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RELATIONAL MODEL

Relational model (Codd, 1970): Data
ongamized in tables
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DATABASE QUERY LANGUAGES

SQI -
SELECT NAME
FROM CUSTOMERS
WHERE BAILANCE < ©

@ SQL is firstorder.

& Codd, 1970: 1st-order—languages are
expressive emougi.

® Aho amd Ullmam, 1978; 1st-order
langusages are mot expressive emough.



Query TC:
SELECT ORIGIN, DESTINATION
FROM FLIGHTS

WHERE tlhere is a route from ORIGIN
o DESTINATION
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Aho+ Uliman: TC is not expressibie-in SQL.



RECURSION

Route(X, Y) « Flights(X, Y)

Route(X, ¥) — Flights(X, Z), Route(Z, Y)

Fliglts - base
Route - derived
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COMPUTATIONAL COMPLEXITY

Expressiveness costs meney. hecursive:
quety are harder fo evaluate:

o Tstorder queries. speed-up by
parallel processing.
¢ Recurwsive queries: No speed-up.

Remedy: Automated optimization.




COMPUTER SCIENCE THEMES

e Trade-off between expressiveness amd
computational complexity.

e \What cam be automated?



OPTIMIZATION

Buys(X., Y) «— Cheap(Y), Likes(X, Y)

Bluys(X, ¥) < Cheap(¥), Kmows(X, 2), Buys(Z, Y)

Cheap(¥) is redundant.

Buys(X, Y) «— Cheap(Y), Likes(X, ¥)

Buys(X, Y) < Rich(X), Knows(X, Z), Buys(Z, ¥)

Rich(X) is mof redundant.



THE SHOPPERS

The: Trendy Shopper:
Bluys(X, ¥) « Likes(X, ¥)

Bluys(X, o) « Tremey(X), Buys(Z, ¥

Tlhr@‘ Impressionable Shopper:
Buys(X, Y) « Likes(X, Y)

Buys(X%Y) — Knows(X, Z), Bays(Z, Y)



Tihe Trendy shopper:
Buys(X, Y) « Likes(X,Y)

Buys(X, ¥) < Trendy(X), Buys(Z, ¥)

Program is bounded: 2 itcrations suffices.

Equivalentiy:
Buys(X, Y) « Likes(X, Y)

Buys(X, Y) <« Trendy(X), Likes(Z, ¥)

Boundedness = Eliminable recursion.
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UNSOLVABILITY

Theoremy The boundedness problem is:
unsolvaible. That is, there is ne program
tinat—willl always identify bounded queries!
Proof:
1. Reduction: an automated way of usimg
a program for a—problem B tfor solve a

problem A.

2. If A is unsolvable and A is reducible
' to B, then B is unsolvable.

3. The halting problem is umsolvable.

4. The halting problem is reducible to
beundedness.

11



UNARY QUERIES

Nebile(X) — Royal(X)
Noble(X) «— Noble(Y), Noble(Z), Parents(X, Y, 2)

Royal, Parents: - base
Noble - dewived

Theorem: The boumdedness problem for
umary queries is solvable.
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PROOF TREES
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FORMAL LANAGUAGE THEORY

bet - a finite set of symbels.

Word - a finite sequence ofi symbols
fromi tihe alphalbet.

Language - a collection of words ever
tihe: allpiiaibet.
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WORD AUTOMATA

omaton: A= (E’ S's k1 ﬁ:’ 99

2: alphabet

S: fimite: set ofi states

& [—inmitial states

F. accepting states

o tramsition relation - collection of
triples (s, a,#, meaning fhat A cam

make a framsition from s to # upom
reading a.
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APPLYING AUTOMATA
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Acceptance: s; in F.

L(A) - the set ofi words aceepted by A.
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FINITENESS PROBLEM FOR
AUTOMATA

Finitemess Problem: Given an
automaton A, determine ifi L(A) is finite
or not.

Rabim+ Scott, 1959: The finiteness.
problem: is selvalble.
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TREE LANAGUAGE THEORY

Alphabet - a finite: set of symbels.
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Tree -

Tree Language - a collection of trees
over the alphabet.

Tree automata - T(A). the set of trees
accepted by A.

The fimiteness problem for free
automata is solvable.
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UNARY BOUNDEDNESS

Reductien: From: a unary query P we cam
construct a tree automatom Ap such tihvat P
is bounded ifi Ap accepts only finitely mamy
trees.

Corollary. Boumdedness for_umainy queries is
solvable.
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CONCLUDING REMARKS

¢ Disappointment General optimization of

recursive queries is very difficult.

¢ Hope: Some optimization of recursive
s is ible.
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