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Excercise 1

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 | 4825825
The Imitation Game Tyldum Knightley Schauburg | Konigsbriicker Str. 55 8032185
. .. . CinemaxX | Hiblerstr. 8 3158910
The Internet’s Own Boy | Knappenberger | Swartz

The Internet’s Own Boy | Knappenberger | Lessig

The Internet’s Own Boy | Knappenberger | Berners-Lee Program

. e . Cinema Title Time
Dogma Smith Damon Schauburg | The Imitation Game 19:30
Dogma Smith Affleck Schauburg | Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX | The Imitation Game 19:30

Express the following queries as domain independent FO-queries.

9. Find the actors cast in at least one film by “Smith”.

10. Find the actors cast in every film by “Smith”.

11. Find the actors cast only in films by “Smith”.

12. Find all pairs of actors who act together in at least one film.

13. Find all pairs of actors cast in exactly the same films.

14. Find the directors such that every actor is cast in one of his or her films.




Excercise 2 Let R be a table (relational instance) with attributes A and B. Use the construc-
tion from the lecture to express the following RAyamed query as a Dlypnamed query:

g[A, B] := (r4o(R) = 7p(R)) — (R = (64, BB A(R)))

Given an RA query glay, ..., a,], we construct a DI query ¢,[x,,, ..., X4, ]

e if g = R with signature R[ay,...,a,], then ¢, = R(x,,, ..., X4,)
o ifn=1andq={{a; & c}}, then ¢, = (x4, = )

o if g =04=c(q"), then g, = ¢, A (x4, = ¢)

* ifqg=04=4(q") then g, = o5 A (x4, = X))

o ifg=0p,. b-ay.aq>then g, =Ayp.....0,(Xg, = yp) A ... A(Xaq, ® Yb,) AN @glYa,s--->Ya,l
(Here we assume that the ay,...,a, in 6y, b,—a,...a, @re written in the order of attributes, whereas by, ..., b, might be in
another order. ¢ [ya,, .- -,Ya,] is like ¢, but using variables y,,.)

o ifg=m,.  .(q)forasubquery q'[bi,...,byu] With {by,...,by} ={ay,...,a,} Ulct,...,ckl),
then ¢, = Axc, ..., Xq .04

o ifg=qgi1>aqgathen g, = ¢4 A @y,
o ifg=qg1Uqtheny, =, Vo,
o ifg=qg1—qxthen g, = ¢4 A g,



Excercise 3 It was stated in the lecture that query mappings under named perspective can
be translated into query mappings under unnamed perspective. Specify this translation.

Solution. Let M[q] : Dhamed — Pnamed € a query mapping, where Dy5meq denotes
the set of all database instances over a named perspective. Similarly, Dynnameq denotes
the set of all database instances over an unnamed perspective. We define the functions

nu . Dnamed — Punnamed un : Dynnamed — Pnamed
For any table R[aq, ..., a,] of a named database instance 1, nu(R[ay,...,an]) = R fixes

the order of the columns so that a; becomes the ith column and deletes the attribute
names.

For any table R of an unnamed database instance 7, un(R) = Rlay,...,ay,] creates the
attribute names so that the ith column obtains the name a;.

Then the required translation is

M[q] : Dnamed = DPnamed = nu o M[g] o un : Dynnamed = Dunnamed



Excercise 4 Complete the proof that RAp med E Dlunnamed from the lecture by showing that
the results of the transformation are (a) domain independent and (b) equivalent to the input
query. In each case, show that the claimed property holds true for each case of the recursive
construction under the assumption (induction hypothesis) that it has already been established
for all subqueries. Use the mappings from the previous exercise to compare named and

unnamed results.



Complete the proof that RAamed E Dlunnamed from the lecture by showing that the results
of the transformation are domain independent. In each case, show that the claimed
property holds true for each case of the recursive construction under the assumption
(induction hypothesis) that it has already been established for all subqueries.

o If ¢ = R with signature R[ay, ..., aul, then ¢4 = R(x4,, ..., xq,). Query ¢, is DI, since
the values of x,, belong to adom(R) € adom(J).

o If g ={{a; — c}}, then ¢, = (x4, = ¢). Query ¢, is DI, since ¢ € adom(g).



Complete the proof that RAamed E Dlunnamed from the lecture by showing that the results
of the transformation are domain independent. In each case, show that the claimed
property holds true for each case of the recursive construction under the assumption
(induction hypothesis) that it has already been established for all subqueries.

o Ifg=04=a,/q"), then og = oy A (xq; = xa)).
1. By IH: ¢, is DI.
2. Let us assume that g N (Xg; ® xaj) Is not DI.

3. By (2): There is some D,D’ ¢ dom and a tuple [cq,...,c,] such that a is an
answer 10 ¢/ A (xq; ® Xq;) W.r.t. D but not w.r.t. D’.

4. By (3): [c1,-..,cnl is an answer to ¢, w.rt. D.
5. By (3): [c1,...,cn] is not an answer to ¢, w.r.t. D" (note that, ¢; = ¢)).

6. By (4) and (5): Contradiction with (1).



Complete the proof that RAnamed E Dlynnamed from the lecture by showing that the results
of the transformation are domain independent. In each case, show that the claimed
property holds true for each case of the recursive construction under the assumption
(induction hypothesis) that it has already been established for all subqueries.

o Ifg=q1Uqthen p; =4 V ¢y,

1.

By IH: ¢4, and ¢, are DI.
Let us assume that ¢, is not DI.

By (2): There is some D,D’ € dom and a tuple [cq,...,cs] such that a is an
answer to ¢, w.r.t. D but not w.r.t. D’.

By (3): For some i € {1, 2}, [cy,...,cu] Is @an answer a is an answer to ¢g; w.r.t. D
but not w.r.t. D’.

By (4): Contradiction with (1).



Complete the proof that RAamed E Dlunnameg from the lecture by showing that the results
of the transformation are domain independent. In each case, show that the claimed
property holds true for each case of the recursive construction under the assumption
(induction hypothesis) that it has already been established for all subqueries.

o If g =6p, bi—ay...ad > then og = vy, ..., yp,-(Xa; = Yp,) Ao A (Xq, = Yp,) A
' Yays- -5 Ya,l-

1. By IH: ¢, is DI.
2. Let us assume that ¢, is not DI.

3. By (2): There is some D, D’ € dom and a tuple [cq, ..., cx] such that a is an an-
swer to ¢, w.r.t. D but not w.r.t. D’. Then, there is some (exactly one) permutation
dy,...,dy] Of [cq,...,cn] such that:

(@) By (3): [dy,...,dn] is an answerto ¢, w.r.t. D.
(b) By (3): [dy,....du] is not an answer to ¢, w.r.t. D’.

4. By (8.a) and (3.b): Contradiction with (1).



Complete the proof that RAnamed E Dlynnamed from the lecture by showing that the results
of the transformation are domain independent. In each case, show that the claimed
property holds true for each case of the recursive construction under the assumption
(induction hypothesis) that it has already been established for all subqueries.

o Ifg=rq,,. a,(q) then og=Txc,, ..., X0y

o Ifg=q1>q, then ;=4 A g,

o Ifg=q1—qg2 then g, = ¢4 A —py,.



Complete the proof that RAnamed T Dlunnameg from the lecture by showing that the re-
sults of the transformation are equivalent to the input query. In each case, show that
the claimed property holds true for each case of the recursive construction under the
assumption (induction hypothesis) that it has already been established for all subqueries.

e |f g = R with signature R[ay,...,au], then o; = R(xq,, ..., Xqg,).

o If g={{a; — c}}, then ¢4 = (x4, ~ ©).

o If q = O'a,-:aj(q,)s then $g = Pg’ A (Xai ~ xaj)-

o If g = 6p,.. byoar,..and» then og = vy, vp,.-(xay = yp) A oo A (X, = Yp,) A
g Vays-- s Yayl-



Complete the proof that RAnamed T Dlunnameg from the lecture by showing that the re-
sults of the transformation are equivalent to the input query. In each case, show that
the claimed property holds true for each case of the recursive construction under the
assumption (induction hypothesis) that it has already been established for all subqueries.

o Ifg=rmq, a,(q") then g5 = Axc,,. ..  Xep-Pg -

o Ifg=q1>qatheng; = ¢4 A g,

o Ifg=q1Uqp then g =g, V ¢q,.

e Ifg=q1—qthen ;= ¢4 A —pq,.



Excercise 5 Consider a binary predicate R and the ADypnamed query

o[x,y] = =(R(x,y) A R(y, x)).

Use the construction from the lecture to express it as an RA,eq query.

Consider an AD query g = ¢[x1, ..., x,]. For every variable x, we use a distinct attribute name a,
o if o = R(11,...,t,) with signature R[ay,...,a,] with variables x; = t,,...,x, = ¢, and constants
Cl =by,...,Ck = twka then Ego - (gavl...aVn—>axl...axn(o-awI :cl(- .. O-awk:ck(R) .- ))

o if o =(x=c), then E, = {{a, — c}}

e if p=(x=y),then E, = 04-4(Es adom > Eu adom)

o if o =y, then E, = (E,, adom > ... > E4 adom) — Ey

o ifo=¢ App,then E, = E, > E,,

e if ¢ = dy.y where ¢ has free variables y, xi, ..., xy, then E, =7, 4, Ey



Excercise 6 Complete the constructions for the proof of AD C RA given in the lecture.

(a) Define the relational algebra expression E, agom, Such that

Eyadomd) = {{a > ¢} | c € adom(Z, g)}.

Hint: Assume that the query and the database schema are known.

(b) Define the expressions Ey, for ¢ = @1 V ¢y and ¢ = Vy.¢ In terms of expressions that have
already been defined in the lecture.

(c) Give a direct definition for the expression E, for ¢ = ¢1 V ¢».



Excercise 7 Use the function rr from the lecture to compute the set of range-restricted vari-

ables for the following FO queries:

1. AysID, Ystops YTo-(StOPS(YsID, Ystop, " true™) A GConnect(ysip, YTos XLine))[XLinel
2. =Lines(x, "bus")[x]

3. (Connect(xy, "42","85") v Connect("57", x5, "85"))[x, x2]

4. Vy.p(x, y)[x]

5. dx.((p(x) = gq(c)) — p(x)) — p(x))

Which of these queries is a safe-range query? Which of the queries is domain independent?



1. EI)’SID,YStop,)’To-(StOI:)S(ySID,)’Stop,"true") A Gonnect(ys|p, YTos XLine))[*Line]

rr(R(t1,...,t;)) = {x | x avariable among the 7, ..., t;}
rr(x =~ a) = {x}
mx=y) =0

_ (e Ui, y} if g = (x~y)and {x,y} Nrr(p1) # 0
1 A p2) = {rr(gol) U rr(p,) otherwise

(e V @2) = 1r(er) Nrr(ez)

_Jrr) \ ) if y € rr(y)
US R {throw new NotSafeException() if y ¢ rr(y)

rr(=y) =0 if rr(y) is defined (no exception)



2. —Lines(x, "bus")[x]

rr(R(tq,..., ty)) = {x | x a variable among the ¢, ..., In)
rr(x =~ a) = {x}
mx=y) =0

_ (e Ui, y} if g = (x~y)and {x,y} Nrr(p1) # 0
1 A p2) = {rr(gol) U rr(p,) otherwise

(e V @2) = 1r(er) Nrr(ez)

_Jrr) \ ) if y € rr(y)
US R {throw new NotSafeException() if y ¢ rr(y)

rr(=y) =0 if rr(y) is defined (no exception)



3. (Connect(xy, "42","85") v Connect("57", x», "85"))[x1, x7]

rr(R(ty,...,t;)) = {x | x avariable among the 7, ..., t;}
rr(x =~ a) = {x}
mx=y) =0

_ (e Udx,y} if gy = (x~y)and {x,y} Nrr(p1) # 0
1 A p2) = {rr(gol) U rr(p,) otherwise

(e V @2) = 1r(er) Nrr(ez)

_ )\ ) if y € rr(y)
USE {throw new NotSafeException() if y ¢ rr(y)

rr(=y) =0 if rr(y) is defined (no exception)



4. Yy.p(x,y)[x]

rr(R(tq,..., ty)) = {x | x a variable among the ¢, ..., In)
rr(x =~ a) = {x}
mx=y) =0

_ (e Ui, y} if gy = (x~y)and {x,y} Nrr(p1) # 0
1 A p2) = {rr(gol) U rr(p,) otherwise

(e V @2) = 1r(er) Nrr(ez)

_ )\ ) if y € rr(y)
USE o {throw new NotSafeException() if y ¢ rr(y)

rr(=y) =0 if rr(y) is defined (no exception)



5. dx.(((p(x) = g(c)) = p(x)) = p(x))

rr(R(tq,..., ty)) = {x | x a variable among the ¢, ..., In)
rr(x =~ a) = {x}
mx=y) =0

_ (e Ui, y} if g = (x~y)and {x,y} Nrr(p1) # 0
1 A p2) = {rr(gol) U rr(p,) otherwise

(e V @2) = 1r(er) Nrr(ez)

_Jrr) \ ) if y € rr(y)
US R {throw new NotSafeException() if y ¢ rr(y)

rr(=y) =0 if rr(y) is defined (no exception)



