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Hector Garcia-Molina
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Database schema "Supplies"

Relation Semantics
S (ID_S, Name_S, City_S, 
Rating, Deposit)

Information about suppliers

P (ID_P, Name_P, City_P, 
Size_P, Color)

Information about parts

Н (ID_Н, Volume_Н) Hangars for storage in the 
assembly plant

SP (ID_S, ID_P, Quantity, 
Price, ID_Н)

Supplies of parts

Database system implementation
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Relation S (Suppliers)

Attribute Semantics
ID_S* Supplier ID
Name_S Supplier name
City_S Supplier city
Rating Supplier rating (reliability)
Deposit Security deposit
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Relation P (Parts)

Attribute Semantics
ID_P* Part ID
Name_P Part name
City_P Part city
Size_P Part size
Color Part color

Database system implementation
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Relation Н (Hangars)

Attribute Semantics
ID_Н* Hangar ID
Volume_Н Hangar free volume
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Relation SP (Supplies of parts)

Attribute Semantics
ID_S* Supplier ID
ID_P* Part ID
Quantity Number of pieces in the supply
Price Price per piece
ID_Н Hangar ID for storage

Database system implementation
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ID_S Name_S City_S Rating Deposit

1 Peterson Moscow 100 1000

2 Johnson Tokyo 60 2000

3 Simpson Moscow 80 1000

4 Abrahams Sydney 50 5000

S (Suppliers)
ID_P Name_P City_P Size_P Color

1 Nut London 5 Red

2 Nut London 5 Blue

3 Bolt Sydney 10 Red

4 Bolt Sydney 10 Blue

P (parts)
ID_S ID_P Quantity Price ID_Н

1 1 2000 100 1

1 2 3000 100 2

2 3 2500 200 3

4 4 500 150 3

SP (supplies of parts)

Database system implementation
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Query example

The names of suppliers who supply at least one red 
part.

SELECT
FROM
WHERE 

AND
AND

Name_S
S, SP, P

S.ID_S = SP.ID_S
SP.ID_P = P.ID_P
Color = 'Red';

Database system implementation
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SELECT Name_S
FROM S,SP,P
WHERE S.ID_S = SP.ID_S

AND SP.ID_P = P.ID_P
AND Color = 'Red'

DBMS
Name_S
-----------
Peterson
Johnson
-----------

Database system implementation

ID_S Name_S City_S Rating Deposit

1 Peterson Moscow 100 1000

2 Johnson Tokyo 60 2000

3 Simpson Moscow 80 1000

4 Abrahams Sydney 50 5000

S (Suppliers)
ID_P Name_P City_P Size_P Color

1 Nut London 5 Red

2 Nut London 5 Blue

3 Bolt Sydney 10 Red

4 Bolt Sydney 10 Blue

P (parts)
ID_S ID_P Quantity Price ID_Н

1 1 2000 100 1

1 2 3000 100 2

2 3 2500 200 3

4 4 500 150 3

SP (supplies of parts)
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Outline of query processing

SQL query

Compiler

Physical
plan

Executor

Data base
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On the way to the physical plane

SQL query Physical
plan?Relational 

algebra 
expression

. . . . . .. . . . . .
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The main operations of relational algebra

Оperation Name Semantics
πA,С(R) Projection Projection removes some columns from the relation.

σθ (R) Selection The selection produces a result consisting
of all tuples of the relation that satisfy the selection 
condition θ.

R×S Cartesian product Pairing the tuples of two relations in all possible ways.
R⋈S Natural join Pairing the tuples of two relations that agree on all

common attributes.
Theta-join Pairing the tuples of two relations that meet a condition 

θ.
δ(R) Duplicate elimination Turns a bag into a set by eliminating all but one copy of 

each tuple.
γB, AVG(C)→ X(R) Grouping Operator that combines the effect of grouping and 

aggregation.

21.10.2016
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A* B C
1 20 100
2 40 300
3 20 100
4 10 300

A*

1
2
3
4

C
100
300
100
300 πA,С(R)

R

A*

1
2
3
4

C
100
300
100
300
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A* B C
1 20 100
2 40 300
3 20 100
4 10 300 σC<150 (R)

R

A* B C
1 20 100
3 20 100

1 20 100

3 20 100

A* B C
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A* B C
1 20 100
2 40 300
3 20 100
4 10 300

S
D* A# E
1 3 0.2
2 1 0.5
3 1 0.5

R
R.A* B C

1 20 100
1 20 100
1 20 100
2 40 300
2 40 300
2 40 300
3 20 100
3 20 100
3 20 100
4 10 300
4 10 300
4 10 300

D* S.A E
1 3 0.2
2 1 0.5
3 1 0.5
1 3 0.2
2 1 0.5
3 1 0.5
1 3 0.2
2 1 0.5
3 1 0.5
1 3 0.2
2 1 0.5
3 1 0.5

R×S

Database system implementation

Cartesian product pairs the tuples of 
two relations in all possible ways.
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A* B C
1 20 600
2 40 300
3 20 250
4 10 300

S

D* A# E
1 3 0.2
2 1 0.7
3 1 0.5

R

R.A* B C
1 20 600
3 20 250

D* S.A E
3 1 0.5
1 3 0.2

Database system implementation

Theta-join pairs the tuples of two relations 
that meet a condition theta.



© Leonid B. Sokolinsky 1. Introduction

Natural join
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A* B C
1 20 100
2 40 300
3 20 100
4 10 300

S
D* A# E
1 3 0.2
2 1 0.5
3 1 0.5

R

R.A* B C
1 20 100
1 20 100
3 20 100

D* S.A E
2 1 0.5
3 1 0.5
1 3 0.2

A* B C
1 20 100
1 20 100
3 20 100

D* E
2 0.5
3 0.5
1 0.2

21.10.2016
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The appearance of duplicates
21.10.2016

29

A* B C
1 20 100
2 40 300
3 20 100
4 10 300

B
20
40
20
10

C
100
300
100
300 πB,С(R)

R

B
20
40
20
10

C
100
300
100
300
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Duplicate elimination
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B C
20 100
40 300
20 100
10 300 δ(R)

R

B* C
20 100
40 300
10 300
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γB, AVG(C)→ X(R)

R
A* B C
1 20 400
2 40 300
3 20 150
4 40 500
5 20 50

A* B C
1 20 400
3 20 150
5 20 50
2 40 300
4 40 500

B* X
20 200
40 400

A* B C X=AVG(C)
1 20 400 200
3 20 150
5 20 50
2 40 300 400
4 40 500
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Aggregation 
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γSUM(B*C)(R)

R
A* B C
1 2 400
2 4 300
3 2 150
4 4 500
5 2 50

4400
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Function Semanics
SUM The sum of values
AVG The average value
MIN The least value
MAX The greatest value

COUNT The number of tuples

Aggregate functions

21.10.2016
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Оperation SQL
πA,С(R)
σθ (R)
R×S
RS

δ(R)
γB,AVG(C)->X(R)

Relational algebra operations in SQL

21.10.2016
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SELECT A,C FROM R
SELECT * FROM R WHERE θ
R CROSS JOIN S

R NATURAL JOIN S
R JOIN S ON θ

SELECT DISTINCT * FROM R
SELECT B, AVG(C) AS X FROM R GROUP  BY B

Database system implementation
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πName_S(π Name_S,ID_S(P)⋈(πID_S,ID_P(SP)⋈πID_P(σColor='Red'(P))))
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Constructing an expression of relational algebra

/* The names of suppliers who supply at 
least one red part */

SELECT Name_S
FROM S,SP,P
WHERE S.ID_S = SP.ID_S

AND SP.ID_P = P.ID_P
AND Color = 'Red'

πName_S(σColor='Red'(S⋈(SP⋈P)))

πName_S(σColor='Red'((S⋈SP)⋈P))

πName_S((S⋈SP)⋈σColor='Red'(P))

…

πName_S(σS.ID_S=SP.ID_S(σSP.ID_P=P.ID_P(σColor='Red'( S×(SP×P)))))

Which is the best?

Why? How to construct? How to choose?

Database system implementation
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Representing relational algebra expression as a 
logical plan

πName_S((S⋈SP)⋈σColor='Red'(P))

π Name_S

σColor='Red'⋈

S SP

⋈

P

Relational algebra expression

Logical plan

Database system implementation
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Converting logical plan to physical plan

Project(Name_S)

IndexScan(Color,'Red‘)HashJoin

S SP

IndexJoin

P

Physical plan

π Name_S

σColor='Red'⋈

S SP

⋈

P

Logical plan

Database system implementation

DBMS converts the logical plan into a physical plan replacing the relational algebra operations by the 
physical algebra operations.
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Outline of query processing

SQL query

Compiler

Physical
plan

Executor

Data base

Database system implementation



© Leonid B. Sokolinsky 1. Introduction 21.10.2016

39

Outline of query compilation

SQL query Parser & 
Preprocessor

Parse tree 
(normalized)

Physical query 
plan generator

Logical plan

Logical query 
plan generator

Physical
plan

Query execution

Query 
optimization

Database system implementation
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Query optimization

• Which of the algebraically equivalent forms of a 
query leads to the most efficient algorithm for 
answering the query?

• For each operation of the selected form, what 
algorithm should we use to implement that 
operation? 

• How should the operations pass data from one to 
the other (in a pipelined fashion, in main-memory 
buffers, or via the disk)?

Database system implementation


