U&��DBMS  $���
 �%���� '��(9� (���Y  (M� ���  
�%& ,*+ !� �� $-&� (M� ���  
�%& '��

 '��& !� k�2 ��%&� $(M� ���  
�%& �� '��(9� (���Y  ���� �#�� 5��T#�� (�B ��DBMS  ��

� �  8�� �� .���%�&� ��4�� !� N	 8�#^�. $k�2 ��%&� '�(�� �<�	 ��� ���4�� ��#�� k��2 ��

 � ����  �� $(M� ���  
�%& 
��
 �%9� $�%9� ���� ��4�� U��(� 1s�E 
�%& '�� (
 �%9� ����

 $���� ���� �%9� ���� ��������� � �  8�� �� ���.k�2 ��%&� '�(���7	 ���  

&� �
 !� ���H%Nonclustered Index $ �� �4%�7� ��� ���.�� � /(	 � ��� �
 ����R&�	 -�(&

 /�&� (
Sname  ���� ��S �  K�4���  0��12� $�#.� .�
��  

 :���   
SELECT S# 
FROM S 
WHERE Sname='Sn9' 

 
�%�& /��&� (�
 �� �4%�7� �� ���.�� � /(	 ���  �� � �Sname ��� K��4�� ]��(�� .��#.�

 .����� �� � /(	 �
 ����R&�	 -�(& �� '(�a�� `�. k�2 ���� 

�  K�4�� ���� �����	 ����� �� �� � /(	 W�� �� ��� ��6 �
:��(?  

)1�FY� '�� � /(	() � '�2�!�
 '�� � /(	 (�  
I �&�(
 �
 � ��� �� �� '�.;�!��(	  
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1 -�56� ��� ! 7&8)��Point query   ��Equality query(  
 ���FY� '�� � /(	 �4%7� ���  
�%& ���Y  �� -&� ���.(F& �
��!�
 � ���&�#� J�. $'�

 ���� ��
6  .���� ��(+ �R<  

 �� ��4�� A��  (�! ��%&� '�(��Nonclustered Index  �Non-Unique  5��G �
������ $

 K�� �
CityX  
�%& '��City  ���� ��S � .��� 
CREATE NONCLUSTERED INDEX CityX 
ON S (City ASC); 

:-&� k�2 �� ��F+ ����  $(�! �� ��F+ $l(2 0�	 5���%&� �
 ���� �
  
CREATE INDEX CityX 
ON S (City); 

:��(��
 (M� �� �� (�! �����  
 

Color Pname P #  QTY P # S#  City Sname S# 
Red Pn1 P1  10 P1 S1  C1 Sn1 S1 
Blue Pn2 P2  20 P2 S1  C2 Sn2 S2 

 ����P  30 P1 S2  C2 Sn3 S3 
  ����SP  C3 Sn4 S4 

     C4 Sn5 S5 
        C5 Sn6 S6 
        C6 Sn7 S7 
        C7 Sn8 S8 
        C7 Sn9 S9 

       �!
�S 

 :���� !� ���H%&� �
Nonclustered Index ��� ����.�� � /(�	 � ���� ��
 ����R�&�	 -�(& $

 /�&� (
 �� �4%7�City  ���� ��S �  K�4���  0��12� $�#.� .�
��  

:����  
�%& /�&� (
 �� �4%7� �� ���.�� � /(	 ���  �� � �City ��� K��4�� ]��(�� .��#.�

 .����� �� � /(	 �
 ����R&�	 -�(& �� '(�a�� `�. k�2 ���� 

��� :  ���� /�&� (
 �� (�! �%�� b��S ):��(��
 (M� �� ascending('���G �#��  

C1,C2,C2,C3,C4,C5,C6,C7,C7 
:��(��
 (M� �� �� (�! '�� � /(	  

SELECT S# 
FROM S 
WHERE City='C7' 

:����  '��� g(�where  �#��City='C7' �� ��
6  �R<   �#�� 8�� � -&� ��� ! 7&8

�56���� /(	 ���(� . :-&� (�! 5��G �
 k�2 '��  
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S# 
S8 
S9 

"���8���)�* �- 9�' :)�# �%�*B Tree+  
����	 ����I ��� �
 $���� ��%��& �%�>? ���  '!�& ��%���& '����1  ,��)� ��
 �!�( � � � .��

 �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%�����%��& $5��36�B Tree+ ����	 -"� '!�&

�  ��(+ ���H%&� ���  ����.�(�?  

:����  ���� ��#� l(2t=3  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��3-1=2 
.-&�  

"��#�)���� &�
�
� ���)�*,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�%  

 
key=2 Number of Keys  

 t=3  Number of Pointers  

 ���;� ���)�*B Tree+ :.*� &�% ,��� �-  

  
�����:   �����C7 ��%��& �� �4%7� !� N	B Tree+  �%��� 5��G �
 � ��4 -�(E  ��

�  -2�� K��"_ fF& 
I ���(�� �*�(  �� $���( )tO Log n.-&�  

��� :  ���� /�&� (
 �� (�! �%�� b��S ):��(��
 (M� �� descending(�)�1� �#��  
C7,C7,C6,C5,C4,C3,C2,C2,C1  

:����  ���� ��#� l(2t=3  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��3-1=2 
.-&� 

 ���)�*"��#�)���� &�
�
�,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�%  

www.khalilifar.ir



���� :��	 
��
����   41 

 
key=2 Number of Keys  

 
t=3  Number of Pointers  

 
 ���;� ���)�*B Tree+ :.*� &�% ,��� �-  

  
�����: �%�� �� !� 5��H%  � q(���Y  (M� !� 
�79� ' �� $����� (�M� !� 
�79� � b�� A��(� (M�

.�#%��� \�F& ����� � 
� ��_ $��%��& �� 5��H%  ,9�  

��� :  ���� /�&� (
 �� (�! �%�� b��S :��(��
 (M� ��  

C1,C2,C2,C3,C4,C5,C6,C7,C7 

:����  ���� ��#� l(2t=4  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��4-1=3 
.-&�  

"��#�)���� &�
�
� ���)�*,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�%  

 
key=3 Number of Keys  

 
t=4  Number of Pointers  

 ���;� ���)�*B Tree+ :.*� &�% ,��� �- 
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��� :  ���� /�&� (
 �� (�! �%�� b��S :��(��
 (M� ��  

C1,C2,C2,C3,C4,C5,C6,C7,C7 

:����  ���� ��#� l(2t=5  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��5-1=4 
.-&� 

"��#�)���� &�
�
� ���)�*,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�%  

 
key=4 Number of Keys  

 
t=5  Number of Pointers  

 ���;� ���)�*B Tree+ :.*� &�% ,��� �- 

  
�����: �%�� �� !� 5���H%  � b�� A��(� (M� !� 
�79� � q,*+ ��Q  �� �� (���Y  (M� !� 
�79� '

.�#%��� \�F& ����� � 
� ��_ $��%��& �� 
�79� ,9� �� $���� (M�  

"���89�' :)�# �%�* ����< ���)�* �-  
����	 ����I ��� �
 $���� ��%��& �%�>? ���  '!�& ��%���& '����1  ,��)� ��
 �!�( � � � .��

��%��& $5��36� �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%���B Tree+ ����	 -"� '!�&

�  ��(+ ���H%&� ���  ����.�(�? 
City   City Sname S# 
C1  C1 Sn1 S1 
C2  C2 Sn2 S2 
C2  C2 Sn3 S3 
C3  C3 Sn4 S4 
C4  C4 Sn5 S5 
C5  C5 Sn6 S6 
C6  C6 Sn7 S7 
C7  C7 Sn8 S8 
C7  C7 Sn9 S9 

Index  ����S  

:����   �����C7 ��%��& �� �4%7� !� N	 �F� 5��G �
 � ����I  ��9 -�(E ����� �� 

;"� � ;%<. �  -2�� 
I ���(�� �*�(  �� $���( )O n .-&� 
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 �� ��4�� A��  (�! ��%&� '�(��Nonclustered Index  �Unique  5��G �
����� K��� �
 $

SnameX  
�%& '��Sname  ���� ��S � .��� 

CREATE UNIQUE NONCLUSTERED INDEX SnameX 
ON S (Sname ASC); 

:-&� k�2 �� ��F+ ����  $(�! �� ��F+ $l(2 0�	 5���%&� �
 ���� �
  
CREATE UNIQUE INDEX SnameX 
ON S (Sname); 

:��(��
 (M� �� �� (�! �����  
 

Color Pname P #  QTY P # S#  City Sname S# 
Red Pn1 P1  10 P1 S1  C1 Sn1 S1 
Blue Pn2 P2  20 P2 S1  C2 Sn2 S2 

 ����P  30 P1 S2  C2 Sn3 S3 
  ����SP  C3 Sn4 S4 

     C4 Sn5 S5 
        C5 Sn6 S6 
        C6 Sn7 S7 
        C7 Sn8 S8 
        C7 Sn9 S9 

       �!
�S 

:����  ��%�&� U&�� �%9� ���� ��4�� �#�� k�2 ��%&�Unique  �(��� ,�
�+ �����G �� U�Y2

 U&��DBMS  $���
 �%���� '��(9� (���Y  (M� ���  
�%& ,*+ !� �� $-&� (M� ���  
�%& '��

 '��& !� k�2 ��%&� $(M� ���  
�%& �� '��(9� (���Y  ���� �#�� 5��T#�� (�B ��DBMS  ��

� �  8�� �� .��� ���4�� ��#�� k��2 ��%�&� ��4�� !� N	 8�#^�. $k�2 ��%&� '�(�� �<�	 ���

�� (
 �%9� ���� � ����  �� $(M� ���  
�%& 
��
 �%9� $�%9� ���� ��4�� U��(� 1s�E 
�%& '

�  �%����? $���� ���� �%9� ���� ���  8�� �� ���.k�2 ��%&� '�(���7	 ���  

 :���� !� ���H%&� �
Nonclustered Index ��� ����.�� � /(�	 � ���� ��
 ����R�&�	 -�(& $

 /�&� (
 �� �4%7�Sname  ���� ��S ��  K�4��  0��12� $�#.� .�
��  

:����  
�%& /�&� (
 �� �4%7� �� ���.�� � /(	 ���  �� � �Sname ��� K�4�� ]�(�� .�#.�

 .����� �� � /(	 �
 ����R&�	 -�(& �� '(�a�� `�. k�2 ����  

:���   ���� /�&� (
 �� (�! �%�� b��S ):��(��
 (M� �� ascending('���G �#��  

Sn1,Sn2,Sn3,Sn4,Sn5,Sn6,Sn7,Sn8,Sn9 
:��(��
 (M� �� �� (�! '�� � /(	  

SELECT S# 
FROM S 
WHERE Sname='Sn9' 
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 :���� '��� g(�where  �#��Sname='Sn9' �� ��
6   �#�� 8�� � -&� �R<  ! 7&8

�56� �����:-&� (�! 5��G �
 k�2 '�� � /(	 ���(� .  
S# 
S9 

 
"���8���)�* �- 9�' :)�# �%�*B Tree+  

����	 ����I ��� �
 $���� ��%��& �%�>? ���  '!�& ��%���& '����1  ,��)� ��
 �!�( � � � .��

��%��& $5��36� �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%���B Tree+ ����	 -"� '!�&

� ���  �����  ��(+ ���H%&.�(�?  

:����  ���� ��#� l(2t=3  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��3-1=2 
.-&�  

"��#�)���� &�
�
� ���)�*:.*� &�% ,��� �- ���	� 
��
 &�
�
� ! (�+&�  

 
key=2 Number of Keys  

 t=3  Number of Pointers  

 ���;� ���)�*B Tree+ :.*� &�% ,��� �-  

 
:�����   �����Sn9 ��%��& �� �4%7� !� N	B Tree+  �� �%��� 5��G �
 �4  �� -�(E

�  -2�� K��"_ fF& 
I ���(�� �*�(  �� $���( )tO Log n.-&�  

:���   ���� /�&� (
 �� (�! �%�� b��S ):��(��
 (M� �� descending(�)�1� �#��  
Sn9,Sn8,Sn7,Sn6,Sn5,Sn4,Sn3,Sn2,Sn1  
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:����  ���� ��#� l(2t=3  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��3-1=2 
.-&� 

"��#�)���� &�
�
� ���)�*,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�% 

  

 
key=2 Number of Keys  

 t=3  Number of Pointers  

 ���;� ���)�*B Tree+ :.*� &�% ,��� �-  

  
�����: �%�� �� �� $����� (�M� !� 
�79� � b�� A��(� (M� !� 5��H%  � q(���Y  (M� !� 
�79� '

 �� 5��H%  ,9�.�#%��� \�F& ����� � 
� ��_ $��%��&  

��� :  ���� /�&� (
 �� (�! �%�� b��S :��(��
 (M� ��  

Sn1,Sn2,Sn3,Sn4,Sn5,Sn6,Sn7,Sn8,Sn9 

:����  ���� ��#� l(2t=4  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��4-1=3 
.-&�  

"��#�)���� &�
�
� ���)�* 
��
 &�
�
� ! (�+&�,��� �- ���	� :.*� &�%  

 
key=3 Number of Keys  

 
t=4  Number of Pointers  

 ���;� ���)�*B Tree+ :.*� &�% ,��� �- 
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��� :  ���� /�&� (
 �� (�! �%�� b��S :��(��
 (M� ��  

Sn1,Sn2,Sn3,Sn4,Sn5,Sn6,Sn7,Sn8,Sn9 

:����  ���� ��#� l(2t=5  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��5-1=4 
.-&� 

"��#�)���� &�
�
� ���)�*,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�%  

 
key=4 Number of Keys  

 
t=5  Number of Pointers  

 ���;� ���)�*B Tree+ :.*� &�% ,��� �- 

  
�����: �%�� �� !� 5���H%  � b�� A��(� (M� !� 
�79� � q,*+ ��Q  �� �� (���Y  (M� !� 
�79� '

.�#%��� \�F& ����� � 
� ��_ $��%��& �� 
�79� ,9� �� $���� (M�  

"���8����< ���)�* �- 9�' :)�# �%�*  
 $���� ��%��& �%�>? ������	 ����I ��� �
�  '!�& ��%���& '����1  ,��)� ��
 �!�( � � � .��

��%��& $5��36� �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%���B Tree+ ����	 -"� '!�&

�  ��(+ ���H%&� ���  ����.�(�?  
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Sname  City Sname S# 
Sn1  C1 Sn1 S1 
Sn2  C2 Sn2 S2 
Sn3  C2 Sn3 S3 
Sn4  C3 Sn4 S4 
Sn5  C4 Sn5 S5 
Sn6  C5 Sn6 S6 
Sn7  C6 Sn7 S7 
Sn8  C7 Sn8 S8 
Sn9  C7 Sn9 S9 

Index  ����S  

:����   �����Sn9 ��%��& �� �4%7� !� N	 �F� 5��G �
 � ����I  ��9 -�(E ����� �� 

;"� �  -2�� 
I ���(�� �*�(  �� $���( )O n .-&� 

2 - ��� ! 7&8"%�-��)Range query(  
�!�
 '�� � /(	 �� �4%7� ���  
�%& ���Y  �� -&� ���.(F& �
��!�
 � ���&�#� J�. $'�

 ���� "%�- .���� ��(+ �R<   

��� :  ���� /�&� (
 �� (�! �%�� b��S :��(��
 (M� ��  

Sn1,Sn2,Sn3,Sn4,Sn5,Sn6,Sn7,Sn8,Sn9 
:��(��
 (M� �� �� (�! '�� � /(	  

SELECT S# 
FROM S 
WHERE Sname>'Sn4' AND Sname<='Sn9' 

 '��� g(�where  �#��Sname>'Sn4' AND Sname<='Sn9' �� "%�- �R<   8�� � -&�

 �#�� ��� ! 7&8"%�-��:-&� (�! 5��G �
 k�2 '�� � /(	 ���(� .  
S# 
Sn5 
Sn6 
Sn7 
Sn8 
Sn9 

:����  ����� '�.Sn5$ n6S $Sn7 $Sn8 �Sn9 ��%��& �� �4%7� !� N	B Tree+  5��G �
 �

 �%��� ��4 �  -2�� K��"_ fF& �� -�(E 
I ���(�� �*�(  �� $���( )tO Log n k+.-&�  

"���8���)�* �- 9�' :)�# �%�*B Tree+  
����	 ����I ��� �
 $���� ��%��& �%�>? ���  '!�& ��%���& '����1  ,��)� ��
 �!�( � � � .��

%��& $5��36� �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%�����B Tree+ ����	 -"� '!�&

�  ��(+ ���H%&� ���  ����.�(�?  
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:����  ���� ��#� l(2t=3  �(�? (�. �� �4%�7� ����� ����� (Q���E V*� �
 �t-1  ��#��3-1=2 
.-&�  

"��#�)���� &�
�
� ���)�*,��� �- ���	� 
��
 &�
�
� ! (�+&� :.*� &�%  

 
key=2 Number of Keys  

 
t=3  Number of Pointers  

 
 ���;� ���)�*B Tree+ :.*� &�% ,��� �-  

 
�����:  ����� '�.Sn5$ n6S $Sn7 $Sn8 �Sn9 ��%��& �� �4%7� !� N	B Tree+  5��G �
 �

 �%��� ��4 -�(E  K�+ �#_ � fF& ���  -2�� K��"_ 
I ���(�� �*�(  �� $���

( )tO Log n k+.-&�  
"���8����< ���)�* �- 9�' :)�# �%�*  

����	 ����I ��� �
 $���� ��%��& �%�>? ���  '!�& ��%���& '����1  ,��)� ��
 �!�( � � � .��

��%��& $5��36� �
��!�
 � �4%7� �� (%<�
 -�(& V*� �
 � �%���B Tree+ ����	 -"� '!�&

�  ��(+ ���H%&� ���  ����.�(�?  
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Sname Pointer  City Sname S# 
Sn1 •  C1 Sn1 S1 
Sn2 •  C2 Sn2 S2 
Sn3 •  C2 Sn3 S3 
Sn4 •  C3 Sn4 S4 
Sn5 •  C3 Sn5 S5 
Sn6 •  C4 Sn6 S6 
Sn7 •  C5 Sn7 S7 
Sn8 •  C6 Sn8 S8 
Sn9 •  C7 Sn9 S9 

Index  ����S  

:���� ����� '�.Sn5$ Sn6 $Sn7 $Sn8 �Sn9 ��%��& �� �4%7� !� N	  5��G �
 � ����I

�F�  ��9 -�(E ����� �� ;"� �  -2�� 
I ���(�� �*�(  �� $���( )O n .-&� 

2-  /#0 '� ����Hash)Hash Index(  

 W�� !� ����Hash ;.�� ��#9�);�Y%7  ,��2 ��%��& ��� �
����	 ,
�+ ('!�&.-&� '!�&  

:����  ��SQL Server  W�� !� ����Hash ����	.-&� ��<� '!�& 

���	)
'� Hashing( 
;.�� !� ��M# ) /��I �
 ���� ,��*� $'!�&Key to Address Transformation=KAT U&�� (

�  K�4�� ���� '�� (
 �� -&� ��!��(	;.�� V
�� (��� ����*� �
 .�(�?) !�&hashing function (

 K��#. �� -&� ��
��/�� ����� ��$  � m!��(	 $�%2(? �� -&� 5�HG !� �9� �� �4%7� ����

�  (
 �(�I ����  /��I � ���� K�4�� 
I '�� (
 �� ���*&�=  ���� 
��. /��I 8�� .����(? ��

)���*6 /��I 
I �
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Keys  m  Pointer  City Sname S# Pointer next 

  0 ×        
300  1 •  C3 Sn3 S300   

  2 ×        
  3 ×        
  4 ×        

200  5 •  C2 Sn2 S200   
500  6 •  C5 Sn5 S500   

  7 ×        
  8 ×        

100,1400  9 •  C1 Sn1 S100 •   
400  10 •  C4 Sn4 S400   

  11 ×        
  12 ×        
  13 ×        
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h S100 address 100 mod 13 9

h S200 address 200 mod 13 5

h address 300 mod 13 1

h S400 address 400 mod 13 10

h S500 address 500 mod 13 6
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= =

= =

= =
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⇒

⇒
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Keys  M  Pointer  City Sname S# Pointer next 

  0 ×        
   ×        

300  1 •  C3 Sn3 S300   
   ×        
  2 ×        
   ×        
  3 ×        
   ×        
  4 ×        
   ×        

200  5 •  C2 Sn2 S200   
   ×        

500  6 •  C5 Sn5 S500   
   ×        
  7 ×        
   ×        
  8 ×        
   ×        

100  9 •  C1 Sn1 S100   
1400   •  C14 S14 S1400   
400  10 •  C4 Sn4 S400   

   ×        
  11 ×        
   ×        
  12 ×        
   ×        
  13 ×        
   ×        
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