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Message from the General Chalrperson

I would like to welcome you to Phoenix and the Eighth International Conference on Data Engineering
(ICDE-8). ICDE is back in the United States after its first successful overseas conference in 1991 in Kobe,
Japan. Given the strategic position that computer technologies play in the Phoenix area, this is a very
exciting place to host ICDE-8. We hope that you will find both the tutorials and technical program useful
and stimulating, and that you will take advantage of this opportunity to engage in social and technical
dialog with your colleagues from other parts of the world. The submissions we received for this
conference from so many different countries makes ICDE-8 a truly international conference.

An international conference of this size and diversity requires miuch effort and coordination from
many people and organizations. It is simply impossible to recognize all persons who have contributed their
efforts to make ICDE-8 what it is today. - Nevertheless, we would like to acknowledge the invaluable
support we have received from the following individuals. As General Chairperson, my primary
responsibility is coordinating various tasks carried out by other willing and talented volunteers. 1 would
like to take this opportunity to express my sincére appreciation to Dr. Forouzan Golshani, Program Chair;
Carol Chapman, his assistant; and his 60-member program committee for doing an excellent job in
selecting 69 high-quality papers for presentation at the conference. Forouzan made my job easy. Thanks
are due to Tom Howell for arranging excellent tutorials. Special thanks go to Lana Ruch for taking care of

“local arrangements, to Julie Mumpy for awards, to our publicity chair Mansur Samadzadeh, to our
European coordinator, Herbert Weber, and our industry coordinator, Bob Horton, to our registration chair
Oris Frieson, to our treasurer Richard Snodgrass, and for publications, Chenho Kung. I would like to
express my thanks to the ICDE steering committee for their vote of confidence.

I would also like to express my appreciation to both Professor Stefano Ceri and Dr. Laszlo for
accepting our invitation to be the keynote speakers. Both of them are highly active and productive
researchers who have made significant contributions to many areas of computer science and engineering.

Special mention must be made to Bull Worldwide Information Systems; without their generosity, the
conference would not be as successful as we expect. Finally, I would like to thank all the attendees of
ICDE-8, and hope that you will find time to enjoy both the conference and the city of Phoenix to the utmost
extent. . .

Nick Cercone
General Chairperson
Vancouver, 1992



Message from the Program Chairperson

_ First and foremost, I would like to acknowledge the genercus financial support that Bull Worldwide
Information Systems has provided to this conference. I would also like to thank numerous employees of

*-- Bull for their assistance in various capacities. Several other companies, including American Express,

Honeywell and Intel, have made valuable contributions to the organization of this event.

Following the tradition of previous meetings, this exghth occurrence of IEEE International Conference
on Data Engineering begins with a keynote address from Dr. Laszlo Beladey, a leader for many years in
various R & D centers. Dr. Stefano Ceri, known for his numerous achievements in the database field, will
deliver the other keynote address.

During the planning phase, our hope was to make this conference a meeting place for industry,
academia and research centers. Thus, the theme of technology transfer seemed appropriate. As a first step,
we organized a plenary session with a highly qualified panel of experts, each representing a particular
segment of the computer science community in general and databases in particular.

The number of papers submitted to the 1992 conference was consistent with the figures from prevxous
years. Each submission was reviewed by at least three referees. When there was no consensus, as many as
five people read the paper to determine its acceptability. A total of 213 papers were submitted, out of
which 69 were selected for inclusion in the proceedings. This represents an acceptable rate of less than one
third. In addition, two panel proposals were accepted for inclusion in the program.

On behalf of the Program Vice Chairs, members of the program committee, and the entire Phoemx
crew, I welcome you to Phoenix and hope that you will enjoy this conference,

Forouzan Golshani )
Program Chairperson
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A SPANNING TREE TRANSITIVE CLOSURE ALGORITHM
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ABSTRACT

We present a new transitive closure algorithm that maintains a
spanning tree of successors for each node rather than a simple
successor list. This spanning tree structure promotes ‘‘sharing’
of information across multiple nodes and hence leads to more
efficient algorithms. We suggest an effective relational
implementation of the spanning tree storage structure, and show
how blocking can be applied to reduce the I/O cost of the
algorithm. The algorithm can handle path problems in addition
to simple transitive closure. The algorithm not only establishes
the fact that two nodes are connected but also implicitly records
one path between the two. For extremal path problems, the
algorithm can record the best path between every pair of nodes.

We describe how the spanning tree storage structure can be
updated incrementally in response to changes in the underlying
graph. We also demonstrate how compression techniques can be
applied in conjunction with the closure computation.

1. INTRODUCTION

Transitive closure is regarded as an important functionality of
future database systems [1, 10, 16, 22}, and considerable research
has been devoted to devising algorithms for computing the
transitive closure of a database relation
[3.4.7,13, 14,19, 20, 25, 26].

All- of the algorithms mentioned above use the set of
successors of a node as the basic unit of storage and
manipulation. In this paper we explore the benefits of
maintaining structure in the successor list. We show that by
keeping a successor spanning tree for each node, rather than a flat
list, we can promote sharing of partial successor lists, and reduce
the I/O cost of the algorithm, especially when there are many
alternative paths between nodes in the graph. The spanning tree
structure can be utilized for the computation of path problems, as
well as reachability, and can make effective use of selection
conditions specified in the query. An important advantage of this
structure is that it stores a path from the root node to every node
reachable from that root node. For extremal path problems, such
as shortest path, the best path between the root node and its
successors can be recorded. Another important advantage of the
successor spanning tree structure is that it lends itself to
incremental updates, in response to node and edge additions and
deletions.

The rest of the paper is organized as follows. In Section 2,
we briefly review some current techniques for computing
transitive closure. In Section 3 we present the new algorithm
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using successor spanning trees to compute reachability in a
directed acyclic graph. We suggest an efficient relational
implementation for the successor spanning tree structure, and
show how blocking can be applied to reduce the 1/O cost of the
algorithm. We also demonstrate that the algorithm can utilize
selections effectively. In section 4 we present a modification of
the basic algorithm for path computations, and a variation of this
algorithm that can be used to record extremal path information.
In Section 5 we study the performance of the spanning tree
transitive closure algorithm both analytically and through
simulation. In Section 6 we discuss how the spanning tree
storage structure can be updated incrementally, and describe a
compression scheme that can be used to minimize the cost of
storing the computed transitive closure. We conclude the
presentation in Section 7.

2. BACKGROUND

Let G be a directed graph with n nodes and e edges. We
denote the transitive closure of G by G¥*. We say that node j is a
successor of node i if <ij> € G* We call j an imvnediate
successor of i if <iy> € G. Given the set of immediate
successors for each node in G, we wish to construct the complete
successor set for each of these nodes. Two important families of
algorithms to construct these successor sets are based on the
matrix and graph representations of G.!

2.1 Matrix-Based Algorithms

Given an nxn adjacency matrix of elements a;;, with a;;
being 1 if there is an arc from node i to node j, and 0 otherwise,
the Warshall algorithm [27] computes the transitive closure of
the given graph as follows:

L L]
j:«l i:1 process a;
*‘Processing”’ of an element a;; involves examining whether a;;
is 1, and if it is, then making every successor of j a successor of i.
Thus, the Warshall algorithm computes closure by *‘processing”’
every element of the matrix exactly once, column by column
from left to right, and from top to bottom within a column. In [4]
the processing order was modified to promote ‘‘blocking”’, that
is, the processing of a block of successor lists at one time,

1. There is also a family of iterative algorithms that has been studied extensively
[7,13,26]. We do not discuss these here since they are not relevant to the
spanning tree algorithm.



