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1. Consider the problem of insertions and deletions of positive integers into a table that is solved by the following
algorithm A : Let the current table size be i.

• Elements are inserted into the current table till the table is full. When we try to insert an element, but it is
full and the table already has i elements, a new table of size 2i is created and all elements including the new
element are inserted into the new table while the old table is forgotten.

• Elements may be deleted from the current table up to the point where the table contains more than i/4
elements. When an element has to be deleted, but the table has only i/4 elements, then a new table of size
i/4 is created and all elements minus the element to the currently deleted are copied onto the new table while
the old table is forgotten.

(a) (5 points) Analyze the amortized running time of an insertion operation in the algorithm A .

(b) (5 points) Analyze the amortized running time of a deletion operation in the algorithm A .





2. Consider the problem Area-Union, that takes as input a set of axis-parallel rectangles and outputs the area of the
union of these rectangles. A rectangle is axis-parallel if each side is parallel to the x-axis or y-axis. Also assume
that your input instance is such that any rectangle can intersect with at most one other rectangle.
(a) (5 points) Design a sweep line algorithm for Area-Union. [Hint: What should be the events of the sweep

line? What area is covered between events?]

(b) (5 points) What is the running time of the algorithm? Explain your answer.
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3. Design an algorithm to check if a flow network has a unique minimum capacity s− t cut and if not, then output
two different minimum capacity s− t cuts.

(a) (3 points) Clearly explain the algorithm in English language

(b) (2 points) Write a pseudo-code of the algorithm.

(c) (3 points) Prove its correctness.

(d) (2 points) Analyze its running time.
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4. (a) (2 points) What is layered graph in the context of max-flow problem?

(b) (2 points) Design an O(mn) time algorithm to compute a blocking flow in a layered graph.

(c) (2 points) Design an algorithm for computing a maximum s− t flow in a flow network.

(d) (2 points) Prove correctness of your algorithm.

(e) (2 points) Analyze its running time.
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5. (a) (3 points) Clearly explain Edmond’s blossom algorithm for computing a maximum-cardinality matching in
a graph.

(b) (3 points) Write pseudo-code of Edmond’s blossom algorithm.

(c) (4 points) Show the execution of Edmond’s blossom algorithm in a connected, non-bipartite graph with 10
vertices, and the degree of every vertex is at least 3.
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