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Abstract

The Internet and the World Wide Web provide a global
virtual marketplace. However, there is little information
about the behavior of e-commerce users worldwide. The
goal of the paper is twofold. First, we give an overview
of the architecture and implementation of the Miner Family
of Web Agents for e-commerce. Then, we present a quan-
titative study of the user behavior of a large e-broker (i.e.,
the BookMiner). Considering that the e-broker is used by
a large number of users that only speak Portuguese and
live in Brazil, we discuss the influence of regional and cul-
tural issues on the e-commerce activities. Although the Web
opens a company to a global market, our findings clearly
indicate that e-commerce is strongly tied to regional issues,
such as language, national customs and regulations, cur-
rency conversion and logistics. Also, the Internet infras-
tructure, mainly the intercontinental links, affects the user
behavior.

1 Introduction

Web-based electronic markets are adequate for
information-based products (e.g., news, software, fi-
nancial services, ticketing services) and also for order
retailing of some non-digital products such as books, CDs,
flowers, cars, among others. More and more companies
around the world are creating e-commerce sites that support
lists of products and/or services, price information, and
commercial transactions. As a consequence, the amount
of available information and the number of potential
customers in the Web is growing very rapidly [13].
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Though useful information may exist somewhere, it is
not always easy to find what a user is looking for on the
Web. Since the Web is large and growing exponentially,
it is impractical to exhaustively browse the Web looking
for products and services. Therefore, one of the biggest
challenges faced by electronic customers is the information
overload, that hampers the growth of the online buying pro-
cess. Although there are several different models for rep-
resenting e-customer behavior, there exist some basic steps
that are shared by most models [9], such as: need identi-
fication, product search, merchant search, negotiation, pur-
chase and delivery, and product service and evaluation. In
order to boost e-commerce activities, tools and services are
needed to help customers in each of these basic steps. Two
classes of services have been particularly useful for Web
customers: (i)search enginesanddirectories, and (ii) elec-
tronic brokers (e-brokers).

Large-scalesearch enginestry to be comprehensive and
any search usually returns many of related and unrelated
information as a result of a user query. Most search en-
gines are robot-based and index the whole Web as a full-
text database. Robots [10, 12, 17] are software programs
that traverse the Web collecting new or updated pages and
sending them to a server where they are indexed. The in-
dex is used to answer queries submitted from anywhere in
the Internet. According to a recent study [13], the number
of Web pages is estimated from 200 to 320 million. The
same study says that the largest search engines in Web cov-
erage are Hotbot, AltaVista, Northern Light, Excite, Infos-
eek, and Lycos, and the percentage of the Web indexed by
those search services varies from 3% (Lycos) to 34% (Hot-
bot). A different study [6] says that the coverage of the Web
by the larger search engines ranges from 28% to 55%. The
main problems of search engines are high volume of data,
recollection of data because of the dynamic nature of the
Web, saturated communication links, and overloaded Web
servers.

On the other hand, high quality human maintaineddi-



rectoriescover popular topics effectively, being able to fo-
cus a search in smaller collections of Web site descriptions.
Directories are hierarchical taxonomies of classified human
knowledge. The best example of human maintained index is
Yahoo. The main advantage of directories is that the answer
to a query is useful, in most cases. The main drawbacks
stem from the fact that they are not specialized enough, and
in many cases they cover a very small portion of the index-
able pages on the Web. Directories also are slow to improve
and expensive to build and maintain.

Therefore, the key issue continues to be where a piece of
information is available in the Web. As a result,e-brokers
have been developed to help users to find information, prod-
ucts and merchants. A broker is a party which mediates be-
tween buyers and sellers in a marketplace [15]. E-brokers
can search for products, and retrieve information to help
a customer to determine what to buy. E-brokers can also
look for merchant-specific information (e.g., price) to help
a customer decides whom to buy from. Basically, e-brokers
can be viewed as search engines that specializes in specific
topics. For example, a bargain broker searches the Web for
price and characteristics of products, summarizes the results
and presents them to the user. In another example, a broker
could search in the e-catalog of many suppliers, which are
registered with the broker, and try to match product specifi-
cation and negotiation requirements.

The Miner Family of Web agents [5] is both a search-
ing utility and a electronic catalog, that also provides bro-
kerage services. The Miner Family were developed mainly
for Portuguese language-based services. The search util-
ity services provided by the Miner Family include: (1)
MetaMiner, metasearch engine that uses Brazilian and inter-
national search engines, (2) DoctorMiner, that searches for
information on several sites containing medical and odon-
tological references, (3) SoftMiner, that searches for soft-
ware in freeware and shareware sites, and just released (4)
JavaMiner, that searches for technical information about
Java language, and (5) PeopleMiner, that searches for peo-
ple on the Internet. The search engine service includes (6)
NewsMiner, that collects news from Brazilian newspapers,
leaving them daily available for the Internet community.
Brokerage services include: (7) BookMiner, that searches
for books in registered Brazilian and international book-
stores to match user’s specification and (8) CDMiner, that
searches for musical titles in Brazilian and international mu-
sicstores to find the user’s preferences.

A portal is a site that brings together a variety of content
and services in one area and attracts a large number of vis-
itors. The idea is to become a single best starting place for
as many users as possible. In Brazil, the largest Web site
is UOL [7], which is shaping itself as a portal. UOL is a
Brazilian site that brings together a variety of content and
services in different areas. UOL acts both as a content and

service provider offering more than 53 Brazilian magazines,
21 international magazines, 59 Brazilian newspapers and 31
international newspapers. UOL also offer several services,
including hundreds of chat rooms that topped 12,000 peo-
ple, more than 400 product sites, and RadarUOL, a search
engine powered by Inktomi [3]. UOL topped 12 million
page views in one day, being one of the largest non-English
content provider in the world. The Miner Family has a part-
nership deal with UOL and is one of the services offered at
the UOL site. This rich environment provided us part of the
data used in this paper.

The goal of the paper is twofold. First, we give an
overview of the Miner Family architecture and implementa-
tion and point out the differences with existing similar ser-
vices (e.g. Junglee, Express, and Jango). Then, we present
a quantitative study of the user behavior of a large e-broker.
Considering that the e-broker is used by a large number
of users that only speak Portuguese and live in Brazil, we
discuss the influence of regional and cultural issues on e-
commerce activities. In order to do that, the paper is orga-
nized as follows. Section 2 presents the architecture of a
non-English e-broker, named ”The Miner Family” and dis-
cusses its design rationale and components. Section 3 char-
acterizes the workload of a brokerage service (i.e., Book-
Miner) of the Miner Family. We present figures that indi-
cate the level of activity of the e-broker and show a model
of the customer behavior. To conclude, Section 4 points
out some evidences that shows the influence of regional and
cultural issues, language in particular, on the quantitative
results presented in the paper.

2 Architecture of the Miner Framework

The Miner family of Web agents [5] is a set of tools
whose main objective is to help people to find informa-
tion on the Web. The main idea is to bring multiple search
and information sources together in one place. The search-
ing is performed by agents working in parallel, just like
metasearchers [16, 11] that use several search engines si-
multaneously, collecting answers and unifying them. The
information may be a price of a book, a new musical re-
lease, a freeware or a shareware software, daily news, or
any document available on the Web.

The Miner Family was written in Java language and
comprises about 23,000 lines of code that run on a Netscape
Enterprise Server, and the host platform is a SUN Ultra
running Solaris 2.6. The code was implemented emphasiz-
ing greater reusability and easier maintenance and is struc-
tured into four levels: (1) general library, (2) middleware (e-
commerce, search utilities, and search engines), (3) agents,
and (4) user’s interface. Figure 1 depicts each of these lev-
els, which are explained in detail in the next paragraphs.

The general library contains several functionalities that
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are used by the upper levels, such as handlers (HTTP, cook-
ies, tickets), query caching (for breaking results among
pages), data fusion and interface widgets. It corresponds
to 25% of the Miner code. The functions and primitives
for each of the types of services offered by the Family
are implemented in the middleware level, and each of the
three services comprises about 2,000 lines of code. The e-
commerce code contains classes that abstract goods’ char-
acteristics and interface with the stores that sell them. Simi-
larly, the search utilities code contains functions that handle
searches in each of the types of sites (software, people, and
general) and the respective object classes. The search en-
gines code implements procedures for information manage-
ment, connection handling , and bots’ navigation control.
The ethic of bots [12] is also enforced by the procedures of
the search engines. The agents for the various sites that are
queried comprise 3,000 lines of code total. Among other
tasks, these classes store details about site handling, data
filtering, and structure of HTML data. Finally, the interface
code (7,000 lines) implements all the HTML forms for the
queries and the formatting of their results.

By using this structure, the implementation of new Fam-
ily members becomes trivial. A new search utility, querying
ten different sites would require only about 500 new lines
of code. As a example, the implementation of the mem-
ber JavaMiner, which searches for articles on the Java lan-
guage, cost 16 man-hour and was made available in less
than a week after conception.

2.1 Components and Services

All members of the Miner Family work similarly and the
main steps to answer a query are depicted in Figure 2. Each
query task can be divided into five main steps, as follows:
(1) a user submits a query; (2) the Miner server gets the
query and dispatch its agents; (3) each agent queries its tar-
get engine, store, or site; (4) each agent receives and parses
the query results; and (5) the server unifies, formats, and
sends the results to the user.

Currently the Miner family has eight members, divided
into three groups: (1) search utilities (MetaMiner, Doc-
torMiner, SoftMiner, JavaMiner, PeopleMiner), (2) search
engines (NewsMiner), and (3) e-commerce (CDMiner and
BookMiner). Table 1 presents description of each member
concerning its target (e.g., search engines, stores, etc.) and
the number of registered sites for each member.

Member Target #Sites
MetaMiner search engines 13
DoctorMiner medical and odontological 17
NewsMiner newspapers 13
BookMiner bookstores 16
CDMiner musicstores 13
SoftMiner software 10
PeopleMiner people 7
JavaMiner Java language 5

Table 1. Members of the Miner Family



2.2 Related Work

There are related works in this area. They are new and
change a lot in short periods of time. Excite has a shop-
ping guide to find products and prices on the Web, which
is called ProductFinder and is powered by Jango [4]. Jun-
glee has developed a technology which aggregates infor-
mation and prices for merchandise sold on the Web, en-
abling consumers to compare and shop for online products.
Their technology was used by Yahoo at the time the ex-
periments presented below were done. Junglee also an-
nounced its Shopping Guide that can be reached by Web
consumers by hitting an e-commerce button found on Pre-
sario PCs from Compaq [1]. More recently, Infoseek an-
nounced Express [2], which uses many search engines to
multiple search for products.

Table 2 presents the main characteristics of the three
technologies mentioned above and the Miner Family. The
first row shows the number of bookstores used by Ya-
hoo.Junglee, Infoseek.Express and BookMiner. In the
case of Yahoo.Junglee the number was estimated from the
queries submitted as they do not list the actual bookstores.
In the case of Infoseek.Express they do not search all five
bookstores or musicstores in parallel, but each one at a time,
and so we could not include them in our experiment whose
results are shown in Table 3. From the 16 bookstores listed
in BookMiner 8 are Brazilian. The second row presents
the number of musicstores provided by Yahoo.Junglee and
CDMiner, and the value for Yahoo.Junglee is again esti-
mated from the queries because they do not list them. From
the 13 musicstores listed in CDMiner 5 are Brazilian. The
third row presents the number of engines to search for soft-
ware (freeware and software). Again, in the case of Infos-
eek.Express they search all 5 software sites one at a time.
The fourth row presents the number of search engines and
directories used by Infoseek.Express and MetaMiner. From
the 13 engines used by MetaMiner 5 are Brazilian. The
fifth row shows that only Infoseek.Express searching tools
do not perform requests in parallel. Finally, the last row
shows the tools that allow users to choose the sites that are
to be queried.

Table 3 presents seven queries submitted to Ya-
hoo.Junglee, BookMiner and CDMiner. The first five
queries search for books, the first two being titles published
in US. The following three are authors of books: one Amer-
ican (i.e., the writer Tom Wolfe), one Portuguese (i.e., the
poet Fernando Pessoa), and one Brazilian (i.e., the writer
Jorge Amado). The following two queries search for CDs
from one American (i.e., the jazz singer Ella Fitzgerald)
and one Brazilian (i.e., the bossa nova singer Jo˜ao Gilberto)
artist. The last query searches for the sound track of the
1985 movie Subway, which was found only in one Brazilian
musicstore at this time. The aforementioned table shows the

query results. The first two columns present the answers re-
turned by Junglee and Miner, respectively. The last column
(Common) presents the number of answers that appeared in
the results returned by both tools. The large number of doc-
uments returned by the Miner Family comes from the larger
number of registered sites. For queries involving Brazilian
and Portuguese names the differences are even larger be-
cause of the language influence.

3 Workload Characterization and Analysis

This section presents a workload characterization of the
Miner Family. We show a two-level characterization pro-
cess. The higher level quantifies the overall load for ser-
vices, in terms of the distributions and characteristics of
service requests. The lower level focuses on the behavior
of the BookMiner, that is one of the brokerage services of
the family.

3.1 Overall Workload

We start out the analysis by partitioning the overall work-
load according to the services provided by the Miner Fam-
ily. Table 4 shows the data extracted from logs of a four-
week period of usage of the Miner services. The daily
average number of requests was 22,086. We divided the
data into three categories: (1) request frequency, (2) request
characteristics, and (3) hourly distribution. Request fre-
quency represents the percentage of requests addressed to
each service. We note that MetaMiner is the most popular
service, receiving almost 90% of the total requests. Three
other metrics were defined to further characterize the re-
quest workload: (1) words per query, (2) match ratio, and
(3) answers per query. Words per query quantifies the com-
plexity of the request, which is around 2 words on the av-
erage. For instance, 95% of the requests to CDMiner have
less than four words.

The match ratio represents the number of requests that
returned at least one URL. In this case, we can observe that
a high match ratio can result from two different scenarios.
The first one is related to services that have broad cover-
age (i.e., the MetaMiner) and provide answers for most of
the queries (although we cannot quantify how meaningful
the answers are). The second scenario involve services that
are so specialized that the queries are very constrained (i.e.,
SoftMiner and DoctorMiner). Similar conclusions arise
when we look at the average number of answers per query.

Regarding hourly distribution, we consider three char-
acteristics of the workload: peak period, peak hour, and
peak/average ratio. Peak period represents the hours dur-
ing which the number of requests is higher than the daily
average. As we can see in Table 4, this information uncov-
ers an interesting characteristic of Miner users, who usually



Characteristics
Technologies

Yahoo.Junglee Excite.Jango Infoseek.Express Miner Family
Bookstores 6y – 5 16 (8 Brazilian)
Musicstores 4y – 5 13 (5 Brazilian)

Software – 10 5 10
Metasearch engines – – 7 13 (5 Brazilian)

Parallel search yes yes no yes
Where to search option no no yes yes
y Estimated

Table 2. Characteristics of the search tools

Queries
Answers

Junglee Miner Common
Sphere (by title) 75 261 65

Jurassic Park (by title) 71 106 58
Tom Wolfe (by author) 77 46 40

Fernando Pessoa (by author) 30 160 27
Jorge Amado (by author) 39 225 35
Ella Fitzgerald (by artist) 42 161 20
Joao Gilberto (by artist) 28 76 11

Subway (by title) 0 1 0

Table 3. Different types of queries submitted to Yahoo.Junglee and the equivalent Miner tools (Book-
Miner and CDMiner)

query information during work time, probably using a non-
modem connection. The peak hour is the time slot when the
maximum number of requests was observed. In all cases
but two, we noticed the peak hour is right after lunch time in
Brazil. This behavior can be explained by the profile of the
Brazilian Internet user, where the majority of the users (i.e.,
70%) access the Internet from work. One of the exceptions
occurs for the NewsMiner service, whose peak is around
7:00am, when users log to get the daily and breaking news.
DoctorMiner peak hour is around 8:00pm, when home users
look for medicine news. Finally, peak ratio measures the re-
quest rate at the peak hour over the average rate [14]. Spe-
cific services such as BookMiner and NewsMiner are more
bursty than generic search service like MetaMiner. Their
peaks are 7 and 13 times higher than their average, respec-
tively, while the peak ratio of the MetaMiner is only 2.29.

3.2 Workload of a E-Broker

This section focuses on the workload of the BookMiner.
As described in the previous section, BookMiner is a bro-
kerage service. The goal is to study the workload generated
by Brazilian customers searching for books on global elec-
tronic bookstores as well as on national bookshops. Our
analysis is based on logs of a four-week period. At first, we
can note from Table 4 that almost one fourth (24.35%) of

the requests did not match any query in the registered book-
stores and were discarded. The characterization is based on
data collected from two logs. The first log traces overall re-
sults of the BookMiner activities, while the second one pro-
vides per-bookstore information. IP addresses were masked
in order to protect users’ privacy. We merged the two logs
based on time, date, and masked IP address. As a result, the
merged log provides the following information: date and
time of the request, search keyword(s), keyword type (title
or author), elapsed request response time, overall number of
titles returned to the user, response time for each bookstore,
and number of titles returned by each bookstore.

Figure 3 shows the BookMiner customer behavior graph.
For each registered bookstore, we measured the click-
through frequency, given a BookMiner response. The click-
through determines which bookstore was chosen by the
user. The percentage associated with each path of the Book-
Miner graph represents the click-through frequency. We
note that 76% of the Brazilian customers prefer Brazilian
bookstores. Among the global bookstores, Amazon.com
was chosen by most of the users (50% of the users), fol-
lowed by Barnes & Noble and BookStacks. Siciliano, a
Brazilian bookshop, is responsible for one fourth of the
click-throughs among the Brazilian bookstores, followed by
Cultura, Booknet and Loyola. An interesting observation is



Member MetaMiner BookMiner CDMiner SoftMiner NewsMiner DoctorMiner
Queries(%) 89.15 2.60 2.65 2.34 1.89 1.37
Words/Query 1.98 2.05 1.87 1.55 1.66 1.69
Match Ratio(%) 93.64 75.65 77.63 88.00 55.60 95.81
Answers/Query 53.97 42.40 41.06 63.74 11.05 47.78
Peak Period 7am–9pm 7am–9pm 11am–7pm 8am–11pm 5am–5pm 8am–10pm
Peak Hour 1pm 1pm 2pm 1pm 7am 8pm
Peak Ratio 2.29 7.52 6.41 7.50 13.12 9.37

Table 4. Overall Workload Statistics

Bookstore Availability Response Book
(% of requests) Time(sec.) Hit Ratio

Barnes & Noble 95.55 25.4 18.5%
Bookstacks 84.75 8.1 22.0%
BookPool 99.50 10.4 4.7%
McGraw Hill 99.20 28.0 4.3%
O’Reilly 100.00 12.7 4.6%
Prentice Hall 100.00 7.1 7.2%
iBS 100.00 17.1 13.9%
Amazon 99.23 13.0 19.1%
Booknet 98.27 12.5 49.3%
Campus 100.00 2.0 7.2%
Cultura 100.00 14.3 33.6%
Siciliano 76.12 24.8 69.4%
Sodiler 100.00 11.4 38.4%
Tempo Real 100.00 12.5 11.5%
Loyola 100.00 8.9 56.0%
artepaubrasil 100.00 8.9 55.7%
BookMiner 100.0 48.5

Table 5. BookMiner Performance Results
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that Siciliano does not exhibit a good service level indicator.
It has the lowest availability (23.88% of the queries timed
out as shown in Table 5) among the Brazilian bookstores.
However, Siciliano is a well established company, having
many bookstores in the main cities of Brazil, which some-
how makes the company familiar to customers, even in the
Internet.

E-commerce service levels are usually assessed through
response time and availability. For the purpose of our anal-
ysis, a server is considered available when it answers the
book request within the user-defined timeout (i.e., 60 sec-
onds by default). Elapsed request response time is the inter-
val of time needed for receiving a response from the server.
Table 5 shows availability and elapsed response time of the
registered bookstores that are queried by the BookMiner.
We note that almost all bookstores exhibit a good level of
availability no matter they are Brazilian or global. On the
other hand, the same table shows a high variance for re-
sponse times. Average elapsed response time of national
bookstores is lower than international bookstores. We con-
jecture that this phenomenon is a consequence of the heavy
traffic on the international links between Brazil and US.

We define another metric called “book hit ratio” (BHR)
that represents the number of times that a bookstore sug-
gests at least one title in response to a customer request over
the total number of requests sent to the bookstore. Looking
at Table 5, it is evident that Brazilian bookstores are more
effective in finding in their selection the books requested
by Brazilian customers. The BHR of Brazilian bookstores
is higher than the BHR of the global bookstores. This fact
stems from cultural factors such as English proficiency and
local interests. Around 50% of Brazilian Internet users do

not speak English. Also, Brazilian bookstores have much
larger selection of books on topics that are part of the Brazil-
ian culture [8] than global bookstores.

4 Concluding Remarks

This paper shows an overview of the Miner Family archi-
tecture and implementation. Then, we present a quantitative
study of the user behavior of a large e-broker. We charac-
terize the workload of the Miner Family and focus on the
behavior of the BookMiner, one of its brokerage services.

Based on the statistics shown in the paper we found inter-
esting observations about e-commerce. First, we note that
76% of the Brazilian customers prefer Brazilian bookstores.
The reasons are multiple. First, network infrastructure af-
fects customer behavior. Average elapsed response time of
national bookstores is lower than international bookstores.
We conjecture that this phenomenon is a consequence of
the heavy traffic on the international links between Brazil
and US. Language, culture and social aspects play a major
role in the behavior of e-commerce customers. Brazilian
bookstores are more effective to attract customers, not be-
cause they offer more titles, but because they offer Brazil-
ian books written in Portuguese, which are far more pop-
ular. Customs, currency conversion and delivery logistics
also help local bookstores.

Although the Web opens a company to a global market,
our findings clearly indicate that e-commerce is strongly
tied to regional issues, such as language, culture, national
customs, currency conversion and logistics. The Internet
infrastructure, mainly the intercontinental links, hampers a



consistent performance and affects user behavior. Our fu-
ture work will focus on the quantitative analysis of the be-
havior of e-commerce users to come up with models to de-
scribe workloads of e-commerce components, such as por-
tals, brokers and merchants. Moreover, we would like to
answer questions such as what regional features should be
present in a portal site considering cultural and language
characteristics.
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