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DEPTNO INSTR DESCNAME
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3−bit hashvalue

Global depth =3
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at the head of each string
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5

12

13

20

25

36

67

117

125

11

34

37

61

72

74

81

140

ssn id# name

File 1

File 2

(sorted)

(sorted)

conceptual
representation

11 34 37

�����	������

5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 140

File 1

File 2

(� ��
�� ����� 
���� �� "
��� �� ��� "����� �  ���� ���� ����
��

5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 140

5 12 13

11 34 37

Main memory

Disk

Input buffers

Output buffer

merge

5 11 12

&
��� ���	�� "�����
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5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 140

13

34 37

Main memory

Disk

Input buffers

Output buffer

5 11 12

:���
 L��2 �� �� ��� ���	�� "�+�
� �� ���� 
�� ��*� "���� �
�� .��� ��

5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 14034 37

Main memory

Disk

Input buffers

Output buffer

5 11 1213

20 25 36

20 25

write to disk

read into memory

&
��� ��*� ���	�� "�����
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5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 14034 37

Main memory
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Input buffers

Output buffer

5 11 12

36

13 20 25
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5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 14037

Main memory
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5 11 12 13 20 2534 36
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11 34 37 61 72 74 81 140

Main memory

Disk

Input buffers

Output buffer

5 11 12 13 20 2534 36

67 117 125

37 34 36 37

61 72 74
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� &
��� ���	�� "�����

� ��	� LJ�2 �'�
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5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 140

Main memory

Disk

Input buffers

Output buffer

5 11 12 13 20 25

117 125

34 36 37

61 67 72

74

81 140

�������� �� ���� ������ ����� @�����
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5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 140

Main memory

Disk

Input buffers

Output buffer

5 11 12 13 20 25

125

34 36 37

61 67 72

140

74 81 117 125 140

125 140

sorted output file
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5 36 61 11 34 72 12 81 125 37 67 140 78 117

5 11 34 36 61 72 12 37 67 81 125 140

5 11 12 34 36 37 61 67 72 81 125 140

5 11 12 34 36 37 61 67 72 78 81 117 125 140

merge merge

merge

merge
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11 34 61 72 73 80

6 17 18 86 88 92 98 105

5 12 13 40 65 67

10 39 43 55

merge

5 6
4 input buffers

output buffer

Run 1

Run 2
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Run 4

main memory
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39 43 55
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5 7 9 13 12 8

6 15 18 25 4 19

memory

block #1 2 3

4 5 6
output buffer

input buffers

(all blocks in the same file)
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12 8

6 15 18 25 4 19
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7 8 912
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r1 r2 r3 r4 r1 r2

r3

r4

1 3 8 40 1 3

8

40

4 blocks
= 8 I/O’s

48 blocks
= 96 I/O’s

52 blocks
= 104 I/O’s

4 blocks
= 8 I/O’s

12 blocks
= 24 I/O’s

52 blocks
= 104 I/O’s

Total I/O’s: 8+96+104 = 208. Total I/O’s: 8+24+104 = 136 I/O’s
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5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 140
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Disk

File 1 File 2

Two output buffers

Four input buffers
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11 34 37

13
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5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 140

Main memory

Disk

34 37

13

5 11 12

5 11 1220 25 36

Concurrent transfers
13

&
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5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 140

Main memory

Disk

34 37

5 11 1236

Concurrent transfers
13 20 25

67 117 125

34 36

13 20 25

&
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13 20 25
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61 72 74
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5 12 13 20 25 36 67 117 125

11 34 37 61 72 74 81 140
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query
processor

parser

physical
layer

SQL

Lexical analysis,
parsing,
construction of
query tree

Implementation
of relational
operators

Files, indices,
Disk/Memory
management.
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� �
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������ "� ��� 	
��
�

 π

 σ

 x

x

P F

A

Attributes: 

Condition:

MILES

P.MILES>1000
and P.FLT_ID = F.FLT_ID
and F.ENDAPT = A.APT
and A.NAME = ‘National’

cross product

cross product

project

select

, NAME
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Example: blocknumber=1732, offset=29

Hashingfunction (1732, 29) = 110011 (6 bit value)

transaction that holds the lock

Lock table

list of blocked transactions
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em−1

em

Zm balance (Z m+1 em+1 , . . . , Zk e k )

balance (Z e , . . . , Z e )1 1 m−1 m−1
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