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Preface

This volume contains the papers presented at the 6th Workshop on Experimen-
tal Algorithms (WEA 2007), held at the School of Engineering of the University
of Rome “La Sapienza” on June 6-8, 2007. The conference is devoted to foster-
ing and disseminating high quality research results focused on the experimental
analysis of algorithms and aims at bringing together researchers from the com-
puter science and operations research communities. Papers were solicited from
all areas of algorithmic engineering research.

The preceding workshops were held in Riga (Latvia, 2001), Ascona (Switzer-
land, 2003), Angra dos Reis (Brazil, 2004), Santorini (Greece, 2005), and Menorca
Island (Spain, 2006). The proceedings of the previous WEAs were published as
Springer volumes LNCS 2138 (in conjunction with the 13th International Sympo-
sium on Fundamentals of Computation Theory, FCT 2001), LNCS 2647 (2003),
LNCS 3059 (2004), LNCS 3503 (2005), and LNCS 4007 (2006).

The conference received 121 submissions. Each submission was reviewed by
at least three program committee members and evaluated on its quality, original-
ity, and relevance to the conference. Overall, the program committee wrote 440
reviews with the help of 100 trusted external referees. The committee selected
30 papers, leading to an acceptance rate of 24.8%. On average, the authors of
each submitted paper received 800 words of comments. The decision process was
made electronically using the EasyChair conference management system.

In addition to the accepted contributions, this volume also contains the in-
vited lectures by Corinna Cortes (Google Research), Peter Sanders (Universitiit
Karlsruhe), and Maria Serna (Universitat Politecnica de Catalunya).

We would like to thank all the authors who responded to the call for papers,
the invited speakers, the members of the program committee, as well as the
external referees and the organizing committee members.

We gratefully acknowledge support from the University of Rome “La Sapienza”
and the University of Rome “Tor Vergata”.

April 2007 Camil Demetrescu
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An Alternative Ranking Problem for
Search Engines

Corinna Cortes', Mehryar Mohri®!, and Ashish Rastogi?

! Google Research,
76 Ninth Avenue,
New York, NY 10011
2 Courant Institute of Mathematical Sciences,
251 Mercer Street
New York, NY 10012

Abstract. This paper examines in detail an alternative ranking prob-
lem for search engines, movie recommendation, and other similar rank-
ing systems motivated by the requirement to not just accurately predict
pairwise ordering but also preserve the magnitude of the preferences
or the difference between ratings. We describe and analyze several cost
functions for this learning problem and give stability bounds for their
generalization error, extending previously known stability results to non-
bipartite ranking and magnitude of preference-preserving algorithms. We
present algorithms optimizing these cost functions, and, in one instance,
detail both a batch and an on-line version. For this algorithm, we also
show how the leave-one-out error can be computed and approximated
efficiently, which can be used to determine the optimal values of the
trade-off parameter in the cost function. We report the results of ex-
periments comparing these algorithms on several datasets and contrast
them with those obtained using an AUC-maximization algorithm. We
also compare training times and performance results for the on-line and
batch versions, demonstrating that our on-line algorithm scales to rela-
tively large datasets with no significant loss in accuracy.

1 Motivation

The learning problem of ranking has gained an increasing amount of interest
in the machine learning community over the last decade, in part due to the re-
markable success of web search engines and recommender systems (Freund et al.,
1998; Crammer & Singer, 2001; Joachims, 2002; Shashua & Levin, 2003; Cortes
& Mohri, 2004; Rudin et al., 2005; Agarwal & Niyogi, 2005). The recent Net-
flix challenge has further stimulated the learning community fueling its research
with invaluable datasets (Netflix, 2006).

The goal of information retrieval engines is to return a set of documents,
or clusters of documents, ranked in decreasing order of relevance to the user.
The order may be common to all users, as with most search engines, or tuned
to individuals to provide personalized search results or recommendations. The
accuracy of this ordered list is the key quality measure of theses systems.
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In most previous research studies, the problem of ranking has been formulated
as that of learning from a labeled sample of pairwise preferences a scoring func-
tion with small pairwise misranking error (Freund et al., 1998; Herbrich et al.,
2000; Crammer & Singer, 2001; Joachims, 2002; Rudin et al., 2005; Agarwal &
Niyogi, 2005). But this formulation suffers some short-comings.

Firstly, most users inspect only the top results. Thus, it would be natural
to enforce that the results returned near the top be particularly relevant and
correctly ordered. The quality and ordering of the results further down the list
matter less. An average pairwise misranking error directly penalizes errors at
both extremes of a list more heavily than errors towards the middle of the list,
since errors at the extremes result in more misranked pairs. However, one may
wish to explicitly encode the requirement of ranking quality at the top in the cost
function. One common solution is to weigh examples differently during training
so that more important or high-quality results be assigned larger weights. This
imposes higher accuracy on these examples, but does not ensure a high-quality
ordering at the top. A good formulation of this problem leading to a convex
optimization problem with a unique minimum is still an open question.

Another shortcoming of the pairwise misranking error is that this formulation
of the problem and thus the scoring function learned ignore the magnitude of
the preferences. In many applications, it is not sufficient to determine if one
example is preferred to another. One may further request an assessment of how
large that preference is. Taking this magnitude of preference into consideration is
critical, for example in the design of search engines, which originally motivated
our study, but also in other recommendation systems. For a recommendation
system, one may choose to truncate the ordered list returned where a large gap
in predicted preference is found. For a search engine, this may trigger a search
in parallel corpora to display more relevant results.

This motivated our study of the problem of ranking while preserving the
magnitude of preferences, which we will refer to in short by magnitude-preserving
ranking.! The problem that we are studying bears some resemblance with that
of ordinal regression (McCullagh, 1980; McCullagh & Nelder, 1983; Shashua &
Levin, 2003; Chu & Keerthi, 2005). It is however distinct from ordinal regression
since in ordinal regression the magnitude of the difference in target values is
not taken into consideration in the formulation of the problem or the solutions
proposed. The algorithm of Chu and Keerthi (2005) does take into account
the ordering of the classes by imposing that the thresholds be monotonically
increasing, but this still ignores the difference of target values and thus does not
follow the same objective. A crucial aspect of the algorithms we propose is that
they penalize misranking errors more heavily in the case of larger magnitudes of
preferences.

We describe and analyze several cost functions for this learning problem and
give stability bounds for their generalization error, extending previously known
stability results to non-bipartite ranking and magnitude of preference-preserving
algorithms. In particular, our bounds extend the framework of (Bousquet &

! This paper is an extended version of (Cortes et al., 2007).
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Elisseeff, 2000; Bousquet & Elisseeff, 2002) to the case of cost functions over
pairs of examples, and extend the bounds of Agarwal and Niyogi (2005) beyond
the bi-partite ranking problem. Our bounds also apply to algorithms optimizing
the so-called hinge rank loss.

We present several algorithms optimizing these cost functions, and in one in-
stance detail both a batch and an on-line version. For this algorithm, MPRank,
we also show how the leave-one-out error can be computed and approximated
efficiently, which can be used to determine the optimal values of the trade-off pa-
rameter in the cost function. We also report the results of experiments comparing
these algorithms on several datasets and contrast them with those obtained us-
ing RankBoost (Freund et al., 1998; Rudin et al., 2005), an algorithm designed
to minimize the exponentiated loss associated with the Area Under the ROC
Curve (AUC), or pairwise misranking. We also compare training times and per-
formance results for the on-line and batch versions of MPRank, demonstrating
that our on-line algorithm scales to relatively large datasets with no significant
loss in accuracy.

The remainder of the paper is organized as follows. Section 2 describes and
analyzes our algorithms in detail. Section 3 presents stability-based generaliza-
tion bounds for a family of magnitude-preserving algorithms. Section 4 presents
the results of our experiments with these algorithms on several datasets.

2 Algorithms

Let S be a sample of m labeled examples drawn i.i.d. from a set X according to
some distribution D:

(xl-,yl)w--s(wmvym)€XXR- (l)

For any i € [1,m], we denote by S~' the sample derived from S by omitting
example (z;,y;), and by S’ the sample derived from S by replacing example
(i,y;) with an other example (z},y!) drawn i.i.d. from X according to D. For
convenience, we will sometimes denote by y, = y; the label of a point z = z; € X.

The quality of the ranking algorithms we consider is measured with respect
to pairs of examples. Thus, a cost functions ¢ takes as arguments two sample
points. For a fixed cost function ¢, the empirical error R(h,S) of a hypothesis
h: X — R on a sample S is defined by:

m m

R(h,S) = #ZZc(h,zi,xj). 2)

i=1 j=1
The true error R(h) is defined by
R(h) = E; zple(h, z,2'))]. (3)

2.1 Cost Functions

We introduce several cost functions related to magnitude-preserving ranking.
The first one is the so-called hinge rank loss which is a natural extension of the
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pairwise misranking loss (Cortes & Mohri, 2004; Rudin et al., 2005). It penalizes
a pairwise misranking by the magnitude of preference predicted or the nth power
of that magnitude (n =1 or n = 2):

7 A 0’ if (h(xl) - h(m))(yz' - yz) > 0
car(h, ) = { |(h(z’) - h(:t))|n, otherwise. (4)

cfir does not take into consideration the true magnitude of preference y,» — y.
for each pair (z,z’) however. The following cost function has this property and
penalizes deviations of the predicted magnitude with respect to the true one.
Thus, it matches our objective of magnitude-preserving ranking (n = 1, 2):

CTI\L/IP(h»xv 1") = |(h(1‘l) - h(.I')) - (yw’ - yx)|n (5)

A one-sided version of that cost function penalizing only misranked pairs is given
by (n =1,2):

n n o 0, if (h(xl) — h(x)) (Y2 —yz) 20
ctimp(h, 2, %) = { |(h(z') — h(z)) — (v — )|, otherwise. (6)

Finally, we will consider the following cost function derived from the e-insensitive
cost function used in SVM regression (SVR) (Vapnik, 1998) (n = 1,2):

n o _ JO A |[(R(2) = h(z)) = (yer — ya)]| < €
Gvrlh, 2. 5) = {l(h(z’) —h(2)) — (e — Ya) — €|"» otherwise, ')

Note that all of these cost functions are convex functions of h(z) and h(z’).

2.2 Objective Functions

The regularization algorithms based on the cost functions cy;p and cgy corre-
spond closely to the idea of preserving the magnitude of preferences since these
cost functions penalize deviations of a predicted difference of score from the
target preferences. We will refer by MPRank to the algorithm minimizing the
regularization-based objective function based on cyp:

m m

= |kl +C— 2 ZZCMP (h, i, 5), (8)

i=1 j=1

and by SVRank to the one based on the cost function cgyy

m m

F(h,S) = ||hl% + C—Zchvn (B w5 24): (9)

=1 =1

For a fixed n, n = 1, 2, the same stability bounds hold for both algorithms as seen
in the following section. However, their time complexity is significantly different.



