EE 360C — Algorithms — Summer 2013
Homework #2
Due: July 3, 2013 11:30am (in class)
Homework problems are to be done individually. You may discuss the problem and general concepts
with other students, but you must write your solutions independently.
Each question is worth 10 points. Maximum possible score is 30.
Whenever you give an algorithm, prove that it is correct.

1. You’re helping a group of ethnographers analyze some oral history data they’ve collected by
interviewing members of a village to learn about the lives of people who’ve lived there over
the past two hundred years. From these interviews, they’ve learned about a set of n people
(all of them now deceased), whom we’ll denote P1 , P2 , . . . , Pn . They’ve also collected facts
about when these people lived relative to one another. Each fact has one of the following two
forms:
• For some i and j, person Pi died before person Pj was born; or
• for some i and j, the life spans of Pi and Pj overlapped at least partially.
Naturally, they’re not sure that all these facts are correct; memories are not so good, and
a lot of this was passed down by word of mouth. So what they’d like you to determine is
whether the data they’ve collected is at least internally consistent, in the sense that there
could have existed a set of people for which all the facts they’ve learned simultaneously hold.
Give an efficient algorithm to do this: either it should produce proposed dates of birth and
death for each of the n people so that all the facts hold true, or it should report (correctly) that
no such dates can exist—that is, the facts collected by the ethnographers are not internally
consistent.
2. The wildly popular Spanish-language search engine El Goog needs to do a serious amount of
computation every time it recompiles its index. Fortunately, the company has at its disposal
a single large supercomputer, together with an essentially unlimited supply of high-end PCs.
They’ve broken the overall computation into n distinct jobs, labeled J1 , J2 , . . . , Jn , which can
be performed completely independently of one another. Each job consists of two stages: first
it needs to be preprocessed on the supercomputer, and then it needs to be finished on one of
the PCs. Let’s say that job Ji needs pi seconds of time on the supercomputer, followed by fi
seconds of time on a PC.
Since there are at least n PCs available on the premises, the finishing of the jobs can be
performed fully in parallel—all the jobs can be processed at the same time. However, the
supercomputer can only work on a single job at a time, so the system managers need to work
out an order in which to feed the jobs to the supercomputer. As soon as the first job in
order is done on the supercomputer, it can be handed off to a PC for finishing; at that point
in time a second job can be fed to the supercomputer; when the second job is done on the
supercomputer, it can proceed to a PC regardless of whether or not the first job is done (since
the PCs work in parallel); and so on.
Let’s say that a schedule is an ordering of the jobs for the supercomputer, and the completion
time of the schedule is the earliest time at which all jobs will have finished processing on the

PCs. This is an important quantity to minimize, since it determines how rapidly El Goog
can generate a new index.
Give a polynomial-time algorithm that finds a schedule with as small a completion time as
possible.
3. Your friends are planning an expedition to a small town deep in the Canadian north next
winter break. They’ve researched all the travel options, and have drawn up a directed graph
whose nodes represent intermediate destinations, and edges represent the roads between them.
In the course of this, they’ve also learned that extreme weather causes roads in this part of
the world to become quite slow in the winter, and may cause large travel delays. They’ve
found an excellent travel Web site that can accurately predict how fast they’ll be able to travel
along the roads; however, the speed of travel depends on the time of year. More precisely,
the Web site answers queries of the following form: given an edge e = (v, w) connecting two
sites v and w, and given a proposed starting time t from location v, the site will return a
value fe (t), the predicted arrival time at w. The Web site guarantees that fe (t) ≥ t for all
edges e and all times t (you can’t travel backwards in time), and that fe (t) is a monotone
increasing function of t (that is, you do not arrive earlier by starting later). Other than that,
the functions fe (t) may be arbitrary. For example, in areas where the travel time does not
vary with the season, we would have fe (t) = t + `e , where `e is the time needed to travel from
the beginning to the end of edge e.
Your friends want to use the Web site to determine the fastest way to travel through the
directed graph from their starting point to their intended destination. (You should assume
that they start at time 0, and that all predictions made by the Web site are completely
correct.) Give a polynomial-time algorithm to do this, where we treat a single query to the
Web site (based on a specific edge e and a time t) as taking a single computational step.

