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= ® [eccture 6. Relational algebra

Query languages

e procedural (HOW to receive)
e nonprocedural (WHAT to receive)

Formal languages:
e relational algebra
e relational calculus (tuple-oriented and domain-oriented)

Formal languages are basis for creation of DB query languages
=® (Alpha, QUEL, QBE, SQL)
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= ® [ecture 6. Relational algebra
=#® Relational algebra closure and properties

of binary operations

Property of binary relations:

e Operation ¢ is commutativeif ApB=B ¢ A

e COperation ¢ is associativeif A¢B)¢C=A¢ (B¢ C)

e Operation ¢ is distributive with respect with other operation 6, if
Ap(BBC)=(ApB)B(A¢pC)
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= ® | ccture 6. Relational algebra

Relational algebra operations

Basic operations:
e set-theoretic (union, intersection, difference)
e projection
e selection
e cartesian product,
® join
e division
Additional operations
e assignment
e renaming
e generalized projection
e outer join
L
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= ® [ecture 6. Relational algebra

Set-theoretic operations

Set-theoretic operations require compatibility of their operands
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= ® [eccture 6. Relational algebra

Union operation

T(A)=R(A) I S(A)={t[tERVte S}

The operation commutative, associative and distributive with respect to the
intersection .

example:  R[EIE] s [BIE] T=r v s [T
a1 b1 a1 b1 a1 b1

a

b

2 1
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= ® Lecture 6. Relational algebra

Difference operation

T(A)=R(A) — S(A)={t|t€ R&t&S)

The operation not commutative and associative and distributive.

Example: R- S- LIS -
a1 b1 a1 b1 a1 b2

a

b a b

2 1 2 3

Note: Relational algebrad tuse set-theoretic complement operation!!!
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= ® [eccture 6. Relational algebra

Intersection operation

T(A)=R(A)NSA)={t|t € R&t € S}

The operation commutative, associative and distributive with respect to union.

Example: R[A[B] s[A]B] T=Rrns
a1 b1 a1 b1

a

2

b

a

2

b

1

Intersection is expressed via
CSF NAU

fference: RN S = R — (R-3S)



= ® Lecture 6. Relational algebra

Projection operation

Projection is denoted as: R[B] wnu RB(R)
S(B) =R[B] ={t[B] | t € R}

Example:

2

CSF NAU : ticatetuples are deleted




= ® [ecture 6. Relational algebra

0-comparability of attributes and tuples

P If t is a relation tuple, that contains sets of 8-comparable attributes M
g and N, then the notation t[M] 6 {{N] means the following:
= ® ({{A1]101{B1]) & ... & ({{Ak] 6 t[BK]).

I csFNAU
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= ® Lecture 6. Relational algebra

Selection (restriction) operation

T(A)=R[MON]={t|t € R &t{[M] 6 t[N]}
One of the attributes set M or N may be constant.

Example: R[A=a1] -
a1 b1

a

b

1 2

a

The operation also has theTollowing notation: Oy on(R)
CSF NAU




= ® Lecture 6. Relational algebra

Cartesian product

The operation is commutative and associative and distributive with respect of
union and intersection.

Example: R [ATITEH s [GIIBH T-Rxs
a1 b1 c5 d3

a

1 1 5

Cc

1 2 4 7

a2 3
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= ® Lecture 6. Relational algebra

Join operation

T=RMON]S ={(t1,t2) | t1 € R A t2 € S A t1[M] 0 t2[N]}

The operation commutative and associative

a1 rl1 r‘1 b2

a, | n, n, b

4

a, | n, n, b

The operation is also denoted as: IR M 0 NS
Join is expressed via the product and the selection:

CSFNAU R®>=  S=0,,(RxS)
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= ® [ecture 6. Relational algebra

Join and natural join

Example
R[B,C=B,C]S
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= ® Lecture 6. Relational algebra

Semijoin

RIMBN)S={(t1)|t1 € RA 2 € S A t1[M] 8 t2[N]}

Semijoin is expressed via the join and projection in such a way:
R[M 6 N)S = (R[M 0 N]S)[A] — where A is a set of attributes of the relation R

Example: R[B,C=B,C)S
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= ® Lecture 6. Relational algebra

Image of the tuple

I R) e R[A](R) I(a1,b1)e R[A,B](R) Lo R[C](R)

ale R[A](
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= ® Lecture 6. Relational algebra

Division operation (1)

T(M) = RIN+K]S = {t |t € R[M] & I(R) 2 S[K]}

The operation allows to formulate queries like this:
- Output teachers that teach lectures of ALL types.

Teacher Set A Set B
All types of lectures, All possible types of

that has a teacher lectures

CSF NAU




= ® | ccture 6. Relational algebra

Division operation(2)

S[C] R[C+C]S

d,
d,
d,
d,

b,
b,
b,
b,

Division operation is expressed by other operations of RA:
| @ RIN+K]S =R[M] - ((R(M) x S[K]) - R)[M]
2@ Division operation is not commutative and associative
- @
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Lecture 6. Relational algebra

Example of DB for RA queries

Name, Dean, Bld, Fund)
FNo, Name, Head, Bld, Fund)
DNo, Name, Post, Tel, Salary, Comm)

DNo, Course, Num, Quantity, CurNo) [ FACULTY ]
Name)

Num, Building, Seats)

DEPARTMENT

SGROUP } TEACHER ]

GNo, SNo, RNo, Type, Day, Week)

[ SUBJECT ]

CSF NAU 20
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= ® | ccture 6. Relational algebra

Examples of queries in RA (1)

|_@ Projection: Output list jf teacher names and posts:

TCH [Name, Post]Il (TCH)

Name, Post

FAC[Name = ‘CsF'] O_ __ ... (FAC)

Join: Output information about faculries and their departments:

FAC[FNo = FNo]DEP FAC Dw%FNODEP

CSF NAU




= ® | ccture 6. Relational algebra

Examples of queries in RA (2)

|_® Composition of join, selection and projection

-

1) Outputs names of faculties and their departments

(FAC[FNo = FNo]DEP) [FAC.Name, DEP.Name]

>
I1 (FAC DEP)

FAC.Name, DEP.Name FNo=FNo

2) Outputs names of faculties with fund > 1000 and their departments :

((FAC[Fund > 1000]) [FNo = FNo]DE[;I;]) [FAC.Name, DEP.Namel]
I1 ((O

FAC.Name, DEP.Name Fund >1000

(FAC)) DEP)

FNo=FNo

CSF NAU




= ® | ccture 6. Relational algebra

Examples of queries in RA (3)

Outputs names of professors from CSF faculty and subjects that they
teach.

FAGULTY ] Name="CSF’ —
((((((FAC[FNo=Fno] DEP) o ) selection condition
asic

[DNo=DNo] TCH) query —X— Query calculation

[TNo=TNo] LEC) tables £l

[SNo=SNo] SBJ) Post =‘prof’ —

[FAC.Name="'CSF’]) selection condition
’ B Name - output

[Post="prof’])

[TCH.Name, SBJ.Name]

suslsgT  [Name - output
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= ® | ccture 6. Relational algebra

Examples of division operation

NN

1) Output teacher numbers that teach in ALL groups:
( (LEC [TNo, GNo] ) [GNo+GNo] GRP) [TNo]

2)

Output teacher numbers that teach in ALL groups of the first course:

( (LEC[TNo, GNo] ) [GNo+GNo] (GRP [Course=1])) [TNo]

Output teacher names that teach in ALL groups of the first course:

(( (LEC[TNo, GNo] ) [GNo+GNo] (GRP [Course=1]))
[TNo=TNo] TCH) [TCH.Name]

GRP(GNo, Course...) TCH(TNo, Name...)
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= ® | ccture 6. Relational algebra

Additional operations

Additional operations
e Assignment
e Renaming
e Generalized projection
e Quter join
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Lecture 6. Relational algebra

Assignment operation

The assignment operation («) provides a convenient way to express complex
queries, write query as a sequential program consisting of a series of assignments
by using intermediate temporal relations followed by an expression whose value is
displayed as a result of the query.

Mpumep: Output teacher names that teach in ALL groups of the first course:

(((LEC[TNo,GNo]) [GNo+GNo] (GRP [Course=1]))
[TNo=TNo] TCH) [TCH.Name]

Templ <« LEC[TNo, GNo]
Temp2 <— GRP[Course=1]
Temp3 <— Templ [GNo+GNo] Temp2

Temp4 <— Temp3 [TNo=TNo] TCH
Temp4 [TCH.Name]
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Lecture 6. Relational algebra

Rename operation

The rename operation allows us to name, and therefore to refer to, the results of
relational-algebra expressions.
It has the following syntax:

Where: E - relational algebra expression,

R(A1,A2,...,An) — name of the relation ant its attributes that is
calculated by expression E.

Example: Output names of faculties and their departments. Rezulted relation
should have name FAC_DEP with attributes FName n DName respectively:

pFAC_DEP T (FAC [FNo=FNo] DEP) [FAC.Name, DEP.Name]
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Lecture 6. Relational algebra

Generalized projection operation

Extends the projection operation by allowing arithmetic functions to be
used in the projection list.
R[F1, F2,...,Fn] TCF1, I:2’___,Fn(R)

Where: R — relation or expression of relational algebra;
F1, F2,...,Fn — are arithmetic expressions involving
constants and attributes in the schema of E.

Example: Output teacher names and their salary + commission

TCH [Name, Salary + Commission]
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= ® | ccture 6. Relational algebra

Outer join

Outer join is an extension of the join operation that avoids loss of
information.

Computes the join and then adds tuples form one relation that does not
match tuples in the other relation to the result of the join.
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Lecture 6. Relational algebra

Outer join — example of ordinary join

'n
>
(@)
-

:®
B
E
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d
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>
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4 1) Ordinary join
| ® (inner join)

J @ FAC [Fno=Fnol DEP CSE ST e
B ® FAC «q DEP
CSF D{2 DBMS
>
F
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= ® | ccture 6. Relational algebra

Left outer join

2) Left outer join

. ® FAC (Fno=Fno] DEP T

.. ® rAC T« DEP
Ann 12 DBM

B4

> Dick 13 _CAD
CSF NAU
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= ® | ccture 6. Relational algebra

Right outer join

3) Right outer join

L ® FAC [Fno=Fno) DEP
2. ® FAC D<C DEP

CSF NAU
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Lecture 6. Relational algebra

4) Full outer join

FAC (Fno=Fno) DEP

FAC < DEP

Inner join ——pp

Left outer join

Right outer join

CSF NAU

Full outer join

> pBMm

13 CAD
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Lecture 6. Relational algebra
Equivalent transformations of

relational expressions

1) Commutativity of selection: o_(o_(R) ) =0, (c_(R) ) =0___(R)
2) Commutativity of selection and projection:
m (o (R))=o_(m (R))=o__ (R), eciu G2F
3) Distributivity of selection and product
o (R x S) = o (R) x o_(S)
4) Distributivity of selection and set-theoretic operations:
o.(R U S)=c_(R) U o_(S), o (R n S)=0_(R) n o_(S)
5) Distributivity of selection and join:

0. (R 5q8) = o (R) q S, ecnu ycnosue F oTHocuTes K R

6) Distributivity of projection and set-theoretic operations :
o (R U s)=n_(R) U n(s), n (Rn S)=n_(R) n m_(S)
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= ® | ccture 6. Relational algebra

Optimization of RA expressions

T, (O,c & poo(R(A, B)x S(C,D)))

=C

f
AA A

R(AB) S(C,D) R(AB) S(C,D) RAB) S(C,D) R(AB) S(C,D)
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Lecture 6. Relational algebra

General rules of RA expressions optimization

General rules of RA expressions optimization:

Transform each selection o.., .. (E) to the sequence of
selections (... o (E))

Move each selection downwards of the tree as far as it is possible
(thus (vertical) size of the relation is reduced).

Adjacent selection and cartesian product are replaced by join.

Move each projection downwards of the tree as far as it
is possible (thus (horizontal) size of the relation is reduced).

Transform each cascade of adjacent selections and projections into
single projection or selection with subsequent projection
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Lecture 6. Relational algebra

Relational Algebra: Summary

e Relational Algebra:
e Formal language for handling data in relational model
e Procedural language, how to retrieve data
e No practical relevance for querying DB
e Formal basis for query optimization

e Important terms & concepts:
e Union R U S, difference R — S, intersection RN S

° Projection Tr<attribute Iist>(R)

Selection O pre dicate>(R)
Cartesian product R x S

' >
Joins R <predicate>

e Difference
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