The Databases Course

Solution of Exercise No. 3

SQL and Relational Calculus

1. { t(1)  |  (a1(a2[ animals(a1) ( animals(a2) ( a1.aid = 'a12' ( 
a1.birthyear < a2.birthyear ( t[1] = a2.aid ] }
select distinct a2.aid
      from animals a1, animals a2
      where a1.aid = 'a12' and a1.birthyear < a2.birthyear;

2. { t(1)  |  (r[ research(r) ( t[1] = r.rid ( r.subject = 'medicine' (
(e(s[ events(e) ( e.rid = r.rid ( sites(s) ( s.sid = e.sid ( s.country = 'China' ] ] }
select rid
      from research r
      where subject = 'medicine' and not exists
           (select * from events e , sites s
                 where e.rid = r.rid and e.sid = s.sid and s.country <> 'China');

3. {  t(2)  | (a[ animals(a) ( t[1] = a.aid ( 
( ( (e(s[ events(e) ( sites(s) ( e.year = a.birthyear ( e.sid = s.sid (
s.name = 'Eastern Coral Reef' ( s.country = 'Canada' ] ) ] }
select aid
      from animals a
      where not exists (select * from events e, sites s
            where e.sid = s.sid and e.year = a.birthyear
                and s.name = 'Eastern Coral Reef' and s.country = 'Canada');
4. {  t(2)  | (e1(e2[ events(e1) ( events(e2) (
 ( e1.rid = e2.rid ( e1.aid < e2.aid ( t[1] = e1.aid ( t[2] = e2.aid }
select distinct e1.aid, e2.aid
      from events e1, events e2
          where e1.rid = e2.rid and e1.aid < e2.aid;

5. { t(1)  |  (a1,c1,c2,c3,c4[ animals(a1) ( 
children(c1) ( children(c2) ( children(c3) ( children(c4) (
a1.aid = c1.parent ( a1.aid <> c2.parent ( c1.child = c2.child (
a1.aid = c3.parent ( a1.aid <> c4.parent ( c3.child = c4.child (
c2.parent <> c4.parent ( t[1] = a1.species ] }
select distinct species
      from animals
      where exists (select *
        from children c1, children c2, children c3, children c4
        where a1.aid = c1.parent and a1.aid <> c2.parent and c1.child = c2.child
           and a1.aid = c3.parent and a1.aid <> c4.parent and c3.child = c4.child
           and c2.parent <> c4.parent );
Note: Consider the sub-select here not as performing a cartesian product of four copies of 'children', but as running on the table using four variables in four nested loops. So this may actually be faster and consume less memory than a query that only uses two tables in its 'from' clause, but two different ones.
6. { t(1)  |  (s[ animals(s) ( t[1] = s.species (
( ( (c(a1(a2[ children(c) ( animals(a1) ( animals(a2) (
c.parent = a1.aid ( c.child = a2.aid ( a1.species = s.species
( a2.birthyear - a1.birthyear < 20 ] ) ] }
select distinct species
      from animals a
      where not exists (select * from animals a1, animals a2, children c
            where c.parent = a1.aid and c.child = a2.aid and a1.species = a.species
               and a1.birthyear - a2.birthyear < 20);
7. { t(1)  |  (r[ research(r) ( t[1] = r.name ( 
(e1(e2(s1(s2[ events(e1) ( events(e2) ( sites(s1) ( sites(s2) ( e1.aid = e2.aid (
e1.rid = r.rid ( e2.rid = r.rid ( e1.year - e2.year = 1 (
e1.sid = s1.sid ( e2.sid = s2.sid ( s1.climate <> s2.climate ] }
select name from research r
      where exists (select * from events e1, events e2, sites s1, sites s2
            where e1.aid = e2.aid and e1.rid = r.rid and e2.rid = r.rid
                and e1.year - e2.year = 1
                and e1.sid = s1.sid and e2.sid = s2.sid and s1.climate <> s2.climate);
8. {  t(1)  | (r[ research(r) ( t[1] = r.rid ( (a[ animals(a) (
(s[ sites(s) ( (e[ events(e) ( e.aid = a.aid ( e.rid = r.rid ( e.sid = s.sid ]]]] }
select rid
      from research r
      where exists (select * from animals a
      where not exists (select * from sites s
      where not exists (select * from events e
      where e.rid = r.rid and e.aid = a.aid and e.sid = s.sid )));

9. {  t(1)  |  (e(r[ events(e) ( research(r) ( t[1] = e.year and
r.name = 'Rainforest Insects' ( e.rid = r.rid (
(o[ events(o) ( o.rid = r.rid ( o.year >= e.year ] }
select min(year)
      from events e, research r
            where e.rid = r.rid and r.name = 'Rainforest Insects';

10. select avg(1999 - birthyear)
      from animals a
      where exists (select * from research r, events e
      where e.aid = a.aid and e.rid = r.rid and r.name = 'Golden Bear');
The following is another typical answer to this question, which is incorrect, since in this query an animal that participated in the project for more than one year or in more than one site, will also be counted more than once for the average:
select avg(1999 - birthyear)
      from animals a, research r, events e
      where e.aid = a.aid and e.rid = r.rid and r.name = 'Golden Bear';

