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Relational Algebra

o IMPORTANT: relational engines work on bags, no
set Il



Union, intersection, and difference
N

o Union: U Intersection: N Difference: —
1 Note: Both operands must have the same relation schema.

1 Example 1

Product ‘ Product ‘
Name Name
R: Melon 800G S. Melon 800G
Strawberry 150G Strawberry 150G
Melon 800G Apple 120G

Product
RS

Melon 800G




Selection and projection

Selection: O_ (R)
Picking all tuples of R that satisfy C.
Cis a condition that refers to attributes of R.

Projection: T (R)
L is a list of attributes from the schema of R.
Constructed by looking at each tuple of R.

Schema of result contains exactly the fields in the projection list, with the same

names that they had in relation R.

Example 2
R: nnome,ra’ring(o-rqting>8 (R))
Yuppy . < Sn . Don’t forget schema
Lubber 8 - 0
SRRy = Rusty 10

Rusty 10



Renaming and Product

Products and joins: compositions of relations.
Renaming : priat . an) (R2)
Gives a new schema to a relation.

Makes R1 be a relation with attributes Al, ..., An and the same tuples as
R2.

Product: R3:=R1 x R2

Also called cross-product or Cartesian product.

Pair each tuple t1 of R1 with each tuple t2 of R2 and concatenation t1 t2 is
a tuple of R3.

# of tuples in R3 = (# of tuples in R1) x(# of tuples in R2)
Schema of R3 is the attributes of R1 and then R2, in order.

Beware: R1 and R2 have the common attribute A
In relational algebra, use renaming to distinguish.



Renaming and Product (Cont.)
N

7 bample3 “Fruit | Place |

R1 mm R2 Melon Canada
Melon 800G :
(2 tuples) (3 tuples) Lemon  Spain
Apple 120G Apple  France
R1 x R2 Melon 800G Melon Canada the attributes of R1 and
(27326 tuples) Melon 800G Lemon Spain then R2, in order.
Melon 800G Apple France R1 and R2 have no
ttributes.
Apple 120G Melon Canada commOon attributes
Apple 120G Lemon Spain

Apple 120G Apple France



Renaming and Product (Cont.)
N

7 bample 4 “Name | Place

I e | price  eln cona

(2 tuples) Melon 800G Lemon  Spain
(3 tuples)

Apple 120G Apple  France

( R1.Name ' Price R2.Name m R1 and R2 have a

R1 x R2 Melon 800G Melon Canada common attribute.
(2*3=6 tuples) .

Melon 800G Lemon Spain

Melon 800G Apple France

Apple 120G Melon Canada

Apple 120G Lemon Spain

Apple 120G Apple France



Theta-Join

0 Theta-Join: R3:=R1 P<I_R2
o1 Take the product R1 x R2.
o Then apply o_to the result.

1 Example 5

mm Melon  Canada
R2

R] Melon 800G
Apple 120G

Lemon Spain

Apple France

RT D} ame=fruit R2 Melon 800G  Melon Canada
Apple 120G Apple France



Theta-Join (Cont.)
—

1 Example 5

 Name | Piace
R1 mm R2 Melon Canada

Melon 800G

Lemon Spain
Apple 120G

Apple France

R1 D<]Rl.N<Jme=R2.N<:|me R2

S RiName [ Price | R2Name | Place b

Melon 800G Melon Canada There are 4 columns.

Apple 120G Apple France



Natural Join

T e
= Natural Join: R3:=R1 P><{ R2

1 Connects two relations by:
m Equating attributes of the same name, and
m Projecting out one copy of each pair of equated attributes.

+ Example 6 Nome | rlace
O e | price R2  welon  Conat

Melon 800G

Lemon Spain
Apple 120G

Apple France

R1 DI R2 mmm There are 3 columns.

Melon 800G Canada
Apple 120G  France




Precedence of relational operators
N

o [o, m, p] (highest)

0 [%, X]

O N

o [U, -]



Duplicate Elimination and Sorting

T
- Duplicate elimination: O(R)

Recall: relational engines work on bags.

Consists of one copy of each tuple that appears in R2 one or more times.
SQL: SELECT DISTINCT ...

o Sorting: T,(R)
L is a list of some of the attributes of R2.

Sorted first on the value of the first attribute on L, then on the second
attributes of L, and so on.



Grouping and Aggregation
—

7 Grouping and Aggregation : 7y, (R)

o Lis alist of elements that are either

m Grouping attributes

m AGG(A), where AGG is one of the aggregation operators such as SUM, AVG,COUNT,
MIN, MAX and A is an attribute.

®  An arrow and a new attribute name renames the component

o Example: v, g avio)—-x(R)

DO = R e oo o
© u_ N grou_plng AG(A) for each aggregation
1 2 3 attributes on list L on list L
1 2 4

R: >

4 5 6 Group R by A and B Result has one tuple for each




SQL and relational algebra
N

- SELECT A1, A2, ..., An
FROM R1, R2, ..., Rm
WHERE P

is equivalent to the multiset relational algebra expression

Don’t forget the parenthesis since o has a higher Precedence than [x, X]

H Al, A2, -, An (0p(RIXR2X---x Rm))



SQL and relational algebra (Cont.)
N

0 Example 1 Takes (id, course id, semester, year, grade)

Teaches(name, course id, semester, year)

o1 Find the IDs of all courses who were taught by an instructor named Jones.

o SQL
m SELECT Teaches.course _id
FROM Takes, Teaches

WHERE name = ‘Jones’ AND Takes.course_id = Teaches.course_id;

o1 Relation algebra Because of

u ; [
WAL T course id(Onamensaones: (Takes DI Teaches)) - common attribute
= WAY 2: l_[Teaches.course_id (Gname=‘Jones’ (Takes > Takes.course_id = Teaches.course_id Teaches))

= WAY 3:
HTeaches.course_id (Gname=‘Jones’ A Takes.course_id = Teaches.course_id (Takes X TeaCheS))



SQL and relational algebra (Cont.)
N
o Example 2 o Works (pname, cname, salary)

= Find the names of all employees who earn more than
every employee of “First Bank”.

0 SQL
SELECT pname
FROM Works

WHERE salary >ALL (SELECT salary
FROM Works
WHERE cname= 'First Bank');

o1 Relational algebra

R1:=1II wl.pname( Pwi1 (WOI' kS) > wl.salary<w2.salary A w2.cname="First Band’ Pw2 (WOI‘ kS) )

Result:=1I . (Works) — R1
Assignment:

create temporary relation
names



SQL and relational algebra (Cont.)

SELECT A1, A2, AGG(A3) AS AGG3
FROM R1, R2,..., Rm

WHERE P

GROUP BY AT, A2

® |s equivalent to the multiset relational algebra expression

YAl,A2,AGG(A3)_>AGG3(GP(R1 xR2x...xRm))

If only display attribute A1 and AGG3, then

HAl,AGcas(VA1,A2,AGG(A3)_>AGG3(GP(R1 xR2x...xRm)))



SQL and relational algebra (Cont.)

]
o Example 3

Takes (student id, course id, semester, year, grade)

Find the enrollment of each course that was offered in Fall 2009.

SQL

SELECT course_id, count(*) as enrollment
FROM Takes

WHERE year=2009 AND semester="Fall’
GROUP BY course_id;

Relational Algebra

Y cou rse_id, count(*)—enrollment (Gyear:2009 A semester=“Fall”(Takes))



SQL and relational algebra (Cont.)
=

1 Example 4

Takes (student id, course id, semester, year, grade)

Find the maximum enrollment in Fall 2009.

SQL SELECT MAX(enrollment)
FROM (SELECT course_id, count(*) as enrollment
FROM Takes
WHERE year=2009 AND semester="Fall’
GROUP BY course_id);

Relational Algebra

R: ~Ycou rse_id, count(*)—enrollment (Gyear:2009 A semester=“Fall”(Takes))
Result:= 'Ymax(enrollment)(R)



