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INTRODUCTION

Recommender systems (RSs) present an alternativeinfor-
mation-eval uation approach based on the judgements of
human beings (Resnick & Varian, 1997). It attempts to
automate the word-of-mouth recommendations that we
regularly receivefromfamily, friends, and colleagues. In
essence, it allows everyone to serve as a critic. This
inclusiveness circumvents the scalability problems of
individual critics—with millions of readers it becomes
possibleto review millions of books. At the sametimeit
raises the question of how to reconcile the many and
varied opinionsof alarge community of ordinary people.
Recommender systems addressthis question through the
use of different algorithms: nearest-neighbor algorithms
(Resnick, lacovou, Suchak, Bergstrom, & Riedl, 1994;
Shardanandet al., 1994), item-based algorithms (Sarwar,
Karypis, Konstan, & Riedl, 2001), clustering algorithms
(Ungar & Foster, 1998), and probabilistic and rule-based
learningalgorithms(Breese, Heckerman, & Kadie, 1998),
tonamebut afew. The nearest-neighbor-al gorithm-based
recommender systems, which are often referred to as
collaborativefiltering (CF) systemsinresearchliterature
(Maltz & Ehrlich, 1995), are the most widely used
recommender systems in practice. A typical CF-based
recommender system mai ntai nsadatabase containing the
ratingsthat each customer has given to each product that
customer haseval uated. For each customer inthe system,
therecommendation engine computes aneighborhood of
other customerswith similar opinions. To evaluate other
productsfor thiscustomer, the systemformsanormalized
and weighted average of the opinions of the customer’s
neighbors.

The emergence of the Internet and its far-reaching
deployment ischanging theway commerceisdone. Econo-
mists and commerce experts are now suggesting compa-
nies to shift from the old world of mass production
characterized by “...standardized products, homogenous

markets, and long product lifeand devel opment cycles...”
to the new world where “...variety and customization
supplant standardized products” (Pine, 1993). In hisfa-
mous book Mass Customization, Joe Pine also suggests
that building one product is simply not adequate any-
more. Companies need to be able to develop multiple
productsthat meet the multipleneedsof multiplecustom-
ers. Themovement toward | nternet commerce hasallowed
companiesto provide customerswith moreoptions. How-
ever, in expanding to this new level of customization,
businesses increase the amount of information that cus-
tomers must process before they are able to select which
items meet their needs. Traditional data-analysis tech-
niques are often not sufficient to process this huge
amount of datainreal timeasneeded by theInternet sites.
Recommender systems, by providing a “personalized”
interface to each customer, can potentially automate
personalization on the Internet. Personalization to this
extentisoneway torealize Pine’ sideasof the* new world
order” of Internet commerce.

Asdiscussed by Schafer, Konstan, and Riedl (1999),
recommender systems can help Internet commerce sites
boost their businessin several ways. First, by providing
personalized recommendationson various products, they
help convert browsersinto buyers. VisitorstoaWeb site
often look over the site without ever purchasing any-
thing. Recommender systems can help customers find
products they wish to purchase and can potentially in-
crease sales. Second, recommender systems improve
cross-sell by suggesting additional productsfor the cus-
tomer to purchase. If the recommendations are good, the
average order size should increase. For instance, a site
might recommend additional products in the checkout
process based on those products already in the shopping
cart. Third, recommender systems help capture customer
loyalty. Internet commerce is getting competitive day by
day. Freed from large capital investment and recurring
costs for physical storefronts, an unprecedented number
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of businesses are using the Internet to market and sell
goods, potentially creating a vicious price war. As a
consequence, gaining customer loyalty becomes an es-
sential strategy for businesses to survive on the Internet
nowadays (Reichheld, 1993; Reichheld & Sesser, 1990).
Recommender systems improve loyalty by creating a
value-added relationship between the site and the cus-
tomer. Sites invest in learning about their users, use
recommender systemsto operationalizethat |earning, and
present custom interfaces that match customer needs.
Customers repay these sites by returning to the onesthat
best match their needs.

RECOMMENDATION INTERFACES
Thereismore than one way to display recommendations
to acustomer. The method selected may well depend on
how thelnternet commercesitewantsthe customer to use
the recommendation. In the following we will examine
several recommendation interfaces and how each assists
the site in making money. While some of these methods
have their roots in traditional commerce, each of them
draws upon the strengths of ubiquitous Internet to pro-
vide more powerful recommendations. We present these
interfaces in Table 1 (Sarwar, Konstan, & Riedl, 2001,
Schaferetal., 1999).

DISTRIBUTED RECOMMENDER
SYSTEMS

In the past, participating in commerce meant that the
consumer had to travel to the location of the store from

which he or she wanted to purchase a product. Today,
participating in commerce may be as easy as moving a
mouse and typing afew keystrokes. Inthefuture, partici-
pating in commerce will become even easier. With the
introduction of new wireless devices that enable com-
merceonthepal mtop, consumerswill beableto shop from
wherever they happen to be. The result of technical
improvementslikewirelessWeb browsersisthat consum-
ers will come to expect the same shopping experience
when travelling as they currently receive when directly
connected to the Internet. For instance, a customer who
uses a restaurant recommendation service in his or her
hometownwill expect to beableto usethe samerestaurant
recommendation servicewhiletraveling. Infact, therec-
ommendations will be even more valuable on the road
sincethe customer will know lessabout what isavailable.

Creating good recommendations for atraveling con-
sumer is challenging, though, especially for the leading
recommendationtechnology, collaborativefiltering. Many
Internet commerce sites, including several of the largest
ones, are now using CF recommender systems as part of
their personalization effort. Asthelargest Internet com-
merce sites attempt to use these systems, however, they
are discovering the drawbacks of today’s centralized
systems. While a centralized architecture may be useful
for smaller applications, thereare several key drawbacks
to centralization as shown in Table 2. Together, these
issues point toward distributed architecturesfor collabo-
rativefiltering (Sarwar, Konstan et al ., 2001).

Therearefour fundamemtal componentsthat areto be
considered for designing a framework for distributed
recommender system:

1)  Products: Arethe productsof local or global inter-
est?

Table 1. Recommendation interfaces for Internet commerce

more items per order.

of other customers.

held in doubt.

Browsing: Recommended browsing helps the users narrow down their choices and makes them feel more
confident about their decision buying decision by providing organized access to the recommendations.

Similar Item: Recommender systems display items based on the item in which a customer has shown
interest. In so doing, Sites increase customers exposure to their product line and are ideally able to sell

E-mail: Recommendations can also be delivered directly to customers through e-mail. This extension of
the traditional direct-mail campaign is also expected to generate more sales.

Text Comments: Sites can provide customers with recommendations based directly on the text comments

Average Rating: Recommender systems show the averageratings for particular items.

Top N: Once each site has learned details about a customer’s likes and dislikes, each is able to provide the
customer with a personalized list of the top-N unrated items for that customer. It helps sites convert
browsers into buyers as well as helps customers in making a decision about a product that they originally
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