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1. Briefly discuss the strength and weakness of the research described in the paper, “An
empirical study of adopters and non-adopters of the Internet in Singapore” in the following
5 three categories: theoretical foundation, methodology, and implication. (Mf‘n) 45

2. Briefly discuss how each of the following theories can be applied to improve the research
in the aforementioned paper. { _25% )

. The Cognitive Fit Theory (Vessey, 1991) -
- The Media Richness Theory (Daft and Lengel, 1984)
- The Technology Acceptance Model (Davis 1939)
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« ibstract

[; e Internet has been given a great deal of attention around the world and the number of host computers and users on the

~

slernet has been increasing approximately at an exponential rate. However, despite this rapid growth, there arc relatively few
mpirical studies on the Internet. This paper reports on a questionnaire survey of both adopters and non-adopters of the

sernet among organizations in Singapore. The organizational characteristics, benefits of adopting the Internet, reasons for not
dopting the Internet, criteria for selecting Internet access service providers. etc. were exzinined, thercby contributing to 2
xtter understanding of the Internet phenomenon in Singapore. .+ 1998 Elsevier Science B.V, All rights reserved
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L Introduction

The Internet had its origins in the early 1960s, when
te US Department of Defense realized the need for a
kcentralized computer network that would provide
e Pentagon with a command and control commu-
ications system in the event of contingencies such as
wclear war {1]. This early network, known as the
idvanced Rescarch Projects Agency network (ARPA-
ET), gradually appeared in university and govern-
ftent research laboratories and eventually became the

—
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technological underpinnings of the Internet [11. 21].
Programs were written to enable people to exchange
electronic mail. tap into remote databases, run super-
computers at a distance, and brainstorm via electronic
bulletin boards.

The most powerful innovation was the communica-
tions protocol that gave the Internet its name — the
Internet Protocol. It allows any number of computer
networks to link up and act as one. The full set of
ARPANET protocols, known as TCP/IP (Transmis-
sion Conirol Protocol/Internet Protocol), were adopted
in the academic and rescarch communities and then
into commercial computing. By the late 1980s, mil-
lions of computers and thousands of networks were
using TCP/IP and, from their interconnections, the
modern Internet emerged.

HR-T206/98/F — see front matter «) 1998 Elsevier Science BV, Al rights reserved
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The Internet will have an expected 200 million users
worldwide by the end of this century; a substantial
jump from the estimated 56 million users in 1995 and
just 2 million users in 1990 [4]. With such a large base
of potential users, it is no wonder that an increasing
number of organizations worldwide have tapped its
polential as a medium Lo boost their business. Further-
more, virtual markets on the Internet can provide new
arcas of opportunities for retailers, producers and
consumers [22]

i.1. The Internet in Singapore

The Internct was first introduced to the academic
community of the National University of Singapore in
late 1980. In 1992, after setting up Technet, the
National Computer Board, the National University
of Singapore, and the Ministry of Education started
to explore the possibility of exposing schools to the
Internet. The following year, it was introduced into
secondary schools and junior colleges.

In line with Singapore's IT2000 plan [14. 15], the
first cominercial Internet access service provider
(A5 SingMet, was launched in July 1994, It pro-
vided the gateway for businesses and the general
public fo easily access information and electronic
resources available on the Internct. This enabled
Singapcre to move a step closer to achieving i3 vision
of becoming an intelligent istand in the twenty-{irst
century.

In September 1995, Technet was privatized and
renamed Pacific Internet. As the seccond IASP, 1t
initiated an aggressive marketing campaign to attract
subscribers. As a result of intense competition, both
IASPs reduced prices. With subscribers enjoying
lower rates, the number of subscribers grew. The
launching of the third service provider, Cyberway,
on 22nd March 1996, resulted in further acceleration
of the growth of the Internet.

Today, there are an estimated 150000 Internet users
in Singapore, including individuals and organizations,
a substantial growth from the 52000 uscrs in carly

1905, 11 has been estimated that the total number of

Internct users in Singapore will reach nearly one
million by the end of this decade {13, 23], With the
popwlarity and almost exponential growth, it is sur-
prising that there are relatively few published empiri-
cal studies on the Internet.

2. Research method pble 1

xmogru
A questionnaire survey was used to collect daty,
The instrument was derived {rom an extensive litera- —
. . n . . bb title
ture review of published materials in academic and Jgirman
practitioner journals and periodicals pertaining to the pnagin:
Internet and innovation adoption. The survey collected jeneral !
data on (1) the organizational features of the firm; (2) J01T M
ranking of Internet applications; (3) championship for #nee/!
Internet adoption; (4) objectives of Web sites; (5) ;if:‘ri“n‘!
benefits of adopting the Internet; (6) reasons for not ‘

adopting the Internet; (7) criteria for selecting Intemne sty
. . - - ychitech
access service providers; and (8) benefits of intranet, ducation
nance/B

2.1. Data collection procedures surance
fanufactu

The development of the questionnaire involved 3 "macet
Hinting/P1

series of pretests with students and faculty members .~
over a period of about two months. Particular attention yrspor
was focused on the wording, structure, sequeince and avel/Tou
overall presentation. It was then pilot-tested with thers
managing directors of two local companies. Based wpunizas
on feedback, amendments were made to improve the ‘evernme:
clarity of wordings so as to further increase readability -2 cony
and compichension. The final questionnairs 2l cony
. \ . sussidiary
reviewed by two faculty members before being sent
to a random sample of 500 companies in Singapore. A’
cover letter addressed to the senior executive in ilu-":”ﬂ’g’” of
company explained the abjective of the study 2 y_300
stamped return envelope was enclosed for the *1-600

response. A second mailing was sent to non-respon ;#1000

dents about three weeks later. Qut of the 500 compe- | 91-2000

. . L NI

nies, 30 declined participation; 195 questionnairc;

were received. However, only 188 responses WeIt faal rev,
: i 10

usable. Hence the usable response rate was 3!

pereent, which is adequate for the purpose of IE?&J

study. 1600
Y1-1000
xx)

3. Results .f e uf inf,

“itiony] |

Out of the 188 firms, 131 (69.7 percent) b€ | "hing ro
Internet account and are regarded as adopters: U‘ .ﬂ ral role
the adopters, 55 (42.0 percent) have Web sites. A Y e

. , o EERY
the non-adopters, 29 (50.9 percent) intend {0 adop rm:“'ml

Internet within the next six months. e uri)y,
Table 1 shows the respondents’ pmﬁlc “”l_m” i
[yl e—

results of chi-square fests between orgd!

A |
< o
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variables such as industry sector, firm size, and adop-
tion behavior.

3.1. Hierarchical level of respondents

More than 80 percent of the respondents hold
management positions in their companies. There is
no significant relationship between respondents’ hier-
archical level and Internet adoption. The high hier-
archical levels of adopters and non-adopters of the
Internet provide some assurances as to the validity of
responses, since these respondents can generally be
expected to be more knowledgeable about their orga-
nizations than respondents from low hierarchical
levels. Furtherinore, respondents have an average
working experience of seven years in their companies
and 11.5 vears in their respective industries.

3.2, Industry sector

No significant relationship was found between
industry sector and adoption of the Internet. Appar-
ently, regardless of industry sector, information tech-
nology (IT) has proliferated throughout the economy,
as companies seck new ways to rationalize their
operations and compete more cifectively.

3.3. Organizational type

No significant relationship was found between
organization type (¢.g. government, local companies,
or foreign firms) and adoption of the Internet. Inter-
estingly, out of 13 government-owned companies, 2
are adopters, thereby reflecting the leading role that
the Singapore government plays in the adoption of the
Internet.

3.4. Firm size

Firm size is measured by two components: number
of employecs [8, [8] and annual revenue [6, 9]. More
than 75 percent of the companies are large in terms of
size, with more than 300 employees and an average
annual revenue ranging from $10 million to more
than $1 billion. The results showed significant refa-
tionship between Iaternet adoption and these two
measures of firm size. A possible explanation is that
larger firms, having more resources, may have a

greater need to stay at the forefront of technology sor]

than smaller firms. et
Jey
3.5. Role of information technology (IT) uIg

Three types of roles (traditional, evolving ang
integral) of I'T were examined in this study. The results4. (
showed siguificant relationship between the role of It
and Internet adoption. Generally, the role of IT fo I
adopters of the Internet is mainly an evolving gr#at
integral role. Conversely, for non-adopters, IT appears st

to play a traditional role. xce
W
3.6. Phase of product life cycle fost
fter

We also investigated the product life-cycle phage jter
(introduction, growth, maturity, decline) of the major H (4
products/services of both adopters and non-adopiers irce
of the Internet. The chi-square test indicates that there M
is no significant relationship between the stages of the 1Y (4
product life cycle and adoption of the Internet. 5 d

llomc
epa;

4, Internet applications Re
ot

Six Internct applications were identified and the ad |

adopters were asked to rank them from 1 (mod W)
frequently used) to 6 (least frequently used) in tems 43,
of nsage. The results of the ranking are shown in [04
Table 2 and the applications are as follows: World prons
Wide Web (WWW), electronic mail (e-mail), usend [l
news, chat, file transfer protocol (FTP), and telnel. {<cc:

It is not surprising to note that electronic maf [¥lic:
(e-mail) is the most widely used internet applicai® [P

This is consistent with Cockburn and Wilson's [¥} [T
Table 2 L
Rank of Internet applications
_—P—'—’-‘-./
Rank E-mail  WWW  FTP Usenct  Telnet &1 Th
; A fq
Ist 64 55 2 0 ¢ f ]
2nd 43 46 12 10 3 V]
3rd 3 7 35 15 10 R
dth 3 2 18 16 19 ; 0
5th i 2 2 17 A B
6th 0 0 0 | P
Total 114 12 89 59 56~ "
) T
Nate: The total for cach Internet application is different b I
. 4

some respondents did not rank all the six applications:
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chnology rork which reported similar results. In conirast, use-

ving ang

wtnews, chat, and telnet are used less frequently since
hey are mainly used for educational and recreational
MPOSES.

he results + Championship

role of IT
of IT for
olving or
T appears

cle phase
the major
-adopters
that there
ges of the
net,

- and the
1 {mau
in teoms
oW i
5; World
}, usencl
telnet.
nic mail
lication
son's [4)

In the adoption of many IS technologies, a factor
hat bas consistently been found to be irnportant is the
aistence of champions {3, 7).
xcessary drive and effort to initiate the adoption of
gw technologies. Our findings are consistent with
lose of past IS research. Out of the 13| adopters of
sernet, 83 (63.4 percent) have a champion for the
neraet adoption process. Among these champions,
{(48.2 percent) are from top management, 36 (43.4
rvicent} are from middle management and only seven
Y4 percent) are from lower management. The major-
7(46.1 percent) of the champions come from the I'T/
§ departments and =28 percent of the champions
ame from corporate headquarters or administrative
tpartments. '

Respondents were aiso asked to rate their cham-
Tous in terms of degree of knowledge about business
2 IT en a five-point Likert scale ranging from |
W) to 5 (high). In terms of knowledge about busi-

s, the mean score was 4.29; while in terms of

“ewiedge about IT, the mean score was 3.95. Cham-
ons are generally rated as possessin g relatively high
wels of business knowledge as well as having the
“eessary I'T knowledge. Thus, champions will be in a
<lier position (o decide how IT can be leveraged to
pport the business, create business value for custo-
*=15, and enhance competitive advantage.

!\ Objectives of Internet Web sites

?PC three majn objectives for lraving Web sites are
£ U”O‘Ws:

To provide nformation to customers: Out of the 55
“‘19mcm with Web sites, 51 (92.7 percent) use
el Web sites to inform customers of their
Products, e well as provide company and other
f'f'CV;ml information pertaining to the products,
h:::u; ‘(’)f-’lf'fé.\‘e afirm’s pm-du('l.s‘ and .l\'(frvir.‘(z.'.‘: 'I’hirf y-
Sopereent) design Web sites o advertise

They provide the

their products and services on the Internet, The
Internet represents an alternative form of advertis-
ing and is comparatively cheaper than the tradi-
tional means [16]. The Internet 15 cerfainly
convenient for announcement and promotion of
new products and services to customers worldwide.
3. For direct selling/marketing of products and ser-
vices: Only 16 (29,1 percent) use their Web sites for
direct selling/marketin g of their products and ser-
vices. This finding is generally consistent with
King [12] who found that most Web sites of For-
tune 500 firms are used for providing information
rather than changing the way of doing business
through online commerce. One likely reason is that
the security of commercial transactions on the
Internet is still being debated [10]. Furthermore,
existing electronic shopping systems provide a
vendor/customer dialectic that offers Jow product
differentiation and product comparability [2].

Other objectives of Web sites mentioned by respon-
dents include providing corporate presence on the
Internet, having hands-on experience for future
application of the Internet, reservation systems for
taxis, collecting information about visitors, providing
scarch engines and a vehicle for customers to com-
municate with the firm 24 hours a day, seven days a
week,

7. Benefits of adopting the Internet

Adopters of the Internet were asked to evaluate its
benefits on a five-point Likert scale ranging from 1
(strongly disagree)'to 5 (strongly agree). The results,
which are shown in Table 3, are as expected and
consistent with previous research [19].

Table 3
Benefits of adopting the Internet

Bencfits Mean (SD)
Convenient access to worldwide information 4.50 (0.59)
Creation of worldwide electronic presence 413 (0.70)
Extend global market reach 396 (0.7)
New business opportunities 3.85 (0.73)
Intprove customer service 379 (0.7

3.66 (0.79)
358 (0.8

Selling of pracucts through the Internet
Lower operational cos(s using electronic convmerce
—_— —
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Table 4

Reasons for not adopting the Internet

Reasons Mean (SD)
Staff will waste time surfing the Internet 3.20 1091
Do not have expertise 2.79 (1.04)
Internct irrelevant 1o business 271 (1.04)
Costs too much to adopt the Internet 271 (0.85)
Organization is too small 245 (0.92)
Stuff are computer tlliterate 2.31 (0.88)

8. Reasons for not adopting the Internet

Non-adopters were asked to evaluate the reasons for
not adopting the Internet on a five-point scale ranging
from | (strongly disagree) to 5 (strongly agree). The
results are shown in Table 4.

One main concern of non-adopters is that their staff
may waste too much time surfing the Internet instead
of performing their normal duties.

9. Criteria for selecting Internet service providers

Adopters were asked to evaluate their criteria for
selecting Internet access service providers (IASPs) on
a five-point Likert scale ranging from 1 (not impor-
taut) to 5 (very important), The results are shown in
Table 5.

As expected, access speed appears to be the primary
concern. However, it is quite surprising that special
promotions and recommendations from family/{riends
are rated as least important.

Table 5

Criteria for selecting Internet service providers

Criteria Mean (SD)
Access speed of the Tnternet 4.60 ((1.52)
Technical support services 4.48 {0.65)
Repwtation of service provider 4.27 (0.6%)
Usage package that suits necds 4.09 (0.76)

Costs ‘ 4.06 (0.80)
Easy 1o apply 377 (0.88)
Special promotion 319.40.90)

Recommendation from Gamily/friends 2779 (1.01)

10. Intranet ' . Fo
g2

This study also obtained information about th jtes.
usefulness of intranet as perceived by organizationgfen
in Singapore. Essentially, intranet is a descriptive termpler
being used for the implementation of Internet tech.yov
nologies (e.g. NETSCAPE browser) within a cmpo.iﬁe]
rate organization, rather than for external connection ¢lec
to the global Internet. Intranct provides access and.r ci
sharing of information among various departments iy th
the organization [20]. ' st
Out of 131 adopters of the Internet, 28 (21.4 per- ive ;

cent) have intranet in their organizations. The reason ervi

for such a small percentage of intranet users could be xist:
that intranet is a technology which is still relatively
new, and firms may prefer to adopt a ‘wait-and-see’
attitude. Quelch and Klein [17] proposed that creating \cki
Internet networks (intranet) to facilitate electronic
communications and transactions among employees. Tl
suppliers, distributors, etc. may be the Internet’s prin- ssis
cipal value to multi-national corporations. '
Table 6 shows how adopters of intranet evalualed
the benefits derived or that can be derived from using Refe
intranet, on a five-point scale ranging from 1 (strongls
disagree) to 5 (strongly agree). -1
Generally, all respondents perceive the facilitating
of communication within the organization and provid:
ing convenient access to company informaticn fur
empioyees and customers as the most obvious bene: (3]
fits.

£

H
13]

11. Concluding comments
. th
Despite the rapid growth of the Internet in Sing2
pore, about one-third of the firms sampled do not have
an Internet account. Of the remaining two-thirds, only ~ )
ca. 40 percent have WWW homepages for their frme |

: ‘l

Table 6

Evaluation of Intranet benelits .
anish i

Htem Mwn,l/

. - 44108

Facilitate communication '1, il S )

Easy access (o company information d; L

LEliminate or reduce paperwork ':’::mm

Iinhance coordination of organizational tasks ';'NS ¥ 0]

Enhance userfemployee productivity

/
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For potential adopters of the Internet, the findings
frc structive as to the common objectives of Weh
t the sites, potential benefits of Internet adoption as well as
tions the need for g champion to promote the adoption of the
term Internet. For TASPs and policy makers, this study
tech. provides insights as to why some firms do not adopt
wpo- fe Internet. The study also examines the criteria for
clion electing TASPs. Policy makers can perhaps use simi-
and br criteria to evaluaie current and potential IASPs as
isin o their suitability as providers of Internet services.
ixisting TASPs should continue to provide competi-
per- ive price, high access reliability, excellent customer
ason ervice and technical support if they want to retain
dbe xisting customers as well as [0 altract new customers,
vely
sec’
ting .icknowledgements
Ottic
ees.  The authors wish to thank Wong Kok Buk for his
rin- ssistance in data collection.
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Competing on the

Internet:

The Case of Amazon.com

SURESH KOTHA, University of Washington

Rapid technological change and the growth of the -

Internet have enabled firms to rewrite the rules of
the competition in many sectors of the US economy.
Although many academics recognize the impor-
tance of the Internet, research highlighting success-
ful business models that some firms have
developed to compete via the Internet have been
slow in coming. Using an in-depth case study on
Amazon, this paper highlights how this exemplar
firm is exploiting this emerging technology-driven
media to rewrite the rules of competition in the
book retailing industry. © 1998 Elsevier Science
Ltd. All rights reserved :

Rapid technological change and the growth of the
Internet, and the subsequent emergence of the World
Wide Web (WWW) have enabled firms to rewrite the
rules of the competition in many sectors of the US
economy. Although strategy researchers recognize
the growing importance and the significance of the
WWW, scholarly research highlighting the business
models that firms are using to compete successfully,
and detailed discussions of the modus operandi used
by ‘pure’ Web-based firms have been slow in coming.

Also, losses by major corporations are so widespread
on the Internet that Don Logan, CEO of Time
Warner, declared publicly that his firm’s Web site,
‘Pathfinder, gave a new definition to the term black
hole.’ It appears that the only firms currently making
money on the Internet are those selling services and
products to enable others to develop their Web sites
(Armstrong and Hagel, 1996; Tapscott, 1996). How-
ever, there are a successful few (e.g., Amazon, Online
Auction, Yahoo!) who have managed to buck the
trend and create successful business models that
other firms are desperately trying to emulate. How
have these firms managed to find a recipe for success when
others have failed to find a business model that works?

This paper is an attempt to address this question. I
do so by examining the dynamics of implementing
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a Web-based strategy using a detailed case study of
Amazon.com, a firm that is solely dependent upon
the WWW for its revenues and survival. Amazon
provides a singular case in which the frequently
hyped WWW is actually changing how consumers
buy products and services. Not content to just trans-
plant the physical book retailing format to the WWW,
the firm’s founder, Jeff Bezos, is attempting to trans-
form the process of buying books through technology
that tap the interactive capability of the Internct.
Over the past two years, he has built a fast-growing
business usipg his firm's web site. (http://www.
amazon.com) (see Figure 1). The firm's Website has
become an underground sensation for thousands of
book lovers around the world who spend hours per-
using its vast electronic library, reading other cus-
tomers’ amusing on-line reviews and, more
importantly, ordering books.
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COMPETING ON THE INTERNET: THE CASE OF AMAZON.COM

Using an in-depth case study on Amazon, I highlight
how this firm is exploiting the electronic medium to
rewrite the rules of competition in the global book
retailing industry. [ highlight the dynamics of pursu-
ing a Web-based strategy with a focus on operational
and competitive aspects. The Amazon case explores
how a new entrant to the book retailing industry is
creating a prototype of how book retailing, and on-
line retailing in general, might evolve. In that sense,
it is about how one firm (i casu Amazon) is ‘creating
the future’ (Hamel and Prahalad, 1994) in an industry
dominated by well established firms, such as Barnes
and Noble, and Borders, Books and Music.

Understanding the World Wide Web

it is now estimated that about 50 million people in
140 countries are connected to the Internet through
16 million servers. Also, the typical Internet user is
young, affluent, and well educated. From a commer-
cial perspective, the demographics of Internet and
World Wide Web users make them part of an
extremely attractive market segment. The average
age of computer users is 39, while the average age of
a typical Internet user is 32. About one in 10 Internet
users (more than 3 million) is under 18 and uses the
Internet from home or school. About 64% of Internet
.users have at least a college degree with a median
household income of $60,000 (Internet World, 1995).
Also, every day approximately 150 new businesses
come onto the Internet, and their total number is esti-
mated to be over 40,000 and growing. A majority of
these companies use the Internet as a public relations
tool to promote their products and services (The
Economist, 1997a). However, a significant number of
on-line sites are also becoming electronic merchants.

Although much of the scholarly work on the Internet
S in its infancy, there is an emerging body of prac-
titioner-oriented literature that examines the many
facets of the Internet. For instance, many authors
have chronicled the rapid evolution and growth of
the Internet {Gilder, 1996; Weintraut, 1997; Tapscott,
_ 1996; Negroponte, 1993). Still others have focused on
Y _“‘f—’ people who were responsible for its early evol-
- Uion and its continued growth (Reid, 1997; Wallance,
g ]997)- Additionally, many articles in the popular-
USiness press have highlighted and discussed the
rnte.rnet's growing universality, and its impact on
ety in general, and commerce in particular (The
Eeonomist, 1997a; Tapscott, 1996).

¥
s Olft‘noted that the Internet signals a fundamental
U in the nature of competition in certain, if not all,
Ustrieg (Armstrong and Hagel, 1996; Evans and
ster, 1997). Notes Reid:

,_Internet’sl speed, scope, and scale — plus its uncanny
& Ntrinsic nature to warp or obviate experience-built
edge, principles, and concepts — is unlike anything
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mankind has experienced in this century, if not in all time.’
(Reid, 1997, p. xiii)

Statements such as the ones by Reid (1997, p. xiii)

- are not uncommon {see also Tapscott, 1996). To many

observers, the Internet presents both an opportunity
and threat for commerce.

On the one hand, it is perceived as a threat because
it enables people and businesses to connect directly,
thereby, sidestepping intermediaries such as dis-
tributors and retailers (Lohr, 1997). Also, since the
Internet fundamentally alters the ‘economics of infor-
mation’ (Evans and Waurster, 1997), and the way
information is communicated, it threatens incum-
bents in many industries such as the newspaper, tra-
vel, real estate, and book retailing industries, to name
a few. In the past, many firms in these industries
exploited the information asymmetries between buy-
ers and sellers to make a profit. The growing popu-
larity of the Internet as an universal communications
medium is reducing information asymmetries
between buyers and sellers, thereby increasing mar-
ket efficiency (Kambil, 1997). More specifically
{Evans and Wurster, 1997, p. 74):

‘The rapid emergence of universal technical standards for
communication, allowing everybody to communicate with
everybody else at essentially zero cost, is a sea change....
Those emerging open standards and the explosion in the
number of people and organizations connected by net-
works are freeing information from the channels that have
been required to exchange it, making those channels
unnecessary or uneconomical,’

In other words, falling ‘transaction costs’
(Williamson, 1979), and the ability to communicate
the required information via the Internet, are both
eroding the profit margins and the competitive
advantages of certain businesses (Kambil, 1997).

On the other hand, the Internet provides new
entrants, in certain industries, with opyportunities to
fundamentally alter the dynamics of competition.

Using a two-dimensional framework The Econcmist.

suggests that certain businesses are better suited
(than others) for electronic commerce {see Figure 2).
Since shopping for a mortgage can be difficult and
tedious, a Website offering straightforward and easy-
to-understand comparisons can prove to be success-
ful. In contrast, because buying a CD is a relatively
straightforward and easy task, on-line merchants
who sell CDs need to offer far more than a physical
music store to draw shoppers to their on-line stores.
Based on this framework, the authors of the frame-
work specuiate that ‘the more tiresome a purchase is
in the physical world, the more likely consumers are
to try an on-line alternative.’

Although this framework is helpful to entrepreneurs
(and existing businesses) contemplating entering the
Internet, it does little to explain how existing elec-
tronic merchants should successfully exploit the tech-
nological capabilities of the Internet.
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Figure 2 A Framework of Competing On-line. Source:
Adapted from The Economist, 1997a.

Hagel and Armstrong (1997) address this issue by
enumerating ways by which on-lirie businesses can
leverage the emerging medium’s capabilities to
develop and sustain sources of competitive advan-
tage. They focus on the unique capabilities of the
electronic medium to form communities. Noting that
the notion of community has always been at the heart
of the Internet, they argue that
many customers join one or
more on-line communities (e.g.
AOL, MSN) because these com-
munities serve the need for
communication, information
and entertainment. Specifically,
these authors highlight four
needs that on-line merchants
should recognize in order to be
successful. They include the
needs for: transaction, interest,
fantasy, and relationship.

Communities of transaction emphasize transactions
(i.e, buying and selling of products and services) and
provide the information related to carrying out those
transactions. In such communities, the participants
‘are encouraged to interact with one another in order
to engage in a specific transaction that can be infor-
med by the input of other members of the com-
munity” (Armstrong and Hagel, 1996). Connmutities of
interest bring together participants who interact more
extensively with one another on specific topics. These
communities, relative to communities of transaction,
emphasize a higher degree of interpersonal com-
munications. Conmmmunities of fantasy focus on groups
of people that like to indulge in fantasy and make-
believe. These are participants who like to create new
environments, personalities, or stories. Finally, com-
niunities of relationship attempt to bring together parti-
cipants who have had certain life experiences that
often are intense and are seeking others with similar
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Internet usage was
growing at 2300 per cent a
year: Anything that's growing
that fast is going to be

ubigquitous very fast

experiences to share their experiences. Communitipg
of relationship enable the formation of deep persong|
connections because the participants are often awar
of one another’s actual identities and experiences,

According to Hagel and Armstrong (1997) these com.
munities are not mutually exclusive. Moreover, many
commercial Websites rarely exploit the community.
building capabilities of the electronic medium. They
simply advertise their products on the WWW ang
hope that somebody will buy something. The maip
purpose of on-line communities is to develop a criti-
cal mass of participants by being the first mover and,
thereby, making it difficult for other new entrants to
draw customers away from existing communities.

More specifically, Armstrong and Hagel (1996, p.
135) posit that:

‘By adapting to the culture of the Internet, however, and
providing customers with the ability to interact with one
another in addition to the company, businesses can build
new and deeper relationships with customers. We believe
that commercial success in the on-line arena will beleng to
those businesses that organize electronic communities lo
meet multiple social and commercial needs. By creating
strong on-line communities, businesses will be able to
build customer loyalty to a degree that today’s marketers
can only dream of and, in turn, generate strong economic
returns.’

In other words, the normative
proposition that emerges from
~this discussion is that firms that
are able to develop on-line
communities  effectively are
more likely to succeed relative
to those that simply advertise
their products on the Internet.

Although the rationale for
developing communities 15
clear, the mechanisms used by
on-line firms to develop and
sustain such communities needs elaboration. Also,
the normative proposition that firms that establish
on-line communities outperform others (firms with-
out communities) needs to be examined more crili-
cally. Finally, despite the growing literature on the
Internet there has been little detailed discussion on
the dynamics of implementing a ‘pure’ Web-based

strategy in a firm that has been acknowledged bY

many to be successful. The intent of this paper is 1
address these gaps.

The Case of Amazon.com

In 1994, Jeffrey Bezos, a compuler science and elcfl”"
cal engineering graduate from Princeton University:
was the youngest senior vice-president in the history
of D.E. Shaw, a Wall Street-based investment bank

. 1998
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COMPETING ON THE INTERNET: THE CASE OF AMAZON.COM'

During the summer of that year, one statistic about
the Internet caught his imagination — Internet usage
was growing at 2300% a year. His reaction: “Anything
that's growing that fast is going to be ubiquitous very
quickly. It was my wake-up call.” Bezos left his job,
drew up a list of 20 possible products that could be
scld on the Internet and quickly narrowed the pros-
pects to music and books. Both had a potential
advantage for on-line sale: far too many titles for any
single store to stock. He chose books. To start his new
venture, on-line retailing of books, Bezos left New
York City and moved to Seattle because he concluded
that Seattle was the ideal location to start his on-line
venture (for reasons explained later).

Renting a house in Bellevue, a suburb of Seattle,
Bezos started work out of his garage. He soon raised
several million dollars from private investors for his
on-line venture. Operating from a 400-square-foot
office in Bellevue, he launched Amazon on the WWW
in July 1995,

Initially, the firm's revenues doubled in size every
2.4 months and revenues for the first year of oper-
ations were $5 million. (These revenues are compara-
ble to a large Barnes and Noble superstore.) By
August 1996, book sales were growing at 34% a
month. During this time, the firm was akble to attract
$8 million from Kleiner, Perkins, Caufield and Byers,
a venture-capital firm based in Silicon Vailey that has
funded well-known firms such as Sun Microsystems
and Netscape. Through 31 December 1996, Amazon
had sales of more than $16 million to approximately
180,000 customer accounts in over 100 countries.” On
24 March 1997, the firm filed an S1 (the registration
statement) application with the SEC and a few weeks
later, it went public. Sales for the six months ending
in June 1997 were $43 million (see Figure 1).

In early 1997, Amazon had over 250 employees. Of
these, 14 employees managed customer support and
seven employees attended to marketing. In addition,
& few employees managed ‘content’ on the firm's
Web site, including such tasks as Web page updating
and formatting book reviews for display. The vast
Majority of the remaining employees work on
.;deve]oping software tools for operating on the Inter-
Tet,

4

To highlight Amazon's pioneering role in on-line
¢o0k retailing, it is necessary to discuss the firm’s

| ,’?ye.m“ approach to competitive positioning within
" Industry.

Perating a ‘virtual’ Bookstore

tke traditional bookstores, there are no booksh-
€S to browse at Amazon nor are there salespeople
kService customers. Moreover, the firm is open for
Iness 24 hours a day and has a global presence.
tomers from 100 countries have purchased books
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from the firm. The firm is also devoid of expensive
furnishings, and money is spent sparingly. All con-
tact with the company is done either through its
Website or by e-mail.

At the firm's Website, customers can search for a spe-
cific book, topic or author, or they can browse their
way through a book catalog featuring 40 subjects.
Visitors can also read book reviews from other cus-
tomers, the New York Times, the Atlantic Monthly, and
Amazon's staff. Customers can browse, fill up a vir-
tual shopping basket, and then complete the sale by
entering their credit card information or by placing
their order on-line and then phoning in their credit
card information. Customer orders are processed
immediately. Books in stock {mostly best sellers) are
packaged and mailed the same day. When their order
has been shipped customers are notified by e-mail.
Orders for non-bestsellers are placed with the appro-
priate book publisher by Amazon immediately.

Shunning the elaborate graphics that clutter many
Websites, Amazon instead loads up its customers
with information. (Time magazine rated Amazon one
of the 10 ‘Best Websites of 1996.") For many featured
books, it offers capsule descriptions, snippets of
reviews and ’‘self-administered” interviews posted by
authors. Additionally, the firm offers space for read-
ers to post their own reviews and then steps out of
the way and lets its customers sell to each other.

When asked why people come to his firm's site,
Bezos responds (Fast Company, 1996):

‘Bill Gates laid it out in a magazine interview. He said, ']
buy all my books at Amazon.com because I'm busy and
it's convenient. They have a big selection, and they've been
reliable.” Those are three of our four core value prop-

. ositions: convenience, selection, service. The only one he

left out is price; we are the broadest discounters in the
world in any product category.... These value propositions
are interrelated, and they all relate to the Web.’

At Amazon all books are discounted. Bestsellers are
sold at a 40% discount-and the other books at a 10%
discount. The firm is able to provide deep discounts
because they have a lower cost structure than a
physical bookstore. According to Bezos: ‘We turn our
inventory 150 times a year. That's like selling bread
in a supermarket. Physical bookstores turn their
inventory only 3 or 4 times a year.” The firm’s small
warehouse is used only to stock mainly bestsellers
and consolidate and re-pack customer orders. More-
over, only after the firm receives a paid-customer
order does it request that a wholesaler ship the book
to Amazon. The firm then ships the book to the cus-
tomer. The firm owns no expensive retail real estate
and its operations are largely automated.

Although the firm advertises in print, it spends a sub-
stantial amount on Web advertising. According to
Jupiter Communications, the firm spent over
$340,000 for the first half of 1996 and ranked 34th
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in Web ad spending. These expenses have gone up
significantly in recent months, primarily because the
firm entered into multi-year, $1.8 million advertising
agreemenls with three Internet aggregators, Yahoo!,
Excite and AOL. For the six months.ending June
1997, marketing and sales related expenses amounted
to $7.7 million.

Since Amazon is an Internet-only retailer, Web
advertising gives it a unique opportunity to track the
success of an ad by the number of click-throughs to
the store’s Web site and the number of Internet sur-
fers who actually purchase something. However,
industry analysts estimate that only between 2 and
3% of people who see an ad on the Web will actually
click-through to see more.

Additionally, the firm advertises in large circulation
newspapers such as The Wall Street Journal, The New
York Times, and San Jose Mercury News, and on Inter-
net searc11~engine sites such as Yahoo!, Excite, the
Microsoft Network, and Microsoft’s Slate magazine.
Amazon keeps its banner ads simple, with just a few
words and a Web address.> More recently, the firm
has started to advertise on CNN, the cable news
channel.

According to Bezos, Amazon differentiates itself
from potential rivals in many ways, besides just mar-
keting and aggressive brand promotion. He observes
(Fast Company, 1996):

‘People who just scratch the surface of Amazon.com say —
‘oh, you sell books on the Web” — they don’t understand
how hard it is to actually be an electronic merchant. We're
not just putting up a Web site. We do 90% of our customer
service by e-mail rather than by telephone. Fourteen of our
110 employees do nothing but answer e-mail from cus-
tomers. There are very few off-the-shelf tools that help do
what we're doing. We've had to develop lots of our own
technologies. There are no companies selling software to
manage e-mail centers. So we had to develop our own
tools. In a way this is good news. There are lots of barriers
to entry.’ :

How does Amazon's approach to competitive positioning
01 the book retailing mdustry correspond to the descrip-
tions provided in the emerging literature on on-line elec-
fronic commerce?

Notion of Disintermediation

There is a growing consensus that playing the role
of ‘middleman’ on the Internet can be tricky, albeit
not impossible. As noted, this is because the ‘essence
of the Internet is that it enables people and businesses
to connect directly — sidestepping intermediaries like
distributors and retailers’ (Lohr, 1997). However, in
general, on-line consumers are more interested in
making better-informed purchases quickly, rather
than necessarily getting the lowest price {The Econ-
omist, 1997a; Kambil, 1997). Therefore, on-line alter-
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natives are more likely to attract customers if thes, t]?
alternative are less tiresome than conducting busi. vy
ness in the physical world (see Figure 2). at
Earlier, I noted that Bezos narrowed his choice of Su
potential on-line business to music CDs and books, fir
He chose books because: ur
si>
‘There are so many of them! There are 1.5 million English In
language books in print, 3 million books in a)l languagey m
worldwide. This volume defined the opportunity. Con. ha
sumers keep demonstrating that they value authoritatjvy v
selection. The biggest phenomenon in retailing is the b th
format store — the ‘category killer’ — whether it’s selling h
books, toys, or music. But the largest physical bookstor. n
in the world has only 175,000 titles.... With some 4200 US cc
publishers and the two biggest booksellers, Barnes and
Noble and Borders Group Inc., accounting for less than Ea
12% of total sales, there aren't any 800-pound gorillas in th
book selling.’ '
rei
In contrast, the music industry had only six major oy
record companies. These companies controlled the cu
distribution of records and CDs and, therefore, had ‘e
the potential to lock out a new business threatening ; ’:‘,
the traditional record-store format. Thus, by choosiny un‘ f'
books, and not CDs, Bezos had implicitly recognized §
that being an intermediary on the Internet is fraught
with uncertainty. However, the Amazon case illus-
trates that being an intermediary on the Internet is a Vi
distinctive possibility, provided that an on-line ven-
ture adds value beyond that of its physical counter- Co
part. ne
: . sat
K . . (A
Competing as an Information Broker ;fh
ra
The firm competes as ‘information broker’ for books tas
and not just as a retailer of books as do most physical ob
bookstores. It has found a way to use the emerging bu
medium to offer services that a physical bookstore de
cannot match. According to Bezos: cif
an
‘At Amazon customers can romp through a database ('ﬂ for
2.5 million titles {over five times the largest superstort’s tor
inventory), searching by subject, title or author, When unt o
selects a book, the site is programmed to flash other related b
titles that they may also want to buy.’ , the
B me
: ;T]\

To keep customers interested in Amazon, the firm
offers two forms of e-mail-based services to its reg’
tered customers. They include the ‘Eyes’ progra
and ‘Editor’s Service.” The ‘Eyes’ program is a per
sonal notification service in which customers ¢
register their interests in a particular author or top'©
Once registered, they are notified each time a ne®
book by their favorite author or in their topic is pub”
lished. The ‘Editor's Service’ program provides L‘d_"
torial comments about featured books via e
Many full-time editors at Amazon read book re\’ic“l’:
pore over customer orders, and survey current L’\'}'";
to select the featured books. These and other “":’
lance editors employed by the firm provide “’F['_‘,
tered users with e-mail updates on the latest bo?
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they have been reading. Both of these ‘virtual’ ser-
vices are automated and, more importantly, are avail-
able free-of-charge to all registered users.

Guch services, claims the firm’s CEQ, are vital for the
firm’s success. This is because ‘If you make customers
unhappy in the physical world, they might each tell
six friends. If you make customers unhappy on the
Internet, they can each tell 6000 friends with one
message to a newsgroup. If you make them really
happy, they can tell 6000 people about that. You want
every customer to become an evangelist for you.” But
the firm does not limit its efforts to being just an
information broker, it attempts to create a sense of
community through other mechanisms.

Earlier I noted that firms that create ‘communities’
that satisfy relational and transactional needs will
reap the benefits of greater customer loyalty and gain
important insights into the nature and needs of their
customer base (Hagel and Armstrong, 1997). In the
context of book retailing, what mechanisns has Amazon
instituted that enable the formation of a community? Also,
what are the different commmunities that the firm's have
attempled to develop?

Virtual Community of Customers and Retailers

Community of Customers. There are four types of
_ needs that electronic communities should attempt to
satisfy in order to be successful
(Armstrong and Hagel, 1996).
They include the needs for: (1)
transaction, (2) interest, (3) fan-
tasy, and (4) relationships. I
observed that the purpose of
building communities is to

The firm offers space for
readers to post their ‘own’

reviews. It then steps out of

firm's Website have the option to interact with others
and be informed before they buy books.

But the Amazon case illustrates that they go beyond
this and attempt to address the needs of communities
of interest. Notes Bezos [quoted in Fast Company,
19961

‘We want customers who enter Amazon.com to indicate
whether they want to be ‘visible’ or ‘invisible.” If they
choose “visible,’ then when they're in the science fiction sec-
tion, other people will know they’re there, People can ask
for recommendations -~ ‘read any good books lately?” —
or recommend books to others. I'm an outgoing person,
but I'd never go into a bookstore and ask a complete
stranger to recommend a book. The semi-anonymity of the
on-line environment makes people Jess inhibited.”

This ability to be ‘visible’ or ‘invisible’ suggests that
the firm is attempting to develop mechanisms that
have the potential to promote greater interaction
among customers. Customers can leverage the semi-
anonymity that the electronic medium provides, and
seek greater interaction with others based on their
specific interests. In other words, these mechanisms
are an attempt to enable interaction that participants
might undertake in the ‘virtual’ context more 50 than
in the ‘physical’ context of a traditional bookstore.

Recently, the firm has embarked on an innovative
venture with the Pulitzer Prize winning author, John
Updike. This author is co-authoring a ‘collaborative’
original on-line story (on a real time basis) entitled
‘Murder Makes the Magazine.’
Visitors to Amazon's Website
aresdnvited to participate in col-
laborating with Updike over
46 days. Then, Updike will con-
clude the on-line novel. The
writers will contribute para-
graphs and a few of these con-

develop a critical :
evelop a critical mass of parti-- 0 9501, qpdd lets ifs customers S ns wil be selected by

cipants by being the first mover
and, thereby, making it difficult
for new entrants to draw cus-
tomers away from existing
communities (Armstrong and Hagel, 1996). In con-
trast to other on-line businesses, Amazon is among
the few pioneers attempting to leverage the
medium’s capability to develop on-line communities.
The firm has instituted mechanisms that address at
least three of the four needs identified in the extant
literature.

For instance, the firm offers space for readers to post
their ‘own’ reviews. It then steps out of the way and
lets its customers sell to each other. Thus, a large part
of the editorial content on the firm's Website is cre-
ated by customers themselves (along with the firm's
editors). As this content grows, it attracts others to
add to the richness of the mix, thus creating a virtu-
Ous cycle (The Economist, 1997b). In essence, this is
an explicit attempt to create a community around the
Meeds for transaction. In other words, customers to the

;’-"’O.Dean Management Journal Vol 16 No 2 April 1998

sell to each other

the firm’s editorial staff to
become part of the novel, and
those chosen will each receive
$1000 for their effort. Notes Bezos:

“This is all about fun...We are committed to giving our cus-
tomers rich and unique experiences. Forty-four talented
people will get to collaborate in real-time with John
Updike, the greatest living writer. We will all watch this
collaboration unfold every day for 46 days.”

The innovative venture is an attempt to focus on
groups of people who like to indulge in fantasy.
More likely, these are the participants who like to
create new environments, personalities, or stories
(Armstrong and Hagel, 1996).

In sum, the approach employed by Amazon is con-
sistent with Armstrong and Hagel's (1 996} arguments
that ‘by adapting to the culture of the Internet, how-
ever, and providing customers with the ability to
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interact with one another in addition to the company,
businesses can build new and deeper relationships
with customers.” It appears these activities have pro-
moted more loyalty among the firm’s customers.
Currently, about 40% of the book orders come from
repeat customers (SEC, 1997).

Although the extant literature has highlighted the
notion of communities based on the needs of cus-
tomers (i.e, emphasizing the demand side of the

business), it has yet to address how firms are estab-

lishing communities of retailers to make their pres-
ence more ubiquitous on the Internet. Creating an on-
line community of retailers is an attempt to attract a
greater number of customers to the firm's Website.
In other words, this is an attempt to emphasize the
supply side. In this regard Amazon has taken the
concept of ‘community’ building one step further.

Conununity of Retailers, Using an approach called the
"Associates Program,” the firm is attempting to gener-
ate more customer traffic to its Website. This pro-
gram is a ‘referral’ service from other Websites to
Amazon’s 2.5 million item catalog.  For instance, an
associates Website, such as Starchefs — which fea-
tures cookbook authors — recommends books and
makes a link from its Web page to Amazon’s catalog
page for the books. According to The Economist
(1997a, p. 10): :

‘Amazon.com knows that it will probably never be the very
best site for rock climbing information or quantum physics
discussions, but that the sites specialising in such subjects
could be great places to sell books. A link to Amazon is an
easy, and potentially lucrative, way for such specialist sites
to do that at one remove; a click on the link takes a viewer
to Amazon's relevant page.’

The associated Website then earns referral fees for
sales generated by these links. Partners receive
weekly referral fee statements and a check for the
referral fees earned in that quarter. More than 15,000
sites (as of August, 1997) have already signed up
under this program, and earn a commission of 8% of
the value of books bought by the referred customer.

In contrast to physical bookstores that require a Jarge
outlay of financial capital for expansion, the
approach used by Amazon leverages the capabilities
of electronic medium without any additional over-
head costs. This is clear from Bezos’s statement that,
‘The technology of the Web has made it possible to
set up micro-franchises, and with zero overhead.’

Unlike the emphasis on promoting interactivity and
communication among customers on Amazon’s site,
the focus of the ‘Associates Program’ is to gain
greater name and brand recognition on the Internet
where over 40,000 store fronts are currently
operating. In such a noisy and fragmented environ-
ment capturing the consumer’s attention is a critical
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precursor to product sales (Kambil, 1997). Also, give,
that analysts estimate that only between 2 and 3%
people who see an ad on the Web actually click.
through to see more, promoting the firm’s ubiquitoyg
presence via such programs greatly increases tly
probability of drawing customers to Amazon’s Walss.
ite.* Thus, by being a pioneer in promoting the notigy
of micro-franchises, the firm has built a substantjy
presence on the WWW.

Amazon is currently growing at the rate of 20-30y
a month and part of the reason for this rapid growt,
ts the firm’s Associates Program (Bezas, 1996). Alsq,
many of the important special interest sites have
already become part of the Amazon electronic micro.
franchising network. The more this network grows,
the more it attracts other partners, creating a virtuous
‘cycle of sites wanting to be associates. Moreover, as
noted by the Economist (1997a):

[TIhe community of book-buyers Amazon has built, which
provides an enviable amount of positive feedback. People
come to the site because it has the most reviews written by
readers, and they often stop to write some of their own,
attracting even more pecple. The more books you buy and
the more information you give Amazon.com about vour
tastes, the better it will become at finding things you might
like. It will send you an e-mail message when a book you
are looking for (or might just be interested in} is coming
out, hooking you ever more firmly.’

As this network increases in size, it makes it difficult
for other competitors to be ubiguitous on the WWW.
More importantly, as the stale of Amazon's oper-
ations increase, it has the potential of ‘locking out’
new entrants to the on-line segment of the book
retailing industry altogether. In this sense, the firm is
attempting to harness the notion of ‘increasing
returns to scale” (Arthur, 1988) and competition here
is beginning to resemble approaches used by some
firms in ‘network’ industries.

Taken together the mechanisms instituted by the firm
in both the supply and demand sides appear to b
generating a large number of repeat customers to the
firm’s Website,

Changing Nature of the Firm’s Competitive
Advantage

It appears that Bezos recognizes that many of the
competitive advantages'that Amazon has developed
are transient in nature. With a few exceptions {25~
proprietary software, reputation, the sense of com”
munity, and first mover advantages), many of th
mechanisms that are at this Website can be imitated
by competitors, albeit not easily. To defend itsclf
against competitors, for the past year Amazon h#¥
been developing a detailed purchasing history 2"
profile of its customers. It now has a vast and uniq!*
database of customers’ preferences and buying pab
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terns, tied to their e-mail and postal addresses (The
Economist, 1997a). Notes Alberto Vitale, chairman of
Random House Inc. (The Wall Street Journal, 1996):
'Amazon is creating a database that doesn’t exist any-
where else. Book publishers have never had much
market data about readers, and some are already sal-
ivating for a peek into Amazon'’s files.’

Amazon is still experimenting with ways to leverage
and exploit this database. For instance, the firm is
working on models that will customize information
based on the user characteristics and preferences.
Such an approach could open up further possibilities
for ‘mass-customizing’ services without significant
additional costs (cf. Kotha, 1996). Doing so may
enable the firm to further entice people to return to
its Website. However, despite the entry of a plethora
of well-known physical bookstore firms {e.g., Barnes
and Noble) and other copy-cat on-line book retailers,
the firm’s revenues continue to increase rapidly. Now
that large competitors such as Barnes and Noble and Bor-
ders Books have sef-up stores on the Internet, how has
Amazon fared? :

Performance Implications

During mid-1996, a plethora of virtual bookstores
began sprouting on the Internet. Not surprisingly,
many of these on-line bookstores are modeled after

- Amazon. As noted, despite this entry, the firm’s rev-

enues continue to increase rapidly.

Along with mechanisms instituted by the firm to
form on-line communities, this growth can be attri-
buted to ‘first mover advantages’ {cf. Lieberman and
Montgomery, 1988). This observation is consistent
with Harrington and Reed’s (1996) arguments that
Early mnovers in this rapidly evolving world can get
ahead by attracting businesses to new on-line mar-
ketplaces, by determining the range of products and
services these marketplaces offer, by setting the rules
ofinteraction, and by reserving the value-added pos-
itions for themselves.” Therefore, overcoming first-
Mover advantages is perhaps an important consider-
dtion for businesses contemplating entry into book
fetailing,

This rapid growth can also be attributed to the firm’s
Seattle location. Seattle is a thriving area for software
talent and, more importantly, is adjacent to the
vorld’s  biggest book warehouses operated by
"gram Industries in Oregon. Observes Bezos
[qUOted in Fast Company, 1996, October-November]:

?t Sounds counterintuitive, but physical location is very
MPportant for the success of a virtual business. We could
Ve started Amazon.com anywhere. We chose Seattle
wﬂ;USe it met a rigorous set of criteria. It had to be a place
tots of technical talent. It had to be near a place with
2rge numbers of books. It had 1o be a nice place to live —

fat people won't work in places they don’t want to live.

#0Pean Management Journal Vol 16 No 2 April 1998

Finally, it had to be in a small State. In the mail-order busi-
hess, you have to charge sales tax to customers who live
in any State where you have a business presence. It made
no sense for us to be in California or New York.... Obvi-
ously Seattle has a great programming culture. And it's
close to Roseburg, Oregon, which has one of the biggest
book warehouses in the world.’

This counterintuitive argument becomes more salient
when one compares Amazon with the Internet Book-
shop, an on-line bookstore founded at approximately
the same time by Darryl Mattocks in England.
Although both Bezos and Mattocks had indepen-
dently conceptualized their business around boaks,
Amazon has grown to over $40 million in revenues
(as of September 1997), whereas Mattocks’ venture is
still under a million dollars.

The comparison between the two firms becomes
more dramatic when one examines their respective
market capitalization. Amazon was valued around
$500 million  during its IPO (and its value has
increased significantly since), and the Internet Book-
shop, in contrast, was valued at $10 million on Bri-
tain’s Ofex, a small pseudo-market that matches trad-
er's orders (The Economist, 1997b). According to The
Economist (1997b, p.69):

‘It is tempting to conclude that Mr. Mattock’s is just a vic-
tim of Britain’s less vibrant venture-capital industry. But
he also helped himself to come second. He did not research
the industry in the same systematic way as Mr. Bezos. He
started the firm in Oxford because that was where he lived,
and he liked the town. Bat Oxford i5 not a book-distri-
butjon centre.... Worse, the Internet Book Shop does not sell
titles until their British release date, which can be months
after the American publishing date for many books.... Sig-
nificantly, Amazon’s sales outside America are ten times
the Internet Book Shop’s sales outside Britain.’

In contrast to the argument that on-line commerce is
(1) making retailing a global industry, and (2) geogra-
phy (location) is not a consideration for businesses
on the Internet, my study of Amazon suggests that
location, at least for on-line book retailing, is still an
important consideration.

Some critics contend that despite all of the attention
paid to Amazon’s strategy and approach on the Inter-
net, the firm is yet to turn a profit (see Figure 1).
Acknowledges Bezos:

‘[Although] we have seen no profits and our strategy is to
invest very heavily right now because we believe so much
in the future of this business.... We are spending significant
amounts of money investing in marketing and building our
brand name and customer acquisition and so on, and that's
one of factors that holds down profitability.”

Perhaps, it is too premature to judge. the ‘perform-
ance’ implications of the approach used by Amazon
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to gain a foothold in the emerging on-line book
retailing industry. Based on cybershare (and
revenues), the firm is currently acknowledged to be
the largest on-line bookstore on the WWW.

Implications

This paper has explored Amazon's unique strategy
in the on-line US bock retailing industry which is
characterized by change and growing intense compe-
tition. Despite the limitations inherent in drawing
conclusions from a single study, it is possible to draw
some useful inferences regarding Amazon's
approach to elecironic commerce.

First, I have identified several industry conditions
(e.g., location, proximity to suppliers) that may be
important for the successful pursuit of an on-line
book retailing strategy. Specifically, it appears that
first mover advantages may be critical for the success
of on-line retailing. Despite the imitation of this
firm’s strategy by its rivals, Amazon has been able to
establish its reputation as the most recognized ‘Inter-
net’ on-line book retailer. The reputation effects
derived from first mover advantages can be
important. This is consistent with Hilts’ (1997) obser-
vations that, Their [Amazon.com] timing was

exquisite, and they promoted the heck out of it.”

Hence, timing the entry into on-line commerce may
prove critical to its success ultimately. In other
words, researchers can examine whether a firm that
is a first mover into on-line retailing reaps superior
returns, relative to competitors that are late entrants.

Second, although the emerging literature discounts
the location as being not so relevant to on-line com-
merce {cf. Reid, 1997}, the study of Amazon suggests
that for on-line merchants, especially those who sell
physical products and are intermediaries in the value

chain, [ocation can be a source of competitive advan.
tage. Location can be critical because of the need |,
rapidly acquire the product for distribution to the
customer, and the cost saving resulting from not hay.
ing to carry large inventories. Location can also deter.
mine the availability and the ability to attract top tal.
ent needed to compete on this emerging medium,

. Third, the mechanisms instituted by the firm were an

outgrowth of in-house programming. Although somg
of these mechanisms are becoming widely availabl,
many still are proprietary. With the increased access
to financial capital, the firm is becoming more sophis-
ticated in its application of the Internet technology.
In other words, the firm’s organizational capabilitics
to exploit the new medium have increased over time

and continue to increase. Thus, many of its capabili-

ties are not readily available to new entrants withou!
these same resources. Ultimately, the firm's ability to
envision and build innovative on-line mechanisins
using software tools developed internally depends
upon the human capital it is able to attract.

Fourth, Barnes and Noble's (and other competitors)
entry into on-line book retailing does not seem to
have negatively impacted Amazon’s continued rapid
growth. Further, an examination of the firm's stock
price (since its IPO offering} indicates that many mar-
ket analysts perceive its approach to electronic com-
merce o be sustainable (Figure 3). However, at this
stage, one can only speculate that Amazon's con-
tinued growth suggests that brand names such as
Barnes and Noble, established over other media, do
not automatically transfer over to the Internet. This
is clearly an interesting question for future research.
Perhaps this is due to the fact that the opinion leaders
for the Internet are likely to be different from those
of the other media (Kambil, 1997).

Finally, for a firm competing in the on-line environ-
ment, the ability to continually attract customers, and
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get them to return to their on-line store is critical for
a competitive advantage. One generalizable
approach to attract and retain customers is through
building communities (Hagel and Armstrong, 1997).
The Amazon case highlights many mechanisms that
the firm has instituted to foster a sense of community.
It is this sense of community that the firm hopes will
promote customer loyalty and fend off imitators from
taking cvbershare away from Amazon (The Econom-
ist, 1997a). Although, customer loyalty is Important
for anv business, it can be vitally important for firms
competing on-line. This is because of the lack of built-
in switching costs between on-line merchants offer-
ing identical merchandise. Also, according to Arm-
strong and Hagel (1996: 141):

“The value of successful electronic communities will be the
intense loyalty they generate in their participants, which is
what favors first movers into this area. The organization of
successful electronic communities will depend on skills
and the right iconoclastic mind-set, not capital. As a conse-
quence, this arena may favor bold entrepreneurs with con-
strained resources over established corporations.’

Although the mechanisms that Amazon has created
may be unique to book retailing, the concepts (e.g.,
Eves program, and Editors’ choice, and Associates
Program) that the firm has instituted are perhaps
generalizable to other firms operating on the WWW.

Concluding Remarks

The intent of this paper was to explore the dynamics
and issues pertaining to implementing the on-line
book retailing strategy employed by Amazon. By
envisioning and developing an innovative on-line
approach to book retailing Amazon, a relative new
entrant, has successfully challenged the established
firms (e.g., Barnes and Noble) in this industry. In an
effort to stay competitive, and understand the trans-
formation unleashed by Amazon’s entry, many
established firms are beginning to emulate the busi-
ness model pursued by Amazon. However, given the
rapidity of change, the uncertainty surrounding the
dvnamics of the Web, and the likely moves and coun-
ter moves by players in this industry, it is hard to
predict the exact future state of this industry. How-
ever, in its effort to ‘create the future,” it appears that
Amazon is well ahead of its competitors. Also many
of the mechanisms it has instituted are prototypes of
what one might expect to observe in on-line retailing.
In that sense, these mechanisms are recipes for
superior competitive advantage on the Internet. .

Acknowledgements

I thank Anil Nair and Dick Moxon for their comments on an
eartier version of the documnent,

European Managemen! Jourmal Vol 16 No 2 April 1998

Notes

1. The firm's self-reported measures indicate that average
daily visits (not ‘hits) have grown from approximately
2200 in December 1995 to approximately 50,000 in
December 1996, and repeat customers currently account
for over 40% of orders (SEC, 1997).

. Web advertising is gaining increasing legitimacy. Rev-
enue for advertising on the World Wide Web rose 83% to
$46.4 million in the second quarter of 1996. The figure is
expected to reach $312 million by the end of the year. This
amount is still quite small in comparison to the $30 billion
spent on television advertising each year.

3. Moreover, Bezos adds: "There are a couple of objectives
with a promation like this. One is to bring more people
to the Website and some fraction of those people will con-
vert into customers. It also helps branding. The second
objective with a contest like this is create a fun enviren-

- ment on the Website that sort of replaces some of the fun
corhponents that you can do in a physical bookstore that .
you can’t do on-line. You know you never have soft sofas
and tasty lattes online, but you can do a ot of fun things
online that can’t be done in the physical environment.

4. This approach is not without its risks (The Economist,
1997a). First, custorners may be more loyal to the referring
site and, second, the referring sites also may transfer their
allegiance to some other bookselter if they offer a more
lucrative’ deal. Therefore, it appears managing the net-
work of micro-franchises is as important as maintaining
the interests of the community of customers. In a sense
both the supply-side and the demand are highly related.

3
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Pieasc read the paper “Integrating Information from Multiple Independently Developed Data

Sources™ and answer the following questions,

I

=

What are the “conflicting information™ problem and the “object identification” problem
discussed in the paper? Please use cxamples to illustrate these two problems. (10%)

The paper proposed the use of MATCH clausces to specify how to identify the same

objects from various sources. Please clearly identify the Jimitations of this representation.

(16%)

(a) Assume the global 1D table (for recording matching instances) be materialized before
the query processing, Please modify the merge query processing algorithm {as shown in
page 245-246) accordingly. (10%) _

(b) What are the advantages and disadvantages of the materialized global 1D table
approach as compared to the approach that dynamically constructs the global ID table
during the query processing phase (as proposed in the paper). (14%)
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Abstract

We propose in this paper an approach to integrating infor-
mation from multiple independently developed data sources,
in which incomplete or conflicting information prevailis. We
do not assume that equivalent objects in different sources
have the same identity or key values, or there exists a global
1D table uniquely identifying these objects. Instead, a global
user view is constructed upon these data sources, and the
view definition specifies how objects from various informa-
tion sources are identified, matched and merged. Two query
processing strategies are presenied for processing queries
against the plobal vser views: (1) a merge-based approach
wwhich Arst merges all objects from various sources and then
performs query evaluation on the merged result, and (2)
a condition push-down approach that passes as many query
conditions as possible in subqueries to local sources and then
processes the returned subquery results. To validate our al-
gorithms and to conduct performance studies, a prototype
that reeds the global view definition and processes input
gneries using both merge and push-down strategics was im-
plemented. Qur performance studies show that the push-
down approach outperforms thé merge approach when large
portions of non-qualified instances can be removed from all
sources by condition push-down. Otherwise, the merge ap-
proach has better performance.

1  Introduction

When integrating information from multiple independently
-developed data sources, one will inevitably encounter prob-
lems such as; name differences (e.g., synonyms or homonyms),
format differences or mismatched atiribule domains (e.g., at-
tribute values are represenied in different formats or differ-
ent units, or are encoded into different code values), and
missing and conflicting defa |2}, With synonyms and format
differences in key values it is difficult to identify equivalent

*Part of the work was done when the author worked at Lawrence
HBerkeley National Laboratory, and was suppeorted by the Office of
Health and Environmental Research FProgram of the Office of En-
ergy Flesearch, U.S. Department of Energy under Contract DE-ACO3-
765FG0098. .
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objects from various data sources. Two kinds of integrations
are of special importance: (1) join inifegration that inter-
connects related objects in different sources, and (2) union
integration that combines similar or equivalent local objects
from different sources to form global objects [6]. This paper
focuses on the latter.

Many approaches have been proposed to address the in-
formation integration problem {among others, (1, 2, 3, 4, 5,
6, 7, 9, 10, 11, 12, 13, 14]). In these approaches, a global
schema or view is defined to integrate local sources. Look-up
tables, functions, virtual attributes or dynamic attributes,
and external procedures may be used to resolve the domain
mismatch preblem. All approaches are subject to at least
ene of the following restirictions: (1) They either do not iden-
tify equivalent objects from different information sources, or
assume the existence of global ID values or global ID tables.
{2) They assume each local attribute value is mapped to at
most one global {view) attribute value. {3) They do not han-
dle missing attribute values (or unknown values) at query
processing, (4) Users are limited to certain “fixed” object
integration approach, or are required to learn a complicated
language to define how similar or equivalent objects are to
be merged. (See section 7 for more detailed discussion of
related work.) :

~In this paper, we propose an approach to defining one
or more global user views for integrating information from
multiple independently developed data sources. Instead of
assuming uniform and consistent local data sources, we give
the users dilferent options of specifying conflict resoliitions,
attribute value conversions and object identification meth-
ods in the global view definitions. Users can issue queries
against the global views to retrieve objects that are known
to be true or are considered as maybe true,

Retrieval queries against a global view can be processed
by (1) first “materializing” global objects by merging corre-
sponding information from local sources, and then evaluat-
ing query conditions on the global objects {1, 5], or by (2)
pushing down applicable selection conditions into subqueries
to local sources, and then combining the results returned by
these subqueries [1, 4, 6, 10, 12]. The first alternative re-
quires processing a large amount of data locally, which may
take lots of space and can be slow. Condition push-down
is very complicated if one does not know whether an ob-
ject exists only in one local data source or in many. Let us
illustrate this using a restaurant example: suppose restau-
rant A is returned as an inexpensive restaurant by a date
source 51, but not by another data source 52. It is not clear
whether this is because A is not listed in source Sa, or be-
cause A is listed in source Sp as an expensive restaurant {a




conflict). I it is the first case, then A should be returned to
the user. Tf it is the sccond case, and source Sy is considered
as more reliable than S;, then A should not be returned. In
the case that one only considers objects co-existing in both
sources [12] or that there is a global 113 table, this is not
a problem. However, when considering integrating informa-
tion from multiple independent data sources in general, this
is a problem that has to be resolved. Besides, not all selec-
tion conditions can be pushed down to local sources, With
all the complexity in condition push down, the push-down
approach does not necessarily guarantee better performance.

‘The rest of this paper is organized as follows. In section
2, we present a restaurant example that is used to illustrate
our approach throughout the paper. The construction of
global views for information integration is described in sec-
tion 3. A merge query processing strategy that matches ob-
jects from two sources, and then evaluates query condition
on merged objects is discussed in section 4. In section 5 we
describe problems with condition push-down, and present an
algorithm for push-down query processing. A performance
comparison of the two strategies using a prototype is given
in section 6. Section 7 presents related work, and section 8
gives concluding remarks.

2 A Restaurant Example

2.1 Source Description

We consider two information sources for the Bay Area restau-
rants: Source 5y contains Fodot's resinurant guide of San
Francisco restaurants.) There are 11 attributes: nwaz, ad-

dress, city, location, price, cuisine, star, phone, lunch, -

dinner and description. Attributes lunch and dinnex in-
dicate in which days a restaurant is open for lunch and
dinner, regpectively, Other attributes are self-descriptive.
Assume fodors is stored in & Unix ndtm database, and is
accessed via 2 local search engine. (We called the combined
system ndtm+.) Source Sz contains San Irancisco Focus
restaurant guide of the Bay Area restaurants,.” There are
0 attributes: nams, address, city, phone, price, cuisine,
lunch, dinner and description. Assume focus is stored as
a table in a relational database.

These two sources are described in Figure 1. Each source
has a name, a database type, a data source, and a set of
attributes. A source attribute has a name {which is unique
in this source) and a data type. if a source attribute s part
of a key, then it is specified as key, A multi-valued attribute
is specified as multi-valued. A source attribute that allows
null values is defined as can be null. .

Each “selectable” attribute is specified with keyword se-
lect. It is possible that some attributes allow range selec-
tions, while others allow only value matching using “=".
Since source description [8] is not the main focus of this

paper, we simply assume that legal attribute conditions are

determined by the database type of the sources. Source type
ndbm+ pllows value matching, range selection, set compari-
son using in, not in and contains, and null value checking;
only conjunctive query conditions are supported. Source

type rdbms supports all the above subcondition types ex-

cept for contains, and disjunctive conditions are allowed.

2.2 Problems

Problems in integrating information from the two sources
inclide-

Vhtep://www.fodors.com/
http:/ /sTbay.yahoo.com//external/focus/index.htm]
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SOURCE fodors

DB ndbm+ DATA_IN "fodors"

ATTRIBUTE name: varchar{40) key, salect

ATTRIBUTE address: varchar(80) key, select

ATTRIBUTE city: varchar{(20) select

ATIRIBUTE location: varchar(40) select

ATTRIBUTE price: char{i0) selsct

ATTRIBUTE cuisine: varchar(40) multi-valuad,
salect

ATTRIBUTE star: char(l) select

ATTRIBUTE phone: char({12) selact

ATTRIBUTE lunch: varchar{20) select, can be null

ATTRIBUTE dinner: varchar(20) select, can be pull

ATTRIBUTE description: text

SOURCE focus
DB rdbms DATA_IN “focus”
ATTRIBUTE name: varchar (40) key, select
ATTRIBUTE address: varchar{80) key, select
ATTRIBUTE city: varchar(20) key, select
ATTRIBUTE phone: varchar{40) selact
ATTRIBUTE price: char({4) select
ATTRIBUTE cuisine: varchar(40) select
ATTRIBUTE lunch: varchar{22) select, can be null
ATTRIBUTE ‘dinner: warchar(22) select, can be null
ATTRIBUTE descriptien: text

Figure 1: Two Restaurant Guide Databases

o Name Difference: Restaurant names are not unique;
restaurant chains have several restaurants with the
same names. The same restaurants may be listed with
slightly different names in two sources (e.g., “Helmand”
versus “Helmand Restaurant”). Similar name differ-
ences occur in otber attributes (e.g., address) as wall.

e Mismatchad Domaing: Information such as price,
cuisine, lunch and dinner is described differently in
both sources. For example, one restaurant guide lists a
restaurant as “closed weekends,”. while the other lists
the same restaurant as “open Mon-Fyi.” Attribute
cuisine in source fodors is multi-valued, while cuisine
in source focus is single-valued.

e Missing Data: No single guides provide complete in-
formation. Some restaurants are listed in one guide,
but not in the other. Some properties such as restau-
rant rating are available only in one source. Informa-
tion regarding restaurant opening time may be missing
in either source,

e Conflicting Information: The two sources list con-
flicting opening time, price ranges and/or cuisine types
for the same restaurant.

e Object Identification: Thereare no global ID values
or inter-database 1D tables for identifying the same
restaurants from both sources.

3 Integrating Information from Multiple Sources

3.1 Constructing Globa!l Views

Global views are constructed to facilitate multiple source
information integration. A view has a unique view name,
is defined on one or more information sources, and is as-
sociated with one or more view attributes. (In this paper
we only integrate information from two sources; however,




the proposed approach can be extended to more sources.}
View Rastaurant in Figure 2 is a global view constructed
on top of the two restaurant guides described in the previous
section.

View attribute values can be obtained fromn merging mul-
tiple source attributes, (Attribute merging will be discussed
in Section 3.3.) Bach source attribute value can be taken
“as is,” or can be converted using external procedures or
conversion functions.

External procedures are a set of system or user-provided
procedures that perform complicated value transformations.
For example, p.GetAddress is an external procedure that
examines and extracts only street number and street name
of an address.

Conversion functions convert source attribute values to
one or many view attribute values. For example, t_Convert-
Day1 converts a local source value “No weekends" to desti-
nation view attribute values { “Mon™ “Tues” “Wed” “Thur”
“Fri* }. Although conversion funetions can also be imple-
mented as external procedures that perform the same value
conversion tasks, the definition of conversion functions pro-
vides explicit value conversion information in the view defi-
nition, and also facilitates condition push-down during query
processing (to be discussed in later sections). For a multi-
valued attribute A, t{A) =U {t{a) |a € A }.

Although it is not shown in the Restaurant view defi-
nition, a view attribute can take values from multiple local
attributes of the same source, Similarly, two view attributes
can take values (rom the same local source attribute possibly
using different external procedures or conversion functions.

3.2  ldentifying Ohjects

View atiributes can be associated with MATCH clauses to

specify how to identify the same objects from various sources.

Onty source abiributes of & view altribute are »liowed in the

BATCE clavse of this view attribute. Exteinal procedures

or eouvaision funcilons can be used in matching. Tor ex-
ample, view atiribute Address has two source attributes

fodors.addrasas and focus.address, and therefore it can

ke associated with a MATCH clause specifying how values of

the two source attributes are to be matched. An exter-

nal procedure named p_GetAddress, which extracts street

number and street name from an address, is applied to

match addresses from both sources. For example, both

p-CetAddress(*l Maple 5t.”) and p.GetAddress("“One Maple
Street”) are evaluated to “1 Maple,” and therefore the two

addresses are considered as the same,

Instances in local sources are identified and matched to
form global view instances. In our restaurant example, a
restaurant from foders and a restaurant from focus are
considered as the same restaurant if they have matching
name, address and city attribute values. If no attributes in
a view are associated with MATCH clauses, then we consider
all objecis from different sources as distinct.

3.3 Merging Attribute Values

When merging information from multiple sources, one has to
take into account that maybe no single source provides com-
plete information, and that two sources can provide conflict-
ing information. We consider null values as unknown, and
two sources providing conflicting information il they return
different non-null values on the same attribute of the same
instance. {One can easily extend this definition to consider
a null attribute value and a non-null attribute value to be
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conflicting.) In the case that inconsistency occurs, & user
may prefer information from a source that is considered as
more reliable.

Let S and Sz be two local sources for a view V. Suppose
i i5 a global view instance with corresponding local instance
i in 8. If source S provides complete information, then
there shiould exist an equivalent instance of 1y, say iz, in Ss.
Instances #; and 4z are to be matebed and merged to form
the global instance 1. If such i; does not exist in source Sp,
then we consider that it is because 53 is incomptete.a This
is as if there were an instance i in Sz with all attribute
values unknown. Based on the above assumption, we will
be able to define attribute merging operations. Let Va be
a view attribute of V' which is defined on local attributes or
attribute conversions A of 5y and B of §2. Four merging
operations are provided for defining Va:

No-Merge - Va: A .
View attribute values are obtained from single source
attribute or attribute conversion A. For example, at-
tribute Star is defined solely on fodors.star.
= if iy in S) exists, then Va(i) = A(i1);
» otherwise, V(i) = NULL.

Union-Merge — Va: A ; B
View attribute values are defined as the union of maultj-
ple source attribute values. We use symbol ; to denote
union-merge. For example, view attribute Cuisine is
defined as: fodors.cuisine ; focus.cuisine.

e if both i3 in & and 42 in Sz exist: then Va(i) =
Alir) U Bliz)h

s if only i; exists, then V(i) = Afi1);

o if only 1z exists, then Va{i} = B(i2).

Intersact-Merge — Va: A, I3
View attribute values are defined as the intersection of
multiple source attribute values, We use symbol , to
denote intersect-merge. For example, view attribute
Lunch is defined as: t_ConvertDayl(fodors.luch),
t_ConvertDay2{focus.lunch).
¢ if i; in S and iz in Sz both exist, them: (i) if
A(#1) is null, then Va(i) = B(iz); (i) if B(i2} is
null, then Va(i) = A{4); (iii) otherwise, Va(i) =
A1) N Blia);
# il only i; exists, then Vea(i) = A(i1);
s if only iz exists, then Va(i) = B(i2).

Prefer-Merge ~Va: A > B

Attribute values from one source are preferred (if val-
ues are not unknown). We use symbol > to denote
prefer-merge. For example, view attribute Price js
defined as: t_ConvertPricel{fodors.price) >
t.ConvertPrice2(focus.price).

e if 1y in 5) exists and A(i1) is not null, then Va(i)
= A(ir); '

o else if 42 exists, then Va(i) = B(iz);

e otherwise, V(i) = NULL.

3We neglect the case that 5; mistakenly includes an incorrect in-
stance f1. -




VIEW Restaurant

ON fodors, focus
ATTRIBUTE Name: fodors.name > focum.name MATCH p_GetName{fodors.name) = p_GetName(focus.name)
MTRIBUTE Address: focus.address > fodors.address

MATCH p_GetAddressa(feodors.address) = p_GetAddress{focus,addreas)
ATTRIBUTE Location: fodors.lecation
ATTRIBUTE City: fodors.city > focus.city MATCH fodors.city = focus.city
ATTRIBUTE Phone: p_GetPhone(fodors.phons); focus.phone
ATTRIBUTE Frice: t_ConvertPricel(fodors.price) > t_ConvertPrice2{focus.price)
ATTRIBUTE Cuisine: fodors.cuisine ; focus.cuisine
ATTRIBUTE Lunch: t_ConvertDayl(fodors.lunch), t_ConvertDay2{focus.lunch)
ATTRIBUTE Dinner: t_ConvertDayl(fodors.dinner), t_ConvertDay2(focus.dinner)
ATTRIBUTE Staxr: fodors.star
ATTRIBUTE Description: fodors.description; focus.description

CONVERSION t_ConvertDayl
{ ("No", { "He" } )}, ("No weekends", { "Mon" "Tues" "Wed" "Thur" "Fri" }J,
("*No Sun", { "Mon" "Tues” "Wed" “"Thur" "Fri" "Sat" }),
("No Mon", { "Sun" "Tues" "Wed" "Thur" "Fri" "Sat" }),
("Fo Sun Mon", { "Tues" "Wed" "Thur" "Fri" "Sat" }),
(IINO Tuesl!’ { "SU.‘[]" "Honl‘ l!wedll ll'rhur" llFrill "Sat" })’
("No Mon Tues”, { "Sun" "Wed" "Thur" "Fri" "Sat" }) }

CONVERSION t_ConvertPrical
{ ("Under $20", nsu), (Il$20__$30|l. ||$$v|)’ (u$30__$50u, { ||s$$n u$$$$n }). ("UVGI' $50u’ n$$$s$n) }

CONVERSION t_ConvertDay2 :
{ ("NO", { "Ha" } )’ ("Sun-Fri", { #San" "Mon" M"Tuas" "Wed" "Th.ur" "Rri¢ })’
("Hon-Fri", { "Mon" "Tues" "Wed" "Thur" “Fri* 1),
("na-Bat, { "Hon" "Tues" "Wed” "Thur® "Fri" “Sat" }),
("Tuas-Sun“, { "Sun" "Tues" "Wed" “Thur" "Fri" "Sat" }),
...... ("daily”, { "Sun" "Mon" "Tues" "Wed" "Thur" "Fri" "Sat" }} }

CONVERSION t _ConvertPrice2
L 0egn, mBmy, (7887, £ 8" "8 "G33Y 1), ('$88", { “$885 83883 D)

Figure 2: The Global View

then evaluate the query on the merged results. We present
in this section a merge query processing opproach based on
this strategy. '
Let Q be a conjunctive query against global view V as-
described in the previous section:
select (or select+) A1, Az, ..., Am from V
where cond(B;) and ... and cond(Bx)

3.4 Quéries

Users can query a global view V' using conjunctive select
queries with format: ’

select A;, Az, ..., Am from V

where cond(B;) and ... and cond{B.)
where A;, ..., Am, Bi1, ..., Bn are all attributes of V, and
cond(B;} is an attribute condition with format: (1) B; is
(mot} null, (2) B; = (#, >, =, <, <, contains} v, or (3)
Bi in {not in, contains) 5, where v is a constant value and
S is a set of values. If B; is multi-valued, then condition B;
> (2, <, <) v is interpreted as: any value of By > (2, <,
v

We consider missing attribute values as unknown. For

example, an instance that is listed only in focus will have
unknown Star attribute values. Additional selection oper-
ation select+ is provided for retrieving also instances that
have unknown values on the condition attributes. For exam-
rle, the following query retrieves all restaurants that either

The basic steps of this query processing strategy are as
follows:

1. Modify query @ by adding to the selact clause all the
view attributes that are associated with match clauses
or arein { By, ..., Bn }, but not sélected by Q. Let
(' be the new query with modified select clause.

2. For the two sources of V, 51 and 52, prepare two sub-
queries Q) and Q.2: the select clause of Qs (Qs2)
contains all attributes of §1 (S2) that serve as local
source zttributes (with or without conversions) of any

have Suar = “Y" or have unknown Star values. select+ - . >

Name ';rom Restaurant vhers Star = "Y"; view attributes in the select clause of Q' Q1 {(a2)
' has no associated where clause. i

4  Merge Query Processing 3. Let S; be the source with a slower retrieval system,

and S, be the soufce with a faster retrieval system.

In order to process a retrieval query against a global view,
we can first identify the same objects in various information
sources, merge proper attribute values of these objects, and
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For each instance o, returned by subgquery Qs., if
o1 matches an instance oz returned by subguery Qs,,
then record o) and o9 as matching instances in a global




1D table. ('The global TD table records only key at-
tributes of 07 and oy, if there are such key atiributes;
otherwise, the entire instances are recorded.)

o For each oy that has matching instance oz, merge
oy and o7 to form a global object o based on the
view definition.

e For each o that has no matching instances, con-
struct a giobal object o based on the view defini-
tion and oy atiribute values alone.

Evaluate query condition of @ {i.e., where clause of ()
on o

o If Q) uses select, then the standard 2-valued logic
is applied, and all objects that are evaluated to
true are returned with a status value true.

o [f (J uses select+, then 3-valued logic is applied
in condition evaluation, and all objects that are
not evaluated to false are returned with a status
value true or maybe.

If 0 is evaluated to true (or maybe), then project at-
tributes of o that are selected by the original query
Q, include the selected and projected instances in the
Query answers.

4. For each instance oz returned by subguery Qs,, i o2
is not included in the global ID table, then construct a
globs! olizct ¢ based on the view definition and o2 at-
tribute values, Evaluate query condition of J on o {as
described above), and include the projected instance o
in the query answer if o is evaluated to true or if o is
evaluated to maybe in a select+ query, ©

{Exampic i) Suppose the following query (Q9) is issued to
velect all pocd San Francisco restaurants that serve Italian
food and are open for Sunday dinners:

select+ Name, Address, City, Location, Phone,
Price, Cuisine, Lunch, Dinner, Star

from Restaurant .

vhere City = "San Francisco"

and Cuisine contains "Italian"

and Dinner contains "Sun" and Star = "Y";

Since all view attributes associatéd with match clauses
(i.e., Name, Address and City)} or in guery condition are
selected, we do not need to modify the select clause of
Qo). '

Two subgueries (0.1} and (Q0.2) are issued against
sources fodors and focus, respectively:

(Q0.1) select name, address, city, location, phene,
‘price, cuisine, lunch, dinner, star
from fodars

(Q0.2) sslect name, address, city, phone, price,
cuisine, lunch, dinner
from focus

1dentify the same restaurants in both sources based on
nane, address and city values. External procedures p.Get-
Nams and p.GetAddress are used to convert name and address
values, respectively. A global ID table is established to
record matching instances.
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For all the matching pairs recorded in the 1D table, &
global object o is generated by obtaining (1) Name value from
fodors.name, (2) Address value from focus.address, {3)
Location value from fodors.location, (4) City value from
fodors.city, () Phone values from unioning fodors.phona
{after converted by external procedure p_GetPhona) and
focus.phone, etc.

For an object @) (or o2) that is listed only in fodors
(or focus), a global object o is generated from o) {or o2)
attribute values alone using proper external procedures or
conversion functions. For objects that exist only in focus,
Location and Star values are considered as unknown. (There-
fore, subcondition Star = “Y" will be evaluated to maybe.)

Evaluate the query condition on o using 3-valued logic,
report o to the user if it is evaluated to true or maybe. Report
the status as well. O

Because query conditions are evaluated on the merged
results, queries are not limited to conjunctive queries. This
approach is also easy to implement. Moreover, if several
retrieval queries are issued in the same session, then the
globa! ID table only needs to be constructed once. How-
ever, this approach has several disadvantages. First, it may
not always be possible to store a global 1D table due to re-
source limitations. Also, this approach cannot utilize the .
existing query optimization techniques, and therefore can
be very slow when processing large amount of data. More-
over, condition evaluation is performed after merging, and it
is required to perform object identification on all instances
instead of only on qualified instances.

5 Push-Down Query Processing

In a multidatabase environment with mismatched domains,
incomplete information and conflicting data, query opti-
mization by pushing dawn applicable selection conditions
can have unexpected side-effects [1]. We first describe in
this section problems with conditicn push-down, and then
present an algerithm for push-down query processing.

5.1 Problems with Condition Push-Down

Assume a user is interested in all the inexpensive restaurants
in the Bay Area. Suppose the given query is processed by
“pushing down” the selection condition (i.e., price is inex-
pensive} to subqueries against the two information sources
fodors and focus, and then merging results returned by
the two subqueries, Further suppose a restaurant named
“Moonlight Cafe” is returned by focus but not by fodors.
It seems that Moonlight Cafe should be included in the
query answer. However, if we examine this problem more
closely, then we will find out there are actually two cases:
(3) Moonlight Cafe is niot listed in fodors, or (ii) Moonlight
Cafe is listed in fodors as an expensive restaurant. Since
prefer-merge operation is to be applied on Price, Meonlight
Cafe should be included in the answer in case (i}, and should
not be included in the answer in case (if). It is the same if
intersect-merge is to be applied.

This problem occurs because in general only objects sat-
isfying query conditions are returned to the users. “Maybe”
instances can also be returned to the users if select+ is
used. But instances that are known io be false are not re-

-turned. Therefore, a user cannot distinguish the above two

cases by simply locking at the returned resuits. This prob-
lem will not oceur if the merge query processing strategy
is adopted, because all instances from local sources are re-
turned for condition evaluation, and therefore case (ii} will




not happen.

Also, sot operations such as in or contains caunot al-
ways be pushed down. Suppose a user is interested in restau-
rants satisfying the following condition: Cuisine contains
{ “Spanish”, “Mexican” }. Assume a restauranl Sunrise
Taquertia is listed as a Spanish restadrant in one source, and
is listed as a Mexican restaurant in the other. By pushing
down the selection condition, Sunrise Tagueria will not be
selected by either source, although it should be included in
the query answer because Cuisine is defined as the union of
cuisine types in both sources.

Mareover, if union-merge operation is to be applied on
any attributes, even when we are sure that some objects
should be included in the query answer, it is still neces-
sary to check corresponding information for these objects
in both sources in order to perform union-merge on certain
attributes.

We can learn from the above examples:

1. Certain subconditions (e.g., conditions that involve set
operations) may not be pushed down to local informa-
tion sources. This depends on the attribute definitions,

2. An object should be (partially) “materialized” if it
is returned by at least one subqueries. For exam-
ple, since “Moonlight Cafe” is returned by a subquery
against focus, instances in fodors should be examined
to see whether there are matching instances. Proper
attribute value merging should be conducted if match-
ing instances are found.

3. Because of the various preblems (e.g., queries with set
comparators, information sources that cannot handle
certain types of condition evaluation), condition eval-
-uation should be repeated on all the “materialized”

chijocts,

5.2 Cuery Processing Alporithm

Using the same query @ as described in the previous sec-
tion, the basic steps of this query processing strategy are as
follows:

1. Add all the view attributes that are associated with

match clauses or are in { By, ..., Bn } to the select
clauss of Q if they are not selected by Q. Let the new
query with modified selection clause be Q’. The vhere
clause of @’ is exactly the same as where clause of Q.

2. For a source of V, 51 {or §2), prepare a subquery (s
(or Qa2): ’

¢ The select clause of Qs (or 2} contains all
attributes of 51 (or $2} that serve as local source
attributes {with or without conversions) of view
attribptes in the selact clause of @'

» The vhere clause of Q,; (or Q,2) is constructed
as follows. For each subcondition cond(B;) (1 <
i<n)y _ )
(a) If attribute C; of S1 {or S2) is a local source

attribute of view attribute B; without using
conversions, and C; is “selectable,” then gen-
erate a subcondition cond’ as listed in'Fig-
ure 3.

If cond’ is not generated, then neglect this
subcondition; otherwise, if @' uses select+
C; allows null values, and cond' is not a null-
ness testing condition, then append: or Cj
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iz null to cond'. If cond’ can be processed
by the source database, then add cond’ to
the subquery; otherwise, neglect this subcon-
dition. ’

(b) IE{C;}is alocal attribute source of i (where
{ is a conversion function), and Cj is “se-
lectable,” then generate a subcondition: cond’:
Cy in Dj, where Dj is a set of source values
in t whose destination view attribute values
satisfy cond(B:); if @ uses selact+, and Cj
allows null values, then append: or Cj is
null to cond’. If cond’ can be processed by
the source database, then add cond’ to where
clause of Q47 (or Qs2); otherwise, neglect this
subcondition.

(c) 1If p(C;) is a local attribute source of Bi (where
p is an external procedure), then neglect this
subcondition.

(d) If B; has no Jocal components in 51 {(or 52),
and Q uses select (instead of select+}, then
stop constructing Qa {or §,2) since subquery
Q.1 (or Q,2) should always return null re-
sults.

3. If subquery Q,; is constructed, then execute this sub-
query. For each object o1 returned by subquery Qa1,
match o7 with each object of 2. if o5 matches an
object o2 of 52, then record oy and ¢z as matching
objects in a global ID table.

& For each o that has matching instance o2, merge
o1 and o3 to form a global object ¢ based on the
view definition.

s For each o; that has no matching instances, con-
struct a global object o bassd on view definition
and op attribute values alone.

Evaluate query condition of @ (i.e., where clause of (0}
on o ,

» 1f Q uses select, then the standard 2-valued logic
is applied, and all objects that are evaluated to
true are returned with a status value frue,

o If Q uses select+, then 3-valued logic is applied
in condition evaluation, and all objects that are
not evalvated to false are returned with a status
value true or maybe.

If ¢ is evaluated to {rue {or maybe), then project at-
tributes of @ that are included in select clause of the
original query @, include the selected and projected
instances in the query answers.

4: If subquery Q.2 is constructed, then execute this sub-
query. For each cbject o2 returned by subguery Qa2
if o7 is not included in the global ID table, then match
o2 with instances of S1 using similar procedures as
describéd above for oy of Q1. €

(Example 2) Using the same guery (Q0) as in Example
1, two subqueries {Q0".1) and (Q0".2) are issued against
sources fodors and focus, respectively:

(Q0™.1) salect name, address, city, location, ‘phone,
' price, cuisine, lunch, dinner, star
from fodors
vhere city = "San Francisco"




cond(3;}

cond

no-merge or
prefer-merge

union-merge

Intersect-merge

I is nuil C; is null C; iz null {none)

[ is not null | C; is not null C; is not null C; is not mull
b= Cy,=u C, =v {none)

B, Av Ci #F v C; #v Ci#v
B> <, v |Ci>{2,. <, S)v C, >z, <, L) C, > 2. <. v
Biin 8§ Ciin & C;in § {none)

B, not in S C;not in § C; not in S Cjnot in S

i contains S C; contains § {none) (7; contains S

B; contains v C; contains v
(C; multi-valued) /
=

7
(C; single-valued)

C; contains v

{C; multi-valued) /
Cj =v

{C; single-valued)

C; contains v

{C; multi-valued) /
C;=v

{Cy singlo-valued)

Figure 3: Condition Push-Down

and cuisine contaims "Italian"
and star = "Y'";

{Qo".2) select name, address, c¢ity, phonme, price,

cuisine, lunch, dinner

from focus

where city = "San Francisco”

and cuisine = "Italian"

and { dimner im { "Sun-Fri*, "Tues-Sun", ...,

"daily" }

or dinner is null );

Execute the first subquery,? and for each object o1 re-
turned by this query, match oy with instances in focus. If
there is a matching object o2, then add (keys of) o1 and o2
ts:ilie mlohal ID table, create a new global instance o by
merging o1 and o2 based on view definition, and evaluate
the condition of Q0 on o using 3-valued Jogic. Il there are
1o matching instances, then create a new global instance o
from ¢ alone based on view definition, and evaluate query
condition on o',

Also execute subquery {§0".2). For each returned ob-
ject oz, if o2 is not recorded in the global ID table, repeat a
similar procedure for o1 onoz. O

6 A Comparison of the Two Approaches

In order to study the performance and validate the query
processing algorithms, a prototype was implemented in C--.
Currently this prototype can integrate information from Gr-
acle, Sybase and ndbm databases. In this section we only
present o comparison between the Oracle and ndbm data
sources. Let us now examine the performance of the two
guery processing approaches presented above. Suppose source

51 has m instancges, and source S; has n instances. Assume

5) is the source with a slower retrieval system.

If the merge query processing strategy is adopted, then
the m instances in §; should be matched with the n in-
stances in Sz first to identify the same instances. (Recall
that the source with a faster retrieval system is used in the
“inner loop” for object matching.) An ID table is estab-
lished, and global objects are constructed for query condi-
tion evaluation.

If the push-down query processing approach is adopted,
and p instances of Sy and g instances of S are returned by

4Note that subcondition on dinner is not included because fodoras
on odbn#+ cannot pracess disjunctive conditions.
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the subqueries @s1 and @Q,2 with pushed down conditions,
respectively. The p instances returned hy 2, nre matched
with the n instances in S, and the g instances returned by
),2 are matched with the m instances in S, for identifying
objects and creating the global 1D table. p global objects
are generated from instances of 53, and are evaluated. The
g instances returned by S2 are checked to see if they are
already in the ID table. A new global object is constructed
for each instance of S that is not already in the 1D table
for query evaluation. This approach will require a total of
(pn + gm) instence matches. The values p and g are de-
pendent on the query conditions that can be pushed down.

.However, it is easy to see that if p = m or if ¢ ~ n, then

the push-down query processing strategy is likely to per-
form more instance matches, and the constructed ID table
wiil have almost the same numbers of entries. Moreover,
since the results returned by either subguery need to be
matched with objects from the other source, the push-down
query processing strategy cannot utilize the optimization

"technique of using a faster source in the “inner loop” of ob-

ject matching. In this case, the push-down query processing
strategy actually has Jonger execution time when compared
with the merge query processing strategy. There are many
factors that can result in p = m (or ¢ = n). One reason
is that no query conditions can be pushed down to source
Si (or to Sz). Another reason is that a data source cannot
process all or certain types of query conditions.

The above arguments are backed up by our performance
studies. We used two data sources: one is a Unix ndbm
database with a local query condition processor (called ndbm+),
and the other is an Oracle relational database. The proto-
type communicates with the two data sources through the
application program interfaces. In the following tests, we is-
sued 8 queries with increasing numbers of returned instances
in the query results to evaluate the two approaches. Query
(Q1) does not return any instances, while query (Q8) re-
turns all instances. The performance time (in second) was
obtained using Unix function getrusage. We identified mul-
tiple factors such as: data size, size of overlap, data consis-
tency, database system and bufler sizes, as potential param- °
eters that may affect query processing costs.- We conducted
extensive experiments to evaluate the relative contributions
of each of these parameters. Due to lack of space we present
here only a subset of these tests.

data size: Figure 4 shows the comparison of the merge and
the push-down approaches with 10,000 objects in each
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Figure 4: Source 1 (ndbm+ 10,000 objects), Source 2 (Or-
acle 10,000 objects), 20% consistent overlapping, buffer size
= 100

data sources and with 20% of data are overlapping. In
this case, m = n = 10,000, and the result shows that
the push-down approach perfcoms hetter when condi-
tien push-down removes a large numnbers of unquali-
fied instances (i.e., when p + ¢ < 10,000 in the frst
4 gueries), and the merge approach performs better
when large numbers of instances satisfying query con-
ditions. The same results hold for smaller data sources
(2.g., 1000 objects in each).

overlapping size: In the second test, we use the two dafa
sources with 80% of overlapping data. In this case, we
experience shorter execution times because the total
numbers of instances are reduced. However, the same
results stili hold.

data consistency: In another test, we vuse inconsistent over-
lapping data in two sources. This test gives similar
results as in Figure 4, ’

database systemn: We repeat the tests using different database

systems {e.g., Sybase, and a file system with local con-
dition processor), and get similar results. However, if
we use a pure ndbm without local query processor (i.e.,
Source S cannot process query conditions, and p =
m in all cases), then the push-down approach loses its
advantage of removing unqualificd instances in 51, and
thus always performs worse than the merge approach
(see Figure 3).

buffer size: Both merge and push-down algorithms can be
revised to use buffers to store subgquery results. In-
creasing buffer sizes can reduce the query execution
time to a certain extent, but the same conclusions still

hold.

7 Related Work

Multidatabase system MRDSM [9] allows defining dynamic
attributes to resolve unit or semantic differences in local at-
tributes. Fach local attribute value is mapped to no more
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Figure 5: Source 1 {ndbm 10,000 objects}, Source 2 (Oracle
10,000 objects), 20% consistent overlapping, buffer size =
100

than one dynamic attribute value. It takes into account that
related attributes in two or more local databases may con-
tain inconsistent values, Since MRDSM is a multidatabase
language system [2] that does not support a global schema,
related attributes are considered as distinct attributes in-
stead of being integrated into one global attribute. There-
fore, conflicting resolution is irrelevant.

Inconsistent data in multidatabase systems are handled
by specifying conditional functions in advance in [4] (and ina
later extension [10}). A conditional functisn of an attribute

- A defines how A value of an object o is retrieved or computed

depending on subtypes to which o belongs. A global query
is then partitioned into subqueries for different subsets ol
objects, and the global query result is the union of subquery
resuits, This approach relies on the existence of global ID
values or global ID tables to determine to which subtypes
an object belongs.

Unknown attribute values {called portial values) are han-
dled in [5]. In order to support partial attribute values, tra-
ditional relational operations are extended. This approach
again assumes global 1D values, and supports only intersect-
merge for merging attribute values of the samne ebjects. Con-
flict resolution is neglected.

Reference [1] extends the work [5] to handle inconsistent
non-key attributes. Key attribute values are still required
to be consistent. This work introduces the concept of flez-
ible relations to capture all possible inconsistent attribute
values. A query g against flexible relations is first trans-
formed into related subquery ¢° to each data source with all
conjunctive conditions in ¢ converted into disjunctive con-
ditions in ¢’. Subqueries results are then merged to evalu-
ate the original query condition in g to determine the set
of identities for the result. Identities are then utilized to
retrieve information from individual data sources in the sec-
ond round to get the final query result of g. Our push-down
approach differs from this'approach in the following aspects:
(1) We do not require consistent key or ID values. (2) We
have an algorithm to determine which condition can be and
should be pushed down to each individual (heterogeneous)




data source. {3) We “materialize” all candidate instances
before the final guery evalnation. The reasons why we need
a different condition push down strategy are because we do
not assume consistent identities, and because we have riclier
object-oriented view constructs and allow set comparisons
in query conditions.

An interesting reasoning approach for inter-database in-
stance identification has been proposed in [13]. This ap-
proach is then utilized to create a global 1D table in [14].
The ID talle contains all instances in loeal sources, which
is different from our approach of generating ID tables to
contain only matching objects. Conflicting information is
resolved using generalization. This approach only focuses
on the integration of particular instances, and does not ad-
dress the query processing issue.

Object-oriented views are used lo integrate heteroge-
neous databases in the ViewSystem [7]). This paper ad-
dresses only structure conflicts but not value conflicts, It
is proposed that if there are common instances in multiple
sources, then these comimon instances should be material-
ized and integrated before query processing. But in the
case of disjoint instances, query decomposition with condi-
tion push-down should be used. No performance studies are
conducted.

The TSIMMIS project [6, 11, 12| provides a mediator
mechanism for information integration. When integrating
similar or equivalent objects from two sources, this approach
does not require global 1D values or global 1D tables. How-
ever, when considering objects that appear in single source,
it still requires specified objeci ids to identify exported ob-
jects [11). Global views are constructed using a powerful but
complicated logic language. Because of the complexity, it is
more challenging to coptimize queries using this approach
when compared with ours, Partial values are not handled
by this spproach,

8  Conclusions

The contributions of this paper include:

o We proposed an easy and flexible view mechanism

for union information integration of multiple indepen- .

dently developed data sources. The approach does not
assume the existence of global ID values or ID tables.

= We presented a merge strategy and a condition push-
down strategy for query processing in such environ-
ment.

¢ We implemented a prototype and conducted perfor-
mance studies of the two proposed query processing
strategies, and identified factors that affect query per-
formance time. The push-down approach was shown
to outperform the merge approach in the case that all
data sources can perform certain condition evaluation
to filter out a large portions of non-qualified instances.

Future studies include: (1) to incorporate our view mech-
anism to existing work in object-oriented views, (2} to ex-
tend the subset of retrieval queries that can be supported,
and (3) to investigate further improvements to the condition
push-down query strategy.
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Please answer the following questions by referencing the attached article, Negotiation
Supports in a Commodity Trading Market.

1 (10%) What are the major contributions of this paper? Any application
litnitations?

2 (5%) Please describe the differences between the proposed TELCOT system and
the other systems mentioned in the paper.

3 (15%) Pleasc explain the rationales behind the design of the estimated offer price
and the quote change index,

4, 1fthe buyer's target price is lower than a seller’s bid price
which is lower than the current market quote, the esti-
mated offer price is between the buyer’s target price and
the quote price, That is, in the case of

F] 3

target, bid, quiote,

the estimated offer price is:

affery = \'11i1'1{rargetJr
g_changel’™ - (quote, — targety), bid;}.

The quote change index is

g_change,

=min

max{e_quote,, ~ targel,, 0} 1
quofe, — target, -

That is, if the estimated quote at ¢ + 1.is higher than the
quote at ¢, then the index is [; if the estimated quote
at 1+ I is lower than the buyer's target price, then it
is 0; otherwise, it is a ratio of the estimated quote-target
difference to the quote-target difference.

4 (10%) In section 3.2, a hierarchical constraint satisfaction approach is used for the
elicitation of preference on sellers. Please explain the implication denoted at the
end of section 3.2, which asserts that the buyer’s strategy to lower the target price
and negotiation offer prices as an effect does not guarantee better deals.

5 (10%) A buyer’s target price is the desired price of the buyer want to pay for the
product. It is subjective sometimes. Please propose a proper method to assist
the buyer in the determination of a reasonable target price and evaluate the

proposed approach in terms of its strengths and constraints.
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Abstract

Advanced electronic trading systems, such as the third
phase of the TELCOT system, provide a negotiation mech-
anism for traders. The pyrpose of such a negotiation mech-
anism is lo make the trading procedure more flexible. In
principle, an electronic trading system establishes an en-
virenment in which traders select their pariners based on
posted trading terms such as product bid/offer prices, prod-
uct attributes, and trading terms, Most trading systems,
including the first and the second phases of the TELCOT
system, assume that trading terms are fixed once they are
posted by traders. The third phase of the TELCOT system,
on the other hand, allows buyers to negotinte prices of sell-
ers’ products. As a result, the third phase of the TELCOT
system increases the total volume of products fraded in the
market, However, its negotiation capacity is resiricted in
that a buyer can extend only one counter-offer to a seller and
it does not provide any support functions such as the nego-
tiation price estimation, Assuming the improvement of the
third phase of the TELCOT system, we propose negotiation
support functions of the elicitation of a buyer's preference
on sellers and the estimation of negotiation prices. The
preference elicitation is based on hierarchical constraint
satisfaction, which is a technigue of multi-consiraint deci-
sion making. The negotiation price estimation function is
proposed as a function of a buyer's and seller’s price re-
guirements, and the market quote.

Keywords: Commodity Trading, Electronic Markeiplace,
Hierarchical Constraint Satisfaction, Negotiation Support

1. Introduction

An automated systemn serving as a trading intermedi-
ary in an electronic marketplace reduces traders’ costs of
searching for trading partners, and this reduction leads to
increases in the efficiency of trading transactions (Bakos,
1991). Such cost reduction and increases in the trading

transaction efficiency brought many forms of automated
trading systems (Malone, Yates, & Benjamin, 1987}, such
as the TELCOT system for cotton trading (Lindsey, Cheney,
Kasper, & Ives, 1990).

In comumodity trading, a trader acquires potential frading
partners’ information of the commmedity and decides trading
pariners in a certain time limit. In traditional trading of the
commodity with heterogeneous attributes, traders negetiate
over variable trading terms such as prices, delivery dates,
and payment terms. During a negotiation, a buyer and a
seller consider attributes of commodity, and bid/offer trad-
ing terims to the other. Anelectronic commodity trading sys-
tem, replicating the traditional commodity market, should
facilitate certain negotiation supporting mechanisms, For
instance, the third phase of the TELCOT system provides a
primitive form of negotiation environment, through which
a buyer can examine a seller’s posted information of the
commodity price and other atiributes, and offer a trading
price of the commedity.

An improved form of negotiation environment should
provide at least the market information and traders” prefer-
ence analyses fonctions (Robinson, 1997). Thatis, it should
help a trader retrieve information on potential trading part-
ners’ products and establish a preference order on them, so
that the trader can start negotiation with the most preferable
trading partner. In addition, a price determination function
would be desirable in such a negotiation environment. Yen,
Lee, and Bui (1996) propose such a negotiation support
environment in a trading system called the intelligent clear-
inghouse, After considering traders’ product and trading
constraints, it establishes a trader’s preference order on his
potential trading partners and proposes a negotiation price
in the middle point between the bid and the offer prices.
This negotiation procedureis performed from the market-
maker’s point of view. That is, the market-maker acts as a
arbiter reducing the gap of sellers and buyers’ conflicting
trading requirements.
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We propose, in this paper, a negotiation support environ-
ment for buyers, which can improve the third phase of the
TELCOT system. The negotiation price suggestion mech-
anism is more sophisticated, which is based on not only
buyers’ and sellers’ price constraints but also the current
market quote and the quote changes. A buyer’s preference
ordering on sellers is considered as a hierarchical constraint
satisfaction problem (Wilson & Boming, 1993). The goal
of the proposed negotiation support environment is to facil-
itate buyers with a flexible trading market and to improve
the effectiveness of the market.

Oliver (1996) proposes sixteen types of electronic com-
merce systems, which are classified by factors of negotia-
tion vs. non-negotiation, system autonomy, the mumber of
parties under consideration in trading pariner selection, and
the number of issues, i.e., attributes considered in trading
partner selection. The negotiation support environment of
this papers assumes that the trading market allows negoti-
ation of trading terms of price, product delivery terms, etc.
The system itself does not make binding offers; it supports
traders to conduct negotiation during the process of {rad-
ing partner selection. That is, the system does not have
an zutomated negotiation capability. Each trader evaluates
more than one potential trading partners. Thus, the trading
partner selection is a muitilateral matching process. Even
though we focus on the negotiation of price, we do not ex-
clude the possibility of negotiation of other trading terms.
The proposed negotiation support environment, therefore,
corresponds to Oliver’s category of multilateral and multi-
issue negotiation systems without autonomous negotiation
decision capabilities.

2, TELCOT and negotiation support systems

TELCOT is a computer-based real-time cotton trading
system which is developed by Plains Cotton Cooperative
" Association (Lindsey et al., 1990). There are three phases
of trading provided by the TELCOT system. The first phase
with regular offers collects buyers’ bids for 15 minutes and
selects a highest bidder whose price is not lower than the
lowest price requested by sellers. This phase is a replica of
floor trading of stocks. The second phase with firm offers
improves the first phase by allowing a selier to offer a firm
ask price, which is analogous to a sell offer in stock mar-
kets. The firm ask price remains until the seller’s products
are sold or the seller withdraws it. A buyer who accepts the
seller’s firm ask price first is selected as the trading parner.
The third phase of the TELCOT system supports a
counter-offer function, through which a buyer can notify
a seller an offer price based on the seller’s requested price.
Thanks to its negotiation capacity, this counter-offer func-
tion has gained popularity among buyers. Its main advan-
tage is the flexibility in trading agreement that increases the

trading volume significantly; that is, a counter-offer may
result in trading that otherwise would not occur in the sec-
ond phase with firm offers (Lindsey et al., 1920). However,
its negotiation capacity is limited in that upon a buyer’s
counter-offer, the seller must either accept or reject, but he
is not allowed to propose a further counter-offer to the buyer.

Even though the third phase of TELCOT significantly
improves the previous phases by facilitating a real-time ne-
gotiation environment, its supporting capacity is very primi-
tive. It provides an interactive system through which buyers
can collect market information and propose counter-offer
prices to sellers. However, it does not provide any func-
tion for buyers to establish prefererice orders on sellers.
Further, it does not support buyers in the determination of
counter-offer prices of sellers’ products. It is vp to individ-

. ual buyers to analyze market information, select sellers to

negotiate with, and determine negotiation prices.

Yen et al’s (1996) intelligent cleatinghouse is a bro-
kerage system that facilitates negotiation functions from
the market-maker’s point of view. It assumes that both
sellers and buyers post their buy and sell orders. With a
certain protocol, it matches traders based on their posted
trading requirements such as bid and offer prices. When
there are traders who fail to find their trading partners, the
clearinghouse determines pairs of traders if some minimal
changes in their trading requirements would satisfy each
other. Then, it suggests specific trading terms to both par-
ties so that their frading requirements would agree. For
instance, when the discrepancy between the sell and buy
orders is due to their bid and ask price difference, it pro-
poses a negotiation price at the middle point between the
two prices,

The intelligent clearinghouse has a market structure that
is different from the third phase of the TELCOT system.
The TELCOT system acts as a marketplace-provider, It is
mainly a buyer who finds his trading pariners. If the buyer
does not agree on a specific seller’s posted price, the system
provides a channel for the buyer’s counter-offer and the
seller’s response. However, the intelligent clearinghouse
acts as a match-maker who determines trading pariners of
buyers and sellers if their trading terms are agreeable. Oth-
erwise, it arbitrate between buyers and seflers in their dis-
crepancy in trading terms.

The third phase of the TELCOT system and the intel-
ligent clearinghouse provide negotiation support environ-
ments that establish on-line channels for negotiation or sup-
ply and analyze negotiation information. Their main goals
are not the automation of negotiation, but the increase of
trading effectiveness or productivity by supporting humans
in contracting and trading sitvations.

There is another stream of research on negotiation sup-
port systems in electronic commerce, which aims at anto-
mated negotiation, corresponding to Oliver’s (1996) elec-
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o = seller:offer
t4 = buyer:counter-offer

ty = seller:revoke
ts = buyer:revoke
t3 = scller:counter-offer 1y = seller:revoke

t; = buyer:reject
15 = seller:reject
tig = buyer:reject

t3 = buyer:accept
t7 = seller:accept
11 = buyer:accept

P1,ps5,ps =no trading  p3, py = trading with seller price  pg = trading with buyer price

Figure 1. Trading negotiation procedure

tronic commerce systems with intelligent autonomous ne-
gotiation agents. Beam and Segev (1997) further classify
them into two types: one with learning capabilities and the
other without leaming capabilities. An automated negotia-
tion support system without learning capabilities has intel-
ligent artificial negotiation agents which have a knowledge-
base with negotiation strategies programmed by human ne-
gotiation experts, In an automated negotiation support sys-
tem with learning capabilities, intelligent artificial nego-
tiation agents have machining leaming capabilities, often
without initial knowledge of negotiation strategies. They
build negotiation strategy knowledge through training or
actual negotiation sessions.

Chavez and Maes’s (1996) Kasbah is an agent-based
negotiation ¢nvironment for trading without learning ca-
pabilities, which autonomously performs negotiation and
determines trading partners based on buyers’ and sellers’
negotiation strategies programmed to it. Dworman, Kim-
brough, and Laing (1996) and Oliver (1997) present more
advanced intelligent antonomous negotiation agents based
on genetic algorithms with leamning capabilities.

In the following section, we propose a negotiation sup-
port environment in a TELCOT-like trading market. We
do not purport to develop an automated negotiation support
system like Dworman et al’s (1996) and Oliver’s (1997}
systems; instead, we propose a few functions, e.g., negotia-
tion price determination and evaluation of potential trading
partners, crucial for negotiations in electronic marketplaces,
which are similar to two of the three main features of the
Kasbah negotiation agent system. The proposed negotiation
support environment corresponds to a multilateral negoti-
ation support system without an autonomous negotiation

decision capability in Oliver’s (1996) framework for elec-
tronic commerce systems. Nevertheless, we expect that
such additions to systems like TELCOT will contribute to
the increase in trading effectiveness.

3. Negotiation support functions

In traditional trading, negotiation starts with a seller’s
offer to sell his products under certain trading terms such as
a price. Upon a seller’s offer, a buyer either accepts the of-
fer, rejects the offer, or proposes a counter-offer, unless the
seller revokes the offer; upon the buyer's counter-offer, the
seller either accepts the counter-offer, rejects the counter-
offer, or proposes a further counter-offer, unless the buyer
revokes the counter-offer; and so on. This typical trading
negotiation is illustrated in the Petrinet of Figure 1 (in which
circle nodes labeled by px denote states of affairs, or trading
situations at specific moments, bar nodes labeled by # de-
note traders” actions and responses that change trading sit-
uations, and directed arcs denote pre- and post-conditions
of actions.)

In a commodity trading market, sellers’ initial offers are
made by posting their price requirements and commodity
attributes. If we consider the trading negotiation procedure
of Figure 1 in a commodity trading market, py is the initial
market situation to sellers who enter the market. From py,
a new state py is reached when a seller posts his product
and trading attributes (#). The state py is the initial market
situation to a buyer who enters the market, At that situa-
tion, the public information on sellers’ products is available
to the buyer. The negotiation support environment, then,
estimates the buyer’s counter-offer prices (i.e., negotiation
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offer prices} of outstanding sellers and establishes a pref-
erence order on sellers’ products, Note that the estimation
of negotiation offer prices is performed before the prefer-
ence ordering on sellers’ products. Thatis, inthe preference
elicitation, the negotiation support environment uses the es-
timated negotiation offer prices, instead of sellers’ posted
prices of products,

As the result of the preference ordering, the buyer selects
sellers for trading or negotiations. At pj, the buyer can take
one of three actions for each of the outstanding sellers, un-
less the seller has revoked his initial offer; e.g., to reject a
specific sellet’s terms (#2) by not responding to the seller if
the seller is not selected, to accept a specific seller’s terms
(£3) if the seller is selected and his offer price is acceptable
without further negotiation, or to extend an offer to buy to
the seller (t4) with terms and an offer price that the buyer
determines based on the suggested negotiation offer price,
if the seller is selected and his offer price is to be negotiated.
When the buyer extends an offer to the seller (p4), now, it
is up to the seller who can either reject the buyer’s counter-
offer (fs), accept it (#;), or extend a further counter-offer to
the buyer {fg), unless the buyer has revoked his offer to the
seller, Upon the seller’s counter-offer (p7), the buyer has
the same options to respond.

In the course of the trading negotiation procedure in a
trading market, the proposed negotiation environment pro-
vides two functions: (1) the estimation or suggestion of
negotiation offer prices and (2) the elicitation of preference
on sellers’ products from sellers’ product and trading at-
tributes and a buyer’s trading constraints, In the following
sections, these two functions are described in detail.

3.1. Estimation of negotiation offer prices

Yen et al’s (1996) intelligent clearinghouse system es-
timates a negotiation price in the middle point between a
seller’s bid price and a buyer’s offer price, when the of-
fer price is lower than the bid price. Chavez and Maes’s
(1996) Kasbah negotiation agent system has a more sophis-
ticated negotiation price estimation function, which is based
on buyers’ and sellers’ range of trading prices, that is, those
between a desired price and a highest (or lowest) acceptable
price. Still, the negotiation price estimation is a function of
buyers’ and sellers’ prices. In this paper, however, we view
that a negotiation price { offer;,) offered by buyer j to seller i
at time ¢ depends not only on the seller i’s bid price (bid})
and the buyer j’s target price (fargey;) but also the market
quote at ¢ {quore,) and the quote change (g_change,).

Buyer j's target price is a price of commodity that j sub-
jectively considers is reasonable. It correspondsto.abuyer’s
desired price (i.e., “what the user wants to pay for the good™)
of the Kasbah negotiation agent system (Chavez & Maes,
1996). On the other hand, a buyer’s price constraint, which

is used in the ¢licitation of preference on sellers, contains a
price comresponding to the buyer's highest acceptable price
(i.e., “the highest price the user is willing to pay for the
good™) of the Kasbah negotiation agent system, The major
difference between the target price and the desired price of
Kasbah is: the target price is one of factors for the esti-
mation of the negotiation offer price, which is to be close
to the target price, on the other hand, the desired price is
the lower boundary (and the highest acceptable price the
upper boundary) of the negotiation offer prices. That is,
the target price is not necessarily the lower boundary of the
negotiation offer prices.

The quote change is expressed by an index between 0
and I, measuring the historical movement of quotes in the
market. It is determined from each seller’s bid price, the
buyer’s target price, and the estimated quote in the future
{e_quote,,,) obtained through a time series analysis on past
quotes. The details of the estimation of negotiation offer
prices are as follows.

1. If a seller’s bid price is lower than both the buyer’s tar-
get price and the current market quote, then the estimated
negotiation price is the seller’s bid price. That is, in the
case of

k-

¥ }
bid; target;

]

]
quote,

LY
rd

or

& [} L] LY
T I ¥
bid; quote, target;
where the ‘%" mark indicates an approximate position
for the estimated price, the estimated offer price is:

offery, = bid;.

Note that a negotiation offer price must not be suggested
higher than the seller’s bid price, because we can hardly
imagine any trading situation in which a buyer pays more
than what a seller is asking for. If the suggested nego-
tiation offer price equals to the seller’s bid price, there
is no need for negotiation; the buyer can buy the seller’s
product at the seller’s bid price.

2. If a seller’s bid price is lower than a buyer’s target price
but higher than the current market quote, then the esti-
mated offer price is between the current quote and the
seller’s bid price. That is, in the case of

T
targel;

] V] (]
T 1
quore, b[d,
the estimated offer price is:

v

offery, = quote, + q_,change,’" ® - (bid, — quote,).
The quote change index is
g_change,

- min max{e_quote , — quote,, 0} 1
bid, — quote,
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That is, if the estimated quote at ¢, is higher than the
scller’s bid price, then the index is !; if the estimated
guote at #; is lower than the quote at f then it is 0; other-
wise, it is a ratio of the quote difference to the quote-bid
difference. The parameter & > 0 measures the buyer’s
urgency.

. Ifthe buyer’s target price is higher than the current quote
but lower than a seller’s bid, then the estimated offer
price is between the current quote and the buyer’s target
price. That is, in the case of

3 [ ¥
quote, targel; bid;

W

the estimated offer price is:
offery, = quote, + q__change}"“ *{target; — quote,).
The quote change index is

g_change,

 min {max{ e_quote,, — quote,, 0} ’ ]}‘
target, — quote,

That is, if the estimated quote at ¢ + 1 is higher than

the buyer’s target price, then the index is 1; if the esti-

mated quote at ¢ + 1 is lower than the quote at ¢ then it

is 0; otherwise, it is a ratio of the quote difference to the

quote-target difference.

. Ifthe buyer’s target price is lower than a seller’s bid price
which is lower than the current market quote, the esti-
mated offer price is between the buyer’s target price and
the quote price. That is, in the case of

1 £ 1 ! LY

raréetj bid; qm')le,

the estimated offer price is;

offery, = min{target;

+q_change}”® - (quote, - target)), bid;}.

The quote change index is

q_change,

max{e_guote,,, — target,, 0
= min {e_g 1+l rgei, }’1 )
quote, — target,

That is, if the estimated quote at £+ | is higher than the
quote at ¢, then the index is 1; if the estimated quote
at ¢+ 1 is lower than the buyer’s target price, then it
is 0; otherwise, it is a ratio of the estimated quote-target
difference to the quote-target difference.

5. Ifthe buyer's target price is lower than the current quote
which is lower than a selier’s bid price, then the esti-
mated offer price is between the buyer's tarpet price and
the seller’s bid price. More specifically, if the current
quote is rising, it is between the quote and the seller’s
bid price; if the current quote is dropping, it is between
the target price and the quote, That is, in the case of

{q__change i< O.S)I(q_c}range,- z 0.52

target, guote, bid,
the estimated offer price is
offery, = target,
+(2 - g_change )= - (quote, —target)),
if g_change, < 0.5; otherwise,
offery, = quote,
+[2 - (q_change, — 0.5)]= - (bid; - quote,).
The quote change index is

max{e_guote,, — target,, 0}
quote, ~ target,

g_change, = 0.5 -
if e_guote,,, < quote,; otherwise,

q_change,

= 0.5 - min m, 12+ 05
bid; — quote,

When the estimated quote at £+ is higher than the quote
at £: if the estimated quote at #+1 is lower than the buyer’s
target price, then the index is 0; otherwise, it is a ratio of
the estimated quote-target difference to the quote-target
difference. When the estimated quote at ¢+ 1 is higher
than the quote at #: if the estimated quote at -+ 1 is higher
than the seller’s bid price, then the index is 1; otherwise,
it is a ratio of the quote difference to the gquote-target
difference. ’

As noted previously, the future quote, a key factor in
the determination of negotiation prices, is to be estimated
through a time serious analysis. Since #e are estimating the
quote in the near future, it is desirable to apply techniques
of exponential smoothing in order to place more weights on
recent quote data. Among the components of the time se-
ries analysis, the irregular component may contain net only
the well-behaved white noise but also the ill-behaved pink
noise. In the time series ahalysis, the pink noise, which
typically has big deviations, must be excluded. However,
due to the effect of the pink noise, the current quote may
be severely overstated or understated. Thus, for quote, in
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the above methods to determine negotiation prices, instead
of using the actual quote at ¢, we may use the quote value
at ¢ determined by the curve obtained as the result of the
time series analysis. When the deviation of the white noise
is substantially big, it will also eliminate the effect of the
white noise.

3.2. Elicitation of preference on seliers

Assume a set of sellers, in which seller i is character-
ized by n product attributes a1, 443, ..., and a;, posted
in the trading market or determined by the previous ne-
gotiation price estimation methods. Let x; be a vari-
able for a product attribute over the domain of D;. A
buyer’s arithmetic constraint is an expression of ‘x; = 4°,
‘ry & d°, or “xp = d°, where x; is over a numeric do-
main Dy. The function e(c,i) for a constraint ¢ and a
seller i measures the degree of the satisfaction of the con-
straint ¢ by atiributes of the seller i's product. That is,
e(xg = d, i) = |d — a4, e(xx S d,i) = max{a;; - d,0}, and
e(xy = d,i) = max{d — a;4,0}. A Boolean constraint is
either x, = d or x; # d, where x; is over a non-numeric do-
main Dy, A Boolean constraint is evaluated in such a way
that e(dy = d,i) = 0 if a;; = d; otherwise, e(dy = d, 7} = 1;
ande(de 2 d, N =1—e(dy = d, ).

Suppose the buyer has a set C of constraints that are hi-
erarchically organized by the importance of constraint sat-
isfaction (Wilson & Borning, 1993). That is, the set C of
constraint is partitioned to Mg = {x, ma, ..., 7}, such that
the satisfaction of constraints in m: is more important than
the satisfaction of constraints in mp ifand only if k < ¥'.

It is reguired that the buyer specifies a price constraint.
The product constraint has an upper-bound price, which the
buyer is willing to pay for products. In general, it is not
lower than the target price that was used to estimate the ne-
gotiation offer price in the previous section. The price con-
straint is on a negotiation offer price, not on a seller’s bid
ptice, because the actual trading price is negotiable. Thus,
a buyer’s preference ordering on sellers is in part based on
the potential trading prices, not on sellers’ bids.

If the buyer’s constraints are linearly ordered, that is,
every = is a singleton set, we can use a simple pairwise
lexicographic comparison (Wright, 1975) to determine the
preference on sellers. That is, a seller { is preferred to an-
other seller ¢ if for some k < m,

e(cy, i) < e(cy, i’) and
e(ey, i) = e(ey, 1) forevery I < L.

In general, however, we must have an aggregation operator
{Wilson & Borning, 1993) or utility function (French, 1988;
Roberts, 1979) oy for each m, in order to define:

E(m, iy = ai({e(c1, i), elca, ), ... ., e{cp, D)}),

where m = {cy,¢1,...,6,}. Then, a seller i is preferred to
another seller i if for some k < m,

E(m, ) < E(m, i) and
E(m, i) = E{(m,i") forevery [ < k.

In the initial elicitation of the preference on sellers, the
estimated negotiation offer price for each seller {or an offer

. price that the buyer determines based on the estimated ne-

gotiation offer price) is evaluated against the buyer’s price
constraint. Upon a seller’s counter-offer, the buyer has two
options. First, he can consider the seller’s counter-offer
price as a fimn price and re-elicit the preference on sellers
based on the evaluation of the counter-offer price against the
buyer’s price constraint. Second, he can increase the target
price for the seller, re-estimate the negotiation offer price
for the seller, and then re-elicit the preference on sellers.
When the negotiation offer price was higher than the origi-
nal target price, the new target price for the seller would be
between the negotiation offer price and the original target
price. :

The above negotiation offer price estimation and prefer-
ence elicitation methods restrict the use of a seller’s simple
strategy of bidding as high as possible and a buyer’s corre-
sponding strategy of setting the target price and the highest
acceptable price as low as possible. With all other factors
remaining the same, the estimated negotiation offer price
for a seller will not be lower than those for sellers with
lower bid prices. This does not support sellers’ strategy of
inflating bid prices. However, if the negotiation offer price
for a seller is estimated higher due to his high bid price, he
will be evaluated lower in a buyer’s preference ordering on
selters. Thus, he has smaller change to receive offers from
buyers.

With all other factors remaining the same, a buyer with
a lower target price will estimated negotiation offer prices
that are not higher than those with'a higher target price.
Since it is a multilateral trading situation and thus there is a
competition among buyers, however, with low negotiation
offer prices, his chance to succeed in transaction becomes
low. This implies that the buyer’s strategy to lower the tar-
get prices and negotiation offer prices as an effect does not
guarantee better deals.

3.3. An example

Assume that sellers are to post the product price, fiber
length, and color in a cotton trading market. The the
color attribute is measured by a real number between 0
and | denoting the gray scdle based on the market's color
specification standards. Suppose there exist three sell or-
ders: 5 = (330.20,12,0.5), 52 = ($31.50,13,0.7), and
s3 = ($31.30,11,0.6). Let the buyer’s target price be
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Figure 2. Negofiation Support Functions

329.15, the current quote $31.10, and the quote change
index 0.6, Further assume the buyer urgency index is 1.
Then, the estimated negotiation offer prices are

o1 =min{29.15 + 0.6 - (31.10 - 30.20), 30.20}

=min{29.42,30.20}
=29.69,

02 = 311042 (0.6-0.5)- (31.50-31.10)
=31.18,

and
03 =3L10+2-(0.6-0.5)-(31.30-31.10)
=3]1.14,

respectively.

Suppose the buyer has a price constraint of ‘x, £ 31.15°,
which is the most important, a color constraintof * x3 2 0.6°,
and a fiber length constraint of ‘x; 2 13°, which is the least
important. By the price constraint, 5| and 5, are preferred
to 59. By the color constraint, sy is preferred to ;. Thus,
53 is selected as the seller to be negotiated with. Upon the
buyer’s offer to buy s3°s product at the price of $31.14, sup-
pose 53 extends a counter-offer with the price of $31.16. The
buyer considers it as the seller’s firm price. Now, among
the three sellers, sy is the most preferable. Thus, the buyer
extends an offer to buy s, ’s product at the price of $29.69.
Upen the seller’s acceptance of the price, the buyer’s search
for his trading partner succeeds.

3.4. Lxtensions

So far, we have presented a negotiation support environ-
ment for buyers with functions of negotiation offer price
estimation and elicitation of preference on sellers. In this

section, we sketch a few on-going research subjects, which
extend the proposed negotiation support environment.

The buyer’s target price is one of factors governing the
estimation of negotiation offer prices. We viewed that the
target price is a price that the buyer subjectively consid-
ers as a fair price of sellers’ products, corresponding to a
buyer’s desired price of the Kasbah negotiation agent sys-
tem {Chavez & Maes, 1996). If the target price is nnreason-
ably too low, the estimated negotiation offer price may be
also very low and the buyer has a bigger chance to fail the
negotiation. Thus, it would be desirable for the negotiation
support function to assist the buyer in the determination
of a reasonable target price. This is an issue that will be
addressed in the foture extension of the paper.

In the elicitation of preference on sellers, a buyer’s ne-
gotiation offer prices, instead of sellers’ posted or counter-
offered prices, are considered. One drawback is that, in
principle, negotiation prices for all sellers must be esti-
mated, and it will cause a computational overhead, How-
ever, certain heuristics can reduce the number of sellers
for whom the negotiation offer prices are to be estimated.
For instance, if a scller has non-price requirements or con-
straints that must be satisfied, their satisfaction will reduce
the number of sellers under negotiation considerations. We
are currently investigating such heuristics. '

In addition to the estimation of negotiation offer prices,
there is another important issue, which buyers might expect
the negotiation support environment to help determine, In-
titively, if the market quotes are expected to decrease con-
tinuously, a buyer may postpone negotiation. However,
since the trading market uider consideration is a multi-
lateral, instead of bilateral, commodity market, buyers are
competing. This implies that a buyer looking for some spe-
cific buyers’ products cannot wait for a long time. That s, if
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abuyer waits more, he may have a better deal; but his chance
to have the deal decreases. Another reason supporting our
conjecture of the decreasing chance of the buyer’s success-
ful trading is that sellers may want to sell their products as
quickly as possible when the market quotes are expected to
decrease continuously.

If the buyer knows the probabilites of successful trading
negotiation with specific negotiation offer prices at specific
negotiation time points, he may determine an optimal nego-
tiation time. As such information is not easily available, we
might build a model with the probabilities that sellers are
available at specific time points. That is, an approximate
model to determine the negotiation time point ¢ for the most
preferable seller would be py - (—m,) = maxer ip, (7—m)},
where p, is the probability that the seller is available at ¢,
# is the upper-bound price that the buyer is willing to pay,
m, is the offer price for the negotiation at ¢, and T is a time
span under consideration.

4. Concluding remarks

Negotiation support functions in a trading market can in-
crease the total volume of the traded products by reducing
the discrepancy in trading requiretnents of buyers and sell-
ers who otherwise would not successfully find their trading
partners. The third phase of the TELCOT system, aiming at
this purpose, introduced a form of negotiation environment.
However, its negotiation capacity is restricted in that a buyer
can extend only one counter-offer to a seller and it does not
provide any support functions such as the negotiation price
estimation. Assuming the improvement of the third phase
of the TELCOT system, we proposed a negotiation support
environment, which corresponds to a multilateral and multi-
issue negotiation support system without an autonomous or
automated negotiation decision capability in Oliver’s (1996)
framework for electronic commerce systems, even though
only the issue of price was explicitly addressed in the paper.
Features the proposed negotiation support environment are
summarized in Figure 2.

It provides process functions of the estimation of negoti-
ation prices, the selection of a negotiation party through the
elicitation of a buyer’s preference on sellers, and the on-line
communication with the selected negotiation party, corre-
sponding to the key negotiation activities of the Kasbah
negotiation agent system (Chavez & Maes, 1996). Among
these three functions, first two are addressed in the paper,
The negotiation support functions utilize the publicly avail-
able information such as the price quotes in the market and
setlers’ posted trading terms including product attributes
. and prices, and individual buyers’ private data. Individ-
ual buyers' private data include their trading requirements
or constraints and trading terms counter-offered by sellers,
which override the posted terms. "The second type of pri-

vate data occurs in the course of a buyer’s negotiation with
a seller. For instance, suppose that upon a seller’s posted
price of $31.30, a buyer negotiates with the seller with a
price of $31.14; next, the seller counter-offers with a price
of $31.20. Then, the seller’s counter-offer price of $31.20
becomes the buyer’s private datum, which overrides the
seller’s originally posed price of $31.30 in the further ne-
gotiation,

The negotiation price estimation function is proposed as
a function of a buyer’s and a seller’s price requirements,
and the market quote. In the estimation of negotiation offer
prices, the market quote change plays an important role.
For instance, when the buyer’s target price is lower than the
quote but the seller’s bid price is higher that the quote, if
the market quote is decreasing, the negotiation offer price
is estimated to be between the buyer’s target price and the
current quote; if the market quote is increasing, it is esti-
mated to be between the current quote and the seller’s bid
price. The preference elicitation is viewed as a problem of
hierarchical constraint satisfaction, which is a technique of
multi-constraint decision making.

In order to verify the usability of the proposed negotia-
tion support environment, we plan to perform simulations
on three different settings: the secend phase of the TELCOT
systern with firm (i.e., non-negotiable) offers of sellers, the
third phase of the TELCOT system with one round of buy-
ers’ counter-offers, and the proposed negotiation sapport
environment allowing interactive negotiation sessions be-
tween buyers and sellers. The goal of the simulations is
to show that the proposed negotiation support environment
increases the total volume of products traded in the mar-
ket. That is, the use of the negotiation support environment
would help traders find their trading partners; but without it
they would fail to trade.
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