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Summary of Lecture V

e Query Rewriting;

— Algebraic Transformations;
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Query Compilation Overview

SQL query
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Parsing

query parse tree
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Query Rewriting

llogical guery plan tree

Plan Generation
physical query plan tree

Execute Plan
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Query Rewriting Phase
Three steps process:

1. Taking the parse tree of the query it generates a first logical query plan (i.e.,
an equivalent relational algebra expression tree);

2. Generate other equivalent logical query plans (adopting algebraic transfor-
mations);

3. Choose the best logical query plan based on cost estimation functions.
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Example

MovieStar(Name, Address, Gender,Birthdate)
StarIn(Title, Year, StarName)

Query: “Find the movie title and the birthdate for those female stars who
appeared in moviesin 1996”.

SEL ECT Title, Birthdate
FROM MovieStar, Starln
WHERE Year=1996 AND Gender="F' AND Name=StarName;

TTitle,Birthdate TTitle,Birthdate
OYear=1996AGender—='F’AStarName=Name D<]S‘carName:Name
X OGender='F" OYear=1996

7N \

MovieStar Starln MovieStar StarIn
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Algebraic Transformations

Laws that turn an expression tree into an equivalent one that may have a more
efficient physical query plan.

¢ Commutative and Associative Laws.

— Commutative Law. The order of the operands doesn’t matter:
T+y=y+x; T-yYFy—o

— Associative Law. The order in which you perform the operations doesn’t
matter:

z+yt+z=(+y)+z=a+(y+z); z-y—z7#z—(y—2)
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Algebraic Transformations (cont.)

e Several relational algebra operators are both associative and commutative:
RxS=SxR;, (RxS)xT=Rx(SxT)
RXS=SXR; (RXS)XT=RX(SXT)
RUS=SUR; (RUS)UT=RU((SUT)
RNS=SNR;, (RNS)NT=RN((SNT)

e Note: For theta-join the associative law does not hold. Consider the relations
R(A,B);S(B,C);T(C, D) then:

(RXrB>s.BS)Xacp T # RXprB>s.B (S Xacp T)

The latter join doesn’t even make sense, because A is neither an attribute of
S norof T'.
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Laws Involving Selection

Selections tend to reduce the size of relations: One of the most effective
optimization rules is to push selections down the expression tree as far as it
preserves equivalence.

e Order Snvapping.

- 0y (00, (R)) = 0¢,(0¢, (R))
o litting law.

— ocince (R) = 0¢, (00, (R))

— ooyvo, (R) = (00, (R)) Us (¢, (R)), R must be a set.
e Pushing Selection Down Union and Difference.

- o¢c(RUS) =o0¢(R)Uoc(S)

- oc(R—5) =0c(R) — 5 =o0¢(R) —oc(S5)
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Laws Involving Selection Cont.)

e Pushing Selection Down Join, Theta Join, Product and I ntersection.
— oc(RX S)=0¢(R) XS, If Rhasall the attributes mentioned in C;
— oc(RXS)=RMXoaoc(S), IfS hasall the attributes mentioned in C;

— oc(RX S)=0¢c(R)Xoc(S), Ifboth Rand S have all the attributes
mentioned in C' (This case doesn’t apply for x, X~ because no sharing
attributes).
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Laws Involving Selection: Examples

e Example 1. Relations: R(A, B); S(B,C). Compute: g4-1(R X S) by
pushing the selectiondown to R:  (04=1(R)) X S.

e Example 2. Using views (pre-computed queries) has been recently discov-
ered that a good strategy is to first move up the selection and then down along
all possible branches.

StarsIn(title, year, starName)

Movie(title, year, studioName)

CREATE VIEW Movi e 1996 AS

SELECT *
FROM Movi e
WHERE year = 1996;

We can ask the query: “which stars worked for which studio in 19967?”:

SELECT st ar Nane, studi oNane
FROM Mvi e 1996 NATURAL JOIN St arsln;
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Example 2 (cont.)

The query is converted in the following logical query plan:

TstarName,studioName

v

Oyear=1996

Movie StarIn
We apply “backwards” the rule: oc(R X S) = o¢(R) X S

X

TstarName,studioName TstarName,studioName

Pushing Down Selection

> X
X OYear=1996 OYear=1996

N \ \

Movie StarIn Movie StarIn

Oyear=1996

(11)



Free University of Bolzano—Database 2. Lecture V, 2003/2004 — A.Artale (12)

Pushing Projection

Pushing down projections reduces the number of attributes in intermediate results
— thus their size is reduced, too.

¢ 7TL(R X S) — ﬂ-Ala---aAn (R) X ﬂ-Bla---aBm (S)
with L = {Al,...,An,Bl,...,Bm}.

o T (RXS)=mr(TA, . AnAnit,Anie ) X TBL B Bimityeos By (D))
where Ay, 11, ..., Antk; Bm+1, - .., Bmyp are involved in the natural join

but not in the external projection.

o T, (RXc S) =7r(Tar,..An, Ani1,e Apar (B2) WG By ... B, Bty Bty (O))
where Ay, 41, ..., Aptk, Bm+1, - .., Bm+p are involved in the join condition

C but not in the external projection.
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Pushing Projection (cont.)

e Projection cannot be pushed down set operators (except bag union). Exam-
ple, let R(A, B) = {(1,2)} and S(A, B) = {(1,3)}. Then, ma(RN S) = 0,

but 74(R) Nma(S) = (1)} N{(1)}; = (D)}

o 7.(0c(R)) =7r(oc(mym(R))), where M = LUC.
If C C L then the two operations commute:
rr(oc(R)) = oc(mL(R)).
Note. If R is a stored relation with an index on the selection attributes, push
down the selection.
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Law between Join and Product

ocC
‘ , M

PN N

R S

Oc(RXS)ZRNCs

e Products followed by Selections are substituted by Joins since algorithms for
computing Joins are more efficient.
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Laws Involving Duplicate Elimination ¢

e General goal: Duplicate Elimination is an expensive operation, and moving
It around we can:

1. Eliminate it altogether when it meets a (set) union, intersection or
difference; or a group-by (which always produces a set); or a stored
relation.

)(RUsS) = RUgS
d(RNgS) = RNgS
)(R—sS) = R—5S
(vo(R )) = L(R)
(R) = R, If R is a stored relation.
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Laws Involving Duplicate Elimination ¢ (cont.)

e Pushing 6 down the tree reduces the size of intermediate relations.
d(RxS) = 0(R)x(S)
S(RXS) = J0(R)NXH(S)
d(RXc S) = 0(R) Mg (5)
6(oc(R)) = oc(é(R))
d(RNpS) = d6R)NgS=RNpi(S)=4R)NgIS)



Free University of Bolzano—Database 2. Lecture V, 2003/2004 — A.Artale (17)

Laws Involving Duplicate Elimination ¢ (cont.)

e ¢ cannot be pushed down Ug, —pg, .
Example. R(A, B) = {(1,2);(1,3)}.
o(ra(R)) = o6({(1);(M)}) = {Q)}
TA(0(R)) = ma(R) = {(1); (D)}

For a counter example for Ug consider a common tuple; while for —p R
with 2 copies of a tuple ¢ and S with just one occurrence of ¢.
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Selecting the Best Executable Plan

e Starting with the SQL query definition an equivalent relational algebra
expression is obtained,

e Apply algebraic transformations to find other possibly better plans;

e Generate physical query plans for each logical plan by choosing an order and
a grouping for the associative and commutative operations, and by choosing
an algorithm for each operator;

e Evaluate the cost of each physical plan, using estimates of sizes for interme-
diate results, possibly using statistics about the stored relations.



