The Databases Course

Solution of Exercise No. 2

Relational Algebra

Question 1

The following shortcuts will be used:
cm ← ChessMan   ,   cb ← ChessBoard   ,   on ← Πcid,type,color(cm ((    cb)

1. Π type ( σ color = 'black' ( on ) )

2. Π cb2.cid ( σ cb1.cid = ‘c5’ ( cb2.cid ≠ ‘c5’ ( 
                       (cb1.x = cb2.x ( cb1.y = cb2.y) ( cb1 ( cb2 ) )

3. This is a tricky one, and a good summary of counting in relational algebra. The key to solving it, like anything else in life, is dividing the problems to manageable tasks. Colors that have exactly two knights on the board:
two ← Π color ( σ on1.type = ‘knight’ ( on2.type = 'knight' ( on1.cid ≠ on2.cid (
                                     on1.color = on2.color ( on1 ( on2 ) )
Colors that have exactly one knight on the board:
one ← Π color ( σ on.type = ‘knight’ ( on ) ) – two
Colors that have exactly one knight, while the other color doesn't have one at all:
any ← one ( two
r1 ← one – Π one.color ( σ any.color ≠ one.color ( (any ( one ) )
Colors that have exactly two knights, while the other side has less than two:
r2 ← two – Π two1.color ( σ two1.color ≠ two2.color (two1 ( two2))
Now all that's left is to write the final answer:
answer ← r1 ( r2

4. Π on1.type ( σ on1.cid ≠ on2.cid and on1.type = on2.type ( on1 ( on2 ) )

7. Π cid ( board1 – board2 ) 
8. Π x,y ( board1 – board2 )
9. Π cid ( board1) – Π cid ( board2)

5. Define Rb by this query, and Rw in the same way by replacing 'black' by 'white':
Rb ← Π color, cid ( σ on.type = ‘pawn' ( color = 'black' ( on ) ) (
          Π cid ( σ color = ‘black' ( cm ) )
The final answer is Rb ( Rw.  Notice that the following query will not work, since it always returns an empty relation:
Π color, cid ( σ on.type = ‘pawn' ( on ) ) ( Π cid (cm )

6. This query begs for using division. Define Rb by the following query, and define Rw by the same query with 'black' and 'white' replaced:
Rb ← Π color, type ( σ color = 'black' ( on ) ) ( Π type ( σ color = ‘white' ( on ))
Then the final required answer is Rb ( Rw.
Question 2

1. The id of the oldest (with the maximal age) team member(s).

2. The id of the youngest team member(s).

3. The result relation will always be empty.

Question 3

1. Left contains right

2. Equal

3. Right contains left

4. Right contains left

5. Equal

6. Right contains left

Question 4

In order to compute the semi-join of R and S, first sort both relations by the joint field. This takes O(nlogn + mlogm) time. Then, the semi-join can be computed in linear time. Iterate with two pointers, one running over R and the other over S, adding a value to the output when you find a match in the joint field, and advancing the pointer that points to the smaller value between the two pointers otherwise. Since a semi-join's output is bounded by R's size, the total runtime of this method is O((m+n)*log(m+n)).

