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Problem 1
Design an eficient algorithm to find a spanning tree for a connected, weighted,
undirected graph G = (V, E) such that the weight of the meximum-weight
edge in the spanning tree is minimized.

Problem 2
Professor Uriah has developed a hardware priority queue for his computer.
The priority queue device can store up to p records, each consisting of &
key and a small amount of satellte data (such as & pointer). The computer
to which it is sttached can perform INSERT and EXTRACT-MIN operations
on the priority queue, each of which takes O(1) time, no matter how many
records are stored in the device. The professor wishes to use the hardware
priority queue to help implement a sorting algorithm on his computer. He
has n records stored in the primary memory of his machine. If n < p, the
professor can certainly sort the keys in O(n) time by first inserting them into
the priority queue, and then repeatedly exiracting the minimum. Design an
efficient algorithm for sorting > p items using the hardware priority queue,
Analyze your algorithm in terms of both n and p.

Problem 3
A ski rental agency has m pairs of skis, where the height of the ith pair of
skis is s;. There are n skiers who wish to rent skis, where the height of the
ith skier is A;. Ideally, each skier should obtain & pair of skis whose height
matches his own height as closely as possible. Design an effcient algorithm to
assign skis to skiers 5o that the sum of the absolute differences of the heights
of each skier and his skis is minimized. (For partial credit, essume m = n.)

Problem 4
A directed graph G = (V, E) is unipathic if for any two vertices u,v € V,
there is at most one simple path from u to v. Suppose & unipathic graph G
has both positive and negative edge weights. Design an eficient algorithm to
determine the shortest-path weights from a source s to all vertices v € V' for
such & unipathic graph. If some shortest-path weights to vertices reachable
from s do not exist, your algorithm should report that a negative-weight cycle
exists in the graph.

Problem 5
Show how to implement a dynamic set that efficiently supports the FIFO
queue operations ENQUEUE and DEQUEUE, as well as MINIMUM.
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A unimodal sequence is & sequence (ao, .. ., a—1) for which there exists
tsuch that (as, 441, .., a¢4n—1) strictly increases and then strictly decreases,
where the subscript calculations are performed modulo n. That is, if the
sequence (ao,ay, .., Gn-1) is rotated to the left ¢ positions, it strictly increases
to  maximum and then strictly decreases. Design an effcient algorithm to
find the maximum value in a unimodal sequence. (For partial credit, consider
only unimodal sequences for which ¢ = 0.)

Problem 7
The Colonel Motars Corporation of Frankfort, Kentucky has produced & new
line of vehicles which require chicken droppings for fuel. Because of this
unusual fuel equirement, there are only certain fueling stations in the country
‘where the vehicles can be refilled. Thus, to get from one place to another, an
owner must plan a route that ensures that he can get refills along the way.
The Colonel Motars Corporation has hired Professor Sanders of the Kentucky
Institute of Technology as a consultant to prepare an on-line route-finding
service. To use the computerized service, an owner will enter the driving
range of his vehicle (the distance the vehicle can go on a single fill-up), the
“distance to empty” (the distance the vehicle can to with the fuel that’s now in
the tank), his initial location (source), and his desired destination. The service
will either respond with & shortest route from the source to the destination
such that the owner never runs out of fuel, or it will deem that no such route
exists. Model the professor’s problem in terms of a weighted, directed graph
in which streets are edges, intersections are vertices, and some intersections
have fueling stations, and design an eficient algorithm to solve it. Assume
that a driver's source and destination are also at intersections, (For partial
credit, design an algorithm to find any feasible path from the source to the
destination.)

Problem 8

Professor Babylonia wants to construct the tallest tower possible out of build-
ing blocks. She has n types of blocks, and an unlimited supply of blocks of
each type. Each type-i block is a rectangular solid with linear dimensions
(0,0, ). A block can be oriented so that any two of its three dimensions
determine the dimensions of & base and the other dimension is the height. In
‘building a tower, one block may be placed on top of another block as long as
the two dimensions of the base of the upper block are each strictly smaller
than the corresponding base dimensions of the lower block. (Thus, for exam-
Ple, blocks oriented to have equal-sized bases cannot be stacked.) Design an
efficient algorithm to determine the tallest tower ‘that the professor can build.
(For partial credit, assume that the blocks cannot be reoriented.)





