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m Relational algebra

m Relational calculus

m SQL: not explicitly considered in this theory coursel!
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Basis Operators

m delete attributes: Projection.
m select tuples: Selection.
m combine relations: Join.

m set operators: Union, Difference.
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i[Y](A) = p(A),Ac Y.

m Let R(X) be a schema, where X = {A;,... A}
m Let Y be a set of attributes, where ) C Y C X.
m Let u € Tup(X) be a tuple over X.
m ;1[Y] is called projection of 11 to Y':

plY] € Tup(Y).
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m Let r C Tup(X) a relation and Y C X.

m 7[Y]|r is called projection of r to Y:

m[Y]r={p € Tup(Y) | 3¢’ € r, such that p = p'[Y]}.

Example

T[A, C)(r) =

N Lo I
T w T
o0 oy
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mlet A B € X, ae dom(A).

m An (atomic) selection condition v (on X) is of the form Af B, resp.

Al a, resp. afl A.

m A tuple i € Tup(X) fulfills a selection condition «, if pt(A) 8 u(B),
resp. (t(A)f a, resp. ab ji(A).

m Atomic selection conditions can be generalized to formulas using A,
vV, =, and (. ).

Example

X =1A B, (C}.
1 =(A—=2B—-2C—=1), pp=(A—=2,B—3,C—2)
a1 =(A=B), a2 =((B>1)A(C >1))
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m Let r C Tup(X) be a relation and « a selection condition over X.

m o[a]r is called selection of relation r by a:

olalr ={p € Tup(X) | p € r A p fulfills o}

N ow|l

T w o
O~ 0|y
=]

m
[l
=
.

o —

[l
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m Let X.Y sets of attributes, where X = Y and
r C Tup(X),s € Tup(Y') two relations.

m
rUus={p € Tup(X)|pervpucs}.
r—s={p & Tup(X)|pe€r, wobeipné&s}.

Example

A B C A B C

,_ 2 b ¢ <~ B rUs —
d a f I :
c b d ?
A B C A B C

r= 2 S s= b a r—s—
d a f A
c b d ?
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m For sets of attributes X. Y, we may also write XY instead of X U Y.

m Let r C Tup(X),s C Tup(Y).
m The (natural) join < of r and s is defined:

reas ={p e Tup(XY) | u[X] € rap[Y] e s}

Example
A B C cC D
r= L 2 3 s = 301 re<s =
4 5 6 6 2 T
7 8 6 4 5
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Let X;, 1 < i < n be sets of attributes.
mIf XiNnXo =0

neElrnp=nx~mnn.

m A, = {p e Tup(UL X;) | p[Xi] € ri.1 < i < n}.
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Renaming

mlet X ={A1,....,Ac}, Y ={Bi,..., Bk} be sets of attributes.

m Let 4 be a bijection from X to Y, where dom(A) = dom(4(A)). If
d(A) = B, we write A — B.

m Consider relation r C Tup(X).

m The renaming §[X, Y] with respect to r is given as follows:

O[X,Y]r={pe Tup(Y)| 3T € r,such that
p'(Ai) = n(0(Ai)). 1< i < k}

Example
X={AB,C},Y ={D,E,Ctund 6 ={A— D,B— E,C— C}.

™

S[X,Y]r =

N W Is

B
b
a
b

O =N
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m Selection, Projection, Union, Difference, Join and Renaming are the
basic operators of Relational Algebra.

m [hey are closed over relations.

m [he valid expressions of the Relational Algebra can be defined
inductively.

m We can define other useful operators.
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Let X;, 1 </ < n, be formats and let ; C Tup(X;), 1 < i < n, be
relations.

m I/ntersection. Sei X1 = Xs.
r (] I =R — (!‘1 — rg).

m (-Join. Let X; N X, = and let @ b e an arbitrary selection
condition over X; U X5.

rid, s =olal(r xs).

If o uses only equality: equi-join.
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Let X1, X2 be formats, Xo C Xy, Z = X1 — Xz and rp #£ ().

n+nrn = {peTup(Z)|{n}xnrncn}
= 7[Z]n — 7[Z](((7[Z]r) X rR) — n).

Example
A B C D
a b ¢ d
a b e f cC D
n= b ¢ e f rh= ¢ d r—1rz =
e d ¢ d e f
e d e f
a b d d
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Example

Course(Courseld, Institute, Name, Description)

Registration(MatrId, Courseld, Semester, Grade)

m[MatrId|(Registration + w[Courseld]|Course)

Algebra as a query language

m We cannot express all computable transformations over instances of
database schemas.
Example: transitive closure of binary relations.
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Two algebra expressions Q. Q' are called equivalent, @ = Q’, if for any
instance 7 of a database:

7(Q) = I(Q).

Examples

Let attr(ar) be the attributes in o and let R, S, T ... be relation names
whose formats are X.Y.Z.

mZCYCX= n[Z](r[Y]R) = r[Z]R.

m attr(a) C Y C X = 7[Y](c[a|R) = ala](x[Y]R).

m RxaR=R.

mX=Y=RNS=Rx=S.

m attr(a) C X, attr(a) N Y =0 = o[a](R= S) = (o[a]R) < S.

14.07.2010 Theory 1 - Database Foundation: Relational Algebra 19

UNI

FREIBURG




