
Query Processing and Optimization

• Query optimization: finding a good way to evaluate a query

• Queries are declarative, and can be translated into procedural languages
in more than one way

• Hence one has to choose the best (or at least good) procedural query

• This happens in the context of query processing

• A query processor turns queries and updates into sequences of of oper-
ations on the database
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Query processing and optimization stages

• Which relational algebra expression, equivalent to a given declarative
query, will lead to the most efficient algorithm?

• For each algebraic operator, what algorithm do we use to compute that
operator?

• How do operations pass data (main memory buffer, disk buffer?)

• We first concentrate the first step: finding efficient relational algebra
expressions

• For the second step, we need to know how data is stored, and how it
is accessed
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Overview of query processing

• Start with a declarative query:

SELECT R.A, S.B, T.E

FROM R,S,T

WHERE R.C=S.C AND S.D=T.D AND R.A>5 AND S.B<3 AND T.D=T.E

• Translate into an algebra expression:

πR.A,S.B,T.E(σR.A>5∧S.B<3∧T.D=T.E(R 1 S 1 T ))

• Optimization step: rewrite to an equivalent but more efficient expres-
sion:

πR.A,S.B,T.E(σA>5(R) 1 σB<3(S) 1 σD=E(T )))

• Why is it more efficient?

Because selections are evaluated early, and joined relations are not
as large as R, S, T .

343 3 Introduction to Databases

Overview of query processing cont’d

• Evaluating the optimized expression. Choices to make: order of joins.

• Two possible query plans:

R S T

A>5 B<3 D=E

A,B

first joins S, T , and then joins the result with R.
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Overview of query processing cont’d

• Another query plan:

R S T

A>5 B<3 D=E

A,B

It first joins S, T , and then joins the result with R.

• Both query plans produce the same result.

• How to choose one?
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Optimization by algebraic manipulations

• Given a relational algebra expression e, find another expression e′ equiv-
alent to e that is easier (faster) to evaluate.

• Basic question: Given two relational algebra expressions e1, e2, are they
equivalent?

• This is the same as asking if an expression e always produces the empty
answer:

e1 = e2 ⇔ e1 − e2 = ∅ and e2 − e1 = ∅

• Problem: testing e = ∅ is undecidable for relational algebra expressions.

• Good news:

We can still list some useful equalities, and

It is decidable for very important classes of queries (SPJ queries)
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Optimization by algebraic manipulations

• Join and Cartesian product are commutative and associative, hence
they can be applied in any order:

R× S = S ×R
R× (S × T ) = (R× S)× T

R 1 S = S 1 R
R 1 (S 1 T ) = (R 1 S) 1 T

• Cascade of projections. Assume that attributes A1, . . . , An are among
B1, . . . , Bm. Then

πA1,...,An(πB1,...,Bm(E)) = πA1,...,An(E)

• Cascade of selections:

σc1(σc2(E)) = σc1∧c2(E)

343 7 Introduction to Databases

Optimization by algebraic manipulations

• Commuting selections and projections. Assume that condition c in-
volves attributes A1, . . . , An, B1, . . . , Bm. Then

πA1,...,An(σc(E)) = πA1,...,An(σc(πA1,...,An, B1,...,Bm(E)))

• A useful special case: if c only involves attributes A1, . . . , An, then

πA1,...,An(σc(E)) = σc(πA1,...,An(E))

• Commuting selection with join. If c only involves attributes from E1,
then

σc(E1 1 E2) = σc(E1) 1 E2

343 8 Introduction to Databases
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Other operations

• Set union R ∪ S: if no index is needed on the result, just append S to
R

• If index is needed, then do as above, and then build a new index

• Duplicate elimination: On a sorted relation, it takes linear time. Thus,
sort relation R first, based on any attribute(s), and then do one pass
and eliminate duplicate

• Complexity: O(n log n).

• Aggregation with GROUP BY: similarly, sort on the group by attributes,
before computing aggregate functions.
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Query processing cont’d

• Find names of theaters that play movies featuring Nicholson

SELECT S.theater

FROM Movies M, Schedule S

WHERE M.title=S.title AND M.actor=’Nicholson’

• Translate into algebra:

πtheater(σactor=′Nicholson′(M 1 S))

• Next step: choose a query plan

• To do so, use algebraic rewritings to create several equivalent expres-
sions, and then choose algorithms for performing individual operators.
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Query processing cont’d

Step 1

M

M M

M.act=’Nicholson’

S.theater

M.act=’Nicholson’

M.title=S.title

X

S.theater

S.theater

M.act=’Nicholson’SS S

PLAN 1 PLAN 2 PLAN 3
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Query processing cont’d

Step 2

M

M M

M.act=’Nicholson’

S.theater

M.act=’Nicholson’

M.title=S.title

X

S.theater

S.theater

M.act=’Nicholson’SS S

PLAN 1 PLAN 2 PLAN 3

(hash join) (sort−merge join,
M.title is key)
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