Relational Data Model

Operations

Relational Algebra: A set of operations on relations.  Based on the work of E.F. Codd from 1970 to 1972.  The result of a relational operation is another relation.

Eight basic operations
Union
( 
Binary: (R(S)

Intersection
(
Binary: (R(S)

Difference
(
Binary: (R-S)

Cartesian product
(
Binary: (RxS)

Project
(
R [list of attributes]
Unary: (( (R))

Restrict (select)
(
R Where condition
Unary: (( (R))

Join




Binary: R|><| S

Division
(



Binary: R(S 
1.
Union
(
R, S relations 

Requirement: union compatible (also called type compatible)

Identical heading: 

·
They have the same set of attributes (name of attribute)

·
Corresponding attributes are defined on the same domain.

R ( S   (the result is a new relation)

- heading:  same as the heading of R ( or S )

- tuples:     set of all tuples t belonging to R or S or both.

R = {1, 3, 5}

S = {2 , 3, 4}

R ( S = {1, 2, 3, 4, 5}


R

P#
Pname
Color

P1
Nut
Red

P3
Bolt
Blue


S

P#
Pname
Color

 P1 
Nut
Red

 P2
Screw
Blue


R ( S

P#
Pname
Color

P1
Nut
Red

P3
Bolt
Blue

P2
Screw
Blue

2.
Intersection
Requirement: union compatible

R ( S

- heading: same 

- body: the set of all tuples t belonging to both R and S.

For the table R and S as above,

R ( S

P#
Pname
Color

P1
Nut
Red

3.
Difference
requirement: union compatible

R  (  S 


-heading: same


-tuples:     the set of all tuples t belonging to R and NOT to S.

Ex: for the tables R and S as above, 


R ( S

P#
Pname
Color

P3
Bolt
Blue

4.
Cartesian product
(
Don't have to be type compatible.

R   Head ( R )  =  A1 A2 … An
S   Head ( S )   =  B1 B2 … Bm

T  :=   R  (  S

- heading:  Head ( T )  =  R.A1 R.A2 … R.An S.B1 S.B2 … S.Bm

- tuples:     all possible tuples that are combinations of two tuples one from 

    each of the two specified relations.

R.A
R:     a qualifier ( table name) that distinguishes attributes.

R.A: a qualified attribute

Qualifiers can be omitted if that will not cause ambiguity.  

Table R





Table S

S#
Sname
City

P#
Pname
Color

S1
Smith
London

P1
Nut
Red

S3
Blake
Paris

P2
Screw
Blue

Table T

S#
Sname 
City
P#
Pname
Color

S1
Smith
London
P1
Nut
Red

S1
Smith
London
P2
Screw
Blue

S3
Blake
Paris
P1
Nut
Red

S3
Blake
Paris
P2
Screw
Blue

# of rows in ( R ( S )  =  ( # of rows in R )  (  ( # of rows in S )

A(B(C = A((B(C) = (A(B)(C
A(B = B(A

A(B(C = A((B(C) = (A(B)(C
A(B = B(A

A(B(C  =  A((B(C)  =  (A(B)(C
A(B  = B(A

Note:
A ( B  (  B ( A

A ( (B ( C) ( ( A ( B )  (  C 

5.
Project
( s (R)
or
 R [s: list of the attributes]

R: relation,      s: a list of some of the attributes in R.

Projection of R returns a new relation with

- heading: certain columns picked up

- tuples: keep the subordinate column, eliminate duplicate rows.

Ex:


SP





SP [P#] or ( P#  (SP)

S#
P#
QTY

P#

S1
P1
300

P1

S1
P2
500

P2

S2
P1
250

P3

S2
P3
350



6.
Restriction   (select)

R where C (condition);
 ( c ( R );
( f ( R )


c: condition 
   f: formula

Result table:

- heading: same set of attributes.

- tuples:    which obey the condition.


  (test each tuple of R using C,
if T - in the result set


  
if F - not in the result set
Ex: 

( (SP)  =  SP where S# = ‘S2’

S# = ’S2’

S#
P#
QTY

----
----
------

S2
P1
250

S2
P3
350

Other comparison operations:
<, >, =, <=, >=, <>, !=,

and, or, not

7. Join operation

(a)
( join (Textbook)

R       S

R.Ai  ( S.Bj

R (A1 A2 … Ai … An)
Ai: attribute of R

S ( B1 B2 … Bj … Bm)
Bj: attribute of S

( is a comparison operator: < , > ,  = ,  <=, >=, <>, !=, …

Ai, and Bj should be defined on same domain , but can be different in name.

The result (new) relation: 


- heading: A1 A2 … Ai … An B1 B2 … Bj … Bm (degree = n + m)


- tuples:    all possible tuples of (R ( S) which satisfy the ( condition.


R     S =  ( (R ( S) 

 (   
   (
Ex:


R



S



R ( S

A
B

C
D

A
B
C
D

A
1

a
3

a
1
a
3

B
2

b
2

a
1
b
2




c
1

a
1
c
1







b
2
a
3







b
2
b
2







b
2
c
1


R     S =

R.A = S.C

A
B
C
D

A
1
a
3

B
2
b
2

(b)
Equijoin:  when ( is ‘=’ , equality

(c)
Natural join (textbook)

Assume: { B1 B2 ….Bk }  =  Head (R)  (  Head (S)        ( common attributes)

R  ( A1 A2 … An … B1 B2 … Bk )

S  ( C1 C2 … Cm … B1 B2 … Bk )

R     S

- heading:
A1 A2 … An … B1 B2 … Bk C1 C2 … Cm
 eliminating the duplicate columns, or say the common attributes only appear once.

- tuples:      equal join on all the common attributes.

     R       S 

=       (
[    (   (  R  (  S  )]



head(R)(head(S)
R.B1 = S.B1 ^ R.B2 = S.B2 ^...R.Bk = S.Bk

Associative:  R       S      T   =  ( R      S )     T = R      ( S      T )

Ex:

R




    S

A
B
C

B
C
D

A
B
c

b
c
d

D
B
c

b
c
e

B
B
f

a
d
b

C
A
d





Head ( R ) ( Head ( S )  =  { B, C }

R     S  =
(       [       (         (  R ( S  )   ]     =  

 
R.A, R.B, R.C, S.D 
R.B=S.B^ R.C = S.C 

A
B
C
D

A
b
c
d

A
b
c
e

D
b
c
d

D
b
c
e

C
a
d
b

(d)
Outer Join (Textbook)
        o

Definition: an extended form of the ordinary join operation in which tuples in one relation having no counterpart in the other appear in the result with nulls in the other attribute positions.

Ex:



S   table
     SP   table

S#
SNAME
STATUS
CITY

S#
P#
QTY

S2
Jones
10
Paris

S2
P1
300

S5
Adams
30
Athens

S2
P2
400






S4
P4
500

S            SP

S#
SNAME
STATUS
CITY
P#
QTY

S2
Jones
10
Paris
P1
300

S2
Jones
10
Paris
P2
400

S      o SP

S#
SNAME
STATUS
CITY
P#
QTY

S2
Jones
10
Paris
P1
300

S2
Jones
10
Paris
P2
400

S5
Adams
30
Athens
NULL
NULL

S4
NULL
NULL
NULL
P4
500

left outer join:        LO
   

preserve unmatched rows in the table on the left of the operator, filling in NULLs for missing row values from the table on the right.

right outer join:      RO

preserve unmatched rows in the table on the right of the operator, filling in NULLs for missing row values from the table on the left.

8.
Division operator
(
R ( A1 A2…. An   B1 B2 ….Bm ); 
Head (R) = A1 A2  … An  B1 B2  … Bm
S (  B1 B2…  Bm );


Head (S)  =  B1 B2  … Bm
Note: head (S) is a subset of head (R)

      R  (  S 

- Head (R ( S) = A1 A2…. An
- tuples  t : for every row  s in S, the row resulting from concatenating t  and s 

should be found in table R.


Ex:


S table
R table

Courses#

Sname
Courses#

CSC225

Jones
CSC225

CSC343

Smith
CSC225

CSC415

Jones
CSC415



Smith
CSC415



Black
CSC343



Smith
CSC343

Result:
R  (  S :

Sname 


----------


Smith

Only Smith takes all courses in S.

Examples from the textbook (P64 - P66)

The interdependence of operations 

Primitive:
union, product, difference, project, restrict. 

Derived:
intersection, join, division.(can be expressed in term of these primitive operations.)

(1)
A ( B  =   A ( (A ( B)

(2)
A     B  = 
( ( A ( B )    or    ( A ( B )   WHERE     c

   c

c

(3)  R ( S  =  ( ( R )   (   (   [ ( ( (R)  (  S  )  (  R  ]

       R(S                         R–S             R-S
(R-S): Head (R) - Head (S) = Head ( R ( S);

Precedence of operations   ( Textbook )

Other operations:

Assignment
:=

ex:            T  :=   ( R  (  S )
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