Optimization of Logical Queries

Task:

Consider the following relational schema:

e Hotel(hid, name, address)
e Room(rid, hid, type, price)
e Booking(hid, gid, date_from, date_to, rid)
e Guest(gid, name, address)

Translate the following SQL query into the relational algebra and use the
algebraic laws to improve the query plan.

SELECT R.rid, R.type, R.price
FROM Room R, Booking B, Hotel H
WHERE R.rid = B.rid AND B.hid = H.hid
AND H.name = ’Hilton’ AND R.price > 100

Solution of the exercises



Optimization of Logical Queries

Solution

The translation gives us the following relational algebra expression:

T'R.ridR.typeR.price ORrid—B.rid A B.hid—Hhid A Hname—'Hilton’ AR.price>100
(pr(Room) x py(Hotel) X pg(Booking))

Solution of the exercises



Optimization of Logical Queries

Solution

The translation gives us the following relational algebra expression:

T'R.rid R.type,R.price OR.rid=B.rid AB.hid=H.hid A H.name='Hilton’ A R.price>100
(pr(Room) x py(Hotel) X pg(Booking))

First, we split the selections:

T'R.ridR.type,R.priceO R.rid=B.rid0 B.hid=H.hidO H.name='Hilton/ T R.price>100
(pr(Room) X py(Hotel) x pg(Booking))

And we push the selections:

WR.rid,R.type,R.priceO-R.rid:B.rid<0'R.price>1OO Py (Room)
X O'Bhid=Hhid (O Hnane—ni1ton’ Py(Hotel) X pg(Booking)))

Solution of the exercises



Optimization of logical queries

Solution (continued)
Then, the joins are recognized:

T'R.ridR.type,R.price (O'R.price> 100 pR(R‘O Om)

X (O'H.name:’Hilton’ PH(HOtel> X pB(Booking)))
R.rid=B.rid B.hid=H.hid

Solution of the exercises



Optimization of logical queries

Solution (continued)

Then, the joins are recognized:

T'R.ridR.type,R.price (O'R.price> 100 pR(RO Om)

X (O'H.name:’Hilton’ PH(HOtel> X pB(Booking)))
R.rid=B.rid B.hid=H.hid

Finally, the projections are pushed:

7"-l%’,.rid,R.type,R.price (WR.rid,R.type,R.price O-R.price> 100 PR (RO OIII)

X WB.rid(T"H.hid O H name='Hilton’ PH(HOtel)
R.rid=B.rid

X 7TB.hid,B.ridpB<BOOking)>>
B.hid=H.hid

Solution of the exercises



Conjunctive queries

Task:

Consider a binary relation QQ(A, B). First translate the following SQL query into
a select-project-join expression, and then into a conjunctive query:

SELECT Q1.A, Q3.B FROM Q Q1, Q Q2, Q Q3
WHERE Q1.B = Q2.A and Q2.B = Q3.A

Solution of the exercises



Conjunctive queries

Task:

Consider a binary relation QQ(A, B). First translate the following SQL query into
a select-project-join expression, and then into a conjunctive query:

SELECT Q1.A, Q3.B FROM Q Q1, Q Q2, Q Q3
WHERE Q1.B = Q2.A and Q2.B = Q3.A

Solution

The corresponding select-project-join expression is:

7TQ1.A,Qg.Bo'Ql.B:QQ.A/\QQ.B:Q;;.A(le<Q> X PQg(Q) X P%(Q))

Solution of the exercises



Conjunctive queries

Task:

Consider a binary relation QQ(A, B). First translate the following SQL query into
a select-project-join expression, and then into a conjunctive query:

SELECT Q1.A, Q3.B FROM Q Q1, Q Q2, Q Q3
WHERE Q1.B = Q2.A and Q2.B = (Q3.A

Solution
The corresponding select-project-join expression is:

7TQ1.A,Qg.Bo'Ql.B:QZ.A/\QQ.B:Qg.A(pQ1(Q) X PQQ(Q) X PQS(Q>>

To translate this into a conjunctive query, we create an atom with distinct
variables for each relation:

P(flle_A, ng.B) A Q(le.Aa nyB)? Q(:CQQ.A7 xQQ.B)? Q(ng.Ay ng.B)

Solution of the exercises 8



Conjunctive queries

Task:

Consider a binary relation (A, B). First translate the following SQL query into
a select-project-join expression, and then into a conjunctive query:

SELECT Q1.A, Q3.B FROM Q Q1, Q Q2, Q Q3
WHERE Q1.B = Q2.A and Q2.B = Q3.A

Solution

The corresponding select-project-join expression is:

7TQ1.A,QS.BUQl.B:QZ.A/\QQ.B:Qg.A(le(Q> X PQQ(Q) X PQ;;(Q))

We then unify variables that must be equal:

P(xg, 4,70,8) + Qxg, 4, 20,8), @0, B, 0yB), (20,8, T0Qs.B)

Solution of the exercises



Conjunctive queries

Task:

Consider a binary relation QQ(A, B). First translate the following SQL query into
a select-project-join expression, and then into a conjunctive query:

SELECT Q1.A, Q3.B FROM Q Q1, Q Q2, Q Q3
WHERE Q1.B = Q2.A and Q2.B = Q3.A

Solution

The corresponding select-project-join expression is:
TQ1.4.Q3.B0 Q1.B=Q2.AnQ>.B=Q3.4(P, (Q) X pg,(Q) X pg,(Q))

(Optionally), we rename the variables:

P(z,y) < Qz, k), Q(k, 1), Q(l, y)

Solution of the exercises 10



Conjunctive queries

Task:
Consider the relations R(A, B), S(C), T(D, E), U(F,G) and V(A, B, C).

Translate the following conjunctive query into a select-project-join expression.
What is the corresponding SQL query?

Qi(x,y) < S(x), T(x,3), U(x,y)

Solution of the exercises

11



Conjunctive queries

Task:
Consider the relations R(A, B), S(C), T(D, E), U(F,G) and V(A, B, C).

Translate the following conjunctive query into a select-project-join expression.
What is the corresponding SQL query?

Qi(x,y) < S(x), T(x,3), U(x,y)

Solution
The select-project-join expression is:

TCcGOC=FOC=D O FE=3 (S X T X U)

Solution of the exercises

12



Conjunctive queries

Task:
Consider the relations R(A, B), S(C), T(D, E), U(F,G) and V(A, B, C).

Translate the following conjunctive query into a select-project-join expression.
What is the corresponding SQL query?

Qi(x,y) < S(x), T(x,3), U(x,y)

Solution
The select-project-join expression is:

TCcGOC=FOC=D O FE=3 (S X T X U)
The corresponding SQL query is:

SELECT S.C, U.G
FROM S5, T, U
WHERE C = F AND C =D AND E = 3

Solution of the exercises

13



Containment and optimization of conjunctive queries

Recap

e A substitution of () in D is a function that maps each variable occurring in Q
to a constant in D.

e A matching of () in D is a substitution o such that o (body) C D

e Q(D) = {o(head) | o a matching of Q) in D}

e The canonical database of a query (); is the set of atoms D, obtained from
the body of (), where each variable z is considered as a constant.

e To test whether (); C @), it suffices to check whether the head of Q);
(considered as a fact) occurs in Q;(D;).

Solution of the exercises 14



Containment and optimization of conjunctive queries

Consider the following conjunctive queries:

° Qi(z,y) + Q(z,a),Q(a,b), Q(b,y)

o (2(7,y) < Q(z,a),Q(a,b), Q(b,c), Q(c,y)
o (O3(7,y) < Q(z,a),Q(a,1),Q(1,b),Q(b,y)
° Qu(z,y) + Qz,9), Qy, v)

Is Q1 C Q27 Is Q3 € Q7

Solution of the exercises

15



Containment and optimization of conjunctive queries

Consider the following conjunctive queries:

e Qi(z,y) + Q(z,a),Q(a,b), Q(b,y)

o a(z,y) < Q(z,a),Q(a,b), Qb c), Qc,y)
° 3(z,y) + Qz,a),Q(a,1),Q(1,b), Q(b, y)
e Qu(z,y) + Qz,y),Qy, x)

Is Q1 C Q27 Is Q3 € Q27

Solution: ) C )57

We construct the canonical database for (). For ease of readability, and to

avoid confusion, we denote the constants in this canonical database by 7, a, . ..

Dl = {Q(I7 a)? Q(CL, b)? Q(bv y)}
Is (2,9) € Q2(D1)?

Solution of the exercises

16



Containment and optimization of conjunctive queries

Consider the following conjunctive queries:

¢ Q1(£E, y) — Q(Iv a)v Q(a7 b)? Q<ba y)

¢ Q2<x7 y) — QCE? CL), Q<a’7 b)? Q<b7 C>7 Q<Ca y)
o Qs(x,y) + Q(x,a),Q(a,1),Q(1,b),Q(b,y)
° Qu(z,y) < Q(z,y), Qy, x)

Is Q1 € Q27 Is QY3 € )27

Solution: )1 C ()»?

We construct the canonical database for ()1:
Dy = {Q(&, a), Q(a, b), Q(b,3)}.
Is (z,9) € Q2(D71)? Candidate substitution:
T T,y =Yy

Solution of the exercises

17



Containment and optimization of conjunctive queries

Consider the following conjunctive queries:

° Qi(x,y) + Q(z,a),Q(a,b),Q,y)

o (s(x,y) < Q(x,a),Q(a,b),Q(b,c),Q(c,y)
o Qs(x,y) + Qx,a),Q(a,1),Q(1,b),Q(b,y)
° Qu(r,y) < Qz,y),Qy, x)

Is Q1 € Q27 Is QY3 € Qo7

Solution: Ql C Q27

We construct the canonical database for ()1:
Dy = {Q(&, a), Q(a, b), Q(b,)}.
s (,9) € Q2(D1)? Candidate substitution:
T T, Yy

Then, to mach Q(z, a) we would need a + a.

Solution of the exercises

18



Containment and optimization of conjunctive queries

Consider the following conjunctive queries:

° Qi(x,y) + Q(z,a),Q(a,b),Q,y)

o (s(x,y) < Q(x,a),Q(a,b),Q(b,c),Q(c,y)
o Qs(x,y) + Qx,a),Q(a,1),Q(1,b),Q(b,y)
° Qu(r,y) < Qz,y),Qy, x)

Is Q1 € Q27 Is QY3 € Qo7

Solution: Ql C Q27

We construct the canonical database for ()1:
Dy = {Q(i, ), Q(a,b), Q(b,9)}.
s (,9) € Q2(D1)? Candidate substitution:

T T, Y=Y, a—a

Then, to mach Q(a, b) we would need b — b.

Solution of the exercises

19



Containment and optimization of conjunctive queries

Consider the following conjunctive queries:

° Qi(x,y) + Q(z,a),Q(a,b),Q,y)

o (s(x,y) < Q(x,a),Q(a,b),Q(b,c),Q(c,y)
o Qs(x,y) + Qx,a),Q(a,1),Q(1,b),Q(b,y)
° Qu(r,y) < Qz,y),Qy, x)

Is Q1 € Q27 Is QY3 € Qo7

Solution: Ql C Q27

We construct the canonical database for ()1:
Dy = {Q(i, ), Q(a,b), Q(b,9)}.
s (,9) € Q2(D1)? Candidate substitution:

T iy g, a— a b b

Then, to mach Q(b, ¢) we would need ¢ — .

Solution of the exercises

20



Containment and optimization of conjunctive queries

Consider the following conjunctive queries:

¢ Q1($, y) — Q(l’, a)v Q(CL, b>7 Q<ba y)

¢ Q2<x7 y) < Q(CE, CL), Q<a’7 b)? Q<b7 C)v Q<Ca y)
o Qs(x,y) + Q(x,a),Q(a,1),Q(1,b),Q(b,y)
* Qu(z,y) + Qz,y), Qy, v)

Is Q1 C Q27 Is Q3 € Q7

Solution: )1 C ()7

We construct the canonical database for ();:
Dy =={Q(#,a),Q(a,b), Q(b, y)}.
s (,9) € Q2(D1)? Candidate substitution:

T By U, a e a,bes b ey

But then, Q(c,y) is mapped to Q(y, ), which is not in D;! So, our candidate
substitution is not a matching.

Solution of the exercises

21



Containment and optimization of conjunctive queries

Consider the following conjunctive queries:

o Qi(z,y) + Q(x,a),Q(a,b), Q(b,y)

o (27, y) < Q(r,a),Q(a,b), Q(b,c), Q(c,y)
° Q3(z,y) < Qz,a),Q(a,1),Q(1,b), Q(b, y)
° Qu(z,y) + Qz,y),Qy, x)

Is Q1 € Q27 Is Q3 C (Yo7

Solution: )1 C ()»7?

We construct the canonical database for ();:
Dy :={Q(#, a), Q(a, b), Q(b,9)}.

No candidate substitution yielding (&, 1) is a matching . Hence,

(2,7) € Qa2(D1).

Therefore: ()1 € Q2 (we constructed a counterexample).

Solution of the exercises 22



Containment and optimization of conjunctive queries

Solution: ()3 C ()57

° Q3 P(z,y) < Qz,a),Q(a,1),Q(1,b), Q(b, y)
© Qy: P(z,y) « Qz,a),Qa,b), Qb ¢), Qlc, y)

We construct the canonical database for ()3:
Dy = {Q(a, ), Qa, 1), Q(1,0), Q(b, )}

Is (2,9) € Qa2(D3)?

Solution of the exercises
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Containment and optimization of conjunctive queries

Solution: ()3 C ()57

° Q3 P(z,y) < Qz,a),Q(a,1),Q(1,b), Q(b, y)
© Qy: P(z,y) « Qz,a),Qa,b), Qb ¢), Qlc, y)

We construct the canonical database for ()3:
Dy = {Q(a, ), Qa, 1), Q(1,0), Q(b, )}
Yes! The following matching ensures that (&,7) € Q2(D3)

[z — &,y = §,a—ab—1,c— b

Therefore: ()3 C ().

Solution of the exercises 24



Optimization of conjunctive queries

Task

Optimize the following conjunctive query

Q(z, 2) < R(z,y), Ry, w), R(y, 2)

Solution of the exercises

25



Optimization of conjunctive queries

Task

Optimize the following conjunctive query
Q(z,z) < R(z,y), Ry, w), R(y, )

Solution

e The atom R(x,y) cannot be removed (why?).

Solution of the exercises

26



Optimization of conjunctive queries

Task

Optimize the following conjunctive query
Q(z,z) < R(z,y), Ry, w), R(y, 2)

Solution

e The atom R(x,y) cannot be removed (why?).

e We check whether R(y,w) can be removed. Let P be the following conjunctive
query:

We must check whether P C ) (@ C P is trivially true).

Solution of the exercises 27



Optimization of conjunctive queries

Task

Optimize the following conjunctive query
Q(z,z) < R(z,y), R(y,w), R(y, )

Solution
e The atom R(z,y) cannot be removed (why?).
e We check whether R(y,w) can be removed. Let P be the following conjunctive
query:
P(z,z) < R(z,y), R(y, 2)

We must check whether P C Q (QQ C P is trivially true). Therefore, we
construct the canonical database for P:

D = {R(z,9), R(y, 2)}
The following matching ensures that (&, 2) € Q(D), and hence that P C Q:

r = T,y =y, w— 2,z — 2

Solution of the exercises 28



Optimization of conjunctive queries

Task

Optimize the following conjunctive query:
Q(z,z) < R(z,y), Ry, w), R(y, )

Solution (continued)

e Since P is equivalent and “more optimal”, we now continue with optimizing
query P.

P(x,z) < R(x,y), R(y, 2)

Solution of the exercises
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Optimization of conjunctive queries

Task

Optimize the following conjunctive query:
Q(z,z) < R(z,y), Ry, w), R(y, 2)

Solution (continued)

e Since P is equivalent and “more optimal”, we now continue with optimizing
query P.

P(x,z) < R(x,y), R(y, 2)

e The atom R(y, z) cannot be removed (why?)

Solution of the exercises

30



Optimization of conjunctive queries

Task

Optimize the following conjunctive query:
Q(z,z) < R(z,y), Ry, w), R(y, 2)

Solution (continued)

e Since P is equivalent and “more optimal”, we now continue with optimizing
query P.

e The atom R(y, z) cannot be removed (why?)

e We cannot remove any other atom. Therefore, P is the minimal query
equivalent to ().

Solution of the exercises

31



Integrated Exercise

Task

Consider the following relational schema, containing information on employees
(Emp), departments (Dept), and finances (Finance):

e Emp(eid, did, sal, hobby)

e Dept(did, dname, floor, phone)

e Finance(did, budget, sales, expenses)
For the following SQL statement:

1. Translate the query into the relational algebra.

2. Remove redundant joins from the select-project-join subexpressions in the
obtained logical query plan.

3. By means of the algebraic laws, further optimize the obtained expression.

Solution of the exercises

32



Integrated Exercise

Task (continued)

SELECT MAX(E.sal)
FROM Emp E
WHERE E.eid IN
(SELECT E1l.eid
FROM Emp E1, Emp E2, Dept D1, Dept D2, Finance F
WHERE F.budget = 100 AND El1.did = D1.did AND El.did = F.did
AND E2.did = D2.did AND E2.did = F.did
AND D1.floor = 1 AND D2.dname = ’CID’

)
GROUP BY E.hobby

Solution of the exercises 33



Integrated Exercise

Solution: translation into the relational algebra

First, we normalize the query to a form with only EXISTS and NOT EXISTS
subqueries:

SELECT MAX(E.sal)
FROM Emp E
WHERE EXISTS
(SELECT E1l.eid
FROM Emp E1, Emp E2, Dept D1, Dept D2, Finance F
WHERE F.budget = 100 AND El1.did = D1.did AND E1.did = F.did
AND E2.did = D2.did AND E2.did = F.did
AND D1.floor = 1 AND D2.dname = ’CID’
AND El.eid = E.eid

)
GROUP BY E.hobby

Solution of the exercises 34



Integrated Exercise

Solution: translation into the relational algebra
Then, we translate the subquery in the following expression e;:
T E,.eid,F.eid,F.did,E.sal,E.hobby O F.budget=100 A F;.did=D;.did A B.did=F.did
O Fy.did=Dy.did A Ey.did=F.did A Dy.floor=1 A Dy.dname=/CID' A E).eid=FE.eid
(pp(Emp) X pg, (Emp) X pp, (Emp)
X pp,(Dept) X pp,(Dept) X pr(Finance))
And we translate the FROM-WHERE part of the outer query without subqueries:
ez = pp(Emp)
The decorrelation of the subquery gives:
e3 == €g X 7TE.eid,E.did,E.sal,E.hobby(€1>

Notice that ¢, is empty! Therefore, the translation of the complete query is:

€4 = T'MAX(E.sal) Y E hobby MAX(E.sal) 7"E.eid,E-did,E-sal,E-hobby(61)

Solution of the exercises 35



Integrated Exercise

Solution: translation into the relational algebra

This leads to (after merging projections):

TMAX(E.sal) 7Y E hobby MAX(E.sal)
T E.eid,F.did,E.sal,E.hobby O Fbudget=100 A Fy.did=D;.did A By.did=F.did
O [, did=Dy.did A By.did=F.did A Dy.floor=1 A Dy.dname='CID' A E;.eid=E.eid
(pg(Emp) X pp, (Emp) X pp, (Emp)
X pp,(Dept) X pp,(Dept) X pr(Finance))

Solution of the exercises
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Integrated Exercise

Solution: translation into the relational algebra

The query only contains one (maximal) select-project-join subexpression:

TE .eid,F.did,E.sal,E.hobby O F.budget=100 A £7.did=D;.did A Fq.did=F.did
O F5.did=Dy.did A F5.did=F.did A Dj.floor=1 A Dy.dname='CID' A Ej.eid=FE.eid
(pp(Emp) X pp, (Emp) X pg, (Emp)
X pp,(Dept) X pp,(Dept) X pr(Finance))

To remove redundant joins, we translate it to a conjunctive query:

Q1(a1, az, as, a4) %Emp(ala az, as, a4),Emp(a1, ba, b3, 54),Emp(017 ba, c3, 04)7
Dept(bg, dg, 1, d4>, Dept(bg, /CID/, €3, 64),
Finance(by, 100, f3, f1)

Solution of the exercises 37



Integrated Exercise

Solution: removal of redundant joins

Q1<CL1, az, as, CL4) %Emp(a’la az, as, CL4>, Emp(ala b27 b37 b4>7 EIIlp(Cl, 627 C3, C4>7
Dept(bs, ds, 1,dy), Dept(bs, 'CID', €3, €4),
Finance(bs, 100, f3, f1)

e We cannot remove Emp(aq, as, as, a4) and Finance(by, 100, f3, f1) (why?)

Solution of the exercises
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Integrated Exercise

Solution: removal of redundant joins

Q1<a17 az, as, CL4> %Emp(a’la az, as, CL4>, EIIlp(CLl, b27 b37 b4>7 EIIlp(Cl, 627 C3, C4>7
Dept(by, da, 1, dy), Dept(by, 'CID', €3, €4),
Finance(bs, 100, f3, f1)

e We cannot remove Emp(aq, as, as, a4) and Finance(by, 100, f3, f1) (why?)
e We check whether Emp(ay, b, b3, by) can be removed. To this end, we build
the canonical database of (); without this atom:
D2 = {Emp(cil, Cig, Cig, Ci4>, Emp(él, 62, ég, 64), Dept(bé, dQ, 1, d4),
Dept(by, 'CID', €3, €4), Finance(bo, 100, f3, f1)}

Note that (dy, as, ds, as) € Q1(Ds) (why?), and it ensues that the atom
cannot be removed from ();.

Solution of the exercises 39



Integrated Exercise

Solution: removal of redundant joins

Q1<CL1, az, as, CL4) <_Emp<a’17 az, as, &4), Emp(ala b27 b37 b4)7 Emp<cla b27 C3, 64)7
Dept (b, d2, 1, dy), Dept(by, 'CID, e3, e4),
Finance(bs, 100, f3, f1)

e We check whether Emp(cy, b, 3, ¢4) can be removed. To this end, we build
the canonical database of (); without this atom:
D3 — {Emp<d1> d?) d37 a:4>7 Emp(ah 627 637 64)7 Dept<627 d?a 17 d4>7
Dept(by, 'CID, €3, €4), Finance(by, 100, f3, f4)}
This time, (ay, ds, as, dy) € Q1(D3). Let Q3 be the conjunctive query Q4

without Emp(ay, b, b3, by). We have just shown that ()3 = ()1, and therefore
that this atom can be removed. We can continue the optimization procedure

with Qg.

Solution of the exercises 40



Integrated Exercise

Solution: removal of redundant joins

Q3<a17 az, as, CL4> %EIHP(CLl, az, as, CL4), EIIlp(CLl, b27 b37 b4>7 Dept(b27 d27 17 d4>7
Dept(by, 'CID, e3, e4), Finance(by, 100, f3, f4)

e We check whether Dept (b, dy, 1, dy) can be removed. To this end, we build
the canonical database of ()3 without this atom:

D4 — {Emp<d17 Ci?a d37 Ci4)7 Emp<d17 627 637 64)7
Dept(by, 'CID', €3, €4), Finance(by, 100, f3, f1)}

Observe that (dy, as, ds, aq) & Q3(Dy4) (why?) and it ensues that the atom
cannot be removed from ().

Solution of the exercises 41



Integrated Exercise

Solution: removal of redundant joins

Q3<a17 az, as, CL4> %EIHP(CLl, az, as, CL4), EIIlp(CLl, b27 b37 b4>7 Dept(b27 d27 17 d4>7
Dept(by, 'CID, e3, e4), Finance(by, 100, f3, f4)

e We check whether Dept(by,'CID', e3,e4) can be removed. To this end, we
build the canonical database of ()3 without this atom:

D5 = {Emp(ajl, Cig, Ci3, Ci4>, Emp(a'l, 62, 63, 64),
Dept(by, dsy, 1,dy), Finance(by, 100, f3, f1)}

Observe that (dy, as, ds, aq) & Q3(D5) (why?) and it ensues that the atom
cannot be removed from ().

Solution of the exercises 42



Integrated Exercise

Solution: removal of redundant joins
Thus, the optimized conjunctive query is:

Q3<a17 az, as, CL4> %EIHP(CLl, az, as, CL4), EIIlp(CLl, b27 b37 b4>7 Dept(b27 d27 17 d4>7
Dept(by, 'CID, e3, e4), Finance(by, 100, f3, f4)
And pp,(Emp) can be removed from the select-project-join expression (as well as

the corresponding selections). The translation of (3 into a select-project-join
expression is indeed:

TUE eid,F.did,E.sal,F.hobby
O Fbudget=100 A Fy.did=D;.did A Ej.did=F.did A D;.floor=1
O Dy.did=F;.didADg.dname='CID' A Fj.eid=F.eid
(P (Emp) X pp, (Emp) X pp, (Dept)
X pp,(Dept) X pp(Finance))

Solution of the exercises 43



Integrated Exercise

Solution: application of the algebraic laws

The logical query plan for the whole SQL query where we removed the
redundant joins is:

T'MAX(E.sal)”) E.hobby MAX(E.sal) Tt E.eid,E.did,F.sal, E hobby
O Fbudget=100 A Fy.did=D;.did A Fj.did=F.did A D;.floor=1
O Dy.did=F1.didADj.dname='CID' A E).eid=F.eid
(Pp(Emp) X pg, (Emp) X pp, (Dept) X pp,(Dept) X pp(Finance))

Now, we apply the algebraic laws. Pushing the selections gives:

TMAX(E.sal)”Y E hobby MAX(E.sal) TV E.eid,E.did,E.sal,E.hobby0 F).eid=F.eid
(pp(Emp) X 0 g, qia=Faid(O D,.did=F; did
(0 Fy.q1a=Dy.a1d(P, (EmP) X 0 p, £100r=1(pp, (Dept)))
X O Dy .dname='CID' P D, (Dept)) X O ppudget—100(pr(Finance))))
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Integrated Exercise

Solution (continued)

Recognizing joins:

TUMAX(E.sal)”) E.hobby MAX(E.sal) Tt E.eid,E.did,F.sal,E hobby
pp(Emp) ™  (((pp,(Emp) ~ X = Op s10or=1Pp,(Dept))

Eq.eid=E.eid Ey.did=D;.did
. X _ O-Dg.dname:’CID’<pD2 (Dept>)> ' X _ O-F.budgetleO(pF<Finance>)>
FE1.did=Dy.did Fq.did=F.did

Pushing the projections:

71'MAX(E.sal)'7’E.holoby,l\mx(E.sal)7"E.s,aLl,E.hobby(71'E.eid,E.sal,l«?.hobbyPE(Emp)

X 7TE1.eid<(<7TE1.did,El.eid<7TE1.did,E1.eidpEl(Emp)
Eqi.eid=F.eid

X 7T'D1.<1i<10'D1.~floor=1(PD1 (Dept)))
FE1.did=D;.did

X T Dy.did0 Dy.dname='CID' P D, (Dept)))
Ey.did=D-.did

M T[4id0 Foudget—100(Pp(Finance))))
Fqi.did=F.did
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