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Abstract

In this thesis, we consider different variants of the classical covering and packing problems.
The most general covering problem is the set cover problem. There are two well-known
classes of approximation algorithms for the set cover problem [0]], one with approxi-
mation ratio of O(log A) and another have an approximation ratio of f. Here A is the
maximum cardinality of the sets, and f is the maximum number of sets that any element
belongs to. However, for the problems of line cover, tree cover and several other spe-
cial cases of the set cover problem, we get constant factor approximation algorithms even
though A and f are arbitrary for the problems. The first problem we study in this thesis is
to identify the property that this special case of set cover problems satisfies which makes
these problems easier to approximately solve. We study a class of set cover problems that
satisfy a special property which we call the small neighborhood cover property. This class
encompasses several well-studied problems including vertex cover, interval cover, bag in-
terval cover and tree cover. We design unified distributed and parallel algorithms that can
handle any set cover problem falling under the above framework and yield constant factor
approximations. These algorithms run in polylogarithmic communication rounds in the

distributed setting and are in NC, in the parallel setting. The above results were obtained
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Jjointly with Archita Agarwal, Venkatesan T. Chakaravarthy, Sambuddha Roy and Yogish
Sabharwal [1].

Next we study the special case of Knapsack Cover problem (this is the case of interval
cover where the line consists of a single edge) under matroid constraints. Our result proves
a PTAS for this problem. The problem described above falls in the realm of mixed packing
covering problems. We also consider packing extensions of certain other covering problems
and prove that in such cases it is not possible to derive any constant factor approximations.
These results were obtained jointly with Venkatesan T. Chakaravarthy, Sivaramakrishnan
R. Natarajan and Sambuddha Roy [27].

We next study some packing problems. In particular, we consider the problem of max-
imizing the throughput of jobs wherein each job consists of multiple tasks. Consider a
system offering a uniform capacity of a resource (say unit bandwidth). We are given a set
of jobs, each consisting of a sequence of at most r tasks. Each task is associated with a win-
dow (specified by a release time and a deadline) within which it can be scheduled; each task
also has a processing time and a bandwidth requirement. Each job has a profit associated
with it. A feasible solution must choose a subset of jobs and schedule all the tasks for these
jobs such that at any point of time, the total bandwidth requirement does not exceed the
capacity of the resource; furthermore, the schedule must obey the precedence constraints
(tasks of a job must be scheduled in order of the input sequence). The goal is to compute the
feasible solution having maximum profit. Our main result presents an O(r)-approximation
algorithm for the general case wherein tasks can have windows and bandwidths of tasks
within the same job may be non-uniform. The above results were obtained jointly with

Venkatesan T. Chakaravarthy, Sambuddha Roy and Yogish Sabharwal [24].
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We finally consider the problem of online coloring of intervals on a tree. Here the input
consists of an undirected tree defined over a set of vertices. Each demand or path arrives
online and is specified as a pair of vertices. The objective is to color the demands so that no
two demands sharing an edge are given the same color. We also consider a more general
case where all the edges of the tree offer uniform capacity of B, say, for this case, B paths
of the same color may be routed through an edge. Bartal and Leonardi [9] show that any

deterministic algorithm for the unit capacity case can not have competitive ratio better

than Q(lo:i gn) In this thesis, we present a constant competitive algorithm for the online
interval coloring problem on a tree under recourse model; also our algorithm uses constant
amortized number of reassignments/ recoloring. This means that if the total number of
demands requested at a time is P, our algorithm employs O(P) number of reassignments
of colors. Our results also extend to the case where every edge of the tree offers a uniform
capacity value.

An independent problem of interest is the online coloring problem of an inductive graph.
In the online coloring problem of a d-inductive graph, vertices arrive over time (input
sequence not known in advance): when a vertex arrives, only edges to existing vertices
are revealed. The objective is to color the vertices of the graph such that no two adjacent
vertices have the same color. Irani [42] shows that there exist d-inductive graphs such
that any online algorithm needs O(dlogn) colors while the offline algorithm requires only
d + 1 colors, where n is the number of vertices in the graph. Here again, we show that we

can color the d-inductive graph G using 3d colors with the number of color reassignments

bounded to O(n) after arrival of n vertices.
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