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Lower Bounds in the Cell-Probe Model. My most influential research contribution has been a new
lower bound technique for dynamic data structures. In most areas of complexity theory, lower bounds in general
models of computation are renowned to be very difficult to prove, and the current barriers in the magnitude of
the lower bounds are severe. For dynamic data structures, the best known lower bound was Ω(lg n/ lg lg n), by
the chronogram method of [Fredman and Saks, 1989]. Surpassing this barrier has repeatedly been recognized
as a fundamental problem throughout one and a half decades. In two papers, one from SODA’04 and another
one from STOC’04 (both published with my advisor, Erik Demaine), I developed a new technique which could
prove a lower bound of Ω(lg n). A referee commented: “this is an outstanding article, breaking through a
long existing barrier in natural cell-probe lower bounds”. I applied this technique to obtain tight or almost
tight bounds for two very important and intensively-studied problems: dynamic connectivity and maintaining
partial sums. My lower bound technique also has the advantage of being conceptually simpler and cleaner that
the chronogram method; most previous results find simpler and more intuitive proofs in this new framework.
At present, I am continuing my work on better lower bound techniques, and hope to break the Ω(lg n) barrier.

Competitiveness of Binary Search Tree Algorithms. Binary search trees (BSTs) are the prototypical
data structure for comparison-based searching. The BST model has been studied extensively, and a myriad
of BST algorithms have been proposed. This raises the question whether there exists a “best binary search
tree”, i.e. one which is (almost) as good as any other tree on any sequence of accesses. Formally, we say that
an algorithm is c-competitive if the cost of any sequence of accesses is bounded by c times the best possible
cost for that particular sequence. Research in this direction has been fueled by the famous splay conjecture
of [Sleator and Tarjan 1983], which states that splay trees are O(1)-competitive. Competitiveness in the BST
model is now recognized as one of the most important open problems in the theory of data structures. Despite
this, no progress had been made in two decades, and the best known competitive ratio remained the trivial
O(lg n). Together with Erik Demaine, Dion Harmon and John Iacono, we described an O(lg lg n)-competitive
BST algorithm, which is an exponential improvement over the old bound. The paper was accepted at FOCS
2004; the referee called this “a major progress on an old problem” and “an elegant result”. This came as a
result of over half a year of team effort; at present, we are enthusiastically continuing research in this direction.

Integer Search Problems. Beginning with the 1990s, integer search problems have been one of the
most active areas of research in data structures. A central problem in this field is predecessor search. For
w-bit integers, this problem can be solved in O(lg w) time per operation using the classic van Emde Boas data
structure. This data structure is based on an ingenious recursion on the height of a trie representing the integers.
This recursion idea has been extremely influential and has found numerous applications in distant areas of data
structures. I considered another equally natural and fundamental integer search problem, namely dynamic
range reporting in one dimension. The problem can easily be solved using predecessor search. However, I
found a solution with update time O(lg w), and query time O(lg lg w), which is an exponential improvement
over the van Emde Boas structure. This solution is based on a fundamentally new recursion idea, going
significantly beyond the van Emde Boas approach. Together with Christian Mortensen and Prof. Rasmus Pagh
(both from IT Univ. of Copenhagen), we found a way to use my idea to improve the bounds for approximate
range counting in one dimension. We also found a way to reduce the space requirement of my data structure
to linear; this required developing an optimal solution to dynamic Bloomier filters (a previously-stated open
problem). All these results are described in a joint paper which we have submitted for publication.

Recently, I also considered the static predecessor-search problem. Together with Mikkel Thorup (AT&T
Research), we extended the well-known bounds of [Beame and Fich 1999] to obtain optimal tradeoffs between
space and query time. We will continue to work on the dynamic case and/or publish our current result for the
static case.
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Gazeta Informaticǎ (GInfo), February 2002, pp 13-14.

Coauthors

Stelian Ciurea (Univ. Lucian Blaga, Sibiu, Romania), Erik Demaine (MIT), Dion Harmon (MIT),
John Iacono (Polytechnic University, NY), Thouis Jones (MIT), Christian Worm Mortensen (IT
Univ. of Copenhagen), Rasmus Pagh (IT Univ. of Copenhagen), Corina Pǎtraşcu (Harvard).
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