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Answer Yes (O)/No (X) for the following descriptions (40%):
_______:The idea of the Divide and Conquer approach is to find the optimum solution by exhaustively searching
all possible solutions
__ :The idea of the Dynamic Programming approach is to define global optimum in terms of optimal sub
problems. Sub problems may overlap. One can solve and store the results of sub problems bottom-up to
accelerate the computation.
~:Inaheap, any value in the left subtree of a node i less than any value in the right subtree of the same
node
: Removing a key takes O(n) time in a balanced binary search tree with n nodes

- An AVL tree is a binary searchetfecwheresfer cVery internal node, the heights of its children are the

same

- In a splay tree, splaying.a'ngde means moving the nodeito the root

: While using apfinsertédlist to implement a map with ninodes, get(k) takes O(1) time

- While using'a balanced binary sefch tree to implement a map with n'nodes, remove(k) takes O(log n)

time
- A hash function maps 2 kev to an integer in a fixed intetval, €.g., [0,N-1] for a hash table associated

with an Array of size N
____:In a hash table, eollisionfoccurs,when.different keys are mapped to the'same index.

- Liner probing®handles eollisions by letting each cell in the table"poumt to a linked list

- Separate chaining handles ollisions by putting the colliding itéms in the next available table cell

: Hashing is more efficient whemsthe load factor (thesnumber of stored clements / the size of the Array) 1s

- The sum of the degrees of all vertices is equal to two times the pumber of nodes 1n a graph

- The number of edges.in a directed graph.is less than n(n-1)/2/(n is the number of vertices in the graph)
: Checking whether two vctticessare™dd jacent takess@@yfime in an edge-list graph with n vertices

- Checking whether an edge is incident to a vertex takes O(n) time in an adjacency-matrix graph with n

vertices
- Removing a vertex takes O(n’) time in an adjacency-matrix graph with n vertices

- The idea of the Greedy approach is to divide the problem into sub problems that can be solved
independently, and conquer the results
- The minimum spanning tree of a weighted graph must include the edge that has the minimum weight

Answer the following questions (60%):
A matrix-chain-product is to compute the product of a matrix chain such as AoxAix...xAx1, where Aiis a di X din
matrix. Consider a simple example A= AcxAxA: with do=3, di=100, d:=5, and ds=5.
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One can compute the matrix-chain-product in the way ((AoxAn)xA2) with 1575 operations. That is, taking 1500
(3%100%5) operations to first compute A" =AoxA:and then taking 75 (3*5*5) operations to compute the result A
—A" xA. One can also compute the matrix-chain-product in the way (Asx(A1xA2)) with 4000 operations. That
is, taking 2500 (100*5*5) operations to first compute A" = AixA:zand then taking 1500 (3*¥100*5) operations to
compute the result A= AixA’ . As one can see, the order of computation sequence matters. The question is how

to find an optimal way to parenthesize the matrixes.

A matrix-chain-product problem is to find an optimal way to compute the product of a given matrix chain with
the minimal number of basic (multiplication) operations.

1.1.  Use a greedy algorithm.
a. (10%) Describe your strategy.
b. (5%) Show an exampie that it works.
(5%) Show a ¢ounterexample thatst does not work.

1.2.  Use a dynamic programing algorithm. Assume IN@, j) denotes the minimal number of operations to
compute the product of Aix...xA,. The optimal solution N(i, J) 18 to find k in [i, j} such that it is minimal:
the sum of two.optimal sub' problemsy;N(i, k) and:N¢k-+1, j), plus the number of operations for the last
multiplication on'the results ‘of the two sub problems.

a. (10%) Show the characterizing eguation on N(,)) withthe@bove optimzl relation.

b. (10%) Solve A= AoxAixA2 xAs with do=3, di=10, d:=5, d==5, and d'=6 with the equation by bottom up
computation. Hint: Build'a 4 by 4 table for the value of N(,j). Imitially for i = 0..3, NQ, 1) = 0. N(0, 3) 18
the result.

2. Consider the following keys: 19, 39, 28, 5, 36, 18, 25, 26, 33, 53.
a. (10%) Show a hash table that handles collisions with double hashing.
Let N =17, h(k) =k mod 17. d(k) = 13 - (k mod 13).
b. (10%) Build an AVL tree with the above keys. Insert each key step by step and rebalance the tree when 1t
violates the AVL tree property.
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