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In an invited essay, Navigating the Network Economy
[OR/MS Today, June 2000 B], I argued that we were in a new era
of Supernetworks. Since that time the world has been trans-
formed through events of historical proportions which have
dramatically and vividly reinforced the dependence of our so-
cieties and economies on different networks from physical net-
works; i.e., transportation and logistical networks, commu-
nication networks, energy and power networks, to more ab-
stract networks comprising: financial networks, environmen-
tal networks, social, and knowledge networks, and combina-
tions thereof. Indeed, historical events over the past several
years have graphically illustrated the interconnectedness, in-
terdependence, and vulnerability of organizations, businesses,
and other enterprises on network infrastructure systems. The
decisions made by the users of the networks, in turn, affect
not only the users themselves but others, as well, in terms of
safety and security, profits and costs, timeliness of deliveries,
the quality of the environment, etc. Hence, the understanding
of the impacts of human decision-making on such networks is
of paramount importance.

In this essay, I argue that Supernetworks are the paradigm
for the modeling, analysis, and solution of complex problems
in the information-based Network Economy. In particular, the
supernetwork paradigm, as evidenced by my book [20], along
with many articles and applications (see: http://supernet.som.
umass.edu), is sufficiently general and yet elegantly compact
to formalize the modeling and analysis associated with net-
work systems on which humans interact. Super networks are

Figure SN-1. A supernetwork (B Larger picture)

networks that are above and beyond existing networks, which
consist of nodes, links, and flows, with nodes corresponding to
locations in space, links to connections in the form of roads,
cables, etc., and flows to vehicles, data, etc. Supernetworks are
conceptual in scope, graphical in perspective, and, with the ac-
companying theory, which is networked-based and predictive
in nature.

The supernetwork framework, captures, in a unified fash-
ion, decision-making facing a variety of decision-makers in-
cluding consumers and producers as well as distinct interme-
diaries, such as financial brokers, electric power distributors,
and electronic retailers. The decision-making process may en-
tail weighting trade-offs associated with the use of transporta-
tion versus telecommunication networks. The behavior of the
individual decision-makers is modeled as well as their interac-
tions on the complex network systems with the goal of identi-
fying the resulting flows and prices. By being able to predict
the various flows based on network topologies and interactions
amongst the decision-makers one gains deep insights into the
vulnerabilities as well as the strengths of various linkages and
network structures.

The Origins of Supernetworks
The origins of supernetworks can be traced to the study

of transportation networks, telecommunication networks, and,
interestingly, to biology, as reviewed in [20]. Below I highlight
the origins of the term supernetwork.

In Transportation
In 1972, Dafermos [6] demonstrated, through a formal mod-

el, how a multiclass traffic network could be cast into a single-
class traffic network through the construction of an expanded
(and abstract) network consisting of as many copies of the
original network as there were classes. She clearly identified
the origin/destination pairs, demands, link costs, and flows
on the abstract network. The applications of such networks
she stated, “arise not only in street networks where vehicles
of different types share the same roads (e.g., trucks and pas-
senger cars) but also in other types of transportation networks
(e. g., telephone networks).” Hence, she not only recognized
that abstract networks could be used to handle multimodal
transportation networks but also telecommunication networks!
Moreover, she considered both user-optimizing and system-
optimizing behavior, terms which she had coined with Spar-
row [8] in 1969 (and which correspond, respectively, to War-
drop’s (1952) first and second principles of travel behavior [37]).
Her research was motivated, in part, by Beckmann, McGuire,
and Winsten’s 1956 book, Studies in the Economics of Trans-
portation (see also [1]). In 1976, Dafermos [7] proposed an in-
tegrated traffic network equilibrium model in which one could
visualize and formalize the entire transportation planning pro-
cess (consisting of origin selection, or destination selection,
or both, in addition to route selection, in an optimal fashion)
as path choices over an appropriately constructed abstract net-
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work. The genesis and formal treatment of decisions more
complex than route choices as path choices on abstract net-
works, that is, supernetworks, were hence reported as early as
1972 and 1976.

The importance and wider relevance of such abstract net-
works in decision-making, with a focus on transportation plan-
ning were accentuated through the term “hypernetwork” used
by Sheffi [34], which he later [35] redefined as a “supernet-
work.” He recognized Dafermos’ 1976 contributions and con-
sidered probabilistic-choice models. Thus, decision-making
in a transportation context could be modeled as a “route” se-
lection over an abstract network. The route, henceforth, re-
ferred to as a “path” to emphasize the generality of the con-
cept, would correspond to a choice and the links to parts and
pieces of the complete decision.

In Telecommunications
In his 1985 American Scientist article, Denning [9] dis-

cussed the internal structure of computer networks and empha-
sized how “protocol software can be built as a series of layers.
Most of this structure is hidden from the users of the network.”
He then proceeded to ask the question, “What should the users
see?” Denning answered the question in the context of the then
National Science Foundation’s Advanced Scientific Comput-
ing Initiative to make national supercomputer centers acces-
sible to the entire scientific community. He said that such a
system would be a network of networks, that is, a “supernet-
work,” and a powerful tool for science. Interestingly, he em-
phasized the importance of location-independent naming, so
that if a physical location of a resource would change, none
of the supporting programs or files would need to be edited
or recompiled. Hence, in a sense, his view of supernetworks
is in concert with that of ours in that nodes do not need to
correspond to locations in space and may have an abstract as-
sociation.

In 1979, Schubert, Goebel, and Cercone [33] had used the
term in the context of knowledge representation as follows: “In
the network approach to knowledge representation, concepts
are represented as nodes in a network. Networks are compo-
sitional: a node in a network can be some other network, and
the same subnetwork can be a subnetwork of several larger
supernetworks. . . ”

In 1997, the Illinois Bar Association considered the fol-
lowing to be an accepted definition of the Internet [11]: “the
Internet is a supernetwork of computers that links together
individual computers and computer networks located at aca-
demic, commercial, government and military sites worldwide,
generally by ordinary local telephone lines and long-distance
transmission facilities. Communications between computers
or individual networks on the Internet are achieved through
the use of standard, nonproprietary protocols.” The reference
to the Internet as a supernetwork was also made in The Atlantic
Monthly in 1996 by Fallows [10], who noted that “The Internet

is the supernetwork that links computer networks around the
world.”

Vinton G. Cerf, the co-developer of the computer network-
ing protocol TCP/IP, in his keynote address to the Internet/Tel-
ecom 95 Conference [36], noted that at that time there were an
estimated 23 million users of the Internet, and that vast quan-
tities of the US Internet traffic “pass through internet MCI’s
backbone.” He then went on to say, “Just a few months back,
MCI rolled out a supernetwork for the National Science Foun-
dation known as the very broadband network service or VNBS
. . . VBNS is being used as an experimental platform for devel-
oping new national networking applications.”

Decision-making on transportation and telecommunication
networks can be done simultaneously through the supernet-
work concept. For example, as demonstrated in [20], supply
chain networks with electronic commerce, financial networks
with intermediation, teleshopping versus shopping, telecom-
muting versus commuting, as well as transportation and loca-
tion decisions in the Information Age formulated and solved
within the supernetwork theoretical umbrella.

A variety of abstract networks in economics were stud-
ied in my 1999 book [16], which also contains extensive ref-
erences to the subject. In [20] we have demonstrated that
the abstract network concept also captures the interactions be-
tween/among the underlying networks of economies and soci-
eties. As noted in [17]: “The interactions among transporta-
tion networks, telecommunication networks, as well as finan-
cial networks is creating supernetworks. . . ”

In Genetics
Interestingly, the term supernetworks has also been applied

in biology, notably, in genetics. According to Noveen, Harten-
stein, and Chuong [30], many interacting genes give rise to
a gene network, with many interacting gene networks giving
rise to a gene “supernetwork.” They further state: “The func-
tion of a gene supernetwork is more complicated than a gene
network. A gene supernetwork, for example, may be involved
in determining the development of an entire limb while a gene
network, working within the supernetwork, may be involved
in setting up one of the axes of the limb bud.” According to
the same source, a gene supernetwork is defined as “a collec-
tion of gene networks which participate with each other during
the morphogenesis of a specific structure, for example an or-
gan, a segment, or an appendage.” The authors then go on
to discuss duplication, divergence, and conservation of a gene
supernetwork and note that, as with gene networks, gene su-
pernetworks can be duplicated during evolution, “thus giving
rise to new structures which are the same as or different from
the original structure.”

Clearly, one of the principal facets of network systems to-
day is the interaction among the networks themselves. For ex-
ample, the increasing use of electronic commerce, especially
in business to business transactions, is changing not only the

ICS News B Fall 2007 Page 12

http://computing.society.informs.org/newsletter.php


utilization and structure of the underlying logistical networks
but is also revolutionizing how business itself is transacted and
the structure of firms and industries. Cellular phones are be-
ing used as vehicles move dynamically over transportation net-
works resulting in dynamic evolutions of the topologies them-
selves. Power outages in one part of the world may affect
transportation and financial systems around the globe as the
August 14, 2003 blackout demonstrated. The unifying concept
of supernetworks with associated methodologies (optimization
theory, network theory, variational inequalities, projected dy-
namical systems, etc.) allows one to explore the interactions
among such networks as transportation networks, telecommu-
nication networks, as well as financial networks, to capture the
dynamic interactions and also to measure the associated risks
and gains/losses.

Supernetworks and Applications
Supernetworks may be comprised of such networks as trans-

portation, telecommunication, logistical and financial networks,
among others. They may be multilevel as when they formal-
ize the study of supply chain networks or multitiered as in the
case of financial networks with intermediation. Furthermore,
decision-makers on supernetworks may be faced with multiple
criteria and, hence, the study of supernetworks also includes
the study of multicriteria decision-making. In the Table be-
low, some specific applications of supernetworks are given,
for which results have been published in the literature. Subse-
quently, I elaborate upon several of the applications. For pub-
lications and additional references, see http://supernet.som.
umass.edu

Examples of Supernetwork Applications

Telecommuting/Commuting Decision-Making
Teleshopping/Shopping Decision-Making
Supply Chain Networks with Electronic Commerce
Financial Networks with Electronic Transactions
Environmental and Energy Networks
Knowledge and Social Networks
Integrated Social and Supply Chain Networks
Electric Power Supply Chains and Transportation Networks

In particular, the supernetwork framework allows one to
formalize the alternatives available to decision-makers, to model
their individual behavior, typically, characterized by particu-
lar criteria which they wish to optimize, and to, ultimately,
compute the flows on the supernetwork, which may consist
of product shipments, the number of travelers between ori-
gins and destinations, the volumes of financial flows, energy
flows, as well as the associated “prices.” Hence, the concern is
with human decision-making and how the supernetwork con-
cept can be utilized to crystallize and inform in this dimension.

Supply Chain Networks and Electronic Commerce
The study of supply chain network problems through mod-

eling, analysis, and computation is a challenging topic due to

the complexity of the relationships among the various decision-
makers, such as suppliers, manufacturers, distributors, and re-
tailers as well as the practical importance of the topic for the
efficient movement of products. The topic is multidisciplinary
by nature since it involves particulars of manufacturing, trans-
portation and logistics, retailing/marketing, as well as eco-
nomics. In today’s world, there is growing uncertainty and risk
due to various threats and even illnesses which have affected
dramatically the timely delivery of goods and have impacted
transportation of humans as well.

The introduction of electronic commerce has, however, un-
veiled new opportunities in terms of research and practice in
supply chain analysis and management since electronic com-
merce (e-commerce) has had a huge effect on the manner in
which businesses order goods and have them transported with
the major portion of e-commerce transactions being in the form
of business-to-business (B2B). Estimates of B2B electronic
commerce ranged from approximately 0.1 trillion dollars to
1 trillion dollars in 1998 and with forecasts reaching as high
as $4.8 trillion dollars in 2003 in the United States. It has been
emphasized that the principal effect of business-to-business
(B2B) commerce, estimated to be 90% of all e-commerce by
value and volume, is in the creation of new and more profitable
supply chain networks.

In Figure SN-2 I depict a four-tiered supply chain network
in which the top tier consists of suppliers of inputs into the pro-
duction processes used by the manufacturing firms (the second
tier), who, in turn, transform the inputs into products which are
then shipped to the third tier of decision-makers, the retailers,
from whom the consumers can then obtain the products. Here
we allow not only for physical transactions to take place but
also for virtual transactions, in the form of electronic transac-
tions via the Internet to represent electronic commerce. In the
supernetwork framework, both B2B and B2C can be consid-
ered, modeled, and analyzed. The decision-makers may com-
pete independently across a given tier of nodes of the network
and cooperate between tiers of nodes. In particular, my col-
leagues and I in a 2002 article in Netnomics applied the super-
network framework to supply chain networks with electronic
commerce in order to predict product flows between tiers of
decision-makers as well as the prices associated with the dif-
ferent tiers. We assumed that the manufacturers as well as the
retailers are engaged in profit-maximizing behavior whereas
the consumers seek to minimize the costs associated with their
purchases. The model therein determines the volumes of the
products transacted electronically or physically.

As mentioned earlier, supernetworks may also be multi-
level in structure. In [21], we demonstrated how supply chain
networks can be depicted and studied as multilevel networks
in order to identify not only the product shipments but also
the financial flows as well as the informational ones. In Fig-
ure SN-3, I illustrate how a supply chain can be depicted as
a multilevel supernetwork in which the financial network as
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well as the actual physical transportation network are also rep-
resented.

Figure SN-2. A Supply Chain Network (B Larger picture)

For example, in the supernetwork depicted in Figure SN-
3, the logistical network affects the flows on the actual trans-
portation network whereas the financial flows are due to pay-
ments as they proceed up the chain and as the transactions are
completed. The information flows, in turn, are in the form of
demand, cost, and flow data at the instance in time.

Obviously, in the setting of supply chain networks and, in
particular, in global supply chains, there may be much risk and
uncertainty associated with the underlying functions. Some
research along these lines has already yielded promising re-
sults [19]. Continuing efforts to include uncertainty and risk
into modeling and computational efforts in a variety of super-
networks and their applications is of paramount importance
given the present economic and political climate.

Figure SN-3. Supply Chain-Transportation Supernetwork
Representation (B Larger picture)

In addition, I emphasize that the inclusion of environmen-
tal variables and criteria is also an important topic for research
and practice in the context of supply chain networks, as has
been demonstrated recently by Nagurney and Toyasaki [28]

and is being presently investigated by my group in the con-
text of electric power networks [38] and is generating much
interest internationally.

Financial Networks and Electronic Transactions
Financial networks have been utilized in the study of finan-

cial systems since the work of Quesnay [31] in 1758, who de-
picted the circular flow of funds in an economy as a network.
His conceptualization of the funds as a network, which was
abstract, is the first identifiable instance of a supernetwork.

Quesnay’s basic idea was subsequently applied in the con-
struction of flow of funds accounts, which are a statistical de-
scription of the flows of money and credit in an economy.
However, since the flow of funds accounts are in matrix form,
and, hence, two-dimensional, they fail to capture the behav-
ior on a micro level of the various financial agents/sectors in
an economy, such as banks, households, insurance companies,
etc. Moreover, the generality of the matrix tends to obscure
certain structural aspects of the financial system that are of
continuing interest in analysis, with the structural concepts of
concern including those of financial intermediation.

Advances in telecommunications and, in particular, the adop-
tion of the Internet by businesses, consumers, and financial in-
stitutions have had an enormous effect on financial services
and the options available for financial transactions. Distribu-
tion channels have been transformed, new types of services
and products introduced, and the role of financial intermedi-
aries altered in the new supernetworked landscape. Further-
more, the impact of such advances has not been limited to in-
dividual nations but, rather, through new linkages, has crossed
national boundaries.

The topic of electronic finance has been a growing area of
study, as described in [18]. This is due to its increasing impact
on financial markets and financial intermediation, and the re-
lated regulatory issues and governance. Of particular empha-
sis has been the conceptualization of the major issues involved
and the role of networks is the transformations.

Now, I briefly describe a supernetwork framework for the
study of financial decision-making in the presence of inter-
mediation and electronic transactions. Further details can be
found in [22,23]. The framework is sufficiently general to al-
low for the modeling, analysis, and computation of solutions
to such problems.

The financial network model consists of: agents or decision-
makers with sources of funds, financial intermediaries, as well
as consumers associated with the demand markets. In the
model, the sources of funds can transact directly electronically
with the consumers through the Internet and can also conduct
their financial transactions with the intermediaries either phys-
ically or electronically. The intermediaries, in turn, can trans-
act with the consumers either physically in the standard man-
ner or electronically. The depiction of the network at equilib-
rium is given in Figure SN-4.
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It is assumed that the agents with sources of funds as well
as the financial intermediaries seek to maximize their net rev-
enue (in the presence of transaction costs) while, at the same
time, minimizing the risk associated with the financial prod-
ucts. The solution of the model yields the financial flows be-
tween the tiers as well as the prices. We also allow for the
option of having the source agents not invest a part (or all) of
their financial holdings.

Figure SN-4. Financial Network (B Larger picture)

The Supernetwork Structure Reveals Answers to Questions
Dating Back Half a Century

More recently, Liu and Nagurney [14] demonstrated that
the supernetwork framework can also be used to show that fi-
nancial equilibrium problems with intermediation can be re-
formulated and solved as transportation network equilibrium
problems. Similarly, Wu et al. [38] proved that, as hypothe-
sized in Chapter 5 of [1], electric power distribution networks
can be reformulated and solved as transportation network equi-
librium problems over an appropriately constructed abstract
network or supernetwork. Copeland [5] asked whether “money
flows like water or electricity?” In [14] we established that
money flows like transportation flows and in [38] that electric
power flows like transportation flows. Such reformulations of
financial network problems and electric power supply chains
have yielded, through the supernetwork concept, new inter-
pretations of the governing equilibrium conditions in terms of
path flows and associated costs. Because of such reformula-
tions we now can apply additional computational procedures
that yield path flow information (for a recent large-scale em-
pirical application [15]).

The Possibilities
In this essay, I have argued for the Supernetwork paradigm

as a powerful tool for the study of network systems, empha-
sizing that it can capture not only the interrelationships among
networks but, most importantly, the effects of human decision-
making on the induced flows and prices. Through the com-
putation of the flows and prices one can determine the opti-
mal/equilibrium network designs and structures as well as the
associated vulnerabilities. Hence, supernetworks provide not

only powerful engineering and operations research/management
science tools but also financial and economic ones. Finally, the
supernetwork paradigm uniquely captures the human aspects
and brings a richness to the conceptualization and the under-
standing of the underlying processes.

For example, the complex network literature [29] initiated
principally by physicists, is only about a decade old, whereas
the publications in OR/MS on networks date back a half cen-
tury. An important aspect of the complex network physics lit-
erature concerns network efficiency measurement and vulner-
ability analysis. By showing that it is not just the topology
that matters, but, also the associated costs and flows on links
subject to the decision-makers’ behavior, we have been able
to generalize the results of Latora and Marchiori [12, 13]. In
particular, we have been able to show the importance and the
rankings of network components, i.e., the nodes and links in a
more coherent and reasonable manner [26, 27].

In addition, the connections that have been established
through the supernetwork paradigm of various applications are
now being exploited to address the dynamics of such network
systems, leading not only to new theories associated with equi-
libria, but with disequilibria, as well as time-dependent equi-
libria [14, 25]. For example, the well-known Braess paradox [2]
(see also [3]), which has been the subject of much attention re-
cently by the computer scientists [32] has been extended to a
time-dependent version in which it was demonstrated that the
paradox occurs only for a certain range of demands and, after
a certain demand the new route is never used! Hence, if one
considers network design issues in either telecommunication
networks or in transportation networks, operating in a user-
optimizing manner, then the addition of a new road/link may
lead to increased user costs within a range of demands and the
new route may not even be used past a certain demand; sug-
gesting that the new link, which induces a new route, should
not have been built since, over time, we may expect an increase
in demand.

Supernetworks have, thus far, enabled the identification
of similar structures and relationships between financial net-
works and transportation networks; electric power networks
and transportation networks; supply chains and transportation
networks, as well as transportation and telecommunication net-
works. Supernetworks have also been used to extend network-
based results in other disciplines, including physics. Future
research, I suspect, will include new concepts for dynamics,
besides the recently formulated double-layered dynamics, new
research into contagion, as well as into resiliency and robust-
ness of network systems.

Anna takes a break at the Puerto Rico meeting.
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About Data Mining
Data mining [23] has more than a decade-old history, yet

it remains a mystery to many. There is a range of intuitive
opinions of data mining, ranging from considering it a branch
of statistics to a somewhat deterministic tool. These views
are in essence correct as data mining has different shades by
encompassing algorithms that are deeply versed in statistics,
computational intelligence, and those resembling determinis-
tic approaches.

How Different is Data Mining from Traditional
OR/MS Methods?

If statistics is your basic tool of interest, it is worthy re-
membering that statistical models describe populations of ob-
jects. Data mining models could describe a population as well;
however, the population-based field might be too crowded for
data mining to enter. Data mining has a better chance to dis-
tinguish itself as an individual-based approach rather than a
population-based science.

Statistical models, e.g., regression, use all parameters spec-
ified by the user. It is true that not all of them are equally sig-
nificant and some may not be incorporated in the model. How-
ever, while using the model all independent parameter values

need to be provided to determine the decision (the value of
the dependent variable). A decision tree or decision rules ex-
tracted with a decision-tree or a decision-rule algorithm do not
require all values of independent variables for making deci-
sions. Data mining algorithms usually have the ability to select
important parameters; however, an entire branch of data min-
ing known as feature selection deals in refined ways of feature
(parameter) selection.

While statistical models largely evolve around independent
and statistically significant variables, data mining algorithms
can make good use of insignificant and even correlated vari-
ables. Combinations of insignificant variables often turn into
powerful decision-making models.

For those who enjoy using operations research, data min-
ing brings a fresh perspective. An operations research ana-
lyst carefully studies the problem on hand and depending on
her/his background recommends a particular model and an al-
gorithm. The model could be deterministic or stochastic. By
recommending (fitting) a model or a collection of models the
OR analyst fixes the number of variables, e.g., a transportation
model uses specific variables, constraints, and the objective
function. It is true that the selected model can be modified
by adding new variables, constraints, and so on. Often the
model is built from scratch; however, when fully developed,
usually the structure resembling the traditional OR models can
be identified. As statisticians enjoy curve fitting, operations re-
searchers fit models or their elements and we call it modeling.
In some cases, e.g., the formal modeling phase is replaced with
algorithm-fitting or its development.

Another issue deserving attention is that operations research
deals almost exclusively with quantitative variables. The dis-
cussion on combining quantitative and qualitative variables in
operations research modeling has been lasting decades without
much success. Data mining might have solved the quantitative
and qualitative variable dilemma of operations research. Many
data mining algorithms handle with great ease strings of num-
bers and qualitative values. In fact, an entire sentence could
be one of many variables considered in data mining. Data
mining allows casting a wide net over all possible quantita-
tive and qualitative variables. In addition, unlike operations
research, where modeling is in essence top-down (model fit-
ting), in data mining a bottom-up approach is followed. A
typical data mining algorithm derives a model from the data
rather than trying to fit a preconceived model. One could say
that a traditional modeler comes with luggage (e.g., dependent
on previous training and experience), while a data miner does
not. A machine learning algorithm extracts the model.

Where Data Mining Works Best?
A data mining algorithm does only a partial job, i.e., it

creates a model. In cases when a user is looking for patterns
the results produced by the data mining algorithm may suf-
fice. This type of data mining is called descriptive. The latter
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