%DVL�GL�’DW L�H�

6 LVW HP L�,QI R UP DW LY L�,

5HODW LRQDO�DOJHEUD

� �

Quer ylanguages for relational databases

¯ Operations on databases:

˘ queries: "read" data from the database

˘ updates: change the content of the database

¯ Both can be m odeled as functions from databases to databases

¯ Foundations can be studied with reference to quer ylanguages:

˘ relational algebra, a "procedural" language

˘ relational calculus, a "declarative" language

˘ (briefly) Datalog , a m ore powerful language

¯ T hen, we will studySQL, a practical language ( with declarative and procedural features) for queries and updates

Relational algebra

¯ A collection of operators that

˘ are defined on relations

˘ produce relations as results and therefore can be com bined to form com plex expressions

¯ Operators

˘ union, intersection, difference

˘ renam ing

˘ selection

˘ projection

˘ join (natural join, cartesian product, theta - join)

Union, intersection, difference

¯ Relations are sets, so we c an appl yset operators

¯ However, we want the results to be relations (that is, hom ogeneous sets of tuples )

¯ T herefore:

˘ it is m eaningful to applyunion, intersection, difference onl y to pairs of relations defined over the sam e attributes

Union

Number Surname Age

7274 Robinson 37

7432 O’Malle y 39

9824 Darkes 38

Number Surname Age

9297 O’Malley 56

7432 O’Malley 39

9824 Darkes 38

Graduates

Managers

Number Surname Age

7274 Robinson 37

7432 O’Malle y 39

9824 Darkes 38

9297 O’Malle y 56

Graduates È Managers

Intersection

Number Surname Age

7274 Robinson 37

7432 O’Malle y 39

9824 Darkes 38

Number Surname Age

9297 O’Malley 56

7432 O’Malley 39

9824 Darkes 38

Graduates

Managers

Number Surname Age

7432 O’Malle y 39

9824 Darkes 38

Graduates Ç Managers

Difference

Number Surname Age

7274 Robinson 37

7432 O’Malley 39

9824 Darkes 38

Number Surname Age

9297 O’Malley 56

7432 O’Malley 39

9824 Darkes 38

Graduates

Managers

Number Surname Age

7274 Robinson 37

Graduates - Managers

Paternit y È Maternit y ???

Father Child

Adam Cain

Adam Abel

Abraham Isaac

Abraham Ishmael

Paternity Mother Child

Eve Cain

Eve Seth

Sarah Isaac

Hagar Ishmael

Maternity

Ameaningful but impossible union

¯ the problem : Father and Mother are different nam es, but both represent a "Parent"

¯ the solution: renam e attributes

Renaming

¯ unar yoperator

¯ "changes attribute nam es" without changing values

¯ rem oves the lim itations associated with set operators

¯ notation:

˘ r

Y ¬ X

(r)

¯ exam ple:

˘ r

Parent ¬ Father

(Paternit y)

¯ if there are two or m ore attributes involved then order ing is m eaningful:

˘ r

Location,Pay ¬ Branch,Salary

(Em ployees)

Renaming, example

Father Child

Adam Cain

Adam Abel

Abraham Isaac

Abraham Ishmael

Paternity

Parent Child

Adam Cain

Adam Abel

Abraham Isaac

Abraham Ishmael

r

Parent ¬ Father .

(Paternity)

Renaming and union

Father Child

Adam Cain

Adam Abel

Abraham Isaac

Abraham Ishmael

Paternity Mother Child

Eve Cain

Eve Seth

Sarah Isaac

Hagar Ishmael

Maternity r

Parent ¬ Father

(Paternity) È r

Parent ¬ Mother

(Maternity)

Parent Child

Adam Cain

Adam Abel

Abraham Isaac

Abraham Ishmael

Eve Cain

Eve Seth

Sarah Isaac

Hagar Ishmael

Renaming and union, w ith more attributes

Surname Branch Salary

Patterson Rome 45

Trumble London 53

Employees r

Location,Pay ¬ Branch,Salary

(Employees) È r

Location,Pay ¬ Factory,W ages

(Staff)

Surnam e Location Pa y

Patters on Rome 45

Trumble London 53

Cook e Chic ago 33

Bush Monza 32

Surname Factory Wages

Patterson Rome 45

Trumble London 53

Staff

Selection and projection

¯ T wo unar yoperators, in a sense orthogonal:

˘ selection for "hor izontal" decom positions

˘ projection for "vertical" dec om positions

A B C

A B C

Selection

Þ

A B C

Projection

Þ

A B

Selection

¯ Produce results

˘ with the sam e schem a as the operand

˘ with a subset of the tuples ( those that satisf ya condition)

¯ Notation:

˘ s

F

(r)

¯ Sem antics:

˘ s

F

(r) = { t |t Î r and t satisfies F}

Selection, example

Surname FirstName Age Salary

Smith Mary 25 2000

Black Lucy 40 3000

Verdi Nico 36 4500

Smith Mark 40 3900

Employees

Surname FirstName Age Salary

Smith Mary 25 2000

Verdi Nico 36 4500

s

Age<30 Ú Salary>4000

( Employees)

Selection, another example

Surname FirstName PlaceOfBirth Residence

Smith Mary Rome Milan

Black Lucy Rome Rome

Verdi Nico Florence Florence

Smith Mark Naples Florence

Citizens s

PlaceOfBirth =Residence

( Citizens)

Surname FirstName PlaceOfBirth Residence

Black Lucy Rome Rome

Verdi Nico Florence Florence

Projection

¯ Produce results

˘ over a subset of the attributes of the operand

˘ with values from all its tuples

¯ Notation (given a relation r(X) and a subset Yof X):

˘ p

Y

(r)

¯ Sem antics:

˘ p

Y

(r) = { t[Y] | t Î r }

Projection, example

Surname FirstName Department Head

Smith Mary Sales De Rossi

Black Lucy Sales De Rossi

Verdi Mary Personnel Fox

Smith Mark Personnel Fox

Employees

Surname FirstName

Smith Mary

Black Lucy

Verdi Mary

Smith Mark

p

Surname, FirstName

( Employees)

Projection, another example

Surname FirstName Department Head

Smith Mary Sales De Rossi

Black Lucy Sales De Rossi

Verdi Mary Personnel Fox

Smith Mark Personnel Fox

Employees

Department Head

Sales De Rossi

Personnel Fox

p

Department, Head

( Employees)

Cardinalit yof projections

¯ T he result of a projections contains at m ost as m any tuples as the operand

¯ It can contain fewer, if several tuples "collapse"

¯ p

Y

(r) contains as m any tuples as r if and onl yif Yis a s uperk ey for r;

˘ this holds also if Yis "bychance" (not defined as a superk ey in the schem a, but superk ey for the spec ific instance), see the exam ple

Tuples that collapse

RegNum Surname FirstName BirthDate DegreeProg

284328 Smith Luigi 29/04/59 Computing

296328 Smith John 29/04/59 Computing

587614 Smith Lucy 01/05/61 Engineering

934856 Black Lucy 01/05/61 Fine Art

965536 Black Lucy 05/03/58 Fine Art

Students

Surname DegreeProg

Smith Computing

Smith Engineering

Black Fine Art

p

Surname, DegreeProg

( Students)

Tuples that do not collapse, "bychance"

Students p

Surname, DegreeProg

( Students) Surname DegreeProg

Smith Computing

Smith Engineering

Black Fine Art

Black Engineering

R egNum Surname Firs tN ame BirthD ate D egreeP rog

296328 Sm ith J ohn 29/04/59 C om puting

587614 Sm ith Luc y 01/05/61 Engineering

934856 Black Luc y 01/05/61 Fine Art

965536 Black Luc y 05/03/58 Engineering