The Databases Course

Solution of Exercise No. 4

Relational Algebra, Calculus and QBE

Question 1

a.  { a  |  (s1(w1(b2 (s2(w2(b2 [ animals('a12',s1,w1,b1) (
              animals(a,s2,w2,b2) ( b1 < b2 ] }
b.  { r  |  (n[ research(r,n,'medicine') (
              (a(s(y[ events(a, s, r, y) ( (n2(s2(c2[ sites(s, n2, 'china', s2, c2) ]]] }
c.  { a  | (s(w(b[ animals(a,s,w,b) ( ( ((a2(s2(r2[ events(a2, s2, r2, b) (
             sites(s2, 'Eastern Coral Reef', 'Canada', s3, c3) ]] }
d.  { a1, a2 | (s1(y1(s2(y2(r[ events(a1, s1, r, y1) ( events(a2, s2, r, y2)] ( a1 < a2}
e.  { s  |  (a(w(b(p1(p2(c1(c2[ animals(a,s,w,b) ( p1 ≠ a ( p2 ≠ a ( p1 ≠ p2 (
              children(a,c1) ( children(a,c2) ( children(p1, c1) ( children(p2, c2) ] }
f.  { s  |  (a(w(b[ animals(a,s,w,b) (
             ( ( (pa(pw(pb(ca(cw(cb[ animals(pa, s, pw, pb) (
                   animals(ca, s, cw, cb) ( children(pa, ca) ( cb - pb < 20 ]] }
     Note that the first line in (f)'s solution is necessary to make the query safe.
Question 2

First three tables answer (a), the fourth answers (b).
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Question 3

1. { d  |  (b[ likes(d, b) ] ( (r[ frequents(d, r) ] (
           (r[ frequents(d, r) ( (b[ serves(r, b) ( likes(d, b) ]] }

2. { d  |  (b[ likes(d, b) ] ( (r[ frequents(d, r) ] (
           (r[ frequents(d, r) ( ((b[ serves(r, b) ( likes(d, b) ]] }

The first line of each answer is there only in order to make the query safe.

Question 4

1. { t(3)  |  R(t) ( (s[ S(s) ( s[1] = t[2] ( s[2] = t[3] }

2. { t(1)  |  (r1[ R(r1) ( t[1] = r1[1] ( 
           (q[ Q(q) ( (r2[ R(r2) ( r2[1] = t[1] ( r2[2] = q[1] ( r2[3] = q[2] ]] }

3. { t(1)  |  (q[ Q(q) ( t[1] = q[1] ( (q2[ Q(q2) ( q2[2] ≥ q[2] ]] }

Question 5

Every relational algebra query is safe because the values of its result table can only be withdrawn from its input tables. Therefore, assuming that each input table given to a query is finite, the result table will always be finite as well.

This is true for each of the algebra operators. For union, for example, The domain of R1 ( R2 is by definition dom(R1) ( dom(R2), which is finite if R1 and R2 are finite. The same is true for cartesian product. For minus, the domain of R1 ( R2 is by definition a subset of dom(R1). The domain of a selection or projection on R is always a subset of R's domain, and therefore always finite, and cannot include values out of the query's active domain.

Question 6

Proof by induction on the structure of the query. Induction basis: If the query is simply Q = R, then clearly adding lines to R will enlarge the query's result since the query's result is by definition R.

Induction step will be proved separately for all possible structures of Q. If Q has the form 'R1 ( R2', then enlarging R1 by a tuple t will add it to the query's result if t ( R2 or will not change it if t ( R2. The same is symmetrically true for R2, and in no case Q's result decreases. If Q looks like 'R1 ( R2', then adding a tuple to R1 will add tuples to the result of the query - one new tuple for every tuple in R2.

If Q has the form '(s(R)' then adding a tuple to R will add a tuple to the result of Q – the columns stated in s of the new tuple – unless this new tuple already existed in Q's result, in which Q's result will remain unchanged. If Q has the form '(F(R)' then adding a tuple to R can either add that tuple to the result of Q if the tuple satisfies F, or not change Q's result if it doesn't. In no case there is a loss of tuples that were in the result before the addition.

Since we proved the induction step for all possible forms of algebraic queries that don't use the minus operator, the proof is complete.

Question 7

The most obvious examples are null values, tables with multiple equal tuples, grouping, and calculated fields:

select last_name from people;          /* algebra can only give the 'distinct' version */

select * from people where address is not null;          /* no null values in algebra */

select pid, sum(quantity) from orders group by pid;  /* can't group, can't summarize */

select aid, 2 * weight from animals;                           /* no calculated fields */

