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1. Introduction

We revisit the classical algorithms for searching over sorted sets to introduce a new algorithm, called Adaptive search
(AS), that combines the good features of Interpolation search and those of Binary search [3].
The membership problem can be formally defined as follows.

Instance:

e S={ajy,a,...,ay}, a set of n distinct, sorted elements, with a; <a;11, 1 <i<n-—1;
e an element key

Question: Does key belong to the set represented by S (key € S)?

There exist two classical algorithms for searching over sorted sets: Binary search (BS) [3]| and Interpolation search (IS)
[1]; both take advantage of the ordering of the instance to minimize the number of keys that must be accessed.

In BS, the worst-case computational cost is O (logn); this result is independent of data distribution over the instance.
Notice that in search the worst-case is rather important as it corresponds to an unsuccessful membership query.

Vice versa, the Interpolation search algorithm is more efficient than BS when the elements of S are distributed uniformly
or quasi-uniformly ! over the [aj, a,] interval; the computational cost is in O (loglogn).

* Corresponding author.
E-mail addresses: ferrarae@indiana.edu (E. Ferrara), gfiumara@unime.it (G. Fiumara), francesco.pagano@unimi.it (F. Pagano), ale@unime.it (A. Provetti).
1 By quasi-uniform data distribution we intend, informally, that the distance between two consecutive values of S does not vary much.
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Unfortunately, Interpolation search degrades to O (n) when data is not uniformly distributed (in the sense above). This
is particularly inconvenient when searching over indexes of large databases, where it is crucial to minimize the number of
accesses. 2

In this work we propose an algorithm, called Adaptive search (AS) that refines Interpolation search and minimizes the
number of memory accesses needed to complete a search. AS is adaptive to the values by means of a mixed behavior: it
combines the independence from the distribution of BS with the good average costs of IS.

W.r.t. Interpolation search, AS requires only a constant number of extra comparisons. Yet, under several relevant input
data distributions our algorithm shows average case costs comparable to those of interpolation, i.e., O (loglogn), while the
worst-case cost remains in O (logn), as with Binary search.

Comparison with a more recent literature is also encouraging: both on synthetic and real datasets AS has better times
and lesser memory accesses than Santoro and Sidney’s Interpolation-Binary search [8]. Also, it is easier to implement and
more broadly applicable that the approach of Demaine et al. [5] to searching non-independent data.

2. The adaptive search algorithm
Given an ordered set S, allocated on an array A, and an element key that is searched, we define the following:

Albot]:  the minimum element of the subset (at the beginning, bot = 1);
Altop]:  the maximum element of the subset (at the beginning, top = |S|);
Alnext]: interpolation element, i.e. what IS would choose, and

A[med]: the el. halfway between bot and top, i.e., what BS would choose.

Our algorithm consists, essentially, of a while cycle. At each iteration, we consider S = {A[bot], .., A[top]} and we set:

key — A[bot]

next = bot + \‘m

* (top — bot)J

Variable next defined above contains the index value that bounds the array segment on which our AS algorithm will recur
on. As with interpolation, the instance is now clipped:
= {A[bot], ..., A[next]} if A[bot] < key < A[next]
{A[next], ..., Altop]} otherwise

To do so, we set the new boundaries of the segment containing S’:

{ top = next if A[bot] < key < A[next]
bot = next otherwise

The computation is now restricted to the segment that would have been considered by IS. Next, the median point is
computed over such restricted segment, rather than on the whole input. Vice versa, if interpolation returns a shorter interval
than BS would have, we keep the result of the interpolation step:

if |S'| > @ then next = med = bot + m’)%bot;
elseif key = A[next] then key is found and we terminate;
elseif key > A[next] then bot = next + 1,
else top = next — 1 (must be key < A[next]).

At the end of the iteration, S’ = {A[bot], ..., A[top]}, and, clearly, |S’| < @ Finally:

if A[bot] < key < A[top] then iterate search on &';
else key ¢ S and we terminate with no.

From the point of view of computational costs, we could summarize the following: our algorithm may spend up to double
number of operations than IS in carefully finding out the best halving of the search segment, which in turn will mean that
less iterations shall be needed to complete. By means of standard cost analysis techniques, we have the following results:

e Best case: key is found, with a constant number of comparisons: ©(1);

e Worst case: the intervals between values are unevenly distributed; hence, the interval found by the BS technique is
always the shortest. As a result, AS will execute essentially the same search as BS, with equal O (logn) time complexity
(but more operations at each level), and

2 In this discussion we do not consider the advanced techniques, viz. the exploitation of locality, that underlie search over large database indices.
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