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FGC Technical Report No. 1
ORIGINS OF THE FGC/MP-7 MULTIPROCESSOR

Fifth Generation Computer Corp. was founded in New York in 1984 to design and
develop special purpose parallel processors used in pattern matching applications. FGC's
designs are based on patents first assigned to Columbia University by the Defense
Department and now assigned solely to the Company. In 1985, FGC entered into teaming
agreements with AT&T to obtain a significant DARPA contract under the U. S. Defense
Department's Strategic Computer Program to design and develop a Multiprocessor
System based on FGC's novel and innovative parallel processors. The contract was
awarded to AT&T and FGC, as its major subcontractor, in 1986 and proved to be very
successful in demonstrating a new approach to real-time continuous speech recognition.
We have included a copy of the Press Release announcing the contract award in
Appendix A.

Use of FGC Technology in AT&T Automatic Speech Recognition (ASR) System

Automatic and continuous speech recognition was an application ideally suited to the
FGC binary tree computer system. In order to correctly identify an unknown speech
utterance, an ASR system had to perform millions of simultaneous pattern matching
tasks. Real time continuous speech recognition had eluded researchers for years because
of the massive computing power needed to simultaneously process the calculations
needed to decode speech sounds and successfully match them against a library of speech
templates made up of a set of statistical parameters.

One of the first objectives of the DARPA contract was to demonstrate the use of the
DADO/DSP binary tree computing system in recognizing speaker independent
continuous speech in real time. This goal was successfully demonstrated within the first
year afier the award of the contract to AT&T and FGC. In 1994, AT&T successfully
installed a version of the system, named the AT&T BT-100, throughout its public
telephone network at an announced savings of $900 million per year according to their
press release of February 10, 1994 (See Appendices D, E and F).

AT&T Proposal to License FGC Technology

As the result of negotiations that had begun in 1988, AT&T offered to license FGC
Technology in a proposed license, dated October 12, 1988, The proposed license which
we have included as Appendix B to this report clearly indicates that FGC Technology is
being used in the AT&T BT-100 system.

FGC and AT&T were unable to agree on reasonable ferms. FGC filed suit in New York
State Supreme Court against AT&T for breaches of contracts and other issues. In
September 1996, FGC and AT&T reached a settlement in federal court where the case
had been joined with another action.
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Technology Evolution and Achievements

In Figure 1 on the following page, we have outlined the early development stages of the
FGC binary tree computer system as it evolved from a research project at Columbia
University through the joint development efforts with AT&T up to the design of the
FGC/MP-7 Multiprocessor System.

Patents

FGC is the owner of three parallel processing patents based on the first reduction to
practice of the binary tree architecture in a computer system. Two of FGC's patents were
issued to Dr. Salvatore Stolfo at Columbia University in 1989. These were first assigned
to Columbia University but, in 1996, they were assigned to FGC. The third patent for a
parallel processor was issued in December, 1999 to James Maddox, FGC Director of
Engineering, and assigned to the Company. Systems based on this FGC technology have
been in use in the military for over ten years.

Complete Patent documents and drawings are available on the US Patent and Trademark
Office Website at www.uspto.gov. To locate the FGC patents, search on the following
patent numbers:

6,000,024 Parallel Computing System
4,860,201 Binary Tree Parallel Processor
4,843,540 Parallel processing method

Appendices Relating to the Joint Development Effort with AT&T

Appendix A: AT&T Press Release dated October 13, 1986 announcing the contract
award to AT&T with FGC as its major subcontractor.

Appendix B: Proposed AT&T Release and License, 1988.

Appendix C: “A Real Time Connected Speech Recognition System Using Hidden
Markov Models,” Abstract of AT&T presentation given at 1989 SpeechTek Symposium.

Appendix D: AT&T press release of March 3, 1992 describing its intent to deploy voice-
recognition technology nationwide” The Release includes a brief description of the
technology.

Appendix E; “Reach Out and Pronounce This, What AT&T is Doing with its Voice
Recognition Technology,” The article, published in Computer Shopper, September 1993,
describes the use of the BT-100 as the core system being installed throughout the
network.

Appendix F: AT&T press release of February 10, 1994 announced “savings of $900
million per year as new technology is deployed and management layers are reduced.”.
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ORIGINS OF AT&T BT-100 AND FGC/MP-7 TECHNOLOGIES
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FGC’s Patented Binary Tree Computer Architecture and Methods

In the binary tree computer architecture, each processing element (PE) represents a node
that branches to two connected nodes, sometimes referred to as the left child and the right
child, each of which continues on to the next level. This architecture is especially suited
to perform compute-intensive “pattern matching” functions that must compare/compute
an unknown input to a large set of known possibilities, allowing for various forms of
distortion and/or incompleteness in the unknown.

The system can scale up to millions of processing elements especially using technologies
such as embedded computer systems or systems on a chip (SOC).

The term, “Binary Tree Computing,” now appears in the literature under several names,
such as “Global Tree Computing” and “Hierarchical Computing.”

It is a highly efficient architecture for designing large arrays of processors,
Use of the Binary Tree Architecture in the IBM Blue Gene System

For example, as a spin off from its Blue Gene System development project, IBM has filed
a Patent Application, No. 20040078493, entitled, “Global tree network for computing
structures.”

The following is IBM’s description of the “Background of the Invention” (which FGC
believes is highly dependant on FGC’s patents):

“This invention relates generally to the field of distributed-memory message-
passing parallel computer design and system software, and more particularly, to a
novel method and apparatus for interconnecting individual processors for use in a
massively-parallel, distributed-memory computer, for example.

“Massively parallel computing structures (also referred to as “ultra-scale
computers” or “supercomputers”) interconnect large numbers of compute nodes,
generally, in the form of very regular structures, such as grids, lattices or tori.

“One problem commonly faced on such massively parallel systems is the efficient
computation of a collective arithmetic or logical operation involving many nodes.
A second problem commonly faced on such systems is the efficient sharing of a
limited number of external ¥/O connections by all of the nodes. One example of a
common computation involving collective arithmetic operations over many
compute nodes is iterative sparse linear equation solving techniques that require a
global inner product based on a global summation.

“The normal connectivity of high-speed networks such as the torus is simply not
fully suited for this purpose because of longer latencies.
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“That is, mere mapping of a tree communication pattern onto the physical torus
interconnect results in a tree of greater depth than is necessary if adjacent tree
nodes are required to be adjacent on the torus, or a tree with longer latency
between nodes when those nodes are not adjacent in the torus.

“In order to compute collective operations most efficiently when interconnect
resources are limited, a true tree network is required, i.e., a network where
the physical interconnections between nodes form the nodes into a tree.”

Summary of Achievements

1. Fifth Generation Computer Corporation (FGC) was the major sub-contractor to
AT&T in a US Defense Department DARPA contract in the late 1980's which first
Demonstrated real-time continuous speech recognition capability in a large
Telephone network.

2. FGC, using technology licensed from Columbia University, built the first
prototype of a DSP-based massively parallel processor which led to a major
deployment of these units in the largest telephone network in the world.

3. Another version of this prototype, the AT&T BT-100, was deployed in hundred's
of military installations around the world for use in high level research utilizing
the power of massively parallel computing technology.

4. In 1997, FGC designed, built and delivered the FGC/SRS Speech Recognition
MP-7 Server, utilizing 42 off-the-sheif Intel Pentium boards, to its first customer,
US West, in less than six months from order date, This system handled
over 400 million requests from customers and was in continuous operation for
over six years without one system failure. To maintain and monitor the system,
FGC designed a remote link, based on secure Internet technology, to move updates
and modifications from our New Jersey Systems Center to the US WEST (now
Qwest) facility in Minneapolis, Minnesota over the Internet. The operating system
used as the basis for the MP-7 Load Balancing Software System is Linux.

5. FGC obtained its third paratle]l processing patent in December, 1999.
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News Release

For turther information: .
Appendix A

Michael Jacobs, AT&T Bell Laboratories
(201) 564-4097 (office)
{(201) 736-093% (home)

For Release Octcber 13, 1986

ATST to Build Parallel Processor

Whippany, NJ -- AT&T has been awarded a contract from the
Defense Advanced Research Projects Agency (DARPA) to
develop prototypes of a computer that can recoghize
speech and images and do other complex pattern-matching
tasks in a fraction of the time of today's best
computers.

*"These machines should bring us an important step
closer to systems that can recognize large-vocabulary
human speech as fast as it is spoken, a goal that has
eluded computers up till now," said Robert Lewine, head
of the Special Systems Design Department at AT&T Bell
Laboratories.

The AT&T machines will be parallel-processing
computers, considered by many to be the next wave in
high-speed computing. Parallel-procéssing computers
harness numerous small processors to divide and conquer a
problem, executing many operations in parallel rather
than one at a time.

- Iore -

E-7378-A (11/85) ATAT Bell Laboratories



The contract is worth about §7.7 million to AT&T
over a three-year pericd. It was awvarded under the
Strategic Computing Initiative, an ambitious Pentagon
program that is funding research into several new
computer technologies. Scientists at AT&T Bell
Laboratories, where the work will take place, expect to
have the first working prototype ready by next spring.

ATS:T's subcontractor on the project will be Fifth
Generation Computer Corporation of New York City.
Salvatore Stolfo, Fifth Generation's chief acientist and
an associate professor at Columbia University, has
conceived a parallel-processor architecture, called Dado,
that will be the basis of the AT&T machines.

AT&T will extend the Dado architecture to gpeech and
image recognition and to other tasks involving
sophisticated signal processing. ATsT will also develop
software to control the computer. "We plan to
demonstrate that this new architecture can compute
solutions to other problems that are currently considered

too complex for today's computers,” said Lewine.

"our major challenge is to vnderstand how to
partition a problem into hundreds or thousands of small
pieces so that the multiple processing elements can be
used with high efficiency." said Allen Gorin, the
principal investigator on the Bell Laboratories project.
"We already know how to do this for speech recognition,”
he said, "and are extending our studies to many other
areas of signal processing.”

+ ¢+



Additional Technical Information

To demonstrate the power of its parallel-processing
architecture, the AT&T machines will run speech-
processing algorithms currently under development at AT&ET
Bell Laboratories. These algerithms involve comparing
unknown speech patterns against a library of reference
patterns. In the AT&T machines, all these comparisons
will be performed simultaneously, thereby executing these
algorithms fast enough to keep pace with normal speech.

Each processing node in the machines will consist of
a microprocessor, a digital signal processor, and some
memory and input-output hardware. The Dado architecture
links processing nodes in a so-called binary tree
architecture in which each node communicates only to a
"parent” node and two "descendents," thus forming a
"family tree" of related processors. Data flows into the
tree through 2 root processor and is broadcast from
parents to children throughout the tree. Results from
parallel processing efforts are then passed back to the
root processor, with comparisons and decisions made along

the way.



RELEASE AND LICENSE
Appendix B

This Agreement is made, entered into and is effective this day of |, 198R, by and betwecn
Fifth Generation Computer Corporation, with offices located nt 232-B East 6Kth Street, New
York. NY 1012) (hereinafter referred to as "FGC") and AT&T Technologies, Inc. with offices
located at Guilford Center (P.O. Box 20046), Greenshoro, North Carolina 27420 . AT&T
Technologies, Inc. enters into this Agreement for the benefit of, and on behalf of, itsell, jis
parent, American Telephone and Telegraph Company, and their respective subsidiary and
affiliated corporations (hereinafter referred to severally and collectively as "AT&T").

WHEREAS, FGC was arganized for the purpose of developing and commarcintizing paraliel
computer systems hased upon technologies originated in the Computer Science Department
of Columbia University in the City of New York (hereinafter referred to as "Columbia®) under
the name "DADO;" and

WHEREAS, FGC has a worldwide exclusive license from Columbia to develop, manufacture
and market computer systems based upon the DADO technology: and

WHEREAS, AT&T and FGC have entered into a First Teaming Agreement, effective

January 31, 1985, relating to cooperative efforts associated with the Muitiprocessor System
Architecture Program; and

WHEREAS, AT&T and FGC have entered into a Second Teaming Agreement, effective
December 3, 1985, relating to cooperative efforts on certain other projects;

WHLREAS, AT&T and FGC have entered into an agreement, dated May 28, 1986 and
amended July 1, 1986, relating to Decision Processing Peripheral Demonstration (hereinafter,

the "DPP Agreement”), under which AT&T developed and supplied to FGC certain
demonstration software; and ;

WHEREAS, there remains unpaid a balance due from FGC to AT&T under the DPP
Agreement; and

WHEREAS, FGC is desirous of satisfying its outstanding obligations to AT&T under the
DPP Agreement; :

WHEREAS, FGC and AT&T desire to resolve any possible questions regarding respective

rights in intellectual property relating to paralle! processing computer systems and related
software;
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NOW THEREFORE, in consideration of the mutual promises contained herein, the parties
agree as follows: . ‘

1, DEFINITIONS

All terms appearing below in all-upper case letters (other than the names of the parties and
Section headlings) shall have the respective meanings assigned to such terms in the Definitions
Appendix hereto.

2 RELEASE BY AT&T

AT&T herehy forgives and releases FGC from all obligation to pay the remaining balance
due from FGC 1o ATET under the DPP Agreement. All ather oblipations under the DPP
Agreement, including continuing obligations regarding the contidentiality and limitations on
use of AT&T information and deliverables, remain in full force and effect.

3 RELEASE BY FGC

FGC hereby remises, releases, and forever discharges AT&T (including AT&T Technologies,
Inc., its parent. American Telephone and Telegraph Company, a New York corporation and
their vespective subsidiary and affiliated corporations), the past and present officers,
directors, employees, agents, subsidiaries, affiliates, successors, and assigns of each of them,
and the heirs, executors, trustees, administrators, successors and assigns of any such persons
and entities (the "Releasees™) of and from any and all manner of actions, causes of action,
suits, claims, and demands whatsoever, at law or in equity, other than for negligence causing
personal injuries 1o a natural person, which against any of said Releasees FGC or any of its
subsidinries, affiliates, successors, or assigns ever had, now has. claimed to have had, now
clainy 1o have, or heveafter can, shall or may claim to have for or hy reason of any cause,
matter or thing whatsoever, from the beginning of the world to the effective date of this
Agreement. '

FGC warrants that it has not assigned, pledged, hypotheeated, or atherwise divested fiself or
encumbered all or any part of any of the claims being released hereby and that it will
indemnify and hold harmless any Releasee agninst whom any claim so assigned, pledged,
hypathecated, divested, or encumbered is brought; and each indivicual executing this Release
on behalfl of FGC hereby personally warrants that the Release was authorized in the manner
required by applicable law, that the Release complies in all other respects with governing law,
that the Release is fully binding on FGC; and that FGC has authority to execute this Release
on behalf of its subsidinries, afiliates, successors and assigns.
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This release by FGC may not be modified nrnlly and no alleged oral waiver of this
Release shall have any force or effect.

4. LICENSE TO AT&T

FGC herehy prants to AT&T, commencing on the cflcctive date of this Agreement, an
irrevocable, nontransferable, nonexclusive worldwide license under FGC TRECHNOLOGY to
make. have made, import, have impoﬂed. use, have used, lease, sell and otherwise dlspose of
COMPUTER SYSTEMS using, incorporating, requiring, being hased in any way on, or in any
way relating to FGC TECHNOLOGY.

FGC represents that FGC has the right to grant licenses or sublicenses to AT&T of the scope
recited in this Seetion 4 covering FGC TECHNOLOGY, including that referred to as DADO
technology (and patents relating to such DADO technology) punsuant o rights granted by
Columbin University to FGC. AT&T relies on such representation hy FGC and reserves the
right to require further adequate written assurances and/or documentary evidence that FGC
has such right before any payment is made by AT&T pursuant to Section 5.

Except as provided in Section 5, this license shall be free of all obligation by AT&T to make
payments of any kind and, in any event, shall be free of all royalties.

It shall not be deemed a failure of consideration if AT&T has otherwise ret.ewed rights
duplicative, in whole of part, of rights granted under this Section 4.

3. PAYMENTS TO FGC

AT&T shall, subject to the provisions of Section 4, pay the sum of fifty thousand dolars U.S,
(350,000.0) to FGC within ninety (90) days after the effective date of this Agreement,

AT&T shall make payments to FGC based on sales macde by AT&T after the effective date of
this Agreement to third parties of AT&T's Model BT- 100 processor in accordunce with the
following schedule

For UNITs
1through 350 Nothing ($0.00)

For each UNIT
in excess of 350  Three percent (3%) of NET
SELLING PRICYE of the UNIT, or
two thousand U.S. dollars
($2000.00) per UNIT,
whichever is lesser. -
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UNITSs are identified by the order in which they are sold; e.g., UNIT 1 is the first to be sold,
UNIT 251 is the two hundred fifty- first to be sold.

The partics npree that the amounts paid or to be paid by AT&T under this Agreement,
including this Section 5, and releases granted by AT&T hereunder, represent complete
consideration for promises, releases, grants and other undertnkings by FGC under this
Agreement and do not in any way constitute a royalty or otherwise reflect value received for
use or incorporation of FGC TECHNOLOGY, if sny, in AT&T's Mode! BT-100 processor.

6. CUSTOMERS

FGC agrees not to assert any claim for infringement or for the unnuthorized use of FGC
TECHNOLOGQGY for the use, import, safe, lease or disposal by any other means by customers,
mediate and immediate, of COMPUTER SYSTEMS which, in the first instance, are sold,
leased or otherwise disposed of by AT&T. Accordingly, the license granted pursuant to
Section 4 above is extended to such customers, but only to the exient nccessary to permit such
use, import, sile, lease or other means of disposal, and in no event shall any license to make
or have made extend to such customer. ’

7. ENTIRE AGREEMENT

The terms and conditions contained in this Apreement supersede alt prior oral or written
understandings between the parties and shall constitute the entire Agreement hetween the
parties respecting the subject matter hereof. There are no understandings or

representations, express or implied, not expressly set forth herein. This Agreement shall
not be modified or amended except by a writing signed by bath parties.

IN WITNESS WHEREOF, the parties hereto have caused this agreement to be duly
execuied.

FIFTH GENERATION ’
COMPUTER CORPORATION AT&T TECHNOLOGIES, INC.
By By —

Title Title

Date ' Date -
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DEFINITIONS APPENDIX .

COMPUTER SYSTEMS means all equipment, apparatus. computer programs,
microprograms, components, subassemblies, modules, processing elements and all portions
and combinations of them which are adapted, either singly or in combination, tn processing
information in any form or medium. )

FGC TECIINOLOGY means all ideas, designs, algorithms, data, computer programs,
inventions, patents, copyrights, trade secrets, proprietary information or intellectunl property
rights of any kind (severally and collectively, "technology®) now existing which FGC owns or to
which FGC has the right-to grant 2 license for any one or more of the following: to make, have
madle, use, have used, sell, lease, import, have imported, or otherwise have disposed of.

Except as provided below, FGC TECHNOLOGY shall include only
such technology as has been (i) disclosed or otherwise

provided to AT&T (or in the case of intangible imellectun!

property rights, such rights as protect, cover or otherwise

relate to any technology so disclosed or otherwise provided)

by anyone prior to the effective date of this Agreement, or

(i) developed by AT&T.

Notwithstancling any language to the contrary otherwise
included in the foregoing, FGC TECHNOLOGY shall includee
patents for invertions made prior to the effective date of

this Agreement for which no patent has issued as of the
effective date of this Agreement which FGC owns or to which
FGC has the right to grant a license with a scope consistent
with Section 4, above.

NET SELLING PRICE means the price charged to customers for ench UNIT, less taxes and
chitrges for packing, erating, handling and transportation,

UNIT means that apparatus portion of AT&T's Model BT-100 processor consisting of an
array of AT&T DSP processor chips permanently configured in a hinary tree configuration
with associated control and memory circuitry, all of which chips and circuitry are mounted on
one or more printed circuit boards, the totality being arranged to be interconnected by
backplane and chasis apparatus within one or more cahinets to a single host computer. More
particularly, UNIT consists of such apparatus of a design provided to the United
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States Gavernment or its designees and described in pertinent part in AT&T drawings J-
1C258 BT- 100 System Assembly. :

UNIT does not include:

(1) system or application software, including computer
programs or othes sequences of instructions for controlling
programmable chips, processors or other apparatus, nor

(ii) system or application firmware, including computer
programs or other sequences of instructions for controlling
programmable chips, processors or other apparatus, nor

(iii) documentation (including training courses or materials)
related to the use of AT&T's BT-100 processor or software or
firmware intended for use thereon, nor

(iv) any host or control processor external to the array, nor
(v) any peripheral apparatus external to the backplane,
chasis and cabinet, nor

(vi) any processor, array, system or configuration other than
AT&T's Model BT-100 processor as defined herein.
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Appendix C

A REAL TIME ~
CONNECTED SPEECH
RECOGNITION SYSTEM
USING HIDDEN MARKOV
MODELS

P. Ramesh

D.B. Roe

A.L. Gorin

Speech Research Department
AT&T Bell Laboratories

This presentation describes a
PC-based system for recognizing
grammar-constrained connected
speach in real time, using Hidden
Markov Models, The heart of the

system is the BT-1 arallel pro-
Seeor That con-prov Toare bro-
flon igwer as me.%ﬂ’icultz of the
speech recognition task increases
In terms of vocabulary size
Eng'uage complexlty and speaker
independence. Rea! time speech

recognition has been achieved
with the system for & 70-word

data entry task and a 132-word
airline reservation system. Re-
cognition results obtained are
also presented.
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FOR RELEASE TUESDAY, MARCH 3, 1992

BASKING RIDGE, N.J. -- AT&T today announced it will deploy voice-recognition technology nationwidc to automate many
long- distance calls now handled by operators. Developed by AT&T Bell Laboratories, this technology recognizes and responds
to the human voice.

The company reached this decision after two trials of voice recognition in the Dallas-Forth Worth area. The trials showed that
this breakthrough in technology is easy to use and gives customers more choice in how they make long-distance calls.

Voice recognition will keep the costs of calling reasonable, provide a platform for future services, and ensure that American
consumers get the full benefit of innovative technology.

Based on a growing trend among callers to place long- distance calls without operator assistance, on other recent improvements
in operator-services technology, and on the introduction of voice recognition, AT&T will eliminate, by the end of 1994, 200-400
management and 3000-6000 non-management positions from its operator setvices organization, and will close 31 offices in 21
states. The company currently employs about 18,000 operators.

The company's objective is to offer an AT&T job to any affected employee who qualifies and will relocate, if necessary. It has
identified eight types of job openings likely to occur between 1992 and 1994 that may be of interest to operators.

Those not placed will be offered company-paid retraining opportunities, job counseling, outplacement services, and severance of
up to 104 weeks pay, depending on seniority.

Voice-recognition technology will handle many long-distance calls now completed by operators—for example, collect and
billed-to-third-party. The caller dials "0" and the number he or she wants to reach, and is prompted to say a particular word--
"collect," for instance. The call goes through, and a recorded voice asks the person called to say "yes" if he or she accepts the
charges.

The customer who requires additional assistance, or prefers to speak with an operator, can always reach one by saying
“operator." In addition, if the customer experiences any difficulties with a call, an operator comes on the line automatically.

Voice recognition is the latest in a series of improvements to increase operator productivity and speed call handling. In 1951, for
example, AT&T introduced direct-dialing of long- distance calls.

Beginning in 1982, automated calling-card service let customers place card calls without operator assistance. In 1989, the
company implemented an all-digital technology that put more customer information at operators' fingertips and enabled them to
handle calls faster.

Voice-recognition technology will be deployed in Jacksonville, Fla., and Seattle, Wash., in June, 1992, Nationwide
implementation will be completed in early 1994, AT&T said.















