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Abstract

The Internet has grown to become a major com-
ponent of the global world-wide network infrastruc-
ture, linking millions of users. We �rst address the
need for an electronic market and match-making be-
tween consumers and providers on the Internet for the
stock photo industry. We discuss business issues and
highlight technologies required to support an electronic
market for image exchanges on the global Internet, in-
cluding multimedia databases, visual query interfaces,
visualization tools, and watermarking techniques. Fi-
nally, we summarize the operational ows and broker-
age services provided by the brokerage system.

1 Introduction

As a result of the U.S. government initiative to sup-
port the development of an enhanced information in-
frastructure and rapid advances in computer and com-
munication technologies, we expect a global informa-
tion system based on the WWW in the near future.
In 1995, the Internet reached 148 out of 185 United
Nations member countries (86%) compared with 73
out of 159 (46%) in 1991[2]. The number of users and
computers is also increasing at a rapid pace, with an
annual growth rate of 50%[2]. The combination of
computing and communication has rapidly changed
our vision of the scope of information systems. With
more information, faster communication, world-wide
connectivity, many business operations are transform-
ing to take advantages of available technologies.

Information resources and services can be vertically
partitioned into three layers: customers, intermediate
knowledge-based-modules, and base resources. With
access to fast growing information available on the In-
ternet, information providers need modules providing
mediation services, such as facilitators, information
retrieval, resource allocation, and match makers are
needed to avoid data overload and information star-

vation. We view many of these mediation function-
alities as brokerage services that provide value-added
services to the information. A 1996 survey conducted
by Dataquest[3] suggests that 62% of Internet service
providers feel that their value-added services di�er-
entiate themselves in the Internet business market.
With lower usage fee1 and wide variety of services, the
growth rate of on-line service market has exploded in
the past few years. This phenomena can be supported
by the fact that the number of WEB server comput-
ers installed increased worldwide 400% from 1995 to
1996[6]. Many new issues involving electronic com-
merce and providing brokerage services on the Inter-
net have been raised[11]. Some of the new issues in-
clude new ways of payment and fund transfer[12] and
publishing models for Internet commerce[13].

Photography, similar to almost every other profes-
sion, is undergoing a transition to take advantage of
new technologies. Today there are over 1000 agencies
in the US; some of the largest stock agencies mange
over 10 million images in a variety of media. In the
stock photo industry, business is still primarily con-
ducted in the traditional way - browsing through cat-
alogs and face-to-face negotiation and of the largest
twenty stock photo agencies in the U.S., only two ad-
vertise on the WWW and o�er on-line services, reg-
istration and photo searching functions as of April,
1996. As a result, stock photo agencies can only reach
a small group of customers and customers can only
search through a small set of images since no eÆcient
method exists.

This reluctance to on-line full exposure stems from
doubts about the eÆcacy of selling images on-line and
concerns about image protection and value. Another
factor which plays in the decision of whether to ad-
vertise images electronically is the costs of digitizing.
With current technology, it costs from $2 to $4 to dig-

1One survey in 1996 by Dataquest[3] pointed out that the
average monthly rate for individual Internet users with 51 to
100 hour usage per month is $0.35 per hour.
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itize images (the cost is dropping). Although it is rec-
ognized that digitized images have advantages of im-
age preservation and inspire many new business mod-
els and market opportunities, most images are still
stored in the format of �lm. This makes it more dif-
�cult to search and market the images to the global
electronic market. The other issue is lack of e�ec-
tive visual query interfaces. Because images are se-
mantics richer than textual data, the keyword-based
search methods usually yield a low precision.

Many industries recognize phenomenal growth of
the Internet and its connectivity to market prod-
ucts to the global market. One example is education
brokerages[4] that allow exchanges of pre-designed
courses in the electronic format on the Internet and
provide many value-added services, such as copyright
protection, certi�cation, etc. This paper focuses on
information brokerage especially for the stock photo
industry. In current stock photo industry, each indi-
vidual information provider (e.g. photographers and
artists) only have small number of images (compared
to the total number of images available). It is not
cost eÆcient for these photographers to promote, ad-
vertise, register copyrights, and collect usage fees by
themselves, As an information consumer (e.g. pub-
lisher or stock photo agency), he/she may search a
large collection of images and deal directly with many
photographers. It is tedious, time consuming, and
cost-ineÆcient to negotiate with each individual pho-
tographer. Although today some of the largest stock
agencies manage over 10 million images in a variety

of media, search and retrieval of images still rely on
browsing through catalogs. We argue that there is a
need for a brokerage architecture to provide an elec-
tronic market place for images.

The brokerage system is a match-maker in the
sense that it receives information consumers' queries
and searches the image database to match consumers'
query speci�cations. It provides the information con-
sumers candidate images to select from. For informa-
tion providers, the brokerage system collect the meta-
data and store it in a database so that the image meta-
data can be used to match consumers' queries. In
addition to match-making, the brokerage system also
provides many value-added services, such as digital
image warehousing, digitalization and indexing assis-
tance, and copyright registration. The functionalities
of the brokerage system is illustrated in Figure 1. The
brokerage system can also provide other services such
as copyright protection as value-added services. As
a brokerage system over the Internet leverage stock
photo agencies' ability to mass-market their products
and services to customers around the world, they will
be able to reach an economy of scale that will reduce
the unit cost of digitization and computer and com-
munication equipments. Other issues related to the
database community, such as image indexing, image
modeling, query interface and processing, are being
focused through development of new database man-
agement systems to handle multimedia data. Some of
our e�orts will be highlighted in a later section.

In this paper, we present an Internet-based frame-
work of brokers for stock photo industry. We discuss
architecture and highlight supporting building block
techniques for the architecture (some of them are built
at NEC, CCRL). We also present a business model of
the electronic market for stock photo industry.

The rest of this paper is organized as follows: We
�rst overview the current status and business model of
the stock photo industry in Section 2 and discuss the
driving force and trend toward an electronic market
for images in Section 3. We highlight some building
block technologies to support a multimedia informa-
tion broker architecture in Section 4. In Section 5 we
present the development architecture of stock photo
brokerages and a business model and its operational
ows. Finally we o�er our conclusions.

2 Stock Photography Industry and Its

Conventional Business Model

The stock photo industry is large and fragmented.
There are over 1000 agencies in the US ranging from
relatively small, photographer owned companies to the
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Photo Industry

large-scale multinational photography banks which
manage over 10 million images. Some are content
specialized concentrating on editorial news and photo
journalism while others are broad-based managing a
large variety of stock images. According to data com-
piled by ASMP (American Society of Magazine Pho-
tographers), a third of the stock companies manage
around 100,000 to 500,000 images, either in black and
white format or color.

The current business model for stock photography
involves image providers or photographers who con-
tract with stock agencies for image licensing or "us-
age". The image providers submit several images on
a contractual basis granting rights of usage for com-
missions. The stock agency receives the images, doc-
uments and veri�es the contents, caption, remounts
and processes the image through his/her client chan-
nels, negotiating prices and con�rming image releases.
Once photos have been categorized and �led, model
releases and copyrights are con�rmed. In many cases,
the stock agent relies on the image provider to provide
both. In some cases, the agent will submit the image
information to the Copyright oÆce for registration.

The stock agency then sorts the image by market
channel and contract usage. The contractual agree-
ment usually stipulates the marketing target for the
image, newswire, catalogs, CD-ROM, usage fees and
location. Since stock agencies invest heavily in market
research and distribution and tracking, they prefer to
manage images on an exclusive basis. This means that
the the agent will pay higher royalties to the photog-
rapher if the contract includes world-wide distribution
rights over a variety of marketing channels.

Stock photo agencies provide a bundle of services,
including image processing, marketing, invoicing, and
registration. In the traditional way, photographers
and content providers submit originals or duplicates

to the client or stock agency with captions (keywords)
indicating the signi�cant features of the image con-
tent and available model releases and copyright reg-
istration. Stock agencies advertise their collection of
image stock to their client base by catalog and clients
usually browse through a number of catalogs. Out
of this image group, they select the desired image
and pay the stock agency for usage. The ownership
rights remained with the original image provider. The
stock agency served as the middle-man, receiving a
sales commission from the image user and extracting
a service commission from the original image provider.
However, since many large stock agencies have millions
of images, the approach of browsing is not eÆcient.
And since most of business is done in a face-to-face
fashion, only a limited number of transactions can be
carried out by stock agencies every day. The agencies
would like to provide services to a broad-base of image
users who would make selections from a larger number
of available images. Since stock photo agencies serve
as the middle-man to receive sales commissions, they
would like to serve more customers and execute more
transactions per day.

3 Electronic Stock Photo Brokerage as

a New Business Model

The existing business model of the stock photo in-
dustry is becoming outmoded and ineÆcient. New
developments in technology and the growth of the
image stock and growing problems of media storage,
management of complex business transactions and the
demand for tighter image security are converging to
underscore the need for and integrated approach to
stock photo management. Many of the value-added
services, such as visual query interfaces, fee collection,
copyright registration, escrow and storage for image
preservation, can be integrated into one eÆcient pro-
cess of image management system. We refer to this
new business model as electronic image brokerage, a
stock photo brokerage architecture that uses the In-
ternet as a channel for distribution.

As shown in Figure 2, our framework of electronic
brokerage consists of four layers: the lowest layer, net-
work infrastructure, which provides communication
functionalities, the second layer, information exchange
infrastructure, that supports information exchange
channels, the next layer, image indexing/search in-
frastructure, that provides common image modeling
and indexing methods and search tools across mul-
tiple repositories on the Internet, and �nally the top
layer provides a business model for electronic markets.
Lists of business and technical issues across multiple
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Figure 3: Driving Force of Brokerage for Stock Photo Industry

layers are shown in Figure 2.
We have seen the trend toward the \digital age" of

many industries. Development of new techniques are
driving the stock photo industry to a stage of explor-
ing a electronic market for images on the Internet. We
illustrate driving forces of brokerages for stock photo
industry in Figure 3. In the early stage of develop-
ment, it is hard to predict the acceptability and appli-
cability of our model from the point of view of stock
photo agencies as we see that it is a alternative for
transforming the industry toward the \electronic age".

In the next section, we highlight our e�orts of de-
velopment new technologies to support an electronic
market for image brokerages.

4 Building Block Technologies for

Electronic Global Image Brokerages

In this section, we highlight some important build-
ing block technologies that support a general multime-
dia information broker architecture over a wide-area
network or more speci�cally, the Internet. The de-
velopment of this architecture is presented in a later
section.

4.1 Image Modeling and Registration

Image databases are main components in our ar-
chitecture. SEMCOG[7] (SEMantics and COGnition-

based image retrieval) is an image database manage-
ment system being developed at NEC, CCRL. When
an image is \registered" at SEMCOG, some image de-
scriptions, such as the image size, image format, reg-
istration date, can be automatically extracted, while
some metadata, such as image title and semantics of
images, can not be extracted fully automatically. We
provide a tool, image semantics editor, to assist im-
age providers in specifying image semantics through
interactions with an image recognition tool, COIR[5],
to edit the semantics of an image.

The steps involved in image semantics extraction
and editing are as follows: (1) COIR identi�es image
regions of an image. (2) COIR recommends candi-
date components and their corresponding semantics
by consulting the image component catalog. (3) The
user con�rms or modi�es the results by COIR. (4) The
user may select components to store in the image com-
ponent catalog if he/she thinks these components can
be used for \representative samples". The image com-
ponent catalog is built incrementally in this way. (5)
The semantics extracted is then stored in the image
semantics database. For more detail on interactions
between COIR and the editor, please see [7].



Figure 4: IFQ Window

4.2 Object-based Image Retrieval

Because the feature extraction and image match-
ing techniques in our system are object-based, users
can query objects with �ner granularity than a whole
image and specify spatial relations between objects.
SEMCOG[7] allows users to pose a query using both
semantics expressions and image examples. In our sys-
tem, a query, such as \Retrieve all images in which
there is a man standing next to a building and the
building looks like this sketch", can be posed.

SEMCOG architecture contains �ve components: a
facilitator, COIR[5], an image semantics editor, a ter-
minology manager, and a semantics-based query pro-
cessor. The facilitator coordinates the interactions be-
tween components of SEMCOG. It forwards cognition-
based query processing to COIR and non-cognition-
based query processing to the semantics-based query
processor. SEMCOG is considered a hybrid approach

to multimedia databases[8]. SEMCOG consists of a
database system to store multimedia data and pro-
cess queries and uses many plug-in modules to han-
dle media-speci�c functionalities, such image match-
ing. The image semantics editor is a tool, described
above, to provide semantics to image objects. The
terminology manager maintains a knowledge base for
query reformulation and relaxation.

The image retrieval language used in our system is
called CSQL (Cognition and Semantics-based Query
Language). The image retrieval related predicates in-
clude: is (e.g. man vs. man), is a (e.g. car vs. trans-
portation, man vs. human), s like for \semantics like"
(e.g. car vs. truck), i like for \image like" that com-
pares visual signatures of two arguments, contains,
to the right of in, and etc.



Figure 5: Image Visualization

4.3 Visual Query User Interface

There are two major directions for image retrieval
interface development. One direction is manipulation
through query languages, which is more precise to
computers but not user friendly since users need to
know database schema and query languages. Another
direction is to develop a more natural interface, such as
query by image or sketch examples. This type of inter-
faces has an advantage of being natural to users, but
it has disadvantage of low precision because queries
are ambiguous to computers.

IFQ (In Frame Query)[9] is a visual interface for
SEMCOG. IFQ is designed to bridge the gap between
users' mental models and precise database access lan-
guages. In IFQ, objects are represented as bullets and
descriptors are represented as small bullets, attached
to these objects to describe the properties of the corre-
sponding objects. Figure 4 shows an IFQ query \Re-
trieve all images in which there is a man to the right of
a car and he looks like this image". The IFQ query is
posed as follows: The user introduces the �rst object
in the image. and then further describes the object by

attaching \i like < image >" and \is man" descrip-
tors. After a user speci�es a image path or provide a
drawing, the interface automatically replaces the de-
scriptor with the thumbnail size image the user spec-
i�es. Then, the user introduces another object and
describes it using the \is car" descriptor. Finally, the
user describes the spatial relationship between these
two objects by drawing a line, labeled by to-the-right-
of, from the man object to the car object. Please note
that while user is specifying the query using IFQ, the
corresponding CSQL query is automatically generated
in the CSQL window. Users simply pose queries by
clicking buttons and drag-and-drop icons representing
entities and descriptors. Please note that in Figure 4
we only show IFQ generating the corresponding CSQL
query.

Users can also specify the following query param-
eters: (1) ratio of color importance to shape impor-
tance (used by COIR for image matching), (2) ratio
of object matching importance to structure matching
importance (used to rank images), (3) �ltering param-
eters, such as a minimum degree of relevancy and a
maximum number of image retrieved, and (4) image



related parameters, such as titles and authors.

4.4 Result Visualization

The candidate images' thumbnail size images are
�rst presented to the user through visualization since
a lot of photos would be retrieved by the search in
many cases. If the results are shown to the user in
traditional forms, for example as a scrolled list, it be-
comes very diÆcult for the user to understand the re-
sults. Visualization is useful in this case because it can
convert large amounts of information into meaningful
and interpretable visual representations thus allowing
people to use perceptual rather than cognitive reason-
ing in carrying out tasks[14].

Visualizations can be used for presenting image
search results[10] as shown in Figure 5, in which cubes
are used to represent retrieved images. Texture map-
ping is used to show the respective images on the cube.
Please note that in Figure 4 users can specify the im-
portance of object matching versus structural match-
ing. In this visualization, the structural similarity has
been mapped to the X axis and the object similarity
to the Y axis. The size of the cubes indicate the over-
all degree of the relevancy of retrieving the pictures.
The visualization gives the user a better understand-
ing of the search results. For example, images on the
top-right corner are more relevant images having large
values for both x and y. Figure 5 shows the results
for a query in which the user specify object matching
is more important so that the size of the cubes on the
top-left corner is bigger.

The user can use various tools provided by the im-
age browser (and shown at the bottom of the �gure) to
navigate through the space. For example, the Joystick
control allows the users to walk around in a scene by
moving forward, back, left, and right. The user is also
allowed to click and zoom on any interesting point of
the space.

4.5 Watermarking Technique

Copyright issues are a real concern of image
providers. With the improvement of scanners, photo-
copying devices and advances in digital technologies,
it has become easier for images to be misappropri-
ated, retouched and reassembled. There are various
means of safeguarding images, some involving the use
of watermarking techniques[1] which embeds informa-
tion such as electronic signatures or serial numbers di-
rectly within images and other creative property. Wa-
termarking technologies not only secure the ownership
of the image but can also verify copyright ownership,
detect alterations, trigger digital-cash meters or it can

track black-market distribution. \Watermarking tech-
nology" can be incorporated into our stock photo bro-
kerage system by encoding watermarks onto valuable
photos, �lms, videos, and manuscripts.

4.6 Image Preservation and Escrow Ser-
vices

The digitized images have advantages of better uti-
lization and transmission. Another advantage is that
digitized media is easier to preserve because the life
of image data that is �lm based is short because it
falls prey to fading and discoloration. Estimated time
before perceptible color change in dark storage ranges
from 3 years to 100 years depending on the temper-
ature, humidity, and photographic materials2. Digi-
tized images would allow users to store data and ex-
tend the life of their valued images captured on �lm. It
also serves as a way of preserving masterpieces from
years. Digitalization also make escrow service more
feasible since storage environments for all digital data
are the same unlike storage environments for physical
media.

Although the cost of storage systems is dropping
dramatically, the equipments for digitizing really high
quality images are still expensive. Digital cameras,
powerful workstations, storage, lenses and lighting is
currently priced at $15,000 to $35,0003. We are study-
ing possible business models to assist the stock photo
industry to digitize images and store in electronic form
so computerized search and retrieval can be imple-
mented. One possible solution to this is to lease digi-
tization equipments and charge usage fee. We can also
provide tools for specifying image semantics as part of
image on-line registration.

5 Development Architecture for Elec-

tronic Stock Photo Industry

Figure 6 shows our development architecture for
stock photo brokerage. The main box indicates the
brokerage scope. Figure 6 contains 4 types of entities.
In this section, we explain the roles and functionalities
of these entities:

Image providers: Image providers are artists or
stock photo agencies. After the providers decide to
put a particular set of images on the market, they
send copies of the original images, along with usage
fee speci�cations, to the image broker. We believe
that in order to make information search e�ective and
eÆcient, information sources should be responsible for

2Source: Eastman Kodak publications, ASMP, 1990, p 172
3Source: MacWeek Jan 8, 1996, v.10 p.97
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Figure 7: Stock Photo Brokerage Operational Flows

providing metainformation. This way, the information
search problem can be transferred to match making,
a more trackable problem. Our system provides an
image semantics editing tool that can interact with
users to help specifying semantics of images. More
details are reported in [7]. The usage fee, royalties,
and licensing fee for the images are transferred to the
providers through a third party, such as a digital cash
bank[12].

Image consumers: Our architecture allows image
consumers to pose semantics-based queries and/or
cognition-based queries to search images using the vi-
sual query interface (IFQ), or to pose similarity based
queries by providing an image or drawing example to
retrieve similar images, as in QBE. When a user sub-
mits a query, the match-maker executes the query by
using the information stored in the image metadata
database. After the query is executed, the candidate
images are presented to the user through a 2D/3D
result visualization interface. The user can browse
through the candidate images and select the best-
matches to her query among them. The broker, then,
provides watermarked copies of the selected images to
the user, and it charges the corresponding usage fee
to his/her account. Note that, to be able to access
the broker, a consumer must have an active account.
Consumers pay their balances using digital cash.

Brokerage system: The broker contains a match-
maker which matches consumers' queries with image
semantics in the metadata database. The information
necessary for brokerage is managed by index providers.
This information includes user account information
(e.g. copyright information, usage fee), metadata (e.g.

feature and color information for image match, im-
age semantics for semantics-based query processing),
thumbnail size images, and frequently accessed images
in the cache. The metadata storage can be viewed as
a warehouse for image indexes. Given the fact that
the number of images in the brokerage can be as large
as millions, the broker must bene�t from suitable data
warehousing techniques to organize image metadata.

The match-making functionalities are provided
matching consumers' image query speci�cations with
the metadata in the database. Given there may not be
an image that exactly matches the consumer's query
speci�cation, visualization is used to present candi-
dates to the consumer. The consumer can select from
the candidates or re-formulate the query speci�cation.
The consumer can also pose queries with \fuzzier"
speci�cations, such as using \is-a" or let the query
processor to relax the query. In either case, the sys-
tem acts as a match-maker to �nd the best-matched
images for the consumers. Additional functionalities
provided by the brokerage system include visual query
interface, query result visualization, image transmis-
sion (some with watermarks), and image semantics
editing.

Index providers: Index providers keep the necessary
information for match making. A broker can serve as
an index provider for an other broker. An example to
the index providers is specialized image brokers (e.g.
stock photo agencies for medical images).



6 Operational Flows and Brokerage

Services

Figure 7 shows the operational ows and brokerage
services (* indicates the service provided) in our sys-
tem. We highlight the brokerage services as follows:

First of all, for image providers, the brokerage sys-
tem provides services (digitizing and analyzing im-
ages) to extract image semantics. Based on the ex-
tracted semantics, the system categorizes images and
make them available for various markets. The bro-
ker provides storage for image preservation, escrow
services, and fee collection. Besides these, for image
providers, the brokerage system also provides access
control and usage monitoring (using watermarking),
as well as security through consumer account infor-
mation management.

The image consumers, on the other hand, �rst need
to establish their accounts. The account information
includes user pro�les, preferences, and payment meth-
ods (e.g. E-cash). The brokerage system maintains
and categorizes image metadata for quick processing
of consumers' image retrieval requests. The brokerage
system provides services of visual query interfaces and
result visualization.

For the brokerage system, the match maker is ac-
tually a query processor. It organizes and categorizes
image metadata by building hierarchical indexes. To
process a query, it searches the metadata database and
then present candidates to users through the visual-
ization tool. When the consumer decides to use par-
ticular sets of images, the match maker retrieve the
images and send them to the consumers with water-
marks. At the same time, the match maker charges the
consumers' account for usage fee and credit the corre-
sponding accounts of image providers. Other function-
alities the broker provides include escrow and image
preservation.

7 Conclusions

In this paper, we point out the driving forces and
the need for an electronic market for the stock photo
industry. We present a pioneering model for electronic
market for stock photo industry as well as its building
block technologies. Each building block of this model
contributes the specialized technologies required, such
as digital-cash, watermarking, visual query interfaces,
visualization tools, and image databases. We believe
the maturity of these building blocks are driving our
model to a more applicable stage.

References

[1] H. Berghel and L. O'Gorman. Protecting Own-
ership Rights Through Digital Watermarking.
IEEE Computer, 29(7):101{103, July 1996.

[2] Kilnam Chon. Internet In Roads. Communica-
tions of the ACM, pages 59{60, June 1996.

[3] Dataquest. On-Line Strategies Worldwide. June
1996.

[4] Matti Hamalainen, Andrew B. Whinston, and
Svetlana Vishik. Electronic Markets for Learning:
Education Brokerages on the Internet. Commu-
nications of the ACM, page 51, June 1996.

[5] Kyoji Hirata, Yoshinori Hara, H. Takano, and
S. Kawasaki. Content-Oriented Integration in
Hypermedia Systems. In Proceedings of 1996
ACM Conference on Hypertext, March 1996.

[6] Dataquest. On-Line Strategies Worldwide. Octo-
ber 1996.

[7] Wen-Syan Li, K. Sel�cuk Candan, and K. Hi-
rata. SEMCOG: An Integration of SEMantics
and COGnition-based Approaches for Image Re-
trieval. In Proceedings of 1997 ACM Symposium
on Applied Computing Special Track on Database
Technology, San Jose, CA, USA, February 1997.

[8] Wen-Syan Li, K. Sel�cuk Candan, K. Hirata, and
Y. Hara. Lecture Notes in Computer Science
- Worldwide Computing and Its Applications,
A Hybrid Approach to Multimedia Database
Systems through Integration of Semantics and
Media-based Search. Springer-Verlag, New York,
March 1997.

[9] Wen-Syan Li, K. Sel�cuk Candan, K. Hirata, and
Yoshi Hara. IFQ: A Visual Query Interface for
Object-based Image Retrieval. In Proceedings of
the 1997 ACM CHI Conference (Demonstration
Session), Atlanta, GA, March 1997.

[10] Sougata Mukherjea, K. Hirata, and Y. Hara.
Visualizing the Results of Multimedia WWW
Search Engines. In Proceedings of 1996 IEEE
Information Visualization Symposium, San Fran-
cisco, California, USA, October 1996.

[11] N. R. Adam and Yelena Yesha (editors). ACM
Computing Surveys, Electronic Commerce and
Digital Libraries: Towards a Digital Agora. 28(4).
ACM, December 1996.



[12] Patiwat Panurach. Money in Electronic Com-
merce: Digital Cash, Electronic Fund Transfer,
and Ecash. Communications of the ACM, pages
45{50, June 1996.

[13] Tim O'Reilly. Publishing Models for Internet
Commerce. Communications of the ACM, pages
79{86, June 1996.

[14] Vincente, K.J. and Rasmussen, J. The Ecology
of Human Machine Systems: II. Mediating Di-
rect Perception in Complex Domain. Ecological
Psychology, 2:207{249, 1990.


