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Introduction

The information age has evolved trying to ana-
lyze more and more data, yet we seem to un-
derstand less and less. Data mining for example
requires dozens of people to interpret large
amounts of data for many months without much
of a result in terms of understanding the larger
picture.

To analyze means to pull things apart and to
scrutinize the individual pieces trying to deter-
mine the nature of the whole. The reality is that
this can be done only if the system in question
is simple enough to be fully comprehended by
one or two minds. The number of parts in a
larger system increases the complexity to such
a degree, that it becomes difficult and eventual-
ly impossible to comprehend the whole.

Additionally, pulling things
apart removes the many
emergent properties that the
aggregate dynamic system
exhibits. For example, pulling a
clock apart into its components and spreading
the parts over a couple of shelves in a book-
case, will effectively remove the one emergent
property that justifies the very existence of a
clock, namely time. ‘Time’ cannot be found
among the parts on the shelves. The same is
true for the two gases Hydrogen and Oxygen, a
most dangerous explosive mixture. However,
when joined together they exhibit totally differ-
ent properties. We discover a liquid called wa-
ter, and it does not even burn. In fact, an oppo-
site property emerges: it puts out fires.

Where do these emergent properties come

from, and why can’t we anticipate them from the
individual components that make up the whole?
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“Every important idea is simple.”
Leo Tolstoy in War and Peace

The answer to this question lies in the very
nature of every system and the representa-
tion of its information: the whole is greater
than the sum of its parts. The difference
between the ‘whole’ and ‘the sum of the
parts’ is called information and manifests
itself as emergent properties. To understand
such a system and to represent its informa-
tion, it has to be conceptually simple. But for
a system to be conceptually simple, it inevit-
ably will be abstract. Because the more de-
tails we describe explicitly, the more compli-
cated it becomes. On the other hand, the
more details we formulate implicitly, the
more abstract it becomes. Therefore, if we
seek conceptual simplicity, we cannot avoid
abstraction.

The explicit de-
scription of data
is most often
done by means
of a natural lan-
guage, such as English. On the other hand,
implicit formulation of data can only be done
by means of formal logic such as mathemat-
ics. If in this case one were to attempt the
use of natural language, it would quickly
lead to a nonsensical jumble of words.
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Breakout of “Same Kind of Thinking”

It was in the early part of the last century that
abstract tools were developed in the fields of
Physics and Engineering that solved the most
difficult problems in the understanding of natural
systems that have ever been faced in the histo-
ry of mankind.

Results from the field of
Solid State Physics gave
us the transistor, integrated
circuits and computer
chips, which produced an
apparently endless stream
of applications touching
every facet of our lives. Results from Quantum
and Relativistic Physics allowed man to split the
atom and gave us atomic energy. Endeavors in
Electrical, Chemical and Mechanical Engineer-
ing gave us rockets that took us to the moon
and spaceships that traveled beyond.

The magnitude of these problems and their so-
lutions dwarfs any IT chore ever encountered. It
stands to reason that with these tools the much
simpler IT problems ought to be readily solved.
However, one major obstacle stood in the way
to allow this to happen. Virtually every IT under-
taking has evolved in the last fifty years toward
explicit descriptions of data and processes in
natural language, mostly English text. In fact,
databases and their myriad of tools together
with their underlying languages have become
gigantic word processors, and as such are fun-
damentally unsuitable for the abstract solution
methodologies that allowed the enormous

scientific and technological breakthroughs of the

past.
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“We can’t solve problems by using
the same kind of thinking we used

when we created them.
Albert Einstein

The universe is not semantic, expressed in
terms of morphemes, as our anthropocentric
nature tries to make us believe. On the con-
trary, it is quantitative, expressed in num-
bers. Text does not lend itself to be operat-
ed on mathematically in the way numbers
do. Therefore, it
was first when a
unique method of
guantizing data
was invented, a
phenomenon
never applied in
the IT world be-
fore, that the door was opened to the full
exploitation of these aforementioned tools
and the success of the solutions to previous-
ly unsolvable problems became instantly
apparent.
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The New Paradigm

Once the gap to mathematical reasoning was
bridged by quantizing the data, a whole new
world of gaining information from large amounts
of data at super speeds came into existence.
Hilbert's software is based on its Hilbert® En-
gine, named after the famous German mathe-
matician David Hilbert. All data are expressed
as quantities via a unique process, protected by
fundamental patents that have nothing to do
with software. It allows related information from
the fields of database records to be expressed
as combinations of numeric entities, called ma-
thematical vectors, while maintaining all seman-
tic information of the data.

For instance, the simple combination of first
name, last name and zip code would lead to a
three-dimensional vector. Vectors have proper-
ties such as spatial direction and magnitude.
Because most database tables contain consi-
derably more than just three fields, the vectors
will therefore also span much more than just
three dimensions.

Last Name

F

Smith .-~

John,Smith,19103
Carl,Lewis, 33023

Lewis —-7__

First Name

......

Each record, including all its relational fields,
represents one vector and hence one point
in a multidimensional space. Millions of
records represent millions of points in that
space — The Hilbert® Space as part of the
Hilbert® Engine. After connecting the dots, a
multidimensional body appears. This body
of points is an interactive living representa-
tion of the actual system. There is no need
to interpret on its behalf. It reacts to ad hoc
gueries and it speaks for itself. Simply put,
one can pick and poke at it, and it reacts just
as any system would react according to its
own internal logic.

Large dynamic systems can now be
represented mathematically rather than se-
mantically. By combining and organizing the
vectors, the Hilbert Engine can quickly find
the most complex relationships. To be able
to obtain, virtually instantaneously, complex
relationships in context from huge amounts
of data is far more efficient and goal
oriented, than the endless and often mind-
less comparisons of individual database

Three Column Table in Hilbert Space
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fields.
(John, Smith,19103)
___________ (Carl,Lewis,33023)
19103 33023 ZIP
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To compare two or more disparate databases,
the traditional wisdom prescribes the data con-
tent to be first normalized, a process in which
large amounts of information will be lost. The
Hilbert Engine however, provides space for
each database. The resulting extended space
allows the disparate vectors to operate in the
same way all vectors operate. After all, an ex-
tended space is ho more than a dimensional
increase of an existing space. Therefore, all
information remains intact and ready to be re-
vealed in context and in real time.

Unique

Multiple Databases in Hilbert Space

Stated in simple terms, one can only seek and
find knowledge in a holistic system, but one
cannot find knowledge by looking at individual
entities out of context, because one cannot see
the forest for the trees. An automobile, totally
disassembled with all its parts lying in different
bins on the shelves in a warehouse, will be very
difficult to climb into and then drive away. To
turn the steering wheel found in one bin while
looking at the wheels found in another reveals
that the wheels don’t move no matter how much
one turns the steering wheel. The only relation-
ship between the steering wheel and the wheels
in the bins is the human interpreter, who usually
is subjective, out of context and often just plain
wrong, but most importantly, who can’t make
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the wheels turn. On the other hand, when
the parts are fully assembled into an auto-
mobile, nobody would argue about stepping
into it and driving away. A functional auto-
mobile is a dynamic three-dimensional sys-
tem. A corporation, an economic system, or
a whole country, are no different. They are
also dynamic systems albeit far more com-
plex with many more parts and dimensions
than an automobile. One can interact with
them and observe the results.

The Hilbert Engine is
not only the real-time
solution to problems
that till now have
failed, but even more
S0, it provides the way
to solve problems
never before at-
tempted and thus
Opens up new oppor-
tunities, new products
and new markets.
With the Hilbert En-
gine, the era of end-
less meetings of large
groups of people try-
ing to solve impossi-
ble problems at great
expense have come
to an end. Instead, proof of concepts or pi-
lots can quickly be implemented with only a
few people, at substantially reduced cost,
that will readily illustrate the reality and per-
formance of any given solution. Decisions
can be made based on facts received from
the results of the pilot rather than the prom-
ises of an elaborate report based on the
lowest common denominator of the hopes
and dreams of a committee.
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Hilbert Engine Implementations -
Proven Successes

Here follow some practical examples of Hilbert
Engine successes, where traditional methods
failed.

Customer Example Legal Services
— Match Identity

In one of the first applications of the Hilbert En-
gine, a legal services firm needed to match mil-
lions of financial records from more than fifty
disparate data sources, each in its own peculiar
format. The problem was that, besides format
differences, much of the data content was incor-
rect because of data entry errors, manual pre-
processing attempts, fraudulent alterations, etc.

Prior to Hilbert’s involvement, one of the big five
consultancy firms worked for several years on
the problem to no avail. Subsequently, several
others tried as well, but also failed.

Hilbert Engine

T

HilbertEngine

New Transaction System

Hilbert: An Efficient System and Method for Organizing and Analyzing Data
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After having spent millions of dollars on
these futile activities, as a last attempt, the
new Hilbert technology was applied.

1. Import of Database Data
into Hilbert Space
2. Quantization of Data
to establish a multidimensional infra-
structure in Hilbert Space
3. Query of Data
to gather vectors of interest
4. View-Vectors
were explored and compared
5. Record Identification Numbers
were automatically generated in an itera-
tive analysis process

The outcome was that the Hilbert Engine
matched more than six million financial
records in less than two minutes on a lap-

top. The
% ITCOng/Data process in-
struciure
% unstructured Cll‘Jded pyer
thirty million
related

records, with
an average of
three hundred
attributes per
record. The
records were
matched to an
accuracy of
one out of twenty billion. Critical financial
reports that previously required more than
twenty hours to produce are now generated
in a few minutes.

Queryand Reporting

This is one example of how the Hilbert tech-
nology is all about fast, practical and mea-
ningful solutions at reduced cost and not
about long-term social gatherings resulting
in huge reports that explain why things can-
not be done.
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Example Government Agency
— Document Evaluation

To combat the threat of terrorism, our govern-
ment agencies are searching for better tools to
automatically evaluate large quantities of docu-
ments and messages in seconds. For a DARPA
(Government Agency) project, Hilbert used the
Hilbert Engine to search tens of thousands of
unstructured documents with virtually instanta-
neous response to any query. This is an interac-
tive investigative process that outperforms any
commercially available search engine in finding
“needles in haystacks” in any type of document,
email message, voice transcription or other text-
based content. The outcome is both speed and
accuracy.

Example Government Agency
— Case and Related Documents

The DOJ (Department of Justice) is current-
ly evaluating the Hilbert Engine to increase
their ability to investigate hundreds of mil-
lions of pages of unstructured content in
support of a potential case. Additionally, the
system also automatically correlates docu-
ments as to subject matter in just seconds.
Again, the outcome is both speed and accu-
racy, and the DOJ lawyers will now be able
to dramatically improve their productivity.
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634773 instances of "A" occur in 1985 spedific documents 100 instances
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[14]). Also the non-existence of a 8 & magic knights tour

Blvd, Melbourne, Florida 32901 6975, U.S.A. aberdein@fit.edu ABSTRACT. Stephen
“Toulmin once i

2001 On Fermat's marginal note: a suggestion Nico F. Benschop AmSpade
this essay is to give a preliminary description of the growth
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Example Pharmaceutical
— Clinical Trials

In the pharmaceutical industry, understanding
the information found in clinical trials data is
critically important. Each drug requires many
individual trials, which can take months, even
years to complete. They can contain enormous
amounts of data in various formats that include
hard facts as well as the doctor’s written obser-
vations. Due to the format differences and the
data complexities, one trial is almost

Example Communications
— Marketing Optimization

Large telecommunication companies have
their own sets of data problems. These
companies spend hundreds of millions of
dollars each year in an effort to grab their
competitors’ customers, which require data
from other sources. These sources contain
many duplicates, but also repetitions of their
own customers.

never compared to another, thereby g U Snadeddiesses [
loosing the ability to see the larger pic- 2 ReslEslatoCloses HARS Bl
ture. &  Autoregistrations i N
-] s
o ‘AccidentClaima ' TITTINT
One major pharmaceutical Company % Voterregistrations Discover Emergent
. . . ] Properties
applied the Hilbert Engine to perform 2 customerdata [l % byiiening o clustersufdata
analysis across sixteen different and a el Housshelds; el

independently run clinical trials. By
quantizing all the data from each clini-
cal trial into individual subspaces,
which together make up one multidimensional
vector space, the data can now be analyzed
universally. Much of the critical information re-
sides in the unstructured observational notes of

Clinical Trials Databases

\888./1\. e o .j \. [ ] .Q

-------- S S

LALLM

High-Speed
Analysls

Hilbert ClinicalTrial Solution

the doctors running the trials. With the Hilbert
Engine, this pharmaceutical company can now
put both the structured as well as the unstruc-
tured data into context, and discover relation-
ships never before revealed.
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People Clustered by Household
at Standardized Addresses

Marketing — CRM: House holding Address Standardization

Poor quality data costs these companies
millions of dollars in duplicate mailings,
missed prospect opportunities, upset cus-
tomers, etc. Customer matching systems
are deployed in order to identify unique ad-
dresses, eliminate duplicate records, and to
classify the residents at each address into
one or more households. These systems
are built using conventional databases and
typically use hundreds of thousands of se-
mantic rules in an attempt to keep the data
clean. They are at best sixty to seventy per-
cent accurate.
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The Hilbert Engine application that is not based
on semantic rules but on mathematical logic.
Instead of processing rules, the Hilbert Engine
first quantizes each address in the customer
and prospect databases, and compares them
vectorially to a two billion record, quantized ref-
erence base of valid addresses from the US
Postal Service. This corrects the address por-

Reference Address Hilbert Reference
Information AddressUp Base

UNITED STATES
| POSTAL SERVICE -

'Cre'ate Create
Permissibles Permissibles
I
Permutation Permutation
Check Check
DL f ‘ll DI F "I i
Check Check
L I
Enrich&Assign Enrich&Assign
Address D Person ID
Inspect Address Information |
Address Person

Hilbert ExploreData Solution

tion of the name/address vectors. Now the
complete name/address vectors are compared
with one another to produce households. Hil-
bert's AddressUp application achieves ninety
five percent accuracy. It processes many more
names and addresses per unit time, using a
personal computer, than any other system can
on mainframes.

Conclusion

Customer Example Industrial Services

— Data Mining Maintenance Data

Aircraft system failures are a growing prob-
lem. Large teams of skilled engineers, seek-
ing to predict failures, tried for many years to
analyze maintenance data. The results were
limited and certainly not real time. Addition-
ally, these teams attempted to use numer-
ous commercial data mining tools, which all
failed. By leveraging its ability to solve prob-
lems involving both structured and unstruc-
tured data simultaneously, the Hilbert En-
gine demonstrated that it does the job in
minutes.

The initial skeptics became Hilbert’s biggest
supporters.

S-101 F-4177 POWER OFF

LIGHT BLINKING SY¥ITCH

Maintenance
Dashboard

Service# o

o
Light
Switch

Score#

§-101 | 20% | 60%

1250

S§-102 | 25% | 50%

1140

s103 | 0 | 50%

1000

S-109 | 50% | 256%

900

Industrial Services Maintenance Data Mining

These examples, as well as others, prove that the Hilbert Engine represents a breakthrough in
information science. It solves problems that conventional systems cannot. Information arises
from data when it is assembled in context, and the Hilbert Engine represents the only technology
to achieve that assembled state. The door has finally been opened to an exciting future of dis-

covery.
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About Hilbert

Pennsylvania based Hilbert Technology Inc. is an international provider of data management
and analysis solutions for large and medium size enterprises worldwide. The offering is based
on the revolutionary, patented Hilbert Engine technology for the ultra high-speed access, mani-
pulation, storage and analysis of large volumes of structured and unstructured data. The Hilbert
solutions are offered as industry or process specific solutions. Organizations in public services,
law, government, finance, communications, whole- and retail sales, transportation & tourism and
chemical & pharmaceutical can employ Hilbert solutions to gain unparalleled speed in access
and analysis over large data volumes.
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