CSE 5211
Fall 2008 
Exam 1
Points:
40
Time: 85 min
1a. Prove by induction that the number of arcs on a tree with n nodes is n-1. [2]
1b. Prove by induction that 


[2]
1+2+3+ … n = n(n+1)/2

1c. What is the cardinality of the set that you can form out of the subsets of a set with n elements? E.g., if the set is {a, b}, its subsets are {}, {a}, {b}, {a,b}, and the asked set is {{{}}, {{a}}, {{b}}, {{a,b}}, {{a}, {b}}, {{a}, {a,b}}, {{b}, {a,b}}, {{a}, {b}, {a,b}}}.







[1]
1d. With 10 points in space (not any three of them are collinear), how many triangles can you draw?




[1]
1e. Find a satisfying variable assignment (a=?, b=?, c=?) for the following CNF formula:

(-a V b) ^ (b V c) ^ (-b),
Where a, b and c are Boolean variables, –a indicates negation of a, V indicates ‘or’, and ^ indicates ‘and’.



[1]
1f. Depth of a single-node tree is 0, and the depth of any node is the depth of its parent plus 1. Height of a tree is the maximum depth over all the nodes in the tree. Branching factor of a balanced tree is the number of children of any node, except that of the leaves. Draw a tree with the branching factor 3 and depth 3. What is the total number of nodes of a balanced tree with b branching factor and d height? 

[1]

Prove your formula by induction.




[2]
2a. What is the formula for the variable count in terms of n after the following algorithm-fragment is executed? 





[5]
(1) count = 0;








(2) For i = 1 through n do

(3) 
For p = 1 through 3 do

(5)

For k = 1 through i do
(4)

    count = count +1;

      end for loops;

2b. The following is a directed weighted graph. Draw it first. [Usual presumption of adjacency list representation of the graph holds.]

V={a, b, c, d, e}, E={(a, b, 2), (a, d, 8), (b, c, 3), (c, d, 2), (c, e, 5), (d, e, 1), (e, b, 2)}.

After running the following algorithm fragment on this graph show the output for the variable count. Explain briefly.




[5]
(0) int count := 0;

(1) For each node v in V do

(2)
for each edge (u, w, d) in E do

(3)

count= count +d;

       end for loops;

(4) print count;




[questions continued on backside]
3.  









[10]
	Object Id.
	1
	2
	3
	4

	Weights
	6
	3
	4
	4

	Profits
	2
	3
	2
	1


Listed above are some semi-precious stones available for you to pick up. Write a Greedy algorithm such that the knapsack has a profit limit over the chosen objects to be no more than 6, and you are to fill the knapsack with minimum possible total weight. You are allowed to break any object. Dry run your algorithm to solve for the above example.
4. The Exon chaining problem is the following:

[total pts here: 10]
Input: A set of weighted intervals over a sequence of positive integers.

Output: A chain of intervals from this set such that no intervals within a chain overlap, and the total weight is maximum for all such feasible chains.

Example for an integer sequence 1 through 18 (draw it): {I1(1, 5, 5), I2(2, 3, 3), I3(4, 8, 6), I4(6, 12, 10), I5(7, 17, 12), I6(9, 10, 1), I7(11, 15, 7), I8(16, 18, 4)}, where the first two numbers indicate the interval and the third number is the corresponding weight of the interval. Resulting maximum chain: I2-I3-I6-I7-I8, weighing 21.
(a) Write the recurrence to solve the Exon Chaining problem, and 
[2]  
(b) write a recursive algorithm that will execute the recurrence as is, also write the driver for it that will start the algorithm. 




[2] 
(c) Develop the corresponding Dynamic Programming algorithm. 
[6]
Hint: For the integer i from 1 through max-end-point over the integer sequence develop a scoring array a[i] that stores the maximum weight up to that integer i. For the above example, the scoring array a[i] (from i = 1 through 18) is: 
	i=
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	a[i]
	0
	0
	3
	3
	5
	5
	5
	9
	9
	10
	10
	15
	15
	15
	17
	17
	17
	21


