
����������	
���	
������������

������	����	����												

�	�	�	��������	�� ��

������

� !�������������	�"	���#��	����������	
����������

� ����$��	%����%	��	��%�&���	������	������'

� (����

� �	
����������	

���

� ����	������	
�������������
��

� ������������	

���

� ������������	���		����
��������

� �
��� ��!��"
��

� !

����#����		���
$���
�����
����������#�$�	������

� %��#�"
��

� �����&��
$!#����
��'��������#����������

($����)�����*���
��)�������

SELECT S.sname
FROM Reserves R, Sailors S
WHERE R.sid=S.sid AND

R.bid=100 AND S.rating>5

Reserves Sailors

sid=sid

bid=100 rating > 5

sname
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π(sname)σ(bid=100 ∧ rating > 5) (Reserves �� Sailors)
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Relational operators at nodes 
support uniform iterator interface:

Open( ), get_next( ), close( )

Reserves Sailors

sid=sid

bid=100 rating > 5

sname

3
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Query Parser

Query Optimizer

Plan 
Generator

Plan Cost 
Estimator

Query Executor

Catalog Manager

Usually there is a
heuristics-based
rewriting step before
the cost-based steps.

Schema Statistics

Select *
From Blah B
Where B.blah = blah

Queries
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Sailors (sid: integer, sname: string, rating: integer, age: real)
Reserves (sid: integer, bid: integer, day: dates, rname: string)
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SELECT S.sname
FROM Reserves R, Sailors S
WHERE R.sid=S.sid AND

R.bid=100 AND S.rating>5

Sailors Reserves

sid=sid

bid=100 rating > 5

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

(On-the-fly)Plan:

500,500 IOs

2	����������9	����� 9$�#���	�����
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Sailors Reserves

sid=sid

bid=100 rating > 5

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

(On-the-fly)

Sailors

Reserves

sid=sid

rating > 5

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

(On-the-fly)

bid=100 (On-the-fly)

250,500 IOs
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Sailors

Reserves

sid=sid

rating > 5

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

(On-the-fly)

bid=100 (On-the-fly)

Sailors Reserves

sid=sid

bid = 100

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

rating > 5 

(On-the-fly)(On-the-fly)

250,500 IOs250,500 IOs

Sailors

Reserves

sid=sid

rating > 5

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

(On-the-fly)

bid=100 (On-the-fly)

6000 IOs

Sailors

Reserves

sid=sid

rating > 5

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

(On-the-fly)

bid=100 

(On-the-fly)

250,500 IOs
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SailorsReserves

sid=sid

rating > 5

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

bid=100 

(Scan &
Write to
temp T2)(On-the-fly)

6000 IOs

Sailors

Reserves

sid=sid

rating > 5

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

(On-the-fly)

bid=100 

(On-the-fly)

2	����������9	����� 9$�#���	�����
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4250 IOs
1000 + 500+ 250 + (10 * 250)



ReservesSailors

sid=sid

bid=100

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

rating>5 

(Scan &
Write to
temp T2)(On-the-fly)

2	����������9	����� 9$�#���	�����
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4010 IOs
500 + 1000 +10 +(250 *10)

SailorsReserves

sid=sid

rating > 5

sname

(Page-Oriented
Nested  loops)

(On-the-fly)

bid=100 

(Scan &
Write to
temp T2)(On-the-fly)

4250 IOs
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Reserves Sailors

sid=sid

bid=100 

sname
(On-the-fly)

rating > 5
(Scan;
write to 
temp T1)

(Scan;
write to
temp T2)

(Sort-Merge Join)
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� Decision not to push rating>5 before the join is based on 
availability of sid index on Sailors.

� Cost:  Selection of Reserves tuples (10 I/Os);  then, for each, 
must get matching Sailors tuple (1000*1.2); total 1210 I/Os.

� Join column sid is a key for Sailors.
–At most one matching tuple, unclustered index on sid OK.

– Projecting out unnecessary fields from outer 
doesn’t help.

(On-the-fly)

(Use hash
Index, do
not write
to temp)

Reserves

Sailors

sid=sid

bid=100 

sname

rating > 5

(Index Nested Loops,

with pipelining )

(On-the-fly)
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SELECT S.sname
FROM Sailors S
WHERE S.age IN

(SELECT  MAX (S2.age)
FROM Sailors S2
GROUP BY  S2.rating)

Nested blockOuter block
� For each block, the plans considered are:

– All available access methods, for
each relation in FROM clause.

– All left-deep join trees (i.e., right branch
always a base table, consider
all join orders and join methods.) BA
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Sailors (sid: integer, sname: string, rating: integer, age: real)
Reserves (sid: integer, bid: integer, day: dates, rname: string)
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SELECT  S.sid, MIN (R.day)
FROM  Sailors S, Reserves R, Boats B
WHERE  S.sid = R.sid AND R.bid = B.bid AND B.color = “red”
AND S.rating = ( SELECT MAX (S2.rating) FROM Sailors S2)
GROUP BY S.sid
HAVING COUNT (*) >= 2

For each sailor with the highest rating (over all 
sailors), and at least two reservations for red boats, 
find the sailor id and the earliest date on which the 
sailor has a reservation for a red boat.
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SELECT  S.sid, MIN (R.day)
FROM  Sailors S, Reserves R, Boats B
WHERE  S.sid = R.sid AND R.bid = B.bid AND B.color = “red”
AND S.rating = ( SELECT MAX (S2.rating) FROM Sailors S2)
GROUP BY S.sid
HAVING COUNT (*) >= 2

Inner Blockπ
S.sid, MIN(R.day)

(HAVING COUNT(*)>2 (
GROUP BY S.Sid (

B.color = “ red” S.rating = val(
Sailors      Reserves       Boats))))

σ
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( ) ( )( )σ σ σc cn c cnR R1 1∧ ∧ ≡... . . .

( )( ) ( )( )σ σ σ σc c c cR R1 2 2 1≡ (Commute)

� Projections: ( ) ( )( )( )π π πa a anR R1 1≡ . . . (Cascade)

� Joins: R × (S × T)      (R × S) × T≡ (Associative)

(R  × S)      (S × R) ≡ (Commute)

(Cascade)
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SELECT attribute list
FROM relation list
WHERE term1 AND ... AND termk
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/*
*
* THIS IS A HACK TO GET V4 OUT THE DOOR.
* -- JMH 7/9/92
*/
s1 = (Selectivity) 0.3333333;

� �������	3����	$������	���%4	
���""	��	backend/utils/adt/selfuncs.c
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equiwidth
No. of Values 2 3 3 1 8 2 1
Value 0-.99 1-1.99 2-2.99 3-3.994-4.99 5-5.99 6-6.99

No. of Values 2 3 3 3 3 2 4
Value 0-.99 1-1.99 2-2.99 3-4.05 4.06-4.67 4.68-4.99 5-6.99

equidepth
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SELECT S.sid
FROM Sailors S
WHERE S.rating=8
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Sailors:
Hash, B+ on sid

Reserves:
Clustered B+ tree on bid
B+ on sid

Boats
B+, Hash on color
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Reserves

Sailors

sid=sid

Boats 

Sid, COUNT(*) AS numbes

GROUPBY sid

bid=bid

Color=red
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SELECT S.sname
FROM Sailors S
WHERE EXISTS 

(SELECT  *
FROM Reserves R
WHERE R.bid=103 
AND R.sid=S.sid)

Nested block to optimize:
SELECT  *
FROM Reserves R
WHERE R.bid=103 

AND R.sid= outer value
Equivalent non-nested query:
SELECT S.sname
FROM Sailors S, Reserves R
WHERE S.sid=R.sid

AND R.bid=103
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