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Industry Intelligence

E&P ‘Gets Smart’
With Virtual Intelligence

By Shahab D. Mohaghegh

MORGANTOWN, W.V.—In Sendai, Ja-
pan, one can get on the subway with his
cup filled to the brim with coffee. The train
will take that person to his destination with
several stops on the way, without any dan-
ger of spilling his coffee. This may be the
smoothest ride a person will ever experi-
ence on a train, and itis accomplished with
15 percent less energy consumption than
conventional subway trains.

A housewife can now mix cotton clothes
with polyester, white with colored, and very
dirty clothing with slightly soiled ones in the
washing machine, and have it self organize
and pick the best cycle to clean the entire load.

New vacuum cleaners will work
harder only on dirtier spots to save
energy. New camcorders will com-
pensate for the user’s hand jitters in
real time, and give him a stable pic-
ture. Every time someone makes a
charge on his credit card, an intelli-
gent system compares the transac-
tion with his usual pattern of spend-
ing in real time. If the purchase is
suspect, it will warn the vendor,

These are a few examples of how
virtual intelligence (i.e., soft comput-
ing, artificial intelligence, computa-
tional intelligence) is penetrating the
consumer market at an incredibly fast
pace. To these examples, one may add
the extensive use of analytical tools
in the financial market, where virtual
intelligence techniques are used to op-
timize and manage portfolios.

Use of virtual intelligence tech-
niques in the oil and gas industry
started a decade ago. Up to very re-
cently, however, these applications
were limited to using a single virtual intelli-
gence technique to solve problems in-hand.
As the complexity of the problems being
attacked increased, the single techniques
proved insufficient. This gave rise to intelli-
gent systems that are hybrids of several vir-
tual intelligence techniques to solve the most
challenging problems. This resembles the
trend in other engineering and scientific ar-
eas that have made use of virtual intelligence.

Virtual Intelligence
So what is virtual intelligence? It is a

collection of several analytical tools, in-
spired by natural phenomena and pro-
cesses, which attempt to imitate life. This
collection includes artificial neural net-
works, evolutionary computing, fuzzy set
theory (fuzzy logic), chaos theory, case
base reasoning, belief networks, probabi-
listic reasoning, and rough sets, among
other techniques. The three most-used ana-
Iytical tools are neural networks, evolution-
ary computing and fuzzy logic.

Virtual intelligence techniques exhibit
an ability to learn and deal with new situa-
tions. These techniques possess one or
more attributes of “reason,” such as gener-
alization, discovery, association and ab-
straction. In the last decade, virtual intelli-

gence has matured to a set of analytical
tools that facilitate solving problems that
were previously difficult or impossible to
solve. The trend now seems to be toward
integrating these tools with each other as
well as with conventional tools, such as sta-
tistical analysis, to build sophisticated sys-
tems that can solve challenging problems.

In the oil and gas industry, these tools
have been used to solve problems related
fo pressure transient analysis, well log in-
terpretation and reservoir characterization,
among other areas.

Artificial Neural Network

Artificial neural networks are probably
the best known of the techniques in virtual
intelligence repertoire. Neural networks, a
biologically inspired computing scheme,
are analog, adaptive, distributive and highly
parallel systems that have been used in
many disciplines, and have proven to have
potential for solving problems that require
pattern recognition.

The main interest in neural networks has
its roots in recognizing that the brain pro-
cesses information differently than do con-
ventional digital computers. Computers are
extremely fast and precise at executing se-
quences of instructions (algorithms). A hu-
man information processing system is
composed of neurons switching at
speeds a million times slower than
computer gates. Yet humans are more
efficient than computers at com-
putationally complex tasks such as un-
derstanding speech and other pattern
recognition problems.

Artificial neural systems, or neu-
ral networks, are physical cellular sys-
tems that can acquire, store, and uti-
lize experiential knowledge. The
knowledge is in the form of stable
states, or mapping, embedded in net-
works that can be recalled in response
to the presence of cues. Knowledge
in a neural network is not stored in a
particular location. It is stored both
in the way processing elements are
connected, and in the importance of
each input to the processing element.

Pattern recognition has proven to
be one of neural nets’ strong points.
The essence of pattern recognition is
the concurrent processing of a body
of information, all of which is available at
the same time. The parallel-distributed in-
formation processing characteristics of neu-
ral networks accommodate this necessity.

The science of pattern recognition is
concerned with three major issues:

* The appropriate description of ob-
Jjects—physical or conceptual—in terms of
representation space;

* Specifying an interpretation space; and

* Mapping from representation space
into interpretation space.

Another important characteristic of
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DIOIOZICAl PrOCess Of evolutionary adapta-
tion. Genetic algorithms, as the most promi-
nent evolutionary computing method used
today, maintain a population of individuals
(potential solutions), and act in ways that
favor the creation and “survival” of better
individuals. This innovative technique solves
complex problems by imitating Darwinian
theories of evolution on a computer.

In nature, organisms evolve as they adapt
to dynamic environments. The more “fit”
an organism is, the longer it will live, and
the more chance it has to reproduce and pass
along those “fit"” genes to another genera-
tion. New organisms are generated through
reproduction, and each organism essentially
gets “evaluated” by proving how well it can
adapt to the environment. In biological evo-
lution, only the winners survive to continue
the evolutionary process.

Note that one does not need to know
what aspect of the organism makes it a
winner; nature just assumes that if it lives,
it must be doing something right. Genetic
algorithm applies the same evolutionary
technique to a wide variety of real-world
problems like wire routing, scheduling,
adaptive control, optimal control, transpor-
tation problems, optimizing database que-
ries, and gas pipeline operations.

To implement a genetic algorithm, a
number of chromosomes (a population) are
created using random values for each pa-
rameter. From this population of solutions,
the worst are discarded and the best are then
“bred” with each other by mixing the pa-
rameters (genes) from the most successful
organisms, thus creating a new population.
During reproduction, the chromosomes un-
dergo different genetic operations, such as
selection, crossover, mutation and inversion.
The selection operator is responsible for
choosing two organisms to become parents.



