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FOREWORD

The National Communications System {(NCS) is an organization of the Federal
Government whose membership is comprised of 22 Government entities. lts mission
is to assist the President, National Security Council, Office of Science and
Technology Policy, and Office of Management and Budget in:

0 The exercise of their wartime and non-wartime emergency functions and
their planning and oversight responsibilities.

0 The coordination of the planning for and provision of National
Security/Emergency Preparedness communications for the Federal
Government under circumstances including crisis or emergency.

In support of this mission, the NCS has developed the Lmergency Preparedness
Management Information System (EPMIS) to permit the Manager, NCS and the
designated Resource Allocation Officer (RAO) to respond effectively to declared
national emergencies. This is in direct support of the survivability and
endurability objectives addressed by Executive Order 12472 and National Security
Decision Directive 97. This report represents a system design specification of
the Expert System Enhancement to the Resource Allocation Module ( XTRAM) of
EPMIS. XTRAM will assist the RAQ in utilizing EPMIS for allocation and use of
limited telecommunication assets in times of crises and emergencies.

Comments on this TIB are welcome and should be addressed to:

Office of the Manager

National Communications System
ATTN: NCS-TS

Washington, DC 20305-2010
(202)-692-2124
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1.0 Introduction

'~ This document summarizes work performed by Delta Information
Systems, Inc., for the Office of Technology and Standards of the
National Communications System, an organization of the U.S.
Government, under Contract number DCAl00-86-C-0099. The Office
of Technology and Staidards, headed by National Communications
System Assistant Manager Dennis Bodsen, is responsible for the
development of advanced technology for the NCS.
BACKGROUND

The Office of the Manager, NCS requires timely, accurate

information about the status of communications resources during
national emergencies and declared disasters. This led to the
realization that an automated decision support system would be
useful to NCS Emeigency Management Teams, which play a
significant role in the monitoring and resolution of such
situations.

| The Emergency Preparedness Management Information System
(EPMIS) is an integral part of the National Emergency )
Telecomnmunications Management System, which is designed tc allow
the Manager, National Communications System (NCS) to respond to
declared national emergencies., The EPMIS is a user-oriented,
decigion-support tocl designed %tgq assist the Manager, NCS in the
performance of his assigned emerge \y communications management
mission by providing timely informatibq about the residual

communications capabilities and the Out;anding National Security
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Emergency Preparedness (NSEP) communications requirements of the
nation.
CQVERVIEW

The purpose of the program discussed in this report is to
develop an Expert System Enhancement to the Resource Allocation
Module (XTRAM) for EPMIS. 1In accordance with the Statement of
Work, a project consisting of the five tasks outlined below is
underway. Task 1 has been completed, and this report summarizes
all the work performed on this effort. Tasks 2 through 5 are
options which may be exercised by the NCS following the

evaluation of Task 1.

TASK TITLE
1 XTRAM System Design Specification
2 System Acquisition
3 Developing the XTRAM Knowledge Base
4 User Documentation
5 XTRAM Expert System Demonstration

Work on Task 1 has been divided into the five subtasks which
are listed below. The work performed on each of the subtasks is

summarized in the indicated sections of this report.

REPORT

SECTION SUBTASK

2.0 Requirements Analysis
3.0 Analysis of Hardware Alternatives
4.0 Analysis of Software Alternatives
5.0 Detailed Design Specification

6.0 EPMIS cémpatibility Plan
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RECOMMENDATION

The Detailed Design Specification of the proposed

hardware/software alternatives for the XTRAM system includes one

hardware systen,
hardware system,
II workstation.

to be considered
Teknowledge., Of

implementation.

and two knowledge software systems. The

as recommended in Section 3, is a DEC VAXstation
The final two knowledge software alternatives
for XTRAM are ART by Inference, and S.1 by

the two alternatives ART is recommended for




2.0 Requirements Analysis

The function of XTRAM is to serve as an advisor or

consultant to the Resource Allocation Officer (RAO) in allocating

scarce communications resources, especially in times of national

emergency. Currently, the RAO has the use of the Emergency
Preparedness Management Information System (EPMIS), which is
basically a custom-designed file management system that keeps
track of the availability of communications resources, and the
demands upon them.

For the most part, XTRAM will obtain pertinent information
from EPMIS, just as the RAO would do without XTRAM, in order to
produce recommended resolutions to requests for

Telecommunications services. The nature of the information

stored in EPMIS has changed somewhat since the XTRAM Statement of

Work was issued in 1985. One important change is that there are

no longer requests (formerly Claims) for Resources, such as

Nodes, Links, mobile terminals, HF sets, etc. Now there are only

Service Requests (SR), which require a circuit connecting source

and destination users. Each SR is for a single circuit only;
requests for multiple circuits between the same users result in

multiple SR's.

The priority of each SR is determined by EPMIS, based on the

Telecommunications Service Priority (TSP), the function, the

Emergency Time Line (ETL), and when the SR was received. A

2 - 1
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prioritized list of SR's is presented to the RAO. From this list
the RAO selects an SR to resolve, and may activate XTRAM to
provide recommended resolutions.

The RAO may also indicate other SR's that he wants XTRAM to
consider while resolving the one SR. In this way, subsequent
SR's will have a better chance to be resolved, since limited
Resources that can resolve more than one SR will tend not to be
used up on the first SR.

EPMIS permits the inclusion of data on specific Links within
a Network. At present, there are no plans to incorporate Link
data in the initial data-gathering effort. However, XTRAM will
be capable of utilizing Link data where it exists. For Networks
with Link data, specific paths through the Network will be
evaluated. For Networks without any Link data, XTRAM will assume
connectivity between any two operational Nodes of the Network.

Similarly, EPMIS allows for the inclusion of data on mobile
Assets, such as satellite terminals or HF radios, and the Asset
Centers where they are located. Again, there is no current plan
to include this data in the initial data-gathering effort.
However, XTRAM will attempt to use Assets to resolve SR's, where
data on Assets exists., Where no such data exists, only the fixed
Network facilities will be used to resolve SR's.

The output of XTRAM will be an ordered list of possible
resoclutions to a single SR. The list is ordered by XTRAM's
estimate of the desirability of each possible resolution. The

RAO may select any of the listed resolutions, or may ignore

PV SIS



XTRAM's advice and devise his own resolution, which he can then
implement using EPMIS.

If the RAO selects one of the XTRAM choices, he can have
XTRAM "implement®” the resolution by taking the following steps:

1) The resolution description displayed to the RAO will be
copied into the appropriate slot (RESOLTN_DESC) in the EPMIS data
base. This description is text, limited to 252 characters.

2) The Point of Contact (POC) information will be copied
into the appropriate slot (RESOURCE POC) in EPMIS. The POC will
be from the same agency as the source or destination user, if
possible, and will likely be from cne of the nearby Ncdes used in
the resolution.

3) XTRAM will indicate, in a field to be added to EPMIS, the
number of times that a Link has been used in the resolution of a
SR. This information will, in turn, be used in resolving
subsequent SR's by avoiding over-use of a particular Link.

4) XTRAM will place "IN USE' in the Availability field of an
Asset when the Asset has been used in the resolution of a SR.
This information will of course affect the resolution of
subsequent SR's.

XTRAM will not print or journal SR's. These are one-stroke
operations that can be performed by EPMIS.

In addition to selecting a resolution from the list
presented by XTRAM, the RAO may ask several questions of XTRAM in
order to be convinced that he is selecting the best possible

resolution.




The first question is "Why?". This can be asked about any
of the listed resolutions, and XTRAM will respond with the
principal reasons why that particular resolution was a strong
candidate, expressed in English-like text.

Another question that may be asked by the RAO is "What if?".
In this case the RAO may postulate some change in the
availability of resources, the requirements of the SR, or the
applicability of a particular rule in XTRAM, and XTRAM will redo
its recommendations. The changes to be made will be in simple
English~-like text or through the use of menus.

The last gquestion that may be asked by the RAO is "Why
not?". In this case, the RAQ assembles a resolution to the SR
that he thinks is good, but which was not listed by XTRAM as a
possible resolution. The resolution is assembled by the use of
menus. XTRAM then evaluates this resolution and gives reasons
why it was not selected in English-like text. This feature
allows the RAQ to select a resolution not recommended by XTRAM,
and to test it to determine if there are any flaws in it that he
might not have thought of.

In addition to their operational utility, the above question
features will be useful during the development oOf XTRAM.

While almost all of the information XTRAM requires will be
obtained from the EPMIS data base, XTRAM may obtain some few
pieces of information by directly asking the RAO. This would be
done only in those cases where the required information does not

reside in EPMIS, where there is a definite answer to the query,
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and where theie is at least some expectation that the RAO will

know the answer. Most questions will be able to be answered by

multiple choice, a numeric value, or a name (such as a Node }
name). When asked a gquestion, the RAQ may decline to answer, or

may ask "Why?", in which case XTRAM will present reasons why

having this information is important in recommending resclutions.
Rules for XTRAM will be obtained from an expert RAO.
However, the following preliminary rules will be used as a

starting point:

1) When possible, a fixed Network, rather than mobile
Assets will be used.

2) A Network will be used that belongs to the requesting
Agency.

3) Nodes close to the source and destination users will be
used, in order to minimize the difficulty of local connections.

4) Nodes belonging to the same Network will be used in
order to avoid having to transfer from one Network to another.

5) PFacilities will be used that have a high likelihood of
being operational, based on actual and predicted status. !

6) 1If fixed Network facilities cannot be used, then use
mobile or other Assets from Asset Centers that are near the
source and destination users.

7) High capacit' Assets already deployed to other users

nearby may also be used.




8) Use Links and Assets that are compatible with the
Service Request in terms of data or voice.

9) Where Links are defined for a Network, use as few as
possible, regardless of route miles.

10) Downgrade a resolution that utilizes a limited Resource
that is also used in the first-choice resolution of another
Service Request under consideration,.

The objective of many of the rules is to satisfy the Service
Request in the most efficient manner, so that subsequent Service

Requests, whether currently in the queue or not yet received, can

be resolved.

——~——
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3.0 Analysis of Hardware Alternatives

In selecting hardware to satisfy the XTRAM functional
requirements, several factors were considered in the decision-
process. These include DEC compatibility, availability of
software, computing power, ease of database interface,

programming facilities, and price.

3.1 Criteria

An important consideration in choosing hardware for
application development is the ease with which the application
can be moved from development to delivery., <Compatibility between
hardware systems, or using the same system for development and
delivery ensures that the application can be run without
modification. This factor was heavily stressed by NCS. Since
the EPMIS system resides on a VAX, the XTRAM hardware should be
DEC compatible for future XTPAM/EPMIS integration. The more DEC
compatible the prototype, the easier an XTRAM integration with

EPMIS will be.

A8 in traditional computing, software availability is an
important consideration in the XTRAM hardware selection. It will
be desirable to utilize knowledge-engineering software together

with traditional languages and software packages. It is

important to choose hardware which will run expert systems both

bt 84




powerful and flexible enough to satisfy the XTRAM functional

reguirements.

Another important factor considered was computing power.
Knowledge based programs frequently require a larger address
space and more machine cycles than traditional programs. A large
address space is an advantage because it allows the program to
address many locations without requiring_the hardware or software
to do a great deal of context switching, which would slow down
processing. Also, knowledge system programs tend to tackle
complex problems that require operations such as searching or
pattern matching. For this reason, speed is likely to be more of
a consideration in a computer used for knowledge systems work
than for one used in regular data processing. In addition, some h
"number crunching" capability is required to perform the spacial

and temporal computations that are part of resource allocation.

The ease with which the XTRAM computer could be connected

to, and integrated with the EPMIS computer was also a factor.
Since EPMIS resides on a DEC MicroVAX, it is desirable that the
hardware considered is able to support DECnet network software,
and an Ethernet port for fast, efficient data communications.

Also, since the EPMIS database is managed by the INGRES database

management system, the hardware considerad must be able to
support INGRES networking and user interface software to ensure

an efficient database access.




i e o A

Finally, as in most systems, good programming facilities are
important because the rate at which program development progress
is made is strongly influenced by the ease with which developers

interact with the computer.

3.2 The Alternatives

The four leading hardware candidates DIS evaluated were the
IBM PC/AT, the sSymbolics 3620 LISP Machine, the Sun 3/100 160
workstation, and the DEC VAXstation II. The IBM PC/AT is widely
used for many applications, most of which are business as well as
personal applications. The last three, the LISP Machine, the Sun
160, and the vAXstation, can be considered workstations.
Although workstations are generally thought of as research
machines, some of them on the less expensive end of the scale are

appropriate as delivery vehicles.

3.2.1 IBM PC/AT

An IBM PC/AT may be thought of as a low-end workstation;
that is a PC may be able to perform all of the functions of a
workstation, but at reduced speed, with lower resolution

graphics, less memory, etc.

The PC has limited computing power with a maximum of 1.3M of

memory. This limits the AI software availability for the PC.

iy
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For the most part, the expert system shells available for the PC
are not flexible or powerful enough to solve significant

problems.

As for compatibility, the PC does not support DECnet
software, nor does it have an Ethernet port. If a physical
connection between the PC and the VAX were to be made, it would
have to be over an RS-232 communication link which is on the
order of 250 times slower than an Ethernet communication link.
Currently, there is no INGRES network software or user interface
software available for a PC. This would make it very difficult
to communicate efficiently with the EPMIS database residing in
the EPMIS VAX. Also, the expert system software as well as the
database interface software could not be easily ported to a VAX

for any future EPMIS/XTRAM integration.

3.2.2 Symbolics 3620 LISP Machine

The Symbolics LISP machine is an AI workstation, It is a
very powerful symbolic processing machine. The hardware
architecture is built to process LISP code in which most expert
gystems are implemented., It provides a multitasking,

multiwindowing environment with excellent program development

facilities as well as high resoclution graphics.




Al software availability is not a problem for the LISP
Machine. It can run very powerful and flexible expert systems
quickly and efficiently. Some of the expert systems which can
run on the LISP machine have versions which can also run on a VAX
syétem. There may be differences, however, between the LISP
Machine and VAX versions of the expert systems depending on the
specific expert system considered. For this reason, there may be
some work* jnvolved in making the expert system software VAX
compatible. The LISP Machine is equipped with an Ethernet port /
and supports DECnet software which would make a physical

connection to the EPMIS VAX possible.

The problem however, with the LISP Machine is that it does
not support any INGRES software. This would make it extremely l
difficult if not impossible to communicate with the EPMIS
database efficiently. Since a good deal of the processing to be
done involves the database interface, this is a very significant

problem.

Some of the features of this machine are; up to 16éM bytes of n
memory, 160M bytes of disk space, and a high resolution

monochrome graphics monitor.

t‘.)

*

i The work required could be significant depending on the
VAX version of the expert system software




3.2.3 Sun _3/100 160

The Sun 3/100 160 is considered a general purpose
workstation. Using the numeric Motorola 68020 processor, the Sun
provides a general purpose computational engine with enough power
for AI applications, It is a UNIX based system with high
resolution graphics, multiwindowing and multitasking

capabilities.

Sun has its own version of LISP, referred to as Sun Common
LISP. Sun Common LISP adheres completely to the Common LISP
standard proposed by the Defense Advanced Research Projects
Agency and is fully integrated with the UNIX operating system,
Because of Sun's compatibility with Common LISP, AI software
availability on the Sun would not be a problem. The Sun can run
many of the powerful and flexible LISP implemented expert system
shells which run on the LISP Machine. With Sun's processing
power, the LISP processing speed on a Sun is comparable to that
of a LISP Machine. 1In the latest AI software trend, many AI
software companies are making "C" versions of their expert system
shells, These "C" versions may run even faster on the Sun, than

LISP versions of the same product.

The Sun is a general purpose, numeric machine. Many
traditional languages and software packages are available on the

Sun including INGRES network and User interface software which is
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an important feature in the XTRAM system. With INGRES software
and networking available, a fast, efficient access to the EPMIS
database access could be achieved, 1In addition, the Sun is
equipped with an Ethernet port for fast data transfers.
Currently, the Sun communication protocol is not NDECnet

compatible, but will be by early 1987.

As for software portability to a VAX system, the same
applies for expert system software portability for the Sun as it
did for the LISP Machine. There may be differences between the
Sun and VAX versions of the expert systems depending on the
specific expert system considered. However, if "C" versions of
the expert systems are considered, there should be fewer
differences between the Sun and VAX versions of the expert systenm
software as compared to the LISP Machine and VAX versions because
of the excellent portability characteristics of the "C" language,
Also, since the same traditional software languages which run on
a Sun are available on a VAX, the software interface source code,

with minor alterations, could also be made to run on a VAX.

Ssome of the features of the Sun are: up to 1l6M bytes of

memory, up to 1.1G bytes of disk gspace, a 41igh resolution

monochrome monitor and an Ethernet port.




3.2.4 DEC VAXstation II

The DEC VAXstation II can be considered a general purpose
workstation. It is a very powerful machine and provides a good
program development environment. It also provides multitasking,

multiwindowing, and high resclution graphics.

Unlike the LISP Machine, which devotes its processing power
to LISP processing, the VAX's processing power is devoted to more
traditional computing tasks. This would be advantage for the VAX
over the LISP Machine in performing the expert system interface
processing involved in communicating with the EPMIS database,

The VAX has a disadvantage in LISP processing power as compared
to the LISP Machine, however, many expert system shells are now
being written in "C" which the VAX will can execute consgiderably

faster than it can execute LISP.

Software availability for the VAXstation would not be
problem. It can run many of the same expert system shells which
run on the LISP Machine. Also, since the vaXstation is in the
VAX family, it supports all INGRES software as well as many of
the traditional languages such as "C" and FORTRAN which may be

used in the database interface.

Since a vAxstation II is a single user Microvax, and the

EPMIS system will be implemented on a Microvax, hardware and




software compatibility would not be a problem. Because of this
compatibility, the expert system and integrated software on a
VAXstation can be easily ported to another VAX with little or no
work., Some of the VAXstation features are; up to 9M bytes of
memory, 159M bytes of disk space, a high resolution monochrome

monitor, and an Ethernet port.

3.3 Summary

Figure 3-1 shows a general comparison of the four
alternatives mentioned above. Figure 3-2 ig a chart showing the
computing power of the four alternatives after the hardware
analysis performed by DIS based on the criteria mentioned, and
the desires of NCS, it would seem that the DEC VAXstation II is
the best candidate. Using a DEC VAXstation II with its excellent
DEC and INGRES compatibility along with its proce.sing power,
would satisfy the XTRAM functional requirements as well as

provide a step towards EPMIS/XTRAM integration.
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COMPUTING POWER CHART

Spec
Processor Processor Max.
Type Size RAM
System
IBM PC/AT Intel 16 bit 3 MB
80286
Symbolics
3620 Symbolics 36 bit 16 MB
LISP 3620
Machine
sSun
37100 169 Motorola 32 bit 16 MB
Worzsstation 68020
DEC
VAXstation IIX MICROVAX 32 bit 9 MB
78032
FIGURE 3-2
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4.0 Analysis of Software Alternatives

The analysis of the software alternatives was broken into three
tasks., First, a set of criteria was developed to perform the
analysis. Second, each alternative was analyzed to determine its
candidacy for the XTRAM-expert-system role. Lastly, if more than
two candidate alternatives remained, the best two were chosen as the

XTRAM expert system alternatives.

4,1 Criteria

The criteria developed to analyze and compare the commercial
expert system tools are based on contractual requirements and NCS's
long term goals for XTRAM. Shown in order of importance the

criteria are:

1. The expert system can easily interface with
external processes.

2. The expert system can handle uncertain
information,

3. The expert system can reside on a DEC Micro VAX
computer .

4. The expert system's reasoning process can be
controlled by a knowledge engineer,

5. The expert system's knowledge is stored in an 1
organized fashion.

6. The expert system can justify its solutions.

7. The expert system can find a sclution in a
reasonable amount of time.
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l 8. The development of the expert system is not a
tedious or time consuming task.

These c¢riteria stress the features desired in the XTRAM expert

system and are discussed in the following sections.

The expert system must be able to interface with external

i processes.,

For the XTRAM expert system to perform its mission it must have
access to information stored in the INGRES relational data base
system. This information can be accessed in one of two ways. The
first is through an INGRES interface built into the expert system,
and the second is through an interface built by the knowledge
engineer. In the former case the interface, supplied by the vendor,
is tightly coupled to the expert system and the knowledge engineer
does not have to do any additional programming. In the latter case
the interface is loosely coupled and must be designed, built, and
implemented by the knowledge engineer. In addition, the interface

is invoked, by the expert system, via external function calls.

The built-in interface is preferred because the knowledge
engineer does not have to build the interface and the development
effort is reduced. However, an expert system capable of calling

external functions provides the knowledge engineer with additional




capability besides interfacing with INGRES. The knowledge engineer
can connect functions which perform tasks more efficiently than the
expert system, for example: calculating the distance between two
nodes. Of course the bhest expert system would exhibit both
characteristics, a built~in INGRES interface and an ability to
invoke external functions. Thus the knowledge engineer would not
have to build an INGRES interface and would be able to add

enhancements.

The expert system should be able to handle uncertain

information.,

XTRAM has to work with uncertain knowledge, such as the certainty
of the operational status of a resource. This can be accomplished
1n two ways. One is if the uncertainty-handling feature is built
into the expert system, and the second is if the feature can be
added by a knowledge engineer. The former is convenient because the
kxnowledge engineer does not have to build the feature, but control
of the certainty-handling algorithm is lost. 1In the latter, the
knowledge engineer programs the feature into the expert system and
has control of the algorithm. Unfortunately this increases the

development effort.

Either method is acceptable and our ideal expert system would
incorporate both. A certainty algorithm would be built-in and the

knowledge engineer would have the option to modify it.

e O
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A DEC Micro VAX computer is the preferred host for the expert

szstem.

XTRAM is part of EPMIS, which resides on a Micro VAX computer,
and the integration of both would be simplified if XTRAM also
resided on the same computer. Unfortunately many of the commercial
expert system tools are only available on non-VAX computers. Some
of these tools do, however, permit the developed expert system to be
delivered on a Micro vVAX. They accomplish this by supplying the
complete tool on a non-VAX computer and when development is
completed a stripped down delivery version permits the expert system
to run on a Micro VAX. The delivery version does not permit the
user to change the expert system; only the development version can
do that. Also, only the central location would have a non=-VAaX
computer; all the users would have a Micro VAX. This approach
assumes changes to the expert system are to be performed at a
central location and all users are to have identical copies. 1If the
users need to change the expert system, then a development version
is needed by each user along with a non-vVAX computer, or else only a

tool available on the Micro VAX can be used.

However, compliance with the Micro VAX should not rule out
non-VAX tools lacking a delivery Micro VAX vehicle. The tool might
be XTRAM's best candidate and the vendor's product plan might
include eventual migration to the VAX. So this criterion was

expanded to consider a non-VAX tool if it has a delivery Micro VAX




vehicle or if the vendor's product plan includes eventual migration
to the Micro VAX. The ideal tool, however, would meet other all

criteria and reside on a Micro VAX computer.

The knowledge engineer should be able to control the expert

system's reasoning process,

XTRAM is in an evolutionary stage and tc accommodate new
demands the embedded expert system should have a flexible reasoning
process. Expert systems use two types of reasoning processes. The
first is forward chaining and is best suited to problems with a
large number of solutions, such as the number of ways to link two
nodes in a network., The second method, backward chaining, is suited
to diagnostic problems where the goal is known and there are few
solutions; for example, determining if a ncde is a connective point
for two networks. Both methods could be used in XTRAM and our ideal
expert system would permit the knowledge engineer to invoke either

one alone or in combination.

The expert system's knowledge should be stored in an organized

fashion.

XTRAM handles interrelated and hierarchal knowledge. For
instance, a government agency may own two networks and one of the

networks might lease lines from a commercial netwurk. (See Figure

4~1.) To handle this knowledge XTRAM needs a corresponding

f’—,(?




N

. GOVERNMENT |

:
KCOMMERCIAL/) \ " AGENCY
\ /
’ (/ s
\/- a \ \___./ .
\
- - ‘i ’—\ ~ -,_ g ——— .. . "‘-—"
. ’ ’ ‘\ '," N /"
PUBLIC /  LINES \ JBTUORK A 'NETWORK B:

LINES \

'A @ NG )
Y LINES / B
. -~ \/ \-—/

FIGURE 4-1: A possible Government Agency Network

S

phe o

i

et Uy




capability in the expert system. Three methods are currently used
by expert systems to store knowledge: attribute-~value (A-V) pairs,
object-attribute-value (0-A-V) triplets, and frames. An A~V pair is
found in simple expert systems which are built around one
undeclared vbject. For example, an expert system might exist for
determining the best paint color to use to cover over a car's
original color. The car would be the assumed object and the A-vV
pair would be original-color (attribute) and the color red (value).

(See Figure 4-2.)

An O-A-V triplet has the object explicitly declared which
permits multiple objects, and permits thz objects to be
interrelated. For instance, using our previous example we have a
car (object) whose original-color (attribute) is the colior red
{value) and whose owner-is (attribute) Smith (value) and Smith's
(object) body-height (attribute) is 5'11" (value). (See PFigure

4"‘3')

A frame is a description of an object which contains slots for
all information related to the slot. For instance, if there is a
frame called "car" it would have slots "color" and "owner", (See
Figure 4-4.,) These slots would contain the values "red" and "Smith"
respectively., The slots permit a richer representation of knowledge
and may contain default values, pointers to other frames, sets of

rules or procedures to obtain values,
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The last two methods, O-A-V triplets and frames, permit the
storage of interrelated and hierarchal knowledge; the form XTRAM's
knowledge has. Thus our ideal expert should store knowledge using

either 0-A-V triplets or frames.

The expert system should be able to justify its solutions,

wipwr

A user ma,; waut to question a solution supplied by XTRAM, such
as why a particular solution was chosen or what makes another
solution unacceptable or how a solution would be affected if the '/

knowledge base were different. These situations are, in essence,

Mgy

three gquestions: why, why not and what if. 'Why' forces the expert
system to explain the reasons for choosing the given solution. 'Why
not' permits the user to have the expert system explain why it

didn't choose an alternate solution and ‘'what if' allows the user to 1
create hypothetical situations and observe the effect on the
solution., The ideal expert system would supply all three or have i

provisions to add them.

The expert system should find a solution in a reasonable amount of

time. T

Because XTRAM is supposed to provide solutions in normal and

crisis situations, it should provide an answer in a reasonable

-~y

amount of time. During a crisis the solution is needed as soon as

possible before the situation becomes worse or snowballs into a
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catastrophe. Therefore our ideal expert system should provide an

answer in a reasonable amount of time.

The development of the expert system should not be tedious or time

consuming.

The development time allocated for the prototype XTRAM is less
than six months. Typically if an expert system were to be built
from scratch, without using available tools, the development time
could take from one to two years. This amount of time is not
available for XTRAM, thus commercially available tools are to be
used which support the development time. In general, the tool which
removes the knowledge engineer furthest from the underlying language
on which the tool is built, the better, Thic indicates the tool
provides a rich environment for developing expert systems without
requiring the knowledge engineer to perform a lot of 'lower-level'
coding. Some flexibility is lost because the Kknowledge engineer is
not working with the underlying language, but this is overshadowed

by the faster prototyping of the expert system.

Friendliness of the tool goes hand in hand with reducing the
prototyping time, If the tool is difficult to use the knowledge
engineer may spend an excessive amount of time developing the expert
system, but if the tool is friendly and flexible the development

time is reduced.




Thus our ideal expert system tool should remove the knowledge
engineer as much as possible from the underlying language and should

be easy to use,

Summary

Of these eight criteria, interfacing with external processes and
handling uncertainties are the most important. Without them the
goals of XTRAM may be difficult to achieve, The remaining criteria
are less important but certainly desirable. If an expert system
tool supports most of these criteria then the tool could still be

considered usable for XTRAM.

4.2 The Alternatives

DIS evaluated small to largye expert system tools designed,
respectively, for personal (IBM) through symbolic computers.
(Detailed information on each tool is available in Appendix A.)
Expert systems which obviously did not meet XTRAM's criteria were

excluded from this analysis. The candidates for XTRAM are:

ART (veesttsnessanesessss by Inference

IKE ® 8 8 3.6 0 % 0 BB OS2 OSSR s by LMI

KEE (isesstcesnessssssans Dy Intellicorp

KES cisesnsecanssseresaas by Software As&E
Knowledgecraft ........¢«. by Carnegie Group
Mel cvseiensesassseanssss by Teknowledge
Personal Consultant Plus.. by Texas Instruments
Sel tiesnsnseraasscsersss by Teknowledge

4 - 12
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The criteria discussed in section 4.1 was used to evaluate each
tool with the data obtained from literature, watching
demonstrations, and talking to vendors. (A standard problem was not
executed on any system due to time limitations.) Once evaluated,
the system tools were compared and the best two were selected as the

choices for XTRAM.

4.2.1 ART by Inference

ART, a general purpose tool, is not geared to any specific

problem, and has the following features:

Ability to interface with "external functions"
Ability tn hypothesize

kesides on a Micro VAX

Reasons with forward and backward chaining
Knowledge 1s stored in frames

Finds solutions in a reasonable amount of time
Rules are compiled

Is not difficult to use

0OQOCOoO00O0

INGRES Interface

ART does not have an INGRES interface, but one can be added by

the knowledge engineer, via "external functions".

Uncertainty

ART does not have uncertainty~handling built-in; but the

knowledge engineer can implement it via “external functions" or

through a set of rules.
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Host Computer

ART is available on both symbolic and numeric computers and
operates on: the TI Explorer, LMI, DEC VAX and Micro VAX, or Sun

computers.

Reasoning Process

ART is a forward chaininyg tool with backward chaining capability;

both may be controlled by the knowledge engineer.

Knowledge

ART stores knowledge in frames which represent objects or classes
of objects, its associataed attributes, and its memberships in other
classes. The frames can be organized 1nto hierarchies in which
knowledge about an object can be automatically deduced based on the
class to which it belongs. The logical consistency of data is
maintained by ART. 1f, during the execution of ART, an object is
disassociated from some class, ART automatically removes the
properties that had been deduced for that object based on its

membership in the «class.

Justification

4 - 14
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ART does not have any built-in justification; but it can be
implemented through "external functions" and rules. Also, the
effort to develop 'what if' and 'why not' justification can be
reduced by ART's ability to reason about hypothetical situations

without changing the original facts or deductions.

Speed

ART 1s considered to be one of the fastest expert systems. The
speed is achieved by compiling the rules and knowledge base instead
of interpreting them, as most expert systems do. In addition, other
expert systems alilocate memory until it is used up; they do not
deallocate the memory when they are done with it. Once the memory
iz completely used up, they then suspend the inference mechanism
temporarily, and deallocate the no longer needed memory. This
process is called "garbage collection". Unfortunately, this memory
management scheme causes the expert system to arbitrarily shut down
in mid-application until "garbage collection" is completed. ART
uses a dynamic management method which deallocates memory when it is

no longer needed, yielding an apparent increase in speed and

reliability.

ART was originally written in LISP and ran on symbolic
computers designed specifically to execute L15P programs. When ART
was migrated to numeric computers, such as the Micro VAX, a LISP

interpreter was needed which added another layer of software and a
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corresponding loss in speed. (All expert systems using this

approach lose speed.) The current Micro VAX version of ART is

considered, by its vendor, to be extremely slow. To gain comparable

speeds on both numeric and symbolic computers, ART has been

re-written, via a translator program, into "C". The "C" version is

currently undergoing beta testing and is scheduled for release in

January 1987.

Friendliness

Developing an expert system with ART would not be difficult.
The knowledge engineer has to work with the underlying language,
LISP or "C", only if procedural functions are needed or to
interface with INGRES. The knowledge engineer interface, ART
Studio, is acceptable, permitting browsing of the knowledge base,
examining facts and rules, etc. In addition, the manuals were

extremely well written; the best of all systems examined.

Conclusions

ART should be considered as one of the two possible expert
systems for XTRAM. The tool has all the features desired, or they
can be programmed. The only drawbacks are: no existing INGRES

interface, certainty-handling or justification. All three can be

programmed and for the latter two this may actually be an advantage,

The knowledge engineer would have complete control of the
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certainty-handling algorithm implemented, and would be able to
implement a justification scheme tailored to XTRAM's requirements.
In addition, ART is one of the fastest expert systems and doesn't

perform any "garbage collection".

4,2.2 IKE by LISP Machines Incorporated (LMI)

IKE is an analytically-oriented expert system-building tool that
is best suited for deductive problems, such as diagnostics. IKE 1is

not suited for problems where the task is to synthesize evidence to

generate solutions, IKE has the following features:
o Ability to interface with "external functions"
o Certainty factors
o0 Reasons with backward chaining
o Knowledoe is stored in frames

INGRES Interface

IKE does not have an INGRES interface; but one can be added via

"external functions".

Uncectainty

IKE uses certainty factors which range from definitely-false to
unknown to definitely-true. It is a MYCIN-style implementation.
When certainty factors are 'ORed' together, the maximum certainty

factor is used. When certainty factors are 'ANDed' together, the

4 - 17
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minimum certainty factor is used. When two certainty factors are

combined, one of three rules is used:

Both certainty factors are positive:

cf = x + y(l - x) ; where (1 - x) is the remaining disbelief
ot (see figure 4-5.)
cf = x + y - yx

One certainty factor is positive and the other negative:
cf = (x +vy) / (L -min(]x|,ly])) ; where (1 - min(|x],|v|))
ensures commutativity

for more than two pieces
of evidence

Both certainty factors are negative:

(9]
Hh
[}

-lx] + |yl(x = 1) ; where (x - 1) is the remaining
or belief
cf = x + 7 + yx

Host Computer

IKE is available on symbolic computers: LMI Lambda and the TI
Explorer. It is not available on numeric computers, including the

DEC Micro VAX.

Reasoning Process

IKE is a backward chaining tool with extremely limited forward
chaining capability. Neither is controllable by the knowledge

engineer,
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Knowledge

IKE stores knowledge in frames and permits multiple objects and
inheritance. The objects can be constructed into an inheritance
tree which establishes a parent=-child hierarchy of objects for the

purpose of passing attributes from one object to another.

Justificaticn

IKE does not h-ve any built-in justification, but it could be

implemented via rules.

Speed

IKE is written in LISP and must stop mid-application to perform

"garbage collection",

Friendliness

Developing a goal-directed expert system with IKE would not be

difficult. The knowledge engineer interface permits browsing of the

knowledge base, examining facts and rules, etc.
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Conclusions

IKE should not be considered for XTRAM because of the following
major deficiencies: 1IKE does not currently have a vehicle to

migrate to the Micro VAX and the knowledge engineer cannot control

the reasoning

4,2.3 KEE by Intellicorp

process.

KEE 1is a general purpose tool, not geared to any specific

problem. KEE

Ability
Ability
Reasons

00O00C0CO

INGRES Interface

Knowledge is stored in frames
Finds solutions in a reasonable amount of time
Is not difficult to use ﬂ

as the following features:

to interface with "extetnal functions”
to hypothesize
with forward and backward chaining

KEE permits the knowledge engineer to add procedures via

"external functions”.

Uncertainty

KEE does not have uncertainty-handling built-in, but the

knowledge engineer can add it via "external functions" or rules,



Host Computer

KEE is available on symbolic and numeric computers. Systems
include: Symbolics, TI Explorer, LMI, Xerox 1100, Sun-3, IBM-RT,

and the HP900OQ.

Reasoning Process

KEE can be used in a forward or backward chaining manner, both
controllable by the knowledge engineer. In addition, the search
strateyy in backward chaining, and the conflict resolution in
forward chaining, are controllable., (The KEE 3.0 release has the

ability to hypothesize,)

Knowledge

KEE stores knowledge in frames, and permits multiple objects and

inheritance.

Justification

KEE does not have any built-in justification, but it can be
implemented through "external functions" and rules. Also, 'what if'
and 'why not' justification development can be reduced by KEE's
ability to reason about hypothetical situations without changing the

original facts or deductions.
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Sgeed

KEE is written in LISP and must stop mid-application to perform
"garbage collection". The hiatus in processing may last several
minutes on the Micro VAX; on a symbolic computer it lasts for
seconds. The difference in "garbage collection" times is a result
of the different hardware employed. A LISP or symbolic computer can
execute LISP more efficiently than a numeric computer with a LISP

interpreter.

Friendlinesc

Developing an expert system with KEE would be easy. The rules
and data can be hierarchically organized to permit access by
nultiple Xnowledygye engineers. KEL had the best knowledge engineer

interface.

Conclusions

KEE should not be considered for the XTRAM expert system role,
Drawbacks are: KEE must perform "garbage collection", and has no
certainty-handling or justification, but both can be programmed. In

addition, KEE is not currently available on a DEC Micro VAX.
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4.2.4 KES by Software A&E

KES is a diagnostic-oriented expert system tool., KES has the

following features:

Ability to interfz2cc with "external functions"
Handl23 uncertainties

Reasons with backward chaining

Knowledge is stored in A~V pairs

0000

INGRES Interface

KES does not have an INGRES interface, but KES can be added to
a "C" program which does, see Figure 4-6. KES would not invoke the

interface; instead the "C" program, which calls both the INGRES

interface and KES, would be used. The "C" program would provide all

interfacing with the outside world, manage the knowledge base, and
enable the inference engine. This approach is possible because KES

sub-parts were designed to be separated and to work separately.

Uncertainty

KES has several methods available to hanule uncertainties. They
are: certainty factors, ranking by relative quality, and
statistically. Certainty factors handle definitely~false to unknown
to definitely-true situations, MYCIN-style. Ranking by relative

qualitv handles voor-average-excellent situations, and statistical
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program

subroutines

Knowledge
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FIGURE 4-6

With KES embedded in the system,
the 'C' program calls both the INGRES
interface and KES.
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handles situations involving probabilities.

Host Computer

KES is available on both symbolic and numeric computers, and
operates on: the IBM PC, Apollo, Sun, Tektronix and DEC Micro

VAX computers,

Reasoning Process

KES is a backward chaining tool. The knowledge engineer has
no control over the reasoning process, but can choose one of
three reasoning methods. They are: production rules,
hypothesize and test, and statistical reasoning. The differences
between the methods are in the way knowledge is represented and
information is processed., The production rule method is suited
to applications where the knowledge is in the form of if-then
rules. The hypothesize-and-~test method is suited to diagnostic
and classification problems. It determines the smallest number
of causes that explain the known manifestations of the problem.
Lastly, the statistical method performs statistica. pattern
classification based on Bayes' theorem. It is useiul in
situations where the pre-existing data is expressed as

probabilities.
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Knowledge

KES stores knowledge in A-V pairs. The attributes may form

hierarchies and be grouped into "classgses" to describe an object.

Justification

KES has limited justification capability designed for a
dialogue exchange between the user and KES, but it does not
fulfill the level of justification desired in XTRAM. However,
the capability desired can be programmed into the expert system.
The user can query the expert system as to why a question is
being asked: ‘'explain'. The ‘'explain' probe causes tests
associated with the current attribute being requested of the user

to be displayed.

Speed

KES is written in "C" and would find a solution in a

reasonable amount of time on a numeric computer.

Friendliness

Developing a goal-directed expert system with KES would not
be difficult; although KES embedded in a "C" program could get

involved.
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Conclusions

KES should not be used for XTRAM because the knowledge
engineer can not contrcl the reasoning process and the ability to

store knowledge is limited.

4.2,5 Knowledgecraft by Carnegie Group

Knowledgecraft is a general purpose tool, not geared to any

specific problem, and has the following features:

Ability to interface with "external functions"
Ability to hypothestize

Reasons with forward and backward chaining
Xnowledge 15 stored in frames

cCuCoo

INGRES Interface

Knowledgecraft does not have an INGRES interface, but one
can be added, by the knowledge engineer, via "external

functions".

Uncertainty

L




Knowledgecraft does not have uncertainty-handling built-in,
but the knowledge engineer can implement it via "external

functions™ or through a set of rules.

Host Computer

Knowledgecraft is available on both symbolic and numeric
computers. Systems include: Symbolics, TI Explorer, NDEC VAX and

Micro VAX.

Reasoning Process

Knowledgecraft can be used in a forward or backward chaining
manner, both ccntrollable by the knowledge engineer. OPS5
provides the forward chaining mechanism and Prolog provides the

backward chaining mechanism,

Knowledge

Knowledgecraft stcres knowledge in frames, and permits

multiple objects and frames.

Justification

Knowledgecraft does not have any built-in justification, but

it can be implemented through "external functions" and rules.
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Also, the effort to develop 'what if' and 'why not' justification
can be reduced by Knowledgecraft's ability to reason about

hypothetical situations.,

Speed

Knowledgecraft is written in LISP and runs on both symbolic
and numeric computers. Knowledgecraft needs a LISP interpreter
to operate on a numeric computer and will therefore run slower

than a symbolic computer version.

Friendliness

Develioping an expert system with Knowledgecraft would be an
arduous task. The knowledge engineer interface is poor, and the
enyineer must work with OPS5 and Prolog to invoke the reasoning
process. The rules must be written in an "OPS-like" language
which has been described by most users as an extremely difficult
language to use., Secondly, the manuals are voluminous and

difficult to read.

Conclusions

Although Knowledgecraft is an extremely flexible and powerful
tool, and has most of the desired features, it should not be used

for XTRAM. Knowledgecraft is too flexible; the knowledge
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engineer would expend an excessive amount of time preparing the
XTRAM prototype. In addition, the knowledge engineer would be

slowed by the poor knowledge-engineer interface.

4,2.6 M.l by Teknowledge

M.l can be used to build goal-oriented expert systems. M.l

has the following features:

Ability to interface with "external functions"
Reasons primarily with backward chaining
Knowledge is stored in &~V pairs

Is nhot difficult to use

0000

INGRES Interface

M.1 does not have a INGRES interface, bhut one can be added

via "external functions".

Uncertainty

M.l uses certainty factcers which range from definitely-false
to unknown to definitely-true. The associated numerical range
is from =100 to 100 (~100 <= X <= 100; X is a certainty factor),
with unknowns ranging from -20 to 20, (~20 <= X <= 20; X is a

certainty factor).
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Certainty factors are combined such that the final certainty
factor is independent of the order in which evidence is found.
As positive evidence accumulates the resulting certainty factor
approaches but cannot pass 100. Once the certainty of a
conclusion reaches 100 it cannot be changed. Equal positive and
negative evidence will exactly cancel (except +100 and -100 which
cannot be changed once concluded). These rules are modeled after

the certainty factor rules of the MYCIN expert system.

Host Computer

M.l is available on numeric computers such as: the IBM PC,

XT and AT.

Reasoning Process

M.l is a backward chaining tool with extremely limited
forward chaining capability. The forward chaining capability
permits functions to be invoked and values for attributes to be
sought. The inference engine is almost always trying to chain
'backwards' so the knowledge engineer has extremely limited

control of the reasoning process.

Knowledge

M.l stores knowledge in A-V pairs.
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Justification

M.l has limited justification capability designed for an
exchange with the user. M.l provides 'why' justification.
'Why' will display the rule under consideration. It does not
fulfill the level of justification desired in XTRAM. However,

the capability desired can be integrated with the knowledge base.

Sgeed

M.l i1s written in "C" and would find a solution in a

reasonable amount of time.

Friendliness

Developing a simple, goal-directed expert system with M.l
would be easy. M.l provides a tracing capability and was
designed for individuals with no prior experience in knowledge

systems.,

Conclusions

M.l should not be used for XTRAM because the reasoning process

and the ability to store knowledge is limited.
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4.2.7 Personal Consultant Plus (PC) by Texas Instruments

PC+ is a goal-oriented expert system and has the following
features:
o Ability to interface with "external functions"”
o Reasons primarily with backward chaining

o Knowledge is stored in A-V pairs
o Is not difficult to use

INGRES Interface

PC+ does not have an INGRES interface, but one can be added

via "external functions".
Uncertainty

PC+ employs four "certainty" methods. They are:
definitely-false to unknown to definitely-true (full), unknown to
definitely-true (positive), unknown and definitely true or false
(unknown), and definitely true or false (no value). They use a
range of ; <100 to 100 for 'full', (-100 <= X <= 100 ; X is a
certainty factor), 0 to 100 for ‘'positive', (0 <= X <= 100; X is
a certainty factor), =100 or 0 or 100 for 'unknown', (X is a
member of the set {-100,0,100}; X is a certainty factor), and
-100 or 100 for 'no value', (X is a member of the sef

{-100,100}; X is a certainty factor). The unknown range is -20
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to 20 for 'full', (=20 <= X <= 20: X is a certainty factor), and

0 to 20 for
PC+ manages degrees of uncertainty in four ways. First,
facts may be combineu by more than one rule. A combining
function blends the certainty factors. Second, compound
premises, combined by 'AND' or 'OR', may test uncertainty
factors. Third, an uncertain premise leads to an uncertain
conclusion,

These rules are modeled after the MYCIN expert system.

Host Computer

PC+ i3 available on both symbolic and numeric computers,
operates on: the IBM PC AT, TI Bus-Pro (IBM PC AT compatible)

and the TI Explorer.

Reasoning Process

PC+ is a backward chaining system with limited forward
chaining capability.
be forward or backward chaining and the rules can be
Each frame can be

hierarchically organized into frames.

dedicated to solving a particular problem,

'positive', (0 <= X <= 20; X is a certainty factor).

Lastly, rules themselves may be less than definite,

It

A knowledge engineer can specify a rule to




Knowledge
PC+ stores knowledge in A-V pairs. Logically related aA-v
pairs can be grouped together and in the frame hierarchy a child

frame inherits all the A~V pairs of its ancestor frames.

Justification

PC+ has a limited justification capability designed for a
dialogue with the user, PC+ provides 'How' and 'Why'
justification. ‘'How' lists the value of a requested attribute
and the rule(s) used to find it. 'Why' explains why information
is being requested, and cites the rule it is trying to use or
explains what the rule is about. It does not fulfill the level
of justification desired in XTRAM. However, the capability

desired can be built into the knowledge base.

Speed

PC+ is written in LISP and must perform "garbage collection".

Thus it would be s'ower on numeric computers, i.e. IBM PCs.

Friendliness
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Developing a goal-directed expert system with PC+ would be
easy. PC+ provides: LISP and knowledge base editors, tracing of
the reasoning process, and the capability to save and replay

consultation responses.

Conclusions

PC+ should not be usad for XTRAM because the ability to store
knowledge is limited. PC+ can access external functions, has
certainty factors and is friendly. It can't run on the DEC Micro

VAX, and must perform "garbage collection".

4.2.8 S.1 by Teknowledge

S.l can be used to build goal-oriented expert systems and has

the following features:

Ability to interface with "external functionsg"
Resides on a Micro VAaX

Reasons primarily with backward chaining
Knowledge is stored in 0-A-V triplets

Finds solutions in a reasonable amount of time
Is not difficult to use

cCo0O0O0QCO0OO

INGRES Interface

S.1l does not have an INGRES interface, but one can be added

via "external functions".
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Uncertainty

S.1 uses certainty factors to handle uncertain information.
The certainty factors permit definitely-false to unknown to
definitely-true with a range corresponding to a clcsed interval
of real numbers between -1.0 and 1.0, (=1.0 <= X <= 1.0; where X
is a ce.tainty factor). The unknown range is between -0.2 and

0.2, (-0.2 <= X <= 0.2; where X is a certainty factor).

Four general principles are used for combining two certainty
factors. First, once something is certain, it should not change.
Second, a combination should be commutative; it should not matter
which conclusion was made first. Third, no combination of
uncertain evidence should produce a result that is certain,
either definitely true or false., Finally, evidence of equal
strength but of opposite sign, should cancel and leave no effect.
These certainty factor combinations are modeled after the MYCIN

expert system.

Host Computer

5.1 is available on both symbolic and 1umeric computers, and

operates on: Symbolics, Xerox, DEC VAX and Micro VAX computers.

aJ
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Reasoning Process

S.1 is a backward chaining expert system with a limited
forward chaining capability available through control blocks. A
control block specifies actions to be performed, the order in
which they are to be performed, and the conditions under which
they are to be performed. The control blocks provide the

knowledge engineer with limited control of the reasoning process,

Knowledge

S.l stores knowledge in 0-A-~V triplets. Each triplet may have
multiple objects and each object may have multiple values with
associated certainty factors. In addition, the triplets and

values can be hierarchically organizea.

Justification

S.1 has a limited justification capability designed for an

exchange with the user., 'What', 'How', and 'Why' justifications

are provided. 'What' provides a listing of values, i.e. the
color of the room is red. 'How' provides information about the

method used to determine a value: 1i.e.,, asked user or rule
invoked, 'Why' provides explanations about the inference process

that determined the value: 1i{.e., information about control
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blocks and rules. These explanation probes do not fulfill the
level of justification desired in XTRAM, although the level

desired can be built into the knowledge base.

Speed

S.1 is written in "C" and finds solutions in a reasonable

amount of time.

Friendliness

S.1 is a friendly expert system., S.1 has facilities to
trace the reasconing process, and edit and examine the knowledge

basec.

Conclusions

S.1 could be used as the XTRAM expert system. S.l1 can access
external functions, has certainty factors, resides on the Micro
VAX, uses 0-A-V triplets, is reasonably tast, is written in "C"
and is friendly. Any missing items, such as justification, can
be programmed. The only drawback is that S.1 is vrimarily a

backward chaining tool,
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4,3 summary

Only two expert system tools, ART, and S.1, passed the XTRAM
criteria, the results are contained in table 4-1. The other six
tools failed one or more criteria, with the most commonly failed
criteria being: compatibility with the DEC Micro VAX computer,
friendliness, flexibility of the knowledge base, and control of

the reasoning process.

o
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fable 4 - 1: Comparison of XTRAM's Candidate Expert Systems

ART S.1 KEE Kcraft KES IKE PC+
H| Symbolics X x b3 x
al TI Explorer X X X X
r{ LMI X b3 X
dj Xerox X X
S SN [V DU [NUSPIURUN RO PP RS IR
a| DEC VAX X X X X
r| Micro VAX X X X
e|{ IBM PC x(4) X X
Language LISP LISP LISP LISP LISP LISP LISP
C(5,7) C C (5)
v} pbata Base P P P p P P P
a| Procedures F F F F F F F
t
al
Uncertainty P F P . P F F F
C|Forward chain K K,L K K L K,L
o|Backwardchain K K R | K r F F
n|Breadth-first X !
t|Depth-first \ K (2)[ !
(RS I | g
°© ! (6) l
1 ]
_____________________ R Uy IPUOSU SO NS IUY |UOU PR [
F| A-V Pairs l X X
a|0-A-vV Triplet X
c|Frames b | x | «x X
it Instantiation F F L' F i r L L
1S |
| RS IEPEDEUSUI INPEDPERI IUPIUNPI RUIUEDSUI SUPPNRR D [
! Friendliness Goaod ! Good i Good ! Poor QK ' ok Sood
e Sttatede i dededndl Badebebedatadl el [T bt it b el bbbl B
| Justification ) L e | p L L L
Comments 1,3,8 1,3 l 1 l
Legend: Poor < Ok < Good

x: Has this feature
K: Function can be controlled by knowledge engineer
F: Function present

L: Limited function present
P: Function can be programmed

Comments: 1)

2) Used by backward chaining mechanism

3) The

inference engine

is easily modified

Has facilities to compare several hypothetical situations

4) Requires Unix board; delivery, not development version
version is not completed
6) Relies heavily on OPSS and Prolog

5y '¢C’

7) To be

released

in January 1987

8) Manuals well written




5.0 Detailed Design Specification

The Detailed Design Specification of the proposed
hardware/software alternatives for the XTRAM system include one
hardware system, and two knowledge software systems. The hardware
system, as recommended in Section 3, is a DEC VAXstation II
workstation. The final two knowledge software alternatives to be

considered for XTRAM are ART by Inference, and S.1 by Teknowledge.

5.1 Detailed Specification of the Hardware Alt=rnatives

The one hardware system chosen in the hardware analysis was the
vVAXstation II workstation by DEC. Some of the features of the
VAXstation include: compatibility with all other VAX computing
environments, up to 9M bytes of memory, high resolution yraphics,

Ethernet communications, multiwindowing, and multitasking.

The Hardware Functional Block Diagram (Figure S5-1) shows the
hardware components required for the integrated XTRAM/EPMIS system.
The 9M of memory and 159M bytes of disk space are required for
knowledge software development and are not necessarily required for
a deliverable knowledge system. The Ethernet communication package
is necesgsary for fast communications between the XTRAM and EPMIS
VAXs. A fast communication link is required for the many data
transfers and database accesses which will occur in the XTRAM

decision process. High resolution graphics will be used so both
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XTRAM and EPMIS can be viewed on the same monitor with no loss in

resolution.

The prices and p :t numbers for the hardware components, and
maintenance agreements associated with DEC and the VAXstation are
listed in the following tables labeled hardware parts list and DEC

Maintenance.

5.2 Detailed Specification of the Software Alternatives

The software required for the XTRAM system (Figure 5.2) consists
of knowledge software, DEC system software such as compilers and
editors, and INGRES database management software. OQther software
necessary for the XTRAM system include routines written by Delta
which will perform numeric computations needed by the knowledge

system, and also act as an interface to the EPMIS database.

5.2.1 DEC System Software

The DEC system software needed for the XTRAM system includes: a
MICROVMS operating system, and a "C" compiler, The prices and part
numbers, along with the license agreements are listed in the

following table labeled DEC Software.

5.2.2 INGRES Database Management Software
INGRES Database Management Software is necessary in order to

communicate with the EPMIS database. There are two INGRES software




HARDWARE PARTS LIST

ITEM QUANT. MANU . DESCRIPTION PRICE
1. 1 DEC SV-LV55B~EK VAX STATION II 30,500.00
2. 1 MS630-BB 4MB RAM BOARD 3,500.00
3. 2 BNEC3C-10 10M ETHERNET CABLE 180.00
4. 1 DEC RD54A-BA 159 MB DISK DRIVE 7,900.00
5. 1 KA21C0-AA DOT MATRIX PRINTER 1,595.00
6. 1l BCl6M-6 PVC THINWIRE CABLE 6' 20.00
7. 2 HB8223A T-CONNECTORS 15.00
8. 2 H8225-A 12.00
9. 2 DEST~AA STATION ADAPTER 275.00
10. 1 DEQNA-M QBUS ETHERNET CONTROLLER 1,975.00
11. 1 CK DEQNA-KB CABINET KIT 150.00
$47,397.00

TOTAL

i




DEC MAINTENANCE

P m————— e e e

~ w e .

ITEM ~ DESCRIPTION PRICE

1. BASIC SERVICE FOR VAX STATION II 333.00

2. BASIC SERVICE FOR MS030-BB 72.00

3. BASIC SERVICE FOR DELNI-AA 10.00

4. BASIC SERVICE FOR RDS4A-BA 63.00

5. BASIC SERVICE FOR LA210-AA 28.00

6. HARDWARE INSTALLATION 1,354.50 ‘
7. BASIC SERVICE Q4001-85 200.00

8. BASIC SERVICE Q4A96-~85 86.00

9. BASIC SERVICE Q4810~85 73.00 ﬂ
10. BASIC SERVICE Q4015-85S 64.00
11, BASIC SERVICE 141.00 .
12. BASIC SERVICE QZD04-85 141.00

~$2,559.50
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DEC SOFTWARE LIST

ITEM  QUANT.  MAN. DESCRIPTION PRICE
1. 1 DEC Q4001-H5 MICRO VMS MEDIA & DOCUMENTATION 1,250.00
2. 1 Q4A96-HS VAX STATION SOFTWARE MEDIA
‘ DOCUMENTATION 650.00
3. 1 Q4810-HS VAX GKS/06 MEDIA & DOCUMENTATION 600.00
4. 1 DEC Q4015-U2 VAX C/MICRO VMS LICENSE 709.00
5. 1 Q4015-H5 MEDIA & DOCUMENTATION 950.00
6. 1 Q4D04~-UZ DEC NET LICENSE 500.00
7. 1 QD04-H5 MEDIA & DOCUMENTATION 600.00
8. 1 QZD04~UZ DECNET LICENSE 600.00
9. 1 QZD04~H5 MEDIA & DOCUMENTATION 141.00
TOTAL $6,000.00 \
Lﬁ
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packages needed in order to communicate with the EPMIS database on
the MICROVAX. The first is INGRES User Interface Software which
will be used in the building of database interface module. The
second is INGRES/NET Network Software which will be used in the
database data transfer process between the XTRAM and EPMIS VAXs.
The prices and maintenance fees are listed in the following table

labeled INGRES Software.

5.2.3 Routines Written by Delta

In addition to the previously mentioned software in the XTRAM
software system, many routines will be written by Delta. These
routines include a knowledge system/database interface, and routines
which perform numeric and other computations as needed by the

knowledge software.
5.2.4 Detailed Specifications of the Knowledge Software Alternatives
This section discusses the two alternatives, ART and S.l, for

ﬂ XTRAM in greater detail. The format used in section 4.0 was again

used in this section with a pricing sub-section added.

5.2.4.1 ART by Inferen¢e

ART, a general purpose tool, is not geared to any specific

T

problem, and has the following features:
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INGRES SOFTWARE

ITEM MAN. LICENSE MAINTENANCE
l. INGRES User Interfaces s 750 $ 112.50
2. INGRES Net:

uvVax 2,000 300.00
VAXstation 600 90.00
$§ 3,350 $ 502.50

TOTAL $3,852.50



Ability to interface with "external functions”
Ability to hypothesize

Resides on a micro VAX

Reasons with forward and backward chaining
Knowledge ig stored in frames

Finds solutions in a reasonable amount of time
Rules are compiled

Is not difficult to use

00000000

INGRES Interface

ART does not have an INGRES interface, but one can be added by

the knowledge engineer, via "external functions",

Uncerctainty

ART does not have uncertainty-handling built-in; but the
knowledge engineer can implement it via "external functions" or

through a set of rules.

Host Computer

ART is available on both symbolic and numeric computers and
operates on: the TI Fxplorer, LMI, DEC VAX and Micro VAX, or Sun

computers.

Reasoning Process

ART has forward and backward chaining, and can reason about
hypothetical situations. The forward and backward chaining can be

5 - 10



used separately, integrated or in combination. 1In addition, the
backward chaining can be performed without "backtracking", meaning

that it is not trapped in a stack-based sequence of operations.

The most important concept in ART is that of data-driven
computation. In ART, the facts drive the rules. 1In a typical
application, a rule is quiescent until a fact from the database
matches one of the rule's patterns. When a fact or pattern match,
several things may happen. If the rule contains multiple pattetns;
not all of which have been matched, ART may invoke backward=-chaining
rules to match the rule's remaining patterns. If all of the
patterns have been matched, then ART creates an "activation" of the
rule. Activations are sent to the agenda, which is a list of
activations currently competing for an opportunity to act. ART
evaluates this list and executes (fires) only the most important
activation. After firing a rule ART revises the agenda, taking into
account any changes in the database, and executes the most ;mportant
activation in the reviged agenda. This cycle repeats until

interrupted or until ART discovers that the agenda is empty.

When a new fact is added to the database it is matched with
patterns in all appropriate rules, moving them all closer to the
agenda. This means that a rule enters the agenda only by having its
last remaining pattern matched by a new fact. A newly assarted fact
is the only factor that can fire a rule. This process constructs a

chain of inferencaes from an initial set of known facts to some final



conclusion. Each time a rule fires, new facts are generated, which
in turn becomes the basig for further inferences. Eventually this
step~by-step process creates a set of facts that together form a

useful concluaion. This process of building a chain of inferences

from facts to conclusions is called "forward chaining".

It is also possible to identify a conclusion and work backward
along a chain of inferences in search of known facts that would
gupport the conclusion (backward chaining). Backward chaining in
ART is generally used to lend support and assistance to the forward
chainer, and in doing so finds the needed facts for
partially~-matched rules. The program identifies needed facts
(desired conclusion) by generalizing from the patterns of

partially-matched rules in the join net.

In addition, there are two typical applications of the backward
chaining process that are of special interest: first, if a
diagnostic program used forward chaining to interrogate a user, it
would demand information about every missing piece of information
whether relevant or not. A backward chaining rule, however, would
ask for only that information of interest to one or more partially
matched rules. As each question was answered, succeeding questions
would become more and more pertinent as the set of applicable rules
diminished. Secondly using backward chaining keeps the database as
small as possible, 1In many applications there is no need to

generate certain kinds of facts until they are actually needed.

5 -~ 12
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Thus, although ART has backward chaining capability, its primary
role is to supply facts to the forward chainer and to keep the

database as small as possible.

ART also has the capability to pursue competing hypothetical
pathways to a goal. It does this by building a tree-like or
net-like structure of related viewpoints. A viewpoint is a
collection of facts, which are visible to ART from a pa{ticular
point of view. This point of view might refer to a situation as it
existed at a particular time, or to a situation resulting from
specific hypothetical assumptions, or to both at once, depending on
the application. For example, if ART were planning a route down a
path and encountered a fork in the trail, it would hypothesize two
new viewpoints, one in which it takes the left fork, and one in
which it takes the right fork. (See [Figure 5-3.) ART would then
continue down both paths and if it encountered further forks it
would generate further hypothetical viewpoints. (See Figure 5-4.)
When reasoning within one of these viewpoints, ART would be able to
"gsee"” all the assumptions leading to that specific situation. Other
assumptions, leading to other situations, would be invisible to it.
ART would operate only on the facts and assumptions pertinent to

that hypothetical world.

In addition, ART can also reason about a situation that changes
through time, such as the changing positions of the pieces in a game

of chess. With each succeeding move the board positions change.

5 - 13
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ART could construct a chain of viewpoints reflecting the state of
the board after each move in a game, Such a viewpoint chain would
represent the history of a game. When reasoning about any
particular board position, ART would see only the facts pertinent to

that state of the board or visible from that viewpoint.

This hypothecical reasoning capability would give XTRAM ability

to answer 'why', 'why not' and 'what if' questions.

Knowledge

ART uses rules, facts, and schema to represent knowledge, and
the knowledge embodied in the rules is used to manipulate the

knowledge in the database.

A fact, in ART, consists of two parts; a proposition and an
extent. The proposition is a fact expressed in words or equations.
For example, some propositions might be "the car is red", "the car
is a Ford", and "the car is paid for", Each proposition is a
fundamental piece of information about the car. The second
component of a fact is its extent and describes the circumstances in
which the fact has meaning. For example, the proposition "the car
is red"” depends on a specific time frame. Correctly sta*ed, the
proposition should be "the car is red at this time". The extent of

a fact describes the viewpoints in which the proposition is valid.



Thus, the proposition is the fact, and the extent is the time frame

in which it is true.

ART also uses schema to represent knowledge, and is a
collection of facts that represents an object or class of objects
that share certain properties, such as a person, place or thing.
This is analogous to a dictionary entry in which a word is followed
by a series of phrases that describes its meaning. The phrases for
a schema are a seriesgs of slots which represent the collection of
facts known to be true of the schema. In addition, schemata can

inherit characteristics of more general schemata, and ART provides

two inheritance relations for this purpose. These relations take
the form of special slots and contain the names of one or more

[ related schemata. The two standard inheritance relations are: "is a
..." and "instance of ...". For example, within a dog schema the
relationship "is a mammal" links two general concepts, and "Fifi is
an instance of dog" represents one of something, a particular dog,

but not all dogs, (See Figure 5-5.)

The two standard inheritance relations also have inverses, but
are not inheritance relations. The inverse of "is a ..." is "kinds
W «es", and a list of the "kinds of mammals" world include dog, but
would also include many other schema names. (See Figure 5-6.)

lJ Also, the inverse of "instance of ..." is "has instances ..." and
i

dog would "have inatances® Fifi, etc. (Sew Figure 5-7.) ART

recognizes that inheritance links come in natural pairs and

5 = 16



mamma 1

is a

dog

instance of

Fifi

ﬂ Figure 5-5: Example of Inheritance and Relationships
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Rover

Figure 5-7: Example of "has instance ..."
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automatically creates the missing half of the pair. The knowledge

engineer need only enter half of the link.

Lastly, ART's schema system is defined in terms of itself. The
kernel schemata define the behavior of slots and relations, and
permits knowledge-engineer-defined schemata, which define special
relations, to be attached. Thus, the slots defining the appropriate

behavior can be inherited automatically.

Justification

ART does not have any built-in justification; but it can be
implemented through "external functions" and rules. Also, the
effort to develop 'what if' and 'why not' jJustification can be
reduced by ART's ability to reason about hypothetical situations

without changing the original facts or deductions.

Speed

ART is considered to be one of the fastest expert systems.
The speed is achieved by compiling the rules and knowladge base
instead of interpreting them. 1In addition, two other methods were
used to achieve a fast expert system. First, ART does not perform
"garbage collection™; it uses a dynamic memory management system
which deallocates memory when it is no longer needed. Second, the

pattern matching structure has the ability to join rules from the



——

right in addition to the standard capability of joining rules from
the left. A join is a mathematical operation that identifies
commonalities among patterns in the database. In general, to speed
up computation the joins should be as general as possible. Thus,
ART's speed comes from compiling rules, eliminating "garbage
collection" and performing joins from the right in addition to the

traditional joins from the left.

Friendliness

Developing an expert system with ART would not be difficult.
The knowledge engineer has to work with the underlying language,
LISP or "C", only if procedural functions are needed to interface
with INGRES. The Kknowledge engineer interface, ART Studio, permits
browsing, editing and debugging of the knowledge base. ART Studio
is based on a menu system and menus can be selected using either the
mouse or the keyboard. The menus provide access to the data base

and monitoring of program execution.

Pricing

The "C" v:=rsion of ART is being introduced at a reduced price
of 45,000 dollars, until 31 December 1986. ($65,000 after 31
December 1986. Price is negotiable, however.) It includes 5 days
of Inference's knowledge engineer consulting time, 2 sets of ART

documentation (Reference manual, 3 tutorial manuals, primer and an
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Artist manual.) and 90 days of maintenance and technical support
(Inference hotline, new ART versions and documentation upcates). An
annual maintenance and technical support agreement is also available
for $7,500 and commences when the 90 day agreement runs out. -(The
standard Inference product license agreement is contained in

appendix B.)

A twO week training course is recommended by Inference and is
priced at $2,500 per person. (See letter in Figure 5-8.) The first
week is used to introduce the knowledge engineer to ART, and the
second week is used to instruct the knowledge engineer on how to use
the viewpoints feature of ART. Inference normally suggests the
kxnowledge engineer should take the first week of the course, work

Wwith ART for a month and then take the second week of the course.

Lastly, the multiple copy license for the delivery version of
ART for the developed expert system costs for copies 1 - 10, $8,000,
copies 11 - 50, $7,000, and copies 51 - 100, $5,000. (See letter in

Figure 5-9,)

5.2.4.2 S.1 by Teknowledge

S.1l can be used to build goal~oriented expert systems and has
the following features:
Ability to interface with "external functions"

Resides on a Micro vaXx
Reasons primarily with backward chaining

0O
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o Knowledge is stored in 0-A-V triplets
o Finds solutions in a reasonable amount of time
O Is not difficult to use

INGRES Interface

S.1l does not have an INGRES interface, but one can be added via

"external functions".

Uncertainty

S.1l uses certainty factors to handle uncertain informaticn.
The certainty factors permit definitely-false (-1.0) to unknown to
definitely-true (1.0), (=-1.0 < X < 1.0; X 1is a certainty factor).
The unknown has its own range from -0.2 to 0.2, (-0.2 < ¥ < 0.2; X

is a certainty factor).

Certainty factors are combined using four general principles.
First, once something is certain, it should not change. When a fact
is either definitely-false (~1.0) or definitely-true (l1.0) no new
evidence pertaining to that fact will be used. Second, a
combination should be commutative; it should not matter which
conclusicn was made first., Third, no combination of uncertain
evidence should produce a result that is certain, either definitely
true or false. Finally, evidence of equal strength but of opposite
sign, should cancel and leave no effect. For the last three, three
rules apply:

o If x and y are both greater than 0 but less than 1.0.

5 = 24



The cumulative certainty factor is the value of x
plus the value of y minus the product xy. Specifically:

o If x and y are both less than 0 but greater than -1.0,.
The cumulative certainty factor is the value of x
plus the value of y plus the product xy. Specifically:
X + ¥y + %Y.

o If x and vy are of opposite sign and neither is egual
to 1.0 or -1.0.
The cumulative certainty factor is a quotient. Tne
numerator is the absclute value of x plus the absolute
value of y. The denominator is 1.0 minus the minimum
of the two absolute values. Specifically:
(x| + Jyhy/7(1 = min (|x].]y])).

The conclusion stacement that appears in a rule is comprised
of individual conclusions and each as a certainty factor associated
with 1t. If no explicit certainty factor is specified, S.l uses 1.0
as a default. The certainty factor in the conclusion represents the
degree of belief with which the conclusion can be asserted, if the

premise of the rule is found to be true with a certainty of 1.0.

For a rule to succeed, the certainty factor premise must be
greater than 0.2. If the premise of the rule has a certainty of
1.0, the conclusion is made as explicitly stated in the rule, If
the premise of the rule has a certainty that is less than 1.0, the
certainty of the conclusion is lowered. This is done by multiplying
the certainty factor in the conclusion with the certainty factor of

the rule's premise.

The construction of the premise affects the determination of

its certainty factor, If the premise is a conjunction of

§ - 25
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expressions, its certainty factor is the minimum of the certainty
factors of all the conjuncts. If the premise is a disjunction of
expressions, its certainty factor depends upon the certainties of
the individual expressions. If one has a certainty factor of 1.0,
it is used. 1If none have a certainty greater than 0.2, then =~1.0 is
used. Otherwise, the result is the maximum certainty of the

axpressions.

These certainty factor rules are modeled after the MYCIN expert

system.

dost Computer

5.1 is available on both symbolic and numeric computers, and
operates on: Symbolics, Xerox, DEC VAX and Micro VAX computers. In
addition, one of Teknowledge's customers has ported a delivery 3.1
to the IBM PC. It is not, however, a supported product. (A Unix

board was added to the IBM PC in order to make it work.)

Reasoning Process

5.1 is a backward chaining expert system with limitad forward
chaining capability available through control blocks. A control
block specifies actions to be performed, the order in which they are
to be performed, and the conditions under which they are to be

performed. Specifically, they can create instances of classes (See
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Knowledge) , determine attributes, display text, and invoke other
control blocks. The forward chaining capability would be achieved
with control blocks. Backward chaining is already built into S.1

and can be started using a control block.

Xnowledge

S.l stores knowledge in 0-A-V triplets. Each triplet may have
multiple objects and each cobject may have multiple values with
associated certainty factors. These are defined as: A-~-On-~(V/cf)m,
and are known as classes of objects. Classes describe entities,
events and concepts about which the system has knowledge. The
attributes represent properties of classes. Mathematically, they
map an n-tuple of classes {the On part) to a set of values (the vm
part). Each fact gathered by the system is represented by the value
of an attribute applied to an n-tuple of class instances. (An
instance represents individual members of a set described by a
class. For example, with ROOM and HOUSE as names of classes, a
particular house, HOUSE #1, is an instance. This house has four
rooms, ROOM #1, ROOM #2, ROOM #3, and ROOM #4, each of which is an
instance of class ROOM.) Thus an attribute of HOUSE could be "is the

house single-story?", true or false,

o
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Justification

8.1 has a limited justification capability designed for an
exchange with the user. ‘What', 'How', and 'Why' justifications are
provided. They are designed for the user to gquery why a particular
guestion was asked, such as the rule which prompted the question,
etc. They do not fulfill the level of justification desired in
XTRAM, although the level desired can be built into the Xnowledge

base.

Speed

S.1 is written in "C" and does not perform any "garbage
collection". Thus S.1 will not shut-down in mid-application and

will find a solution in a reasonable amount of time.

Friendliness

5.1 has facilities to trace the reasoning process, and edit and

examine the knowledge base.

Pricing

S.1 is available for 25,000 dollars. (See letter in Figure

5-10.) It includes: the development software, documentation (Users
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guide, reference manual and sample knowledge systems), packages used
to build and field delivery systems, one week of knowledge
engineering methodology training, two weeks of S.l1 training, and one
year of telephone hotline support and product updates. Additiconal
development copies are: $25,000 for copies 1 through 5, and $20,000

for 6 or more copies.

The delivery licenses are available for $3,000 for copies 1
through 30, and $2,700 for copies 31 through 100. (The standard

Teknowledge software license agreement is contained in appendix C.)

5.2.4.3 Comments

0f the two candidates for XTRAM, ART is clearly the more
powerful, It can reason with both forward and backward chaining;
S.1 has a limited forward chaining capability, (Forward chaining is
more appropriate to XTRAM, it is used to find the number of ways to
link two nodes in a network, see section 4.1.) ART has a clearly
defined and rich knowledge storage capability; S.1's is more
primitive. ART can be easily programmed to handle 'what if' and
'why not' questions by hypothesizing; S.l has to have this feature
added via its knowledge base, not necessari’y an easy task. Though
both are written in 'C', and neither perform "garbage collection",
ART is faster because its rules are compiled; S.1's rules are
interpreted. Also, although S.1 has certainty factors (ART does

ndt), ART might still be favored because the knowledge engineer can
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chose a certainty algorithm tailored to the application and program

it into ART.

In S.1's favor, S.l1 is cheaper and has been in use for a longer

period of time.

In conclusion, ART is a better choice depending on the

importance of price.
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6.0 EPMIS Compatibility Plan

One of the two reguirements necessary to ensure XTRAM
compatibility with EPMIS, is hardware and software compatibility
with DEC VAX hardware. This requirement has been stressed by the
NCS in order to make the future XTRAM migration to the EPMIS VAX as
easy as possible. The other requirement involves the availability
of INGRES database management system network software. The INGRES
network software would be necessary to ensure an efficient database
access between the XTRAM VAX and the EPMIS VAX., With XTRAM
implemented on a DEC VAXstation II, both of these requirements would

be satisfied.

6.1 Hardware Interface

The XTRAM/EPMIS system integrz2tion plan is shown in Figure 6.1.

The hardware integration task would not be difficult since the
MicroVAxX and VAXstation are very compatible. An Ethernet cable
would be the most efficient way to physically connect the two VAXs,
providing a transmission rate of approximately 10M bits per second.
DECnet network communications protocol would be used to network the

VAXs.

6.2 Software Interface
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Virtually all of EPMIS is comprised of and managed by the INGRES
database management system, including the EPMIS database which XTRAM
must access freguently in the resource allocation process, The
EPMIS database not only includées the resources that will be used by
XTRAM, but also the actual service requests which are inputs to
XTRAM, It is for this reason that for the most efficient databace
access, 1t is necessary that INGRES software is used to access the

EPMIS database,

The XTRAM/EPMIS software interface plan to access the EPMIS
database and retrieve the data needed by XTRAM requires the
acquisition of INGRES/NET network software along with INGRES User
Interface software. The INGRES User Interface software would be
used to access the EPMIS database by embedding INGRES database gquery
statements in a procedural language such as "C" or FORTRAN. Once
the data has been retrieved, 1t would be manipulated by the
XTRAM/EPMIS interface for processing by the expert system. The
INGRES/NET network software is necessary for the most efficient and
most transparent INGRES data transfer betweer the EPMIS and XTRAM

computers.

The XTRAM software module consists of the expert system and a
software interface which would enable the expert system to
communicate with the EPMIS database. The expert system interface

would consist of two parts. The first part would be the database

interface described above which would query the database and put the




retrieved data into programming variables. The second part of the
interface manipulates these variables so that they could be used by
the expert system. The variables would then be passed to the expert

system for processing.

The software tools necessary for an EPMIS/XTRAM integration would
include: DECnet network sof+«ware, a "C" compiler, INGRES/NET network

software, and INGRES User Interface software.

6.3 User Interface

The XTRAM user interface controls how XTRAM will appear to the
user, and how XTRAM would be accessed and used once it is integrated
with the EPMIS VAX. When XTRAM is connected to the EPMIS VAX,both
EPMIS and XTRAM could be accessed from the XTRAM terminal which
would be connected to the XTRAM VAX. In essence, the RAO would have
only one terminal in front of him with access to both EPMIS eud
XTRAM. One possible XTRAM/EPMIS user interface setup is shown in
Figure 6-2. Using this type of XTRAM setup would satisfy the NCS's
desire for a minimal hardware configuration and a virtually

transparent XTRAM access from the EPMIS system.
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APPENDIX A

DESCRIPTIONS OF EXPERT SYSTEMS
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Press Release
For Immedisie Release
ART 3.0 PRODUCT BACKGROUNDER
The challenge for today's expert system tool companies will be to provide commercially
viable products that will help corporations transform the enormous amounts of data already in
their databases into useful information with which to manage their companies. To do that, /&
companies such as Los Angeles-based Inference Corporation are developing eéxpert system tools to 2
automate human reasoning $o that computers can perform professional problem-solving functions.

Expert systems accomplish professional problem-solving through the intensive use of

knowledge rather than the carefully prescribed procedures used in traditional software

gt

programming. Inference has released its expert systems technology to industry and commerce
through its product, the Automated Reasoning 'I'ool-rM (ARTTM). ART supports the
development of both decision support and decision-making software applications which help the

white collar workforce achieve greater productivity.

INTRODUCING ART 3.0

ART 3.0 is an enhanced version of the Automated Reasoning Tool TM (ARTT™y, 5
software tool from Inference Corporation for helping developers create expert systems. ART 3.0
provides significant overall performance improvements over previous versions of ART and also
broadens the matket for the commercial use of expert svstems applications. Major features now 1

. available with ART 3.0 are:

) More than 99 percent garbage-free 1
o Optimized join topology
: o Procedural object-oriented programming p
| 0 File compilation capability

[ With this enhanced version, ART 3.0 is available on widely-used, generai-purpose

workstations from Sun lvlit:rosystemsTM (the Sun-BTM workstation) and Digital Equipment
Inferenc é

Inforence Corparation, 5300 West Cantury Boulevere, Los Angeles, Calfomia 90045 - 2134177967 « TLX: 20607« FAX: 213.4173082 . |
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Corporation (the Digitl VAX™ fine) as well as dedicated Lisp machines (such as Symbolics ™™,
T Exploretm. LMI, etc.) ART 3.0 will be available on the DECR VAX products runnjng under
VAX-Lisp and VMSTM. and will be available on the Sun-3 workstation under Sun Common Lisp
and UNIXR,

ART 3.0 increases performance for both expert systems built in ART and for the
development process itself.
FEATURES OF ART 3.0

ART 3.0 includes three key feature enhancements designed to speed its performance
efficiency and make it 8 more robust tool for the development of commercial expert system
applications. The three key feature enhancements, are the elimination of garbage collection, the 1
addition of a unique feature called “joins-from-the-right®, and an improvement to ART's rule-
based programming environment called procedural attachments. Each of these is explained in
more detail here.
ELIMINATION OF GARBAGE COLLECTION

Improved memory management makes ART 3.0 at least 99 percent garbage-free. By
changing the way the program manages memory, ART 3.0 speeds up processing. Lisp programs

usually have to divide their resources running programs and searching for available storage.

Searching for storage is called garbage collection.

In the past, an Al program might arbitrarily shut down in mid-application to make a

garbage run if it were running low on memory space. In commercial situations, such as financial

i

service applications where programs must keep running continuously, this unpredictability has

made expert systems software with garbage collection potentially unreliable.
ART 3.0 doesn’t require garbage collection because ART automaticaily allocates and
deallocates memory. Programmers need not worry about arbitrary shut-downs or performance

degradation while the program is collecting garbage because they control how much memory is

Inferen c e
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available at ail times. This new performance and reliability increases the range of practical
applications that can be built in ART. It is particularly important in a reai-time environment.
The conversion of garbage collection to conventional programming practice is an important step
in the commercializing of expert systems technology.

GENERALIZED JOIN TOPOLOGY

ART 3.0 uses a new pattern matching structure that saves computational time and allows
the computer to work up to 100 percent more efficiently and more (in some applications).

ART 3.C has a "generalized join topology" that lets the program join rules in its database
from the left, as has been traditional in expert systems reasoning tools, but now, also from the
right, which is an AI first. A join is a specific mathematical operation that results in identifying
essential commonalities among complex patterns in the database. Each join represents a step in a
complex match which, in turn, is a step in the problem-solving process.

The key to speeding up computation is to make joins as general as possible so there are
fewer of them required to soive a particular problem. In traditional Al reasoning, tools that join
from the left lead to information organized in the form of a sequentiai pattern. Im ART 3.0,
however, fewer joins are needed to solve a problem because ART generalizes the joined
information into a tree-like structure, using pattern matching from the right, as well as from the
left. In more descriptive terms, Inference has invented a way to integrate rule-based processing,
which works most efficiently on mathematical relations that have a large number of arguments,
with schema-based representation, which uses only binary relations.

By generalizing the rules pertaining to joins, ART 3.0 reorganizes the allocation of
memory. This saves computational time and reduces the number of cycles needed to come up

with an answer.
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A procedural attachment feature has also been added to ART. Procedural attachments

define a specific function in object-oriented programming used to attach active value to objects.
The feature of procedural attachments is further enhanced with the implementation of a new
concept called "multi-methods" (see ART 3.0 Features backgrounder for complete description).
The use of multi-methods in ART is the first appearance of this technology in a commercial
expert system tool product.

The addition of procedural attachments strengthens ART's object-oriented programming
capability. ART is the only expert system tool to combine both rule-based and object-oriented
programming in such a strong feature set.

For example, a programmer using multi-methods can define a "print” function that prints
any part of a document on any particular device. Such a program is easier to write using an
object-oriented system where you can associate the print command with an object type such as a
line printer or a laser printer. The rule-based capability lets programmers identify a variety of
types rather than just one. A device can be added to the rule without changing the structure of
the program because in rule-based processing it doesn't matter what order a rule is entered in the
program. In the past, the structure of a purely object-oriented program made it impossible to add

new devices without rewriting the original code.

EILE COMPILATION

ART 3.0 also includes file compilation. Files of rules in source code can be compiled into
binary files. This has two major benefits: speed and marketing flexibility. Binary files load 10

tir-. faster than source files and customers can deliver applications in binary files, thereby
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protecting their proprietary source code. In ART 2.0, source files were loaded into an ART
image. Compilation took place during loading, a significantly slower process.

ART 3.0 also includes the interactive graphics capabilities StudioTM and ARTISTTM.
Both tools help make ART's applications accessible to users and developers who do not have
extensive artificial inteiligence backgrounds. Studio is designed to help the knowledge engineer
construct an expert system and monitor its progress. ARTIST is an interactive tool used by ART

programmers for building user-interfaces for their expert sytems,

PRICING AND AVAILABILITY

ART 3.0 will be available for Symbolics, Lisp Machines, Inc., Explorer, and DEC VAX
(under VAX-Lisp) machines and for the Sun-3 workstation (under Sun Common Lisp). Pricing is
$65.,000 for the first copy and $45,000 for copies two through five. All current ART 2.0 users
having active maintenance contracts will receive version 3.0 as an upgrade.

Inference supplies commercial expert system development tools, applications consulting

and training to the aerospace, manufacturing and financial industries.
*un

Automated Reasoning Tool, ART, Studio and ARTIST are trademarks of Inference Carporation.
Explorer is a trademark of Texas Instruments, Inc.

Sun Microsystems and Sun-3 are trademarks of Sun Microsystems Inc.

VAX and VMS are trademarks of Digital Equipment Corporation.

DEC is a registered trademark of Digital Equipment Corporation.

UNIX is a registered trademark of AT&T.

Symbolics is a trademark of Symbolics, Inc.
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Press Release
For Immediate Reienss

MOVING INTO THE MAINSTREAM

QOver the past several years, artificial intelligence has produced a flurry of interest. In
reality Al is just now beginning to fulfill its promise. Today the commercialization of expert
systems requires that this new software technology be deliverable in traditional procedural
languages in addition to Lisp.

The investment dollars in AI will bear fruit when expert systems become part of the
solution for mainstream applications of computers, such as manufacturing and financial services,
Inference Corporation's new release of its Automated Reasoning ‘I‘oolTM (ARTTM) a powerful
programming language for building commercial expert system applications, is a key step in the

evolution of these more powerful, flexible expert systems programs.

THE EYOLUTION OF ART

ART was first introduced in August of 1984. Since that time ART has been recognized
for its advanced automated reasoning capabilities such as Viewpoints, a feature unique to ART
designed to do both hypothetical and time-based reasoning, and for deep integration between a
rich feature set of Al programming paradigms including forward and backward chaining, etc.
T In August of 1985 ART was evolved into an enhanced product called ART 2.0. ART 2.0
delivered the same robust expert system features but was equipped with much improved user
access to the knowledge-base being built and was optimized for speedier performance.

Now, ART is evolving further to include several new technological breakthroughs

designed to take a major step forward in commercializing this new technology.

" e 8

As ART has evolved and stabilized technologically, the demand for expert systems has
i grown rapidly. Commercial customers are demanding expert systems which can be easily deployed

into today's existing computer environment. To meet this need, Inference is delivering the latest
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version of ART, ART 3.0, in a choice of languages. Initially, ART 3.0 will be available in the

preferred Al development language, Lisp. Following will be ART 3.0 in C, designed to deliver

efficiency in expert systems development and deployment as well as easy connectivity with

popular computers installed commercially today.

EEATURES OF ART 3.0

ART 3.0 includes several features specifically designed to increasc its performance and

make it a viable language for building general applications for the office, manufacturing and

general data processing markets.
\ For example, ART 3.0 in Lisp is at least 95 percent garbage-free, which means thar it
ruas faster than traditional Lisp programs. Lisp programs usually divide thair resources to run
programs and search for available storage (i.e. memory management). A Lisp program slows
considerably and even will shut itself off to seek out storage. This searching for storage is called
garbage collection. ART 3.0 does not require garbage collection because ART automatically
allocates and deallocate; memory. With the program free to process without garbage collection,
performance (both speed and efficiency in processing) increases substantially. Thus, by giving up
one of the development features of Lisp, automatic garbage collection, Inference has taken a
major step forward in the process of commercializing expert systems.

Inference has also invented a new way to solve problems that saves computational ﬁme
and allows the computer to work more efficiently. ART 3.0 incorporates a "generalized join
topology" that lets the program join rules in the database from the left, as is standard in Al
reasoning tools, and from the right, an Al first. This "joins-from-the-right" feature delivers
significantly increased performance.

SUMMARY OF NEW FEATURES
r In joins-from-the-right, the structure of relational joins -- those generate { by the ART

rule compiler to determine the matches of a rule antecedent -- have been generalized from
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sequential joins to an arbitrary binary tree of joins. This technique represents a qualitative
improvement in the integration of rule-based processing and schema-based representation, and a
fundamental improvement in rule compilation technology. ART is the first rule-based tool to
provide this capability.
A PROCEDURAL ATTACHMENT FEATURE

A procedural attachment feature has also been added to ART. Procedural attachments
define a specific function in object-oriented programming used to attach active values to objects.
| The feature of procedural attachments is further enhanced with the implementation of a new

concept called "multi-methods" (see ART 3.0 features backgrounder for complete description).

~~——r

The use of muiti-methods in ART is the first appearance of this technology in a commercial Al
product.

The addition of procedural attachments strengthens ART's object-oriented programming
capability. ART is the only expert system tool to combine both rule-based and object-oriented
programming in such a strong feature set.

ART J.0 IN C

For commercial users developing expert system computer applications, the "tool-of-choice"
needs to deliver improved performance combined with ease of interfacing to existing computer
environments. For these commercial users, the "tool of choice® need not to be tied to Lisp. While
Lisp is a powerful exploratory development language, once a porgram like ART, originally
o developed in Lisp, becomes sufficiently stable, it can be translated to traditional programming
languages like C or PL1 for greater run-time efficiency. The underlying Al technology of ART

can be delivered without loss of functionality or robustness i.respective of the language in which

ART runs.
? The C language, one of the mainstream programming languages is fast aad efficient in its
processing power and is widely-known. Thus, C meets the requirements for preferred language in
: |
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which to deliver ART. Development of application in ART, wirtten in C allows the expert system
to get closer to the underlying machine architecture, thus delivering enhanced speed and
performance efficiency.

ART 3.0 in C also allows expert systems to be developed in the same language on the
same machines in which the application will ultimately run. This leads to a better engineered,
more stable application.

To deliver ART 3.0 in C, Inference solved a major Al performance challenge by
eliminating the need for garbage collection. Even in ART 3.0 in Lisp, garbage collection is almost
eliminated resuiting in a significant increase in performance speed,

ACHOICE OF LANGUAGES

AS expert systems coatinue to move into mainstream commercial computing environments,

it is clear that users will want to develop and deploy expert systems in a variety of languages.
Lisp, the traditional Al language, will remain the preferred language for exploratory development
of software systems and product. In commercial environments, users are demanding expert system
applications that will run fast and that can be interfaced to existing softwzre in traditional
languages such as C. In the longer term, ART 3.0 will be delivered in a variety of languages.
ART 3.0 in C and Lisp are the first steps in offering expert system developers a choice of
development and delivery languages.
ERICING AND AVAILABILTY
ART 3.0 is available immediately for Symbolicsm. Lisp Machines Inc. ExplorerTM.
‘# DI:'.CR VAXTM (under VAX-Lisp) machines and the Sun-BTM (under Sun Common Lisp)
workstation. The C port for the VAX, the Sun-3, Apollo and IBMR RT Personal ComputerTM
will be available late in calendar 1986. Pricing is $65,000 for the first copy and $45,000 for

copies two through five. Current ART 2.0 users having active maintenance contracts will receive
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ART 3.0 as an upgrade. All versions include ART's graphics éapabilities‘ Studio™ and
ARTISTT™,

Inference supplies commercial expert system development tools, consulting and training to
the aerospace, financial and manufacturing industries. Inference’s ART provides Al programmers
with a general-purpose industrial class tool for developing significant expert systems applications.

LR

Automated Reasoning Tool, ART, Studio and ARTIST are trademarks of Inference Corporation.
IBM is a registered trademark of International Business Machines Corparation.

RT Personal Computer is a trademark of International Business Machines Corporation,

VAX is a trademark of Digital Equipment Corporation.

DEC is a registered trademark of Digital Equipment Corporation.

Sun-3 are trademarks of Sun Microsystems Ine.

Explorer is a trademark of Texas Instruments, Inc.

Symbolics is a trademark of Symbolics, Inc.
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ELECTRONIC DESIGN EXCLUSIVE

Tool picks up pace
of expert systems

Practically abandoning ‘garbage collection,’
an expert-system shell hastens processing,
aided by a quick pattern-matching scheme,

BY MAX SCHINDLER

Most Lisp-based expert systems
have trouble with real-time applica-
tions. For one thing, checking hun-
dreds or thousands of rules at every
decision point takes time. More sub-
tly, the underlying Lisp language
devours memory, for the progra-i-
mer does not assign storage. Rather.
during execution data spreads
through memory haphazardly.

To reclaim storage space that is
no longer needed, a “garbage
collector™ must determine which lo-
cations have become disconnected
from the program flow. Some sys-
tems stop execution for as long as
several minutes to let the garbage
collector pass through. A “napping”
CPU obviously cannat process data.

The first system to overcome the
handicap is ART 1.0, the latest ver-
sion of Inference Corp.'s automated
reasoning tool. The software, es-
sentially an expert-system shell, pro-
duces systems that are 99%
garbage-free. Equally impressive, it
draws on an unusual practice for
joining rules in its knowledge base, a
practice that speeds operation also.
Finally, it recasts object-oriented
programming with a brand-new
way of associating objects.

ART 3.0's garbage-free oper-
ation grows out of a very basic con-
cept. Inference designers invoked no
magic: They simply did what pro-
grammers in other languages were
doing for some time—explicitly de-
allocating storage when it is no
longer needed. With no time spent

collecting garbage, the system can
trim workload by two orders of mag-
nitude compared with its predeces-
sof, ART 2.0. In the bargain it con-
sumes |0 times less storage.

Speed benefits also derive from a
pattern-matching technique that
marks the first use of a novei rule
compiler. A generalized topology
joins rules in the data base from
right to left, as well as from left to
right as is customary.

Consider a rule that involves a
great deal of matching—or “join-
ing"—operations. The premise is
this: If motor X and motor Y both
consume | kW, and motor X pro-
duces more power than motor Y,
and motor X is lighter than motor Y,

then motor X is preferable.

Now suppose that the data base
contains 100 motors, and in only one
case does a lightweight motor pro-
duce more power than heavier units.
Ordinarily, determining whether
motor 6 aad motor 77 are both
ac motors takes 10,000 com-
parison (100 X 100). The compari-
son at weight 77 dictates another
5050 operations (the sum of
1+2... +100). All told, the sys-
tem must store 15,251 comparisons.
including 201 comparisons for other
weights and powers, Computation
time is proportional to that total (see
the figure).

ART 3.0 reduces the comparison
taily to 401 —38 times fewer—
because the join tree hierarchy can
operate from both the left and the
right. But since matchmaking is not
an expert system's sole occupation,
the overall speedup can be diluted.

Traditionally, object-oriented
programming systems associate a
permissible procedure—a “method”
—only with an individual object
that is part of a hierarchy. Methods
pass downward, with specific ob-
jects inheriting procedures from
general objects above them. In the

match—that s, “join"—tfacts only from the iett (black). By breaking .
down the tree, inference’s ART 3.0 experi-sysiem sheil reduces the num-
ber of join operations nearty fortytold (colon).
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absence of a specific method. de-
fault reasoning allows general
methods to be inherited from those
levels at which they are specified.
Thus. a program can still respond.
The association and inheritance
of methods. however, is suited only
1o a small number of programming
paradigms, those in which a “tree”
of operations or actions can be asso-
ciated with a single object. ART 3.0
extends the hierarchical concept
through a unique form of deter-
ministic computation called muiti-
methods. The technique attaches
methods both to individual objects
and to object types called vectors.
which comprise groups of objects.
Multimethods affords yet another
degree of flexibility, because the
knowiedge base can be modified at
run time without additional rules.
An object-oriented system also
simplifies intertaces. For example. u
programmer using muitimethods

can define a function that prints any
part of a document on any particu-
lar device. The program is easier to
write with an object-oriented sys-
tem. while the rule-based capability
lets programmers add more devic-
es withoul rewriting the original
code.

By combining object-ariented
programming with multimethods.
procedures specified for cach class
of printers can be associated with
collections of documents. The tech-
nique thus covers a much wider cluss
of problems.

Another new feature speeds up
the software's execution still more.
Called a file compiler. it converts the
knowledge base into a conventional
binary object file. Other expert sys-
tems compile their rules during
loading, which slows the loading
time for the end user. about tenfold.

Although shells like ART accel-
erate the development of an expert

Price and availabllity
ART 3.0 is avaiiabie immaed:
ately for computers from

and Lisp Machines;
for the Tl Explorer and the
VAX (uncier VAX:.Lisp). and
for the Sun-3 workstation (un-
der Lucid LUsp). it is priced at
$48,000 for the first copy and
at $468,000 tor the second
copy. The VAX and Sun ver.
sions also Include ART'S
graphics programs, Studio
and Artist

interence Corp., 5300 W.
Century Bivd., Los Angaies,
CA 90045; Alex Jacobson,
(213) 417.7447. CIRCLE 842

system tremendously, they tradi-
tionally recompile after every
change. Thus. development speed
benefits greatly from the file com-
piler. ART-2.0's ability to run di-
rectly on hinary code vields another
side benefit; The system developer
can keep the rules proprietary. &
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TOOLS

LARGE HYBRID TOOLS: ART. KEE, AND KNOWLEDGE CRAFT

OVERVIEW

In the last two years, three commercial
expert systems-building tools have
emerged as the "top-of=-the=~line” options
for R & D qroups that want t0 explore the
development of large expert systems.
Some would argue that these three
software packages should not be called
"tools,” but "tool kits" or "knowledge
engineering environments” to reflect the
fact that they each offer a variety of
different ways to approach any given
problem. We prefer to call these
packages large, hybrid tocols, but we
certainly agree that they are
considerably nore complex and offer more
options than any of the large rule-based
tools, such as 5.1, E.S. Environment/vM,
or Knowledge Workbenzh.

THE THREE LARGE HYBRID TOOLS

ART is sold by Inference Corporation.

It was first introduced in March 1985,
The current version of ART, Version 2.4,
was introduced in January 1986.
Approximately 350 have been sold.

Publiaher: Karen Fine Gotburn

o Paul Harmon e
ASversiaing Marager: Tormiin P Coggeshad
Bubsoripion Mansger: Charies Gibbs

KEE was introduced in August 1983 and is
sold by IntelliCorp. The current version
of KEE is Version 3.0, which was intro-
duced in August 1985. Approximately 600
copies of KEE have been s0ld.

Knowledge Craft is a product of Carnegie
Group. It was first introduced in April
1985. The current version is 3.0 and a
new version 3.1, which will combine
Knowledge Craft and a natural language
package, Lanquage Craft, will be released
at AAAI next month. Approximately 130
copies of Knowledde Craft have now been
installed. '

APPROACH

We were not able to personally develop
and test a common problem on each of the
three tools being reviewed. 1Instead, we
talked with vendors, reviewed literature,
and watched demonstrations. In addition,
we atudied reviews of these three tools
that were done by corporations seeking to
evaluate the tocols, and we interviewed
some of the individuals involved in those
studies. We also talked with reseacchers

Gawrial Ofieet EXPERT SYSTEMS STRATEGIES. 151 Colingwaod, San Francisco. CA 94114 (418) B81-1660.
Creulbiion Otfies: EXPENT SYSTEMS STRATEGIES. 1100 Masaachusents Avenue, Aringion, MA 02174, US A.
Phong: (817) 844-8700; Telex: 650 100 9891 MCI UW

!—Mﬂ $247 per year 1ot aIngie subscnipuon (U S. and Canada; U S. coliars only): $307 lorgn subscriphon

Prosustion Coerdingier: Sa/bara Shackstord (LS. doars only: sir mad). Published monthly by CUTTER INFORMATION CORP Copyright © 1988, All nghts reserved.
Reproduttion in sny 1o whalsoever iorbidoen wihout permission.  ISSN 0887-221X.
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from a number of companies that have
purchased one or more of these tools.

We will compare and contrast the three
toola according to seven broad criteria:

1) Overall power and flexibility,

2) The knowledge engineering (or
developer) interface,

3) The user (or runtime) interface,

4) The systems interface,

5) The runtime speed,

6) Training and support, and

7) Cost.

1. Overall Power and Flexibility

All three tools are written in Lisp and the
developer is always free to drop into Lisp
to write any additional code that he or she
requires for a particular problem. It
might appear that anything you can do in
one of these tools you can do in the
others, if you just take time to program
some special utilities. We don't disagree,
although each tocol makes it much harder to
do certain things than others. For this
review, however, we will only discuss
features and utilities that are documented
and are compatible with the overall archi-
tecture of the particular tool. If we did
not establish this boundary on the features
that can reasonably be considered integral
to parts of each of these tools, we would
end up simply comparing Lisp to Lisp,
ignoring the motivation that would lead
someone to buy a tool in the first place.

ART

In essence, ART is a forward chaining

rule-based system derived from OPSS.
A great deal h 8

gssential framework, but there is a astro
sense in which, if 4 use ART u

w
approach problems from a rule=-based
perspective.

Representing Knowiedge

ART has four major components: facts,
schemata, rules, and viewpoints (or
contexts). The developer stores declar~
ative knowledge as facts, schemata, or
contexts while procedural knowledge is
encoded in rules.

A-14
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The primary way of conceptualizing know=
ledge in ART is to think in terms of facts
and rules. Schemata, in ART, serve
primarily as "macro” forms in which to
expreas facts., That is, the developer can
use schemata to create cbject-relationship
semantic nets conceptually, but procedur-
ally, ART compiles it all into facts and
rules. One nice feature of ART's schemata
system is that it allows you to define
relations between schemata, which in turn
enables you to traverse a path through the
database in any direction.

ART supporta two types of rules: state-

based rules that are, in effect "If...Then"

rules, and logical rules that take the

form: "While...Then,™ and thus establish /
facts as long as other conditions are true.

All rules can be assigned salience to

determine the priority of their firing.

ART's rules permit Lisp calls from either

an If-clause or a Then-clause.

Since knowledge is kept primarily in rules,
as the size of the knowledge base
increases, maintenance becomes more
difficult than it would be with a
frame-based system. 1

Inheritance

To implement hierarchies of relationships,
the developer must create a substantial
rule set. The inheritance relationships
the developer can use are predetermined in
ART. This is necessary to allow ART to
pre-compile the knowledge base into working
memory before inferencing can begin, which,
in turn, allows ART its impressive runtime

performance. 8till, the result is that ART ?
does not provide truly dynamic inheritance
on slot values in schemata.

Alternative Worids or Viewpoints

ART's viewpoints provide a very effective
form of hypothetical reasoning. In effect,
each viewpoint is a separate scenario. In
this manner, the system can simultaneously
conaider several scenarios, dropping them
as they bocome inadequate. ART can reason
about a viewpoint in the same way that it
can reascn about facts. ART's viewpoints
can be especially valuable when reasoning
about events in time.
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Truth Maintenance

ART provides a very useful logical depend-
ency facility. If the If-clause of a rule
is satisfied (and a logical dependency
clause has been associated with that
clause) the system will keep track of any
subsequent inferencing that follows from
that clause., 1f the clause subsequently
becomes invalidated, any assumptions made
on the basis of that clause will be
automatically retracted.

inference and Control

ART provides full forward and backward
chaining capabilities.
mechanism in ART is a versiun of the
blackboard architecture.

KEE
In essange is an obiect-oriented
roqcamning system derived from Units, an

expert system-building tocol originally
developed at Stanford University. Though

Figure 7. Screen showing an ART application

The primary control

mich has been added, when using KEE, the

developer initially approaches a problem

by identifying the objects in the problem
domain, KEE takes full advantage of its

origins in Interlisp and object-oriented

programming to provide elaborate windows,
icons, and disleys of objects and their

relationships. -

Representing Knowledge

The primary knowledge representation para-
digm in KEE is the unit (or schema or
frame). When using KEE, you begin by
conceptualizing a problem in terms of
objects and the telationships between
objects. KEE uses graphics to provide the
developer with a graphi- nverview of the
objectas and their relationships as they
ate developed or modified. ‘The developer
can easily begin to analyse a subject-
matter domain without having to consider
rules or procedures, Fot problems that
invelve a large descriptive or structural
component, this is a very important
advance over rule—based approaches.
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Figure 8. Screen showing a KEE application

Rules in KEE are subordinate objects
attached to the slots of higher-level
objects. Demons can also be attached to
slots in KEE, They are, in effect, rules
that respond whenever the slot value is
accessed or changed.

KEE has multiple rule classes which
restrict the search space for rule
firings., The rule class for execution

can be selected dynamically. Multiple
knowledge bases can be accessed in KEE, so
knowledge can be passed from one knowledge
base to another.

The KEE rule editor is very slow when the
rules become more complex, and more

sophisticated customers thus tend to rely
more on Lisp for the control and program
actions rather than on the rule language.

inheritance

KEE provides an inheritance system with
system=defined relationships such as
"rembec” and "subclass”. The developet
cannot modify the inheritance system.
This is a significant disadvantage since
there are several types of relationships
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that cannot be successfully conceptualized
in terms of member/subclass relations.

The developer can specify restrictions on

slot values, but only with a limited number

of developer-set flags. The developer cannot ‘
!
1
{

write Lisp methods to handle exceptions
{e.g., to quary the user for specific
information) . This slot restriction mechan~-
ism poses real problems when one is trying
to develop asystems in which constraint pro-
pagation plays a large role (e.g., systems
to handle design and configuration problems).

f
KEE can only support changing facts. It k|
cannot support changing relationships; if a '
relationship exists in one context, it must ‘
exist in all. Thus, in KEE, all dynamic
information must be stored as slot values !
rather than as explicit relationships.

Sustained use of object~oriented program-
ming, including methods and message passing,
allows the developer to create quickly a
highly modularized systenm,

Altsrmative Worids or Contaxts

KEE can support only a very limited form
of data changes in contexts and cannot

[ - 4A_ e 16 —— - ,..;‘ T .ikadm
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Figure 9. Screen showing a Knowledge Craft Application

support changes to system relations in
contexts at all.

Truin Maintenance

KEE does not support truth maintenance.

inference and Control

KEE supports full forward and backward
chaining. However, KEE's Prolog lacks
"cut" and "fail" and "cannot prune" and
hence the developer cannot limit search
in an efficient manner.

KNOWLEDGE CRAFT

Knowledge Craft is based on a semantic net
approach derived from SRL, a schema or

frame-based paradigm originally developed
at Carnegie-Mellon University. More

important, however, it is a collection of
several more or less independent paradigms.

Representing Knowledge

Knowledge Craft has three basic language
components: OPSS5, Prolog, and CRL. The
basic Knowledge representation paradigm in
Knowledge Craft is the CRL schemata

network, Each schema can have any number
of slots associated with it,

Knowledae Craft makes extensive use of the
meta information associated with the slots
in a schema to allow the developer to pro-
vide default values, demons, cardinality
restrictions, and range and domain
restrictions. Using the demon facit, for
example, the developer can attach demons
that frequently initiate the processing of
significant events. In Knowledge Craft,
the demon facit is itself a schema with
slots for the types of slot access that
will trigger the demon, and when and what
action the demon will take. Thus, demons
become a fundamental patrt of the represen-
tation. In addition to the meta facits
automatically issociated with each slot,
the developer can add additional facits
when needed.

Xnowledge Craft provides object-oriented
programming techniques to permit data

abstraction, object specialization and the
passing of information via messages,

Inheritance

In Knowledge Craft, inheritance i{s spec-

ified at the relation level. This means
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that the developer can specify which slots

and values can be included and which can
be excluded in an rticular relationshi
at_the time that the relationship is
establigshed. Thus, as you establish a
relationship, you can specify: hierarchies
of relations, the transitivity of
relations, and the semantics of the
relation, including the inclusion and
exclusion of slots and values during
inheritance (which slots/values can be
inherited), the mapping of slots/values
during inheritance (slot names or values
can change), and the elaboration of slots
(one slot can become many when

inherited). Thus, while the other tools
tend to force you to use hierarchical
relationships (e.g., ISA), Knowledge Craft
supports relationships like “"sometimes-
leads~to" and "has-repair.” Knowledge
Craft also provides the developer with the
ability to specify a search path to reduce
search time.

Altemative Worids or Contexts

Krnowledge Craft provides a context mechan-
ism which allows for different versions of
the knowledge base. This is used to mdel
and test alternative situations. Both
facts and relations are represented in
schemata. Contexts can be created and
schemata placed in them. These schemata
can be completely new or modified from
older schemata, Thus, Knowledge Craft
provides the option to arbitrarily change
any part of the knowledge base in any
context. In other words, Knowledge Craft
allows the creation of alternate worlds by
duplicating schema with hypothetical
information while retaining the original
copy.

Truth Maintenance

Knowledge Craft lacks truth maintenance.

inference and Control

Knowledge Craft provides forward chaining
primarily through OPSS and backward
chaining via Prolog. An agenda control
mechanism is also provided tc allow the

developer to control multiple knowledge
sources.,

Reprint

2. The Knowiedge Engineering interface

All three tools provide some utilities for
developing menus and windows, for creating
graphics, and for controlling how end-
users will interact with the system.

Te use ARY, the knowledge engineer must
typically employ either the ZMACS editor

or the ART Studio, which provides utilities
that can be used to browse the knowledge
base, examine facts and rules, etc. In
addition, an ART Imagery Synthesis Tool
lets the developer create windows, menus,
icons, etec.

KEE clearly offers the best knowledge
engineering interface. The developer can
easily browse through the objects and
their relationships and develop graphic
icons from a large collection. It is easy
to use KEE's "active images™ utility to
associate icons with demons related to
slot values and hence to assure that the
image on the screen "echos" a change in
the slot value. Using KEE, it is easy to
rapidly prototype a system., It is also
easy to maintain a system using KEE.

With KEE, the developer has the ability to
break forward or backward chaining in order
to assert or retract facts during a run,
KEE also provides many ways to call Lisp
functions. Unfortunately, many of these
calls are undocumented and there are no
advanced manuals to provide help. There
are also a number of "switches" that change
the way the rules execute, but these are
likewise difficult to discover.

The XKEE rule display editor is very slow
when the rules become complex. Many
knowledge engineers use the ZMACS editor
once they are familiar with KEE.

To develop a system in Knowledge Craft,

the knowledge engineer can use either the
Knowledge Craft "workbench®™ or the ZMACS
editor. The componants of the tool are
not well integrated and hence the develop-~
er hag difficulty getting started and must
progran some routine connections to develop
a prototype. In addition, Knowledge Craft
relies on some relatively old technology,
such as its PALM network editor and its
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' schama editor, that are not as easy to use

as those provided in ART and KEE, 1In

effect, Knowledge Craft requires nore
thought before you can get started, though
its powerful environment may provide an

adequate payback for more-sophisticated
developers once they have made th:s

initial investment and wish to extend or
deepen their system. Carnegie Group
claims that version 3.1, to be introduced
at AAAI next month, will substantially
improve both the integration of their tool
and the knowledge engineering interface.

3. The User (or Runtime) interface

All three systems allow the developer to
tailor the user interface in any way.

None of the systems provide a pre=formatted
interface that can be used by default, as
the simpler systems do, but most users of
these tools will probably prefer to develop
their own interfaces. Of the three, KEE
makes it easiest to develop a user
interface, ART is helpful, and Knowledge
Craft provides only limited help.

KEE makes it very easy to use graphics and
images associated with active values. All
of the vendors apparently assume that
developers will either want to allow the
user to access the underlying knowledge
base or will be willing to program a
runtime version of the gystem,

Rules in both ART and KEE are written in a
natural language format that facilitates
the development of an English-language
explanation facility. Carnegie Group sells
a special tool, Language Craft, that can

be used to develop a more sophisticated
natural-language interface.

4, Systems Interface

ART was written in 2etalisp and i{s current-
ly compatible with Common Lisp. ART is
available on the following hardware:
Symbolics, LMI, TI's Explorer, DEC VAX,

and DEC MicfoVAX. Inference Corp. haas
announced that ART will become available

on the IBM PC RT during 1986.

KEE was written in InterLisp-D and is
currently compatible with Common Lisp.
KEE is available on the following

EXPERT SYSTEMS STRATEGIES 7

hardware: Symbolics, LMI, Xerox 1100, TI's
Explorer, Apollo, Sun, DEC VAX, and DEC
MicroVAX. 1IntelliCorp has announced that
KEE will become available on the IBM PC RT
during 1986.

KEE provides customers with the sgibilit
of using either PC or Macintosh terminals,

connccted to a larger system, as delivery
terminals.

Knowledge Craft is written in Common Lisp.
It is available on the following hardware:
Symbolics, TI's Explorer, DEC VAX, and DEC
MicroVAX. The interface between the tool
and the hardware, despite considerable
effort, is still rather awkward. Carnegie
Group has announced that Rnowledge Craft
will become available on the HP AI work-
station and on the IBM PC RT during 1986,

ART and RKnowledge Craft allow developers
to access other languages such as C and
Pascal that are supported on the hardware
on which they are operating.

5. Runtime Speed

Of the three tools, ART clearly runs
fastest, though it hardly runs as fast as
an application written in a conventional
lanquage. ART achieves this speed by
reducing its knowledge base to a sequence
of facts and then compiling them, using
the Rete algorithm developed at Carnegie-
HMellon.

1

Both KEE and Knowledge Craft can take
quite a bit of time to run, especially if
they need to process a large number of
rules,

8. Thaining and Support

All three vendors offer courses to provide
custoners with training and consulting
support to help customers with specific
applications.

Of the three, Inference Corp. offers the

bast documentation. It's not only compre-

hensive, but it iz skillfully written,
flows very smoothly, and uses excellent
examples. IntelliCorp and Carnegie Group
each offer sdequate but less comprehsnsive
documentation written with less style.
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Reprint

" Each of the vendors will work with a
company to determine if their tool is
appropriate for a particular problem.
In some cases they will provide a tool
for a test period.

7. Costs

ART costs $65,000 for the first copy.
This price includes one year of
maintenance and support along with free
updates during that period.

KEE sells for $60,000. This price
includes training and some on-site
consulting.

The first copy of Knowledge Craft sells
for $50,000. This price includes training
for two people and maintenance, free
updates and support for one year,

Language Craft, the compatible natural-
language package, costs $25,000 for the
first copy.

All three vendors price multiple copies of
their tools significantly below the price
of single copies. There are also large
discounts available to universities.

CHOOSING AMONG THE THREE TOOLS

To make a choice among the three tools,
you really must to consider: (1) the
nature of the problem, (2) the features
offered by the tool, and (3) the skill and
experience of your Knowledge engineers.
More than any other expert systems-

building tools, the large hybrid tools
require that the knowledge engineer know
Lisp and have some skill in creating Lisp
code to get the resulting system to
perform.

1) If you have a specific problem . ..

If you have a specific problem in mind,
then you will want to choose the tool that
will best facilitate the development of a
system to solve that problem, enable you to
field the system, and allow for relatively
easy maintenance of the system. As you
consider your problem, you probably want

to keep the following strengths and
weaknesses of each tool in mind:

ART

Strengths

e If your problem can easily be
conceptualized in terms of rules then
ART will probably be the most natural
tool to use.

® If you need to establish logical
dependencies that will update your
system dynamically as facts change, then
ART'3 approach to truth mainten.nce and
viewpoints will be very useful,

e If you will need to program special
Lisp functions, the fact that Lisp
functions are easily called from both
sides of ART's rules will prove helpful.

e ART has the fastest execution timea.

Weaknesses

® ART primarily keeps its kunowledge in
rules. This is convenient if the task
can be conceptualized in terms of rules,

e Since ART relies heavily on rules,
maintenance can become a serious problem
as the number of rules increases,
especially since all of the hierarchi=
cal structure in ART is also stored as
rules. Significant maintenance problems
begin when systems have over 2,000 rules.

® ART does not provide the best
knowledge engineering interface and
lacks good graphic editing facilities,

KEE

Strengths

o KEE has the best knowledge engineering
environment, with superior graphic
editing facilities, a large collection
of icons, and good menus.

® Active values, including demons,
methods, and active images, support
data~-directed reasoning and allow the
system to recognize and monitor changing
conditions.
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e Object-oriented programming,
including methods and message passing,
allows convenient modularization of
the expert system. In addition, KEE's
miltiple rule bages make it easy for
the developer to partition the rule
base efficiently.

Weaknesses

& KEE lacks a context mechanism and
hence cannot easily represent multiple
hypothetical situations.

® KEE has system-defined inheritance
and will not allow the developer to
tailor inheritance for special
situations.

e The Prolog used in KEE is incomplete.
It lacks "cut" and "fail," which makes
it difficult to perform complicated
reasoning using the rule interpreter,

e KEE limits the developers’ access to
a limited subset of Lisp.

e KEE lacks an agenda mechaniam and thus
the developer can not assert efficient
control over the operation of the system.

KNOWLEDGE CRAFT
Strengths

® Knowledge Craft probably has the most
powerful schema representation language
of the three tools. It offers such
features as dynamic inheritance, meta
information, demon facilities,
developer-defined relations, user-
defined dependency relationships, and
user-defined inheritance search patterns.

e The Context Mechanism allows the
developer to create systems that
entertain multiple hypotheses.

o The Agenda Mechaniam allows the
developer to tailor how the sgystem will
process a knowledge base.

® Object-oriented programming pernmits the
conceptualization of problems in terms
of objects, relationships, and massages.

BN
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L |
e The implementation of Prolog has full

regolution and inzludes "cut” and
"fail,"

e The senior staff at Carnegie Group has
considerable experience in researching
the design of large systems for factory
scheduling and planning problems.

| Weaknesses

e The integration of che various
components is poor,

e The knowledge engineering interface
is poot.

® The interface between the tool and
the hardware is poor.

2) If You are Just Getting Started
and Want to Explore . . .

1£f your AI group is new and you want to
purchase one large hybrid tool to use to
develop several initial prototype systems,
you face a difficult choice. Each of
these tools has significant strengths and
weaknesses and each is clearly superior
for some uses and not for others, We have
summarized our overall inpression of each
tool in Table 1.

KEE has a really nice developer interface
and will allow ‘'you to develop prototypes
more rapidly than the other two tools,

But it will fustrate you when you attenpt
more complex tasks, especially if those
tasks have significant procedural =2lements
and/or you are concerned wiih runtime speed.

Knowledge Craft i3 probably the most
powerful and flexible of the three tools,
but it has poor integration and a poor
developer interface, which make it a hard
tool to learn to use.

ART seems to be the tool that most
companies are currently happiest with,
Inferance Cor has struck the best

bal between power and flexibilit

the various interfaces, and runtime

speed., ART's popularity may also reflect
the fact that many developers are tackling
projects “hat are more procedural than

a-21
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1l = poor
3 = Acceptable
5 = Excellent

ART KEE Knowledge

Craft
Power & Flexibility 4.5 4 5
Developer Interface 4 5 3
User Interface ) 5 4
Systems Interface 4 4 3
Runtime Speed 4 2 2
Training/Support 5 4.5 4.%

Table 1l:

A Subjective Rating of the
Commercially Available Large
Hybrid Expert Systems=Building Tools

declarative and that ART's rule-based
approach seems more natural.

These comments have to be considered very
tentative. All three vendors are working
on new versions that will incorporate
updated features. Both Inference Corp.
and Carnegie Group will be demonstrating

new versions of their tools next month at
AAAI in Philadelphia.

OTHER OPTIONS

Thete are some other large hybrid tools
that we occasionally hear about. One is
Loops, the tocol developed at Xerox PARC.
Loops is available from Xerox, but is not
really packaged for commercial use. (It
sells for $300 and only runs on Xerox 1100
machines.) Another large hybrid tool is
Schlumberger's STROBE which was developad
for internal use and is not currently for

sale.
* * L]

Reprint

Obviously, if you have a specific problem
that doeg not require the variety of
different knowledge engineering paradigms
provided by these tools, you should

consider one of the large rule-based tools
or one of the mid-sized tools., Thay cost

less and are generally easier to learn to
use,

On the other hand, if your problem is very
complex, these tools may not be up to it.
Qrganizations that have developed large
systems that involve real-time process con-
trol or reasoning about time have consis-
tently reported that they soon advance
beyond any of these three tools, At the
moment, however, if you want an expert
systems=-building tool that will allow you
to tackle a large, complex problem, you
will want to consider these three tools.
They each have strengths and weaknesses,
but each represents a powerful way to
approach the commercial development of
large expert systems,

Company addresses are provided below. All
three companies maintain sales offices in

major cities throughout the U.S. and have

representatives overseas.

ART

Inference Corporation

5300 West Century Blvd., Sth. Floor
Los Angeles, CA 90045

(213)417-7997

Contact: Donald Gammon, VP Sales

KEE

IntelliCorp

1975 E1 Caminc Real West
Mountain View, CA 94040-2216
{415)965=-5633

Contact: Sue Brown

Knowledge Craft
Carnegie Group

650 Commerce Court, Station Square
Pitetasburgh, PA 15219

(412)642-6900

Contact: Michael Chambers, V.P., Marketing

& Sales
* *

Published by:
CUTTER INFORMATION CORP. o 1100 Massachusetts Avenue e Arlington, MA 02174 e U.S.A.
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Introducing IKE

IKE" (Integrated Knowledge Environment) is a state-of-the-art,
powerful, flexible, user-friendly, and complete environment for
building expert systems and running goal-directed consultations.
IKE is particularly well suited for rapid development of large expert
systems that solve a variety of problems in the areas of diagnosis,
configuration, decision support, and classification.

[KE has been designed so that people can easily and directly build
sophisticated, functional expert systems without having prior exper-
tise in knowledge engineering, the internal workings of expert sys-
tems, or programmung in LISP or any other language. This makes
IKE the ideal expert system software for many professionals such

as engineers, applied scientsts, financial analysts, medical doctors,
social scientists, business consultants, contractors, lawvers, educa-
tors, operations and project managers, etc.

IKE provides natural language menu-based facilinies tor expert sys-
tem development and use. These facilities are useful in:

¢ building and maintaining the domain vocabulary.
® writing and modifying inference rules.
® running interactive consultation sessions.

IKE uses extensive graphics to aid in expert system development, to
trace reasoning paths, and to help manage knowledge bases. These
aids not only greatly reduce the time needed for the development of
an expert system, but they also help users gain a better understand-
ing of both the nature of the problems they are trying to solve and
the results of their IKE consultations.

LISP Machine, Inc./
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Using IKE

IKE provides experts and consultation users with a menu-based
natural language interface that enables them to concentrate on the
task at hand: transfering knowledge into IKE and using it in
consultations.

Each expert system that is developed in IKE has its own vocabulary.
A medical diagnostic system, for example, will have one vocabulary
and a diesel engine repair system will have another. A menu-based
natural language interface is used both for the development ot a
domain vocabulary and in the construction of inference rules in
terms of this vocabulary.

[KE’s rule bases consist of if-then rules that encapsulate the expert’s
reasoning about the domain. Rules are written using both the
domain vocabulary and a domain-independent vocabulary provided
by IKE. As a rule is entered, IKE will, at every point, prompt the
domain expert with all correct continuations of the rule.

IKE is a flexible environment, and is designed to be useful to pro-
fessionals with varied backgrounds and areas of expertise. The full
power of IKE is available through its high-level, structured natural
language, graphical interface. In addidon, for systems developers
who need added programming functionality for their applications,
IKE supports calls to LISP functions from within its operating
environment.

LISP Machine, Inc.
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User Interface

The user interface is a complete and high level environment. With
IKE, domain experts readily develop functional prototype systems
within a week, and produce sophisacated applications within two
to three months. [KE provides functionality at the right level of
abstracton for its users. This greatly reduces start-up learning costs,
and cuts development time by an order of magnitude.

IKE'’s user interface combines menu-based natural language and
graphics to provide < flexible and natural consultation and develop-
ment environment. The IKE user works within a structured form
of natural language to rapidly and fully describe the domain, enter
inference rules, and conduct consultations. In addition, IKE pro-
vides a menu-based interface to the knowledge base, allowing the
domain expert to easily retrieve and modify rules and objects as
development proceeds.

During consultations, [KE provides a graphical display of the
developing inference tree and of the set of objects being reasoned
about. This aids both the consultatdon user and the domain expert in
understanding the reasoning that is taking place.

IKE’s user interface guides users through system commands by

providing step by step assistance. In addition, th.e user interface pro-
vides syntax checking and rule completion.

LISP Machine, Inc

Y




Reasoning

[KE’s inference engine is especially designed tor solving a variety of
problems in the areas of diagnosis, configuration, decision support,
and classification. The inference engine has both forward and back-
ward chaining capabilities, and allows the user to volunteer infor-
mation at any time before or during a consultation.

In general, the purpose of a consultation is to determine values

tor an attribute of an object based on intormation obtained trom
the user, from the knowledge base, and by inference. If a unique
value of the desired attribute cannot be directly established, IKE
reasons ‘‘backwards,” looking for all rules in its rule base whose
consequents may provide evidence about values tor the attribute
under exploration. Each rule that is applicable becomes part ot the
interence path. IKE must then find values ot attributes used in

the antecedents of these rules. To do this, IKE again searches the
knowledge base for facts and rules that may provide evidence about
values tor these attributes. This process of alternation between seek-
ing values for attributes and seeking facts and rules that provide
evidence for establishing these values is how IKE does backward
chaining. Fackward chaining continues unul either IKE establishes

the needed values or, if it cannot establish these values independently,

obtains themn through querying the consultation user.

The domain expert can assign priorities to rules. These priorities are
used to direct IKE to try certain inference paths before others.

If the user decides to volunteer information, IKE will forward
chain to determine the implications of the new information for the
ongoing consultation. Should the user change her/his mind about
a previous fact, the user may input this change at any time during
the consultation, and IKE will correct all inferences that need to be
modified as a result of this change. This powerful feature is called
truth maintenance.
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Uncertainty Management

IKE has tacilities for applications containing elements ot uncertainty,
such as diagnosis of electronic devices, medicine, finance, and inter-
national atfairs. IKE uses measures ot contidence called certainty
tactors. Certainty tactors are used to indicate:

® how strong or certain the association is between a rule’s
antecedents and its conclusions, or

® the accuracy, truthtulness, and/or reliability of the informa-
tion provided by the user duning a consultation.

For example, an economist may assign a contidence tactor ot ().8 to
an expected nise in the cost of world grain due to a poor long range
weather torecast. The 0.8 indicates a strong belief. on the part ot the
domain expert, in the strength of the relation between weather and
grain production. During a consultation, IKE may ask ¢he user tor
information about a long range weather forecast. If the consultation
user responds that drought is predicted with a certainty factor of 0.5,
she or he is not challenging the domain expert’s belief. Instead, the
consultation user is expressing uncertainty about the definitiveness
ot the forecast.
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During a consultation, a user may want to volunteer intormation.
Frequently, this informadon will change the values ot carlier inputs,
since

® new intormation mayv have come to light,
e the user may want to do v hat-it analysis or explore alterna-
tives by changing cert:in key values, or
® the user may have developed a new opinion or need to
change an incorrect value.
Changing values during a consultation atfects the validit ot
mnterences that have been derived as a consequence of the previous
values. Many expert systems do not allow users to change values
during a consultation. However, with [KE, when the user changes a
value dunng7 a consultanon, IKE's truth maintenance svstem checks
and appropuataly updates previous interences that are atfected bv
the changed value.

For example, in an automobile engine diagnosis, the tact that the
headlights are working properlv might lead to the interence thac the
batterv 1s tullv charged and that theretore. the engine does not turn
over because the starter motor 1s broken. If the user later realizes that
the headlights are dim (not working properly) and enters this new
ntormation. IKE will review the inferences based on this fact. With
this new ntormanon. [IKE might now inter that the batterv is insut-
tictently charged. and then conclude that the engine does not turn
over because the charge on the battery s insutficient tor starting

the car.

In some ways, IKE's truth maintenance 1s analogous to the recal-
culation capabilities of automated spreadsheets. In an automated
spreadsheet, each time a value 1s changed, all calculations based on
that value are automancally updated. In IKE, cach ume a value 1s
changed. all inferences and calculations based on that value are automat-
wally updated.

IKE’s truth maintenance system provides great tlexabiliey in
consultation usage. Serious expert svstem consultations are otten
extensive, and the user will typically provide many values as the
consultanon proceeds. Without truth maintenance, changing just
one of these values would cause the user to have to redo the entire
consultation; thus, what-it analvsis 15 inteasible. Truth mamtenance
makes IKE etfective dunng consultations with changing data, and
supports the tull exploration of hypothencal alternatives.

-
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Knowledge Base Management

[KE provides the user with extensive and powertul tools tor knowl-
edge base management. These tools allow large and sophisticated
IKE applications, with thousands of rules, to be developed and
managed.

The principle tools needed for the construction, updating, and
modificadon of a knowledge base include searching and retrieval,
replacement and sorang. In IKE, objects, attributes, and rules can be
retrieved and sorted

¢ based on specific words or phrases,
¢ according to their author(s),

according to their last date ot modificaton, and

based on specified tvpes of problems (e.g. statements with
undetined terms).

Once retrieved, these items can be easily edited and moditied.
Words and phrases in the IKE knowledge base can alsp be located
and globally replaced.

In additon, IKE can perform retrievals on several conditions at
once. which allows tor tight specifications of retr.evals from the
knowledge base. Thus, domain experts can easily find subsets of
rules focused on a specific topic where some contradiction or prob-
lem may have occurred. IKE’s knowledge base management tools
are the right vet of tools to encourage and support joint and incre-
mental development of large knowledge bases.
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Modeling the Domain with IKE

Domain knowledge for each application is developed by the domain
expert. In IKE, this domain knowledge is structured bv:

¢ describing objects, including their attnbutes and detault
values; ©

® specifying basic reladonships among these objects. These
relatonships include inheritance. roles, part/whole, etc.;

® speafying complex relatonships among these objects using
if-then rules (inference rules) with uncertaincy factors;

® tunction defimtons; and
¢ providing textual descriptions of specitic objects (optional).

Knowledge of the domain is modeled in terms ot objects. attributes,
relatonships, values, and rules. Objects in [KE are represented by
“frames.” In general, a frame consists ot “‘slots” that describe differ-
ent aspects or attributes of the given object. A trame-based represen-
tation allows objects to inherit attributes from higher level objects,
and to have a variety of relationships to other domain objects. This
makes it possible for the expert to develop the domain model in
terms of higher level constructs. The domain expert can easily create
or modify objects, attributes, object relationships and inference rules
through the use of IKE’s user-intertace and graphics. Domain speci-
fications and rules can be developed in IKE in any order.

LISP Muachine, Inc.
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Attribute Specification

Attr ibute neme RECOMMENOED-REPR IR ]
Source of informetion | rules

Tvoe of values neme

Possible values repair-distributor-lead-wire.

replsce-cap-and-rotor,
replace-points, repsir-points,
clesn-points,

replece—i19ni1t ion~coil, no-repair,
timing-adjustment,

point-9ep—-ad )ustment ,
charge—battery, add-gas,
clasn-fuel-line. lesn-the-mixturs

i

Etuolly exclusive? ves
Dafault value no hypotheses
Authors RMW, DWR, DEVOY
Last changed 19 jul 86 12:5+4
| Usage In use

'd the syeotom of it
w thare is sirongl:

O ] R tare s mronal:
POINT-GAP-STRTE "

(——— —— e——1

POINTS E:::] if tha working=state of

MIXTURE SRPPCE-STRTE oyl S

- - LT ] rongl:

CARBLRETOR POINT thart the recormenced-

X
i
and the mwotom of the
ihan there 1's stronsls Exit
thet the recommenced—{ X!
i3 timing—edjurtnant
DISTRIBUTOR {11 the wrking~state of

arvrd thyn ~AaAr am—at Al e

//\ IS 00N -9a0=—ad |USIRE
]
) e

Mlustration 3. Objects and attributes in [KE are represented as icons.

A trame :orresponding to each icon can be selected for viewing
and editing.




Portability and System Requirements

[KE is designed to run in ZetaLISP and CommonLISP environ-
ments. Knowledge bases created under IKE will be compatible
across all implementatons ot IKE.

IKE currently runs on the LMI Lambda”, and the
TI Explorer"/LMI Lambda/E™ IKE requires 4+ megabvtes
ot mernorv.

A CommonLISP version ot [KE will soon be available tor conven-
tional workstations supporting CommonLISP including SUN-3",
DEC MicroVAXII®, and others.

1y TISKTE AL b Ty
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Features and Benefits

IKE (Integrated Knowledge Environment) is a state-of-the-art,
powerful, flexible, user-friendly, and complete environment for
building large expert systems and running goal-directed consulta-
tons. [KE is particularly well suited for easy and rapid development
of sophisticated expert systems applicadons. IKE is designed to be
the expert system software that most protessionals will want to use.

Ease of Use
¢ Complete high-level environment, with extensive graphical
aids.
e Natural language menu~based intertace.

e Full tunctionality of IKE available without any
programming,.

e User can build tunctuonal, sophisticated expert systems
applicadons in weeks rather than months or years.

Powerful Inference Mechanisms
Forward and backward chaining.
Obyects with inhentance.
Uncertainty management.

Truth maintenance (for exploring hypothetical alternatives).
¢ Monitoring and examining the inference tree. -

The Right Kind of Knowledge Base for vour Tapert System

Deep-rnowis iz modeling of objects and attributes.

»

€«

User cuters knowledge in structured natural language.

Extensive, graphics-based tools for creating, browsing
through, and modifying the knowledge base.

Default values for attributes.

Faalities for documentaton of domain knowledge.

User may define and use mathematical functions.
Supports joint and incremental applicatons developments.



IKE, LMI Lambda and LMI Lambda/E are trademarks of LISP Machine, Inc.
Explorer is a trademark of Texas Instruments.

Sun-3 is a trademark of Sun Microsystems, Inc.

MicroVAX Il 1s a trademark ot Digital Equipment Corporanon.

Contact:

LMI

#4

6 Technology Drive
Andover, MA 01810
(617) 682-0500

.
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This yeat at AAAI ‘86, the KEE system celebrates its third anniversary and third
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customer base, KEE and IntelliCorp from 1983 to th present.
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IntelliCorp's

Knowledge Engineering Environment ™
(KEE) System:
Update

10 IntelliCorp and KEE lead the industry.

IntelliCorp pioneered the commercialization of knowledge processing with the introduction of KEE
in 1983. is the most widely used, widely accepted software for building large, complex
knowledge systems, with almost 950 copies of KEE licensed to over 250 sites, mostly Fortune 500
companies. KEE's functionality has evolved over the years, in response to our customers' needs,
the market, and the advancement of the technology.

With the introduction of SimKit™ in 1985, IntelliCorp was the first Al software company to offer
'second generation' development software that brings KEE's probiem solving capabilities closer to
the end user SimKit, built with and on KEE, represents a powerful marriage of knowledge system
and simulation technologies.

12 _E ical Dell { Completed S

With the announcement of the PC-Host system in 1985, IntelliCorp offered the first economical
capability for distributing completed applications to end-users on more traditional hardware without
the time-consuming process of converting the application to conventional programming languages.

Today, KEE supports the development of diverse applications in a multitude of industries.

Tomorrow, these applications are limited only by our imaginations. Customers are building a
broad range of applications, including, but not limited to:

Alarm essing
-

ton/Data Fusion
Decision Support

Design

Diagnosis & Correction

Forecasting

Intelligent Advisor

II_n‘t;lligcfl&t Database Interface
out & Configuration

Planning

Process control

Project Management

Real time diagnosis & control

Resource Allocation

Scheduling

Sensor interpretation

Simularion

Training



mmtmmn represent the following industries:

Pharmaceuticals
Publishing
Telecommunications
Ui ',1;u' ﬁ

3.0 What i3 needed to buiid cost-effective knowledge systems?

As we work with our customers, our understanding deepens of what is required to build and
deliver "industrial strength” knowledge systems. We believe that KEE 3.0 offers a comprehensive
range of tools for appropriately addressing these requirements.

We have found that cost-effective knowledge systems usually have many different uses and
users.. They are far more versatile and flexible than classic expert systems. They require an
explicit and clear model of the problem domain which can then be accessed by various reasoning
and analysis, and different users. (For further information on the requirements for building
knowledge systems, see our INTELLINEWS on Model Based Reasoning.)

4.0 _What is KEE?

You need more than reasoning tools to build knowledge systems. The hard problems center on

acquiring representing, and interacting with knowledge. in a productive

ir:grammingenvlronmcnt.. IntelliCorp has recognized this from the first. KEE's name, the
owledge Engineering Environment is no accident. Br' iy, KEE is:

* Mature, proven, comprehensive software

. Afco ensive product -- integrating the best Al technology into a versatile range
of tools

«+ Flexible, powerful, and productive environment for the full software cycle -- from
prototype, through development to delivery

* Versatile —used for a wide range of large, complex knowledge-based systems, and by 2
wide bandwidth of users — (from the Al novice to the Ph.D. in Al), experts,
and end-users (from top management to blue collar laborers)

+ Easy to use and understand, accessing the power and flexibility of the all of KEE tools

* An open system to facilitate large application development, usability and extendability.

0. _KEE 3: Functionality & Features
IntelliCorp's Knowledge Engineering Environment, which continues to evolve, is now in its third

major release. With each release, IntelliCorp has extended KEE's functionality, while
minimiziong the conversion process for its customers.

e




KEE offers advanced functionality for building mcdels, reasoning about and analyzing those
models, communicating with external systems --all in a clear, understandable and interactive
manner. All of KEE's versatile tools are fully integrated. Not only is the integration of these tools
a synergistic combination of features, but it is also the fundaniental reason that KEE can support

such a diverse array of knowledge systems so well.

: 1 N\ \' ] - ;.
Cost-effective knowledge systems requires a clear, well-organized, dynamic model. To this
purpose, KEE provides the richest, most expressive, clear and flexible representation language
available -- an Object Oriented Frame-Based Representation Language, enabling the
representation of symbolic, autonomous objects in KEE. Each object knows all of the factual and
behavioral information about itself. Users can send objects messages to elicit behavior, and objects
can rapidly communicate with each other via message passing.

The basic building block for a model in KEE is the object, which is represented in a frame called
a unit. Each unit is autonomous and self-knowing, containing all factual, behavioral anc
relational information about itself. The attributes of units are represented as sfofs. A unit can be
thought of as an extended. sophisticated. very rich data recorc. containing not only static date
rfields. but also various consistency checking mechanisms, dvnamic subroutines. plus
multiple inheritance and relations.

The organization of large amounts of knowledge is crucial to successful knowledge svstems.
KEE's offers the most sophusticated tools for organization and information management. Objects
can be organized into a hierarchical relations of class-subclass-member with full multiple
inheritance. Classes of objects cun be grouped together imo modular knowledge bases.
Knowledge bases can readilv interact and communicate with one another since thev share the
common KEE lunguage of frame representation.

KEE's representation language supports the building of a fuil. complex model. Thnis fundamenta
model or "background world” can then be used for modeling multiple worlds with
KEEworlds™ . (KEEworlds is a new feature of KEE 3.0.) Some problems require expioring
various alternatves simultaneously 1n order to rapidly arrive at a solutnon. KEEworlds provides
powerful tools for explonng multiple hvpothetical situations and alternatives.  Consistency
knowledge 1s automaucally maintained as worlds’' states change through the most advanced
assumption-based truth maintenance system (ATMS) available. The ATMS automaucally
keeps track of truth and contradiction. ehminates worlds that violate constraints, and provide~
explanation graphs to mack system behavior. (Note: Johan deKleer, the ongmator of ATMS, v 4
member of IntelliCorp’s Scientitic Advisory Board.)

By integrating KEEworlds into KEL. IntelliCorp has advanced the state-of-the-art of Al
development software. For the first tme, a complete multiple worlds mechanism is integrated with
a sophisticated object-oriented frame system. All of KEE's tools are available in all worlds.
providing a powerful synergy :n KEE.

AN SIs T ) " -solving The modulanty ot
KEE means that the model can be both physically and logically separated from the reasoning and
analysis. This has profound implhications for programmer productivity and sofiware hte cvele
costs. KEE offers a vanety of features tor reasoning and analysis

L2l Produycrion Rule Svsiemt KELE provides o  powerfui production ruie svstem for

ethicient, controlled search including:

- Each rule 1s represented as a unit 1n KEE, and thus enjovs the full benefits of Kbl
modeling language. Rules directly reference and interact wuh other objects . reasomne
dbout the model Rule premises and conclusions dvnamically read tram and wnite nin siots
value tacets

Since ruies aic ohjects, they tules can be organized into rule clasyes tor Gariy . anG faaic




performance resulting from carefully directed and controlled search. Rules car belong to muluple
rule classes and/or subclasses. This organization contributes significantly to programmer
productivity and efficient control of search space.

- Forward and backward chaining with untomatic backtracking when appropriate.

- Capabilities for mixing chaining dirertivns 1in reasoning sequences, both in advance ard
dynamically at run time .

- Clear, easy-to-understand rule syniax.

- User-controllable search over a broad number of parameters for both forward and backward
chaining is avaiiable and user-extendable. The search and conflict resolution strategies are both
represented as slots in the rule class, so the value can be easily set in advance or dynamicaily at run
time to prune the search space for optimization.

- Deduction rules 10 infer facts from other facts and state constraints, and to prune inconsistent.
negligible and undesirable worlds. Action rules to add and delete facts in existing worlds.

Action rules to spawn new worlds with specified facts.

- Agenda mechanism to control rule firing order, with functions previded for adding and
removing from the agenda.

- Rules can take actions

- Logic operators available for referencing the frame structure in the TellandAsk ™ language.
They extend beyond classic logic since they deal not only with True and False but also Unknown
states. Knowledge State Operators evaluate states, and are limited to True/False. Term
Operators can reference some part of a list of Values in the Value facet of a Unit.

-Monotonic and non-monotonic reasoning are both supported in KEE for solving a nroad
range of problems.

- Dynamuc, highly interactive development, debugging and explanation facilities

- Interpreter tor productive development and rule compiler for run ume performance.

- User-extensibility of all parts of the rule svstem (i.e..search strategies, parsers. agenda ete

2 This logic language, with a clear syntax, provides facilities for building
and modifying a knowledge base. retreving informanon and iniating reasoning, and efticien:
direction and control of search.

2 2 ' The deductive and retrieval capabilities of the frame system
support dirsct and efficient reasoning from the frames -- often without invoking a rule. (See "The
Role of Frame-Based Representation in Reasoning”, Richard Fikes and Tom Kehler.
Communications of the ACM |, September 1985, Volume 28, Number 9.)

224, Regsoning gcross Worlds can be performed by the rule svstem or procedural Lisp

code.

. ¢l Qriented Programming with methods, Lisp procedures which perform
condiuonal analysis and make changes to the system based on that analysis. Methodsprovide the
fast, efficient message passing capabulities of Object Oriented Programming, and can be attached to
any slot.

< ' g with dynamic activ: values or ‘demons provide d
very fast mechanism for localized, direct reasoning and analysis when there is a state change.
Active values are Lisp procedures attached to 4 slots that fire when the siot value 15 changed
They are ‘'smart’, knowing how to monitor the slot valne and respond to changes appropnately.
An active value can be attached to any slot in KEE. In a rule-based systems. rules would have to
provide this capability, adding significant overhead.

Ll _Access Oriented Programming with activevalues that fire when the slot value is

retneved.

Sty —



& INTERFACE TOOLS for ease of understanding, In order for a development
environment to be truly productive, all of its powerful technology must be casy-to-use. This means
being able to clearly understand it, and to interact with it simply and productively. Computer
science has devoted much investigation into interface technology recognizing the significant role it
plays in managing complex information systems. KEE integrates the mc:t advanced and versatile
terface tools available, providing a multitude of 'doors and windows' into KEE for clear and
natural interaction. These support the full spectrum of users -- from the naive to the most
advanced.

! [ There is much truth in the old adage: "A picture is
worth a thousand words.” Cognitive science has shown that as much as 80% of human sensory
input is visual. IntelliCorp has developed powerful graphics tools that take advantage of the
graphics capabilities of advanced computer systems.

- KEEpictures™ help users construct customized, ‘smart ‘graphic images and interfaces that are
machine independent and extensible. KEEpictures takes full advantage of object oriented
programming, so each picture knows how to behave (i.e., draw, display, rotate itself.) This is a
new feature in KEE 3.0.

-Activelmages™ is a library of smart object images built with KEEpictures which can te
attached to slots to display or change the current value of the slot. This dynamic, two-w.y
communication is made possible by to object oriented programming. Images can be attached to
slots iautomatically, and readily modified or customized. Textual images can be customized for
natural interaction. Groups of images can be organized intc control panels, which can be quickly
shrunk and expanded as needed. ActiveImages have been enhanced for KEE 3.0.

are highly dynamic and interactive, offering various
levels of interaction.
- Dynamic multiple windowing system thet is easy to use. Muluple windows provide
programumers with various views into the system s'multaneously and are easily user-defined.
- Deskiops Windows can be organized on a screen, with the information displayed as spezified.
A screen can be quickly identified as a desktop. The programmer can defiae multple desktops and
switch between them by simply selecting from a menu with a mouse. The end-user can be locked
out from the underlying system for secunity through desktops. (This is a new feature of KEE 3.0.)
- Mouse-menu_interaction in KEE provides productive and easy-to-use means for issuing
commands to KEE. A variety of menus, with layers of sub-menus are available. And users can
customize menus for development and delivery.
-WorldBrowser is a dynamic, active interface for exploration, interaction with and
understanding of KEEworlds.
- Rule debugging is facilitated by the dynamic tracing of And- & Or -tree reasoning graphs.
These graphs have active nodes for toggling breakpoint s witc hes, and automatically calling up the
rule under consideration. Toggle switches are also availcble for automatically turning on various
dcbugﬁ':‘g"facilitics such as stepper mode, and rule graphs a text traces.
- Explanation graphs of completed rule-based reasoning sequences are automatically available.
- Dynamic editors for building and editing knowledge bases units, rule classes, rules, etc.

2.4, EXTENSIBILITY, PERFORMANCE & COMPATABILITY,

wdl. _Qpen grchitecture IntelliCorp chose to design KEE as an open system. This has
enabled clear, rapidly accessible, modifiable and extensible KEE-based systems. Advanced
programmiers can easily customize and extend KEE in a number of ways because of the open
architecture and synergistic integration of all of KEE's tools. This flexibility has allowed direct
user input to KEE-based system in other programming languages (i.e., C, BASIC), and direct
communication with external systems. Perhaps most important, it has allowed IntelliCorp to
readily extend and evolve KEE to meet the needs of customers.

<
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KEE is optimized for speed at each stage of the software life
cycle. During development, KEE runs automatically in interprel'ed mode, giving instant
feedback to all changes. As such, it brings significant productivity gains. Once rules,
ActiveValues, and Methods have been debugged, they can be compiled for quick execution.
Other performance gains are rendered by the basic architecture of KEE. Object oriented
programming brings organization and modularity, and the fastest data directed programming unc
information retrieval. Rules classes segment rules, efficienty controlling and directing search.
ActiveValues and Methods localize reasoning and analysis for direct, rapid response.

- i il KEE is now available in CommonLisp win
CommonWindows, making porting across different hdardware virtually effortless.
CommonWindows sit underneath all of KEE's graphics, enabling the porting of KEE-based
applications readily across various hardware. The porting of full graphics is unique (o KEE
Designed znd implemented by IntelliCorp staff, CommonWindows is quickly becoming the
industy standard.

r vi for mer

i ~ystomers s achieved not oniv
through providing state-of-the-ant products, but through a strong range of services 1o support our
customers in applying the technology to their husiness problems.

0.2 A wide range of responsive services are available to assist customers in putting KEE
to work to meet theur business goals. These services include:

- Training in the use of Inte/liCorp's products. Hands-on approach tailored to each individual
customer’s problem. The KEE 3.0 training 1s a 9 day course. The last 2 days focus on buiidiny
the customer's applicatuon.

- Apprenticeships -- An intensive one-month tutorial at IntelliCorp. the apprenticeship program
teams a skilled IC Knowledge Engineer with the customer team to build a full prototype of the
customers’ application. This popular program provides a strong accelerator on the customer »
learning curve.

- Contract applications services -- IntelliCorp has a large staft of experienced Knowledge
Engineers whose services are tailored to meet the customer's needs, and span the range from very
short contracts to assess the feasibility of building a specific applicaton. to compiete turnkey
systems.

- On-going technical support -- IntelliCorp has a strong customer se:rvices team who work
with KEE customers by telephone and oa-site. Each customer has a customer services
representative who provides continuity in the customer-IntelliCorp partnership. Based in
California, the services telephone lines are open from 5 a.m.to S p.m. P.S.T.

03, Standard KEE Support Package IntelliCorp has found that the following set of

support services provides an effective means of successfully launching and susuaining customers’
use of KEE:

9 days of training for a team of 2 people

2 days of consulting (to be taken within 90 days of training)

site support (on-going telephone support, software & documentation maintenance & updares;

Other services can be configured as appropriate to meet the customer’s needs




2.0 _Summary

This update has been intended to give a brief overview of IntelliCorp’s Knowledge Engineering
Environment release 3.0. IntelliCorp continues to invest heavily in research and development,
integrating our advanced Al research into our current and future products. IntelliCorp will
contin.= to evolve our current family of products, develop new advanced products, and
engineering innovations for development and delivery of knowledge systems.

IntelliCorp is committed to continuing as the industry leader by anticipating the needs in the
marketplace, and providing products & application support services to meet those needs.

IntelliCorp Regional Sales Off

Atlanta, Georgia
404-980-6688

Cambridge, Massachusetts

617-868-5611
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Accounl Manager
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KES--AN EXPERT SYSTEM DEVELOPMENT TOOL

ABSTRACT

The Knowledge Engineering System (KES) is a tool that supports the rapid
development of prototype or production expert systems. The system features
three choices of knowledge representatlion and inference engine, and an
English-like language for specifying the knowledge base of an expert system.
An artificial intelligence (AI) or computer science background is not required
to use KES to develop expert systems., This paper introduces the concepts of
expert systems and knowledge engineering; describes KES; illustrates the
expert system development process using KES; discusses some applications
developed using KES; and ocutlines future product plans.

INTRODUCTION

Software A4E's Knowledge Engineering System (KES) is a set of tools for
developing expert systems. KES can be used to develop expert systems in a
wide variety of applicatior areas found in commercial, industrial, government,
and military environments, KES greatly simplifies the tasks of building,
maintaining, and using expert systems. KES provides the reasoning and
deduction, as well as the user interface, while the knowledge base author
provides the 'knowledge' unique to the application.

ARTIFICIAL INTELLIGENCE AND KNOWLEDGE ENGINEERING

One of the main goals in the study of artificial intelligence (Al) is to
create computer programs that perform actions which, when performed by humans,
can be said to reguire intelligence [1]. More precisely, AI is the study of
"the principles of intelligence usirg information proccessing concepts as its
theoretical framework and the computer as its principal tool" [21.

Expert systems are computer-based software systems that achieve high
levels of perforiance in task areas that, for people, require years of special
education and training [3]. After many years in the laboratory, expert
systems are now being put into operational use in a variety of applications.
The applied sub-field of AI that deals with building expert systems is called
knowledge engimeering.

Conventional software systems can be thought of as applying an algorithm
(the program) against a data base with a current set of data. In contrast, an
expert system has the implementation of the control structure (the inference
engine) separated from the 'rules' or other knowledge representation, which
are stored in the knowledge base.




A partial list of current and planned applications of expert systems is

medical diagnosis

b equipment faiiure diagnosis

computer configuration
chemical data interpretation/structure elucidation

X experiment planning
e speech and image understanding

DENDRAL

E MYCIN
PROSPECTOR
DIPMETER
RI

STEAMER

financial decision making
signal interpretation
mineral exploration
military intelligence and planning
~ advising about computer system use
1 integrated circuit design

Some specific examples of expert systems and their developers are

determines molecular structure from mass spectrometer
data (Stanford)

diagnoses bacterial blood diseases (Stanford)
advisor for mimeral exploration (SRI)

advisor for oil well drill sites (Schlumperger)
configures computer systems ((MU/DEC)

trains machinist mates in shippoard repair and
maintenance (Westingnhouse)

A recent survey of the application of expert system technology
identified the following advantages of its use as an alternative to
conventional software architectures [4]:

- automation of tasks previously not feasible
- easier to use and understand
9 - spectacular increase in programming procductivity

- genuine extension of human capabilities



THE KNOWLEDGE ENGINEERING SYSTEM
CHARACTERISTICS

KES eases the building and maintaining of expert systems. The knowledge
base author does not need to be an Al or even computer expert, He uses a suite of
KES development tools and the KES knowledge representation language, instead of
LISP, PROLOG, PASCAL, or C. KES also eases the use of expert systems. The end
user needs no specialized training. He accesses the knowledge base through a
simple, but powerful, interactive interface.

KES {s broadly applicable to many applications im a variety of
environments. No specialized hardware is required. KES runs on the Digital
Equipment VAX-1l under WMS or UNIX, the Apollo Domain, Sun, and Tektronix
workstations, and the IBM PC. KES is domain independent which means it is useful
in a wigde variety of applications areas, and has multiple knowledge representations
and inference engirmes. It also has facilities for semi-structured problems.

A typical interactive session of an expert system built with KES begins
with a series of messages to the user explaining the purpose of the expert system
and optionally giving instructions in its use. The session then continues with a
sequence of questions. The user 1s asked to respond with his selection from a list
of multiple choices, a numeric value, or an arbitrary string of characters (e.g., a
name). During questioning the user can interrupt to ask for help, issue a KES
command, or ask for a detailed explanmation of the question. After the guestions
have been answered, the expert system provides its recommendation. The user can
then ask KES for a justification of the result (i.e., the line of reasoning used to
develop the recommendation).

ARCHITECTURE

Figure 1 illustrates the architecture of KES. The knowledge base
author, who may pe the expert himself or a knowledge engireer, uses the KES
parser to create the operatiocnal knowledge base. The end user can access the
knowledge base with the runtime system. Applications can call KES subroutines
to aceess a knowledge base directly.

-1 Inference (1
interface Engine  nJ ]
" —— Knowledge
N Base
Knowiedge N o
Base C Parser
{  Author ‘ ] )
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Fimire 1+ The Architartira ~f KFQ
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FEATURES

KES supports three different knowledge representation and inference
engine pairs: rule-based productiszn system (PS), Bayesian statistics (BAYES),
and hypothesize and test (HT). In addition, KES supports derivation of
attribute values from calculations and invocation of external programs, as
well as character string manipulation and pattern matching. The user
interface is programmed with the procedural-oriented actions section of the
knowledge base.

With PS, knowledge is represented by rules in the form IF antecedent THEN
consequent. For example (with "|{" standing for logical "OR" and "&" standing
for logical "AND"):

IF NGISE OF WHEEL = SQUEAKING | GRINDING
AND QIL = AVAILABLE OR GRAPHITE = AVAILABLE
THEN REPAIR = LUBRICATE THE WHEEL.
MATERIAL USED = OIL <0.8 > | GRAPHITE < 0.2 > .
MESSAGE "PUT LUBRICANT ON THE WHEEL".
ENDIF.

is a rule which meang if the wheel is squeaking or grinding lubricate it with
o0il or graphite. PS is goal- or consequent-driven with only the necessary
questions generated to achieve a specified goal. Uncertainty can be
Sggéicitly represented with confidence factors as shown above for MATERIAL

With HT knowledge is represented by frame-like descriptions. Each
description consists of a collection of statements related to the phenomena of
interest. For example, the following are two values from a knowledge base
that diagnoses plumbing failures:

CAUSE OF PROBLEMS (MLT):
WATER MAIN TURNED OFF OR PIPES FROZEN
(DESCRIPTION: NATURE OF FROBLEM = NO WATER SUPPLY],
AIR CHAMBER FAILURE
(DESCRIPTION: NATURE OF PROBLEM = NOISE

[LOCATION = PIPE;
NOISE TYPE = BANGING;
OCCURRENCE = IMMEDIATELY AFTER WATER IS TURNED OFF ],

The HT inference engine is based on the concept of minimal set covers to
simulate an hypothesize-and-test approach to problem solving [5]. It
determines the smallest number of causes, represented Dy descriptions in the
knowledge base, that explain all known manifestations of the problem of
interest.
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with BAYES knowledge is represented by the prior probabilities of the
possible outcomes and the conditional probabilities of the determinants.
Expert systems built with BAYES are usually built when a statistical
experiment has been performed on a known population. Bayes Theorem is used by
BAYES to compute the conditional probabilities of the outcomes based on the
actual values of the determinants. For examples, the following is taken from
an experimental knowledge base for determining the prognosis for recovery of a
person who had a stroke:

AGE: SIXTY AND ABOVE, LESS THAN SIXTY,

TYPE OF STROKE: INTRACEREBRAL HAEMORRAHAGE,
THROMBOTIC INFARCTION,
EMBOLIC INFARCTION,
SUBARACHNOID HAEMORRHAGE.

SEVERITY OF STROKE: MILD, MODERATE TO SEVERE.

PROGNOSIS [DETERMINANTS: *]

GO <0.16> 0.25 0.75;
0.10 0.20 0,40 0.30;
0.78 0.22,

FAIR <0.59> 0.38 0.62;

N

0.41 0.12;

1
H
0.12 0.18;

¥
000000
2RSSR

0
POCR < 0.25> 0.
0
0 .

The prior probabilities directly follow each of the value names, and the
conditional probabilities for each of the determinmants are then listed in
order of definition and value.

APPLICATION SYSTEM ARCHITECTURES

Two of the many expert systems that have been built using KES are the CDC
Dump Analysis Expert System and the Tactical Mission Planning Expert System,
The COC Dump Analysis Expert System was jointly developed by Control Data and
Software A&L as a prototype to diagnose the cause of a Cyber NOS-VE system
crash. It first determines whether hardware or software caused the crash;
then which hardware module or what OS problem caused the crash, and, if
software, what project, project leader, and module was responsible. The
knowledge base contains over 140 attributes with many possible values, over
800 rules, and over 100 commands in the actions section. The demonstration
version took five days to develop and the current version about five weeks.

The Tactical Mission Planning Expert System was developed by Software A&E
for the U.S. Army Engineering Topographic Laboratory to demonstrate the
concepts of expert systems applied to battlefield command and control. The
system deals with a hypothetical battlefield reconnaissance planning
situation. It determines what portions of the selected terrain may have
artillery batteries given the enemy's doctrine for deployment and the
characteristics of the terrain. This information would then be used to plan a
reconnaissance mission.



The system architecture is shown in Figure 2. The Tactical Planner and
Suwpervisory Control portions are implemented as separate knowledge bases using
PS. The Spatial Reascner is an inference engine custom cdesigned by Software
ALE to deal with spatial r-~.itionships between physical objects. The
Interaction System supports the user interface. The Graphics System supports
the four color graphics displays used with the system. The Shared Information
System coordinates access to the Symbolic Terrain Database. These last three
systems were implemented with conventional software techniques.

KNOWLEDGE ENGINEERING WITH KES

A knowledge base author builds a KES expert system by developing a

knowledge base. This process progresses in four steps much like the steps in
developing a conventiocnal software system.

TACTICAL PLANNING (KES.PS)
SUPERVISORY CONTROL (KES.PS)

INTERACTION SYSTEM
SPATIAL REAS
ONER GRAPHICS SYSTEM

SHARED INFORMATION SYSTEM

Figure 2. Tactical Mission Planning Expert System



The steps ir the knowledge engineering process, along with their typical
activities, are as follows:

Analysis - the knowledge base author determines the scope of the
knowledge required of the expert system by outlining the goals. He
identifies the knowledge sources (experts, books, etc.)

Desig- - the knowlegge base author defines the attributes and their
relationships. He chooses the knowledge representation and
inference engine to use and sketches out what the end user interface
will look like.

Implementation - the knowledge base author encodes the knowledge
base (attributes, rules, 'free text', user interface, etc.) in KES
syntax and uses the KES Parser to create the operational form of the
knowledge base.

Test and Evaluaticn - the knowledge base author uses the KES
Inspector to verify the knowledge base. He then performs static
analyses and dynamic tests.

The knowledge engineering process is typically performed iteratively
until the knowledge base author is satisfied with the performance of the
expert system. Experience has show that expert system applications evolve
from gemonstrations (developed in days) through several prototypes (weeks ¢
months) to the production system (months to years). The production version of
the expert system will itself evolve over time as experience in its use is
obtained,

SUPPORT

Software AAE offers full support for KES licences including telephore
consulting, bug fixes, and updates. Software A&E also offers knowledge
engineering and KES customization services. Training courses for KES are
offered on a regular basis. Each course lasts one week and covers all aspects
of expert system developement with KES. These courses are included in the
price of most KES licenses.

The Knowledge Base Author's Reference Manual serves as a guide to expert
system development with KES. This manual is designed to be useful to botr
experienced and novice expert system developers.

A seminar entitled "Building Expert Systems: An Assessment of State of the
Art. Artificial Intelligence Practical Applications" is offered periodically at
various locations in the U.S. and Europe.

e
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SUMMARY OF BENEFITS

The principal benefits of using expert systems technology are

immediate availability of expertise

elimination of individual bias, prejudice, and errors due to
oversight or fatigue

valuable teaching aids because of ability to justify conclusions
automation of tasks previously not feasible

capture of corporate knowledge

The principal benefits of using KES to aevelop expert systems are

FUTURE

high level knowledge-reprgsentation language
greatly reduced development time

portability from personal computers to mainframes
can be integrated with existing software

suite of development tools

simple, but powerful, programmable user interface

PRODUCT PLAN

Software AXE's Next Generation Product (NGP) will be both a major step
forward in Al development tools and a fundamental advance in the manner of DP
application development. It will marry proven technologies from software
engineering, fourth generation systems, and fifth generation systems.

NGP will allow the user to:

Develop stand-alone, real-time, and embedded applications in much
less time and with substantially less drain on development resourc ...

Rapidly build prototypes of software applications.
Develop reguirements and production applications in parallel.

Naturally combine symbolic and traditional computational techniques.



A diverse group of users, from DP novice (but domain expert) to

experienced software/knowledge engineer, will be able to use NGP in their
development efforts. NGP's unique architecture will allow these users to
build an application to run identically in numerous different computer
envirorments without change to the specificatioms.

with

(1]
(2]

(3]
(4]

(5]

This multi-million dollar product development effort is jointly funded
Control Data Corporation. Limited release of NGP is scheduled for 198s.
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inference and Control Strategies

Knowledge-based systems have employed a variety ot
techniques to solve real-world problems. Since a single
problem-solving technigue nas not vet proven adequate,
Knowledge Craft provides the user with a powertul set ot
techniques which may be combined in a single appiica-
tion. Each technigue s integrated with CRL.

CRL-OPS™, Rule-based programming. The forward
chaining capabilities of QP S-5 are mntegrated into the
environment. Many successful expert systems used by
INGUStry today have been implemented in QPS-3

CRL-PROLOG™. The system combines PROLOG mter-
encing with the represeritational power of CRL Inhen-
tance provides d supplemental inference method not
available in other logic programming environments

Integrated object programming. Large systems are
more easily maintained when engineered with an object-
onented approach Knowledge Craft supports a
massage-sending paradigm for invoking procedures
Objects are represented as schemata. methods 3s slots.
Methods may be iniernited or accessed from other
abjects. Procedures executed in reply 10 messages mav
belogic programs, rules or LISP functions

Muttipla agenda manager. A mulitiple agenda
managqer enables the user to schedule events agamnst a
real of simuiated clock. Symbonic event-hased simula-
tons ot complex real-world processes may be imple-
mented using this mechanism

Interface Tools

Sophisticated graphic, meny and natural languaqge inter-
taces may be constructed using Knowledge Craft’s inter-
face facilities.

Window Manaeger. A device independent window
manager controls multi-window displays with a flexible
vigwpOort /windowrscanvas archiecture.

s 2D graphics. A device-independent graphics package

anables the user to construct 20D graphic displays with
scaling, rotauon and zoom features Schema based
1cons can be used 10 convey input and ouiput

Task manager. Multiple tasks can be created. paused.
rasumed and aborted Menu intertaces are easy to build
using a hierarchical command system that includes pop
up menus, command completon and help facilities

incelligent schema filler. Simple knowledge arquisi-
non interfaces can be built with thus module. It ailows
customized screma-specific prompting for mformation

Natural lenguege tools. Lanqguage Ciatt'™ mav be
used 1o construct natural language nterfaces 10
Knowledge Craft applications.

Programming Workbench

Knowiedge Craft provides a programrung workbench tor
bit-mapped. mouse-controlled workstations. An con-
onented interface enables system developers to move
easily between specialized eduors and monitoting
windows. The Workbencn includes fully-integrated
Waork Centers tor CRL. CRL-OPS anag CRL-PROLOG

CRL Work Canter. Knowlegge hase editors allow net-
works of schemata to be ¢raptucally displaved in tige
form, naw schemata to be added to the graph. and old
ones deleted Schemata can be openea 1o edit slots.
vilues ang meta-knowledqe

CRL-OPS Work Center. * s tul screen interactive
environment f0r daveloping and aebugging CRL-QPS
programs graphically captures proqram output ana
debugging information it allows the user 1o diternate
hetween rurning the program, #xamining itsainternal
state, and editing OPS rules. A screen diagram displavs
changes 10 the state of the program, as well as textual
debugging and tracing intormatign

CRL-PROLOG Work Center. "his environment s
geveloping ana runnming CRL-PROLOG programs. pio-
vides facilities simiar to the other Work Centers in the
Programmung Workbench it traces the execution ot
CRL PROLOG programs. and enables the developer 1o
view program contents, enter quenes. and modity
program rules

Operating Environment

xnowledge Ciattis implemented in Common LISP and
« s an Sympolics ™ 3600 Seres. TiExploe ™ va™
and MicroVAX ** haraware

Training and Technical Support

Each purchaser of Knowiedge Craft s ennitled to traimng
and support servicas. Anantensive two-week hands on
tutonal enables users to hagin developing working
knowiedage-has ad programs

M nowieage Ceate {anguage ( ratt CRU CREOPS CRU PROLOG v

CRU DBILCT ares tracdemark s or Cdmnegie Group Ine DEC. VAX goi:
MicruVAR are

(e dernarks Of { g ian b QUOmYert COrpidinden Yystingin 5.8
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introduction to Knowledge CrattT™™

Knowledge Cratt is a high productivity tool kit for knowledge engineers and Al system buiders.
Combining a teature-rich know!adge representataon language with proven probiem-solving technicues.
Knowledge Craft dramatically reduces the effort required o build knowledge-based systems. In addition.
sophisticated window, text, and graphics rnanagement modules are fully integrated with a command
system interpreter, providing an interface buiding tool of significant power.

The goal of Knowiedge Craft is to enable the cost-effective development of large-scale knowiedge-nasec
systems. Although deskyned for axperienced system analysts and programmers, Knowledge Craft
tacilitates the developmant of front-end user interfaces for knowledge acquisition.

Highlights
» Frama-based knowledge representation language with procedural attachmant and
inhertance
« Catabase management
» Knowledge base editors
« Logic programming
+ Rule-based programming
+ Object-onented programming
« Event management for simulation and scheduling
 Programmer's workbanch
« Intertace tools with 2D graphics and icons

» Compiete Common Lisp integration

Applications

Knowledge Craft is now being used in many application areas:

« Projact management

+ Factory planning and scheduling

PR S,



« Product selection
 Alloy design

! » Computer-aided design
* Process diagnosis

r + Long-range planning

] + Distribution analysis

« Battlefield management

[' History and Philosophy

Knewiedge Craft's approach is based upon proven experimental prototypes developed at Camegie-
Maellon University and usaed 10 solve diverse problems in _ver 25 industrial anvirenments. Many of these
systems are in commercial use today. Several conclusions resulting from this work influence the design
of Knowiedge Craft.

+ Knowledge-based systems cannot be built using any one problem solving approach. Tool
kits allowing flexible knowledge representations, and altemative problem-solving and control

strategies are required.
» Tools must support rapid prototyping.
+ Sophisticated interfaces are required to tacilitate the marvmachine transter of information.

« Programming workbanches specialized for knowledge engineers are needed to enhance
productivity.

» Database support for large knowledge bases must be provided.

« Systerns must be built in a portable language o survive in a changing hardware
anvironmaent.

CRL™: Carnegie Representation Language

) » CRL™ i3 efficient, easy to use, and suitable for both large and small applications. The basic
representational unit is a schema. Each schema has -'ots and values to store attributive and
relational information about an entity. Relations link schematu to one another. Information in




one schema can be transferred 10 ancther using simpie taxenamic inharitance or more
sophisticated methods.

CRL provides functions for creating, deleting, and moditying schemata. The kncwledge base
aditors discussed below allow user-iriandly graphic access ta these functions.

Figure 1 provides an example of a schama. A schema is composed of a schema name
(printed in the bold font), a set of siots (printed in small caps) and the siot's values. Values
can be any LISP expression. Symbols ars used to reference schemata. When printed, a
schema is enciosed by double braces with the schema name appearing at the top.!

{{ make-cput-board-spec
13-A: angineering-activity specification-davelopmant
SUR-ACTIVITY-OF : davelop-boazrd-cpul
INITIAL-ACTIVITY-OF: develop-board-cpul
EXPECTRD-COMPLETION-0ATE: “August §, 1385"
INITIATRED: €
CoMpLE?ED: ndil
DRSCRIPTION: "Davelop speacifications for the cpu boarxd”

Figure 1: make-cpui-board-spec Schema

The exampls in figure 1 comes from a knowledge base containing activity management
information in respect 1o developing circuit boards. Taxonomic inheritance proceeds over
IS ralations. Thus in this case, all characteristics specification-deveiopment and
engineering-activity are aiso true of make-cpui-board-spec. Inharitance provides a
means of “reascning by default®. Any vaiues that are not specified in a schema may be
inherited from another schema.

+ User-detined reistions and inheritance semantics. In ordar 10 faciltate world modeling,
usars may define new relations. Real world relations such as "has-project-leader”, “sub-
aclivity-of*, and "has-sub-activity” may be created. For each relation, the user can specity
inheritance semantics ( .e., information passing characteristics) indicating which siots and
valuas can ba inherited over that relation.

The relation SUB-ACTIVITY-OF, {Or instanca. is user-defined. In this case, It is desirable that

'in the foikrwing text. schemata are indicaed in boid; slots and reiations in small caps: and values in talics.



any activity which Is a SUB-ACTIVITY of ancther “inherit” ts PRCJECT.LEADER specification but
not its DURATION. Figure 2 shows the deveiop-board-cpu1 activity. The
make-cpul-board-spec thus can be said 10 have Jim_Smith as its PROJECT-LEADER, since
this siot is not spe~ilied in its schema. Howavar, the duration of the whole project cannot be
assumed to be the duration of any pan; thus, the value in the OURATION siot will not be
inherited over the SUB-ACTIVITY-OF ralation.

{{ develop-board-cput
I1s-A: enginearing-activity board-developmant
SUB-ACTIVITY-OF: davelop-computer
LAS-UB-ACTIVITY: make«cpul-board-spec
PROJECT-LEADER: Jim Smith
DURATION: (6 mO)
DESCRIPTION: "Davelop cpu board cpuli" }}

Figure 2: develop-board-cput Schema

The above is one example of how information flow within the knowledge base can be
controlied. CRL provides a rich language for describing the samantics of inhentance. Within
this language, values may be included or exciuded from inheritance under precise
conditions. In addition, mapping operations may be applied durirg inhertance, converting
one value to another as desired.

In additon to inheritance or information-passing properties, relations are defined by their
“scope” and “transitivity.” Scope is used to spacify the nature of the objects between whick
the relation can hold. Transitivity is used 10 describe the nature of the links over which the
relation is defined. For example, the SUB-ACTIVITY-OF ralatior: can only hold meaningtully
between objects which are activities. The transitivity of SUB-ACTIVITY-OF is such that any
activity which is a SUB-ACTIVITY-OF anather, IS aiso @ SUB-ACTIVITY-OF all activities of which the
lattar is a sub-activity. Thus, it can be said that make-board-cpu1-spec is also a
SUB-ACTIVITY-OF develop-comptster.

CAL is the only knowledge represantation language within which relations can be fully
defined, that Is, in terms of inheritance semantics, transitivity, and scope. This makes it
possibie to use inhertance to make inferencas that wouid otherwise require the use of rules.

+ Meta-knowledge representation. Knowledge about the representation dselt can be



re
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systematically partiticned from knowledge about the domain being modelled. This facility is
used to chronicle knowledge base development, maintain dependancy information, madel
uncenainty, and provide “local specialization™ (i.e., the tailoring of relation or slot

¢ racteristics on a schema by schema basis).

In tarms of the axampie under discussion, within the deveiop-board-cput schema, meta-
knowledge wouki be used to show who entered the information that Jim_Smith was {0 be
project leader. Within the make~cpui-board-spec schema, it would be used to show that
the value of PROJECT-LEADER was inharited from the deveiop-board.cputl. Within this same
schema, local specialization would be used to indicata that the any acceptable OURATION
value must be less than 3 months. The certainty with which ane expected to compiete the
activity on tima is attached as meta-knowledge on values of the EXPECTED- COMPLETICN-OATE
slot.

Meta-know'edge may be associated with schemata, their slots. and values in the slots. itis
reprasented by another schema, called a meta-schema, that is attached to the schema, sict,
or value. Represanting meta-knowledge as schemata provides a uniform approach to
represantation. The user is provided with access functions for retrisving meta-schemata.
Once retrieved, they are manipulated just as any other schema.

Procedural attachment. Functions may be associated with siots in the form of demons.
Demans tire when slot values are accessed, that is, when an attempt is made to add. aelete.
or madify a value in a particuiar siot. In the exampie. under discussion, a demon 1S antached
10 tha duration skot, such that when it is modified, a new aestimate can be made of each
aclivities EXPECTED-COMFPLETION-DATE. Demon functions can be used to initiate or return
control to CRL-PROLOG or CRL-OPS programs.

User-controlled search. The usar can control the way in which the system seeks out
inheritable information. Large knowledge-based systems typically link each schemato a
great number of others. A project management system under develcpment at Camegie
Group has, for instance, over 100 relations dafined in it. Thus, when values are to be
inherited, there are many relations aver which a value could be found in another schema.
For example. uniess toid where to saarch, a knowlgdge reprasaentation system might
erroneously saek project-leader information over a HAS-SUB-ACTIVITY rather than
SUB-ACTIVITY-OF ralation.

in providing a way to specity whaere 1o look for inhartable information, CRL can optimize on
mamory by avoiding duplication of values. while maintaining parformance through intetligent
saarch control. Nevertheless, inherited values may still be locally cached, # a user so
desires.

User-controlled search can be used similarly to dynamically aiter the semantics of the
reprasantation, or, in othar words, to allow slots 1o play differsnt roles. For instance,



make-cpul-board-spec could be a SUB-ACTIVITY-OF a particular contract, say, the
abc_lnc_contract. When locked at in this way, in @ matrix organization, the project leader
might not be Jim Smith, who is the technical project leader, but rather Reed Jones, who is
the contract coordinator. By specitying an inheritance path, the user can indicate if an
access to PROJECT-LEADER shouid be interpreted from the technical or contract management
point of view. The appropriate value would then be retumed.

Error handling. An integrated schema-basad error handling facility permits the user to
datine how the system should react 10 errors. For instance, in our exampla, any attempt to
set a duratlon of an activity that is greater thari the activity it is part of will produca an errar.
The appropriate action to take can be specified in a schema -- with control passed back to
the appropriate point in the program.

Contexts. Altamate worlds reasoning and knowledge base version management are
provided by the context mechanism. Contextsin CRL act as virtual copies of knowledge
bases. Inthe copy, schemata can be created, modified, and destroyed without altering the
onginal context. Contexts are structured as trees whare each context may inherit the
schemata presant in its parent comext. Hence, only schemata that are used in a context
need be explicitly represented there. This avoids copying schemata that will never be used
in the contaxt. Schemata may be copied or moved across contexts.

Faor instance, in order to explora the effects of completing the ‘'make-cpu!-board-spec late, a
naw caontext woulkd be craated in which the valua of its duration slot would be aftered. Any
consequent changes to the ESTIMATED-COMPLETION-DATE of the activities of which it is part
would oceur in this new context. After analyzing the results. the context could be deleted
without affecting the originai knowledge base. If the change constituted an acceptable plan.
tha resuits could ba marged back into the parent context.

Integrated database system. A muiti-user database system is provided to store schemata.
Frequently-used schemata are automatically cached in memory; and automatically swapped
‘i out when the limits of the cache are reached. CRL kaeeps track of which schemata are in
memory and which are in the database. The database provides a fast device-dependent
mechanism for external storage. Alernatively, schemata can be saved in a device-
indepandent source code form. Thesae files can be dynamically created during a run.

,‘ inference & Control Strategies

Knowledge-based systems have employed a vanety of techniques to solve real-worlg problems. A single
problem-soiving technique has not yet proven adequate. Knowiedge Craft provides the user with a
powarful set of problem-salving techniques which may be combined in a single application. Each
techmaque is intagrated with CRL.




« CRL-OPS™, CRL-OPS is a superset of OPS-5, a forward chaining rule-based system.
Many of the mast successful expert systems used by industry today are implamented in
OPS-5. CRL-QPS rules are lf-then statoments. For instance, a CRL-OPS rule is used o
indicate that when an engineering activity is compieted, each activity which is subsequent, or
enabled by &, shoc.\:ld be initiated.

{p enabling-rule ..
{ <activity» - -
(engineering-activty ~compieted 1 “schema-name <completed-activity» )}
{ <naxt-aciivity>
(engineering-activity *enabled-by <completed-activity> *initlated nil))

(modify <next-activity> *initlated t ) )

Patterms on the left hand side of each CRL-QOPS rule match all schemata which are “is-a"
related to the class of the condition element. That is, the first pattem will match any schema
in the knowledge base that 1S-A engineering-activity and has a COMPLETED siot with the
value {. The action of the nule will apply similarly to any schemata which 1S-A
engineering-activity, has the name of the first scherna as the value of its ENABLED-AY siot
and has not yet boen intiated.

CRL-OPS rules can thus be written at the level of generality which is appropriate for the
action of the rule.-In this mannar, rules may be written to apply either 10 & unique schema or
a class of schemata. Rules will apply to schemata dynamically created at run time.

CRL-OPS is datl-dﬂvcn. lo tha! whan there is a change in any schema referenced by a rule,
the mto-mabhor s aubnutlcaﬂy notifled. In addRion, CRL-OPS supports left hand side
functbns. access o the CAL context mechanism, and integratior with CRL-PROLOG. CRL-
OPS rules are compiled into an efficient run time form.

oCﬂl-.pPROLOOrirooﬂ'él'r:l;l PROLOG-ike inferencing with the representational power of
CAL Prolog has been used heavily in Europe for over a decac'e. it has proved valuable as
100! for bullding database query systems, as it provides a uniform mechanism for finding ali
-or some schemata with particular characteristics that may be found in or inferred from a

knowiledge base. .

For aiaﬁipu. a query to find activities which will be completed after the Inttiation-date of an
activity they enable would be:
Query: (late-activity 7activity ?date )

Assuming the tollowing axiom was pan Jf a loaded logic program:
(late-activity <x» «t2>) < ( <x> *lg-a activity)



( <x> *expected-completion-date <t1> )
( <y> *enabled-by <x> “inttiation-date <12> )
(< <t2> <i13)

{ bind «t2> (print-time "<t2> )

This axiom says that an activity <x> is late in respect to another activity <y.., if <y> is enabled
by <x>, and tha complation date of <x> is Qreater than the initiation date of <y>. The axiem
retums the binding of <x> and the INITIATION-CATE of <y> which indicates the date that <x>
ought 10 be completed by. The bind predicate is provided to anable call-outs to Common
LISP. An ops-iike syntax is used to refer to schemata; a prefix predicate syntax is used to
define arbitrary facts.

Query: (late-activity ?activity 7date )

7activity = develop-board-cpu
?date = August S, 1985

CRL-PROLOG s a backward chaining language. This means that i a goal (or query) cannot
be inferred in tarms of the schamata aiready availatrle, an attempt will be mada to infer it
from axioms that apply 10 each clause in the body of the axiom, whose head matches the
query. For example, if no schema matched the clause ( <y> “enabled-by <y> ), CAL-
PROLCG would attemot to infer this result from axioms that coukd prove that ane activity was
enabled-by another. CRL-PROLOG, thus, provides Knowledge Craft with a general sub-
goaling machanism. Using CRL-PROLOG and CRL-OPS together blackboard cuntrol
architectures can be designed that integrate goai-driven and data-driven problem-soiving
strategies.

CRL-PROLOG useg an OPS-lke infix syntax to refer to schemata. Arbitrary facts may be
defined in addition, using a predicate postfix notation.

+ (ntegrated object-oriented programming. Large systems are more easily maintained
when engineered with an object-oriented approach. Knowledge Craft supports a message-
sanding paradigm for invoking pracedures. Objects are represented as schemata; methods
as slots. Methods may be inherited or accessad from other objects. Procsdures executed in
reply 10 messages may evoke CRL-PROLOG or CRL-QOPS, monitor displays, or call arbitrary
LISP functions.

For example, each activity schema in the knowledge base under discussion has a list of
pecpie working on that activity. The schema for each person includes a list of activitles they
are working on, and the due dates for each activity. Within the schemata activity and



peraon, there is a slot called PRINT-SCHEDULE whose function is o print a scheduls to the
monior ecreen,

{{ activity
PRINT-SCHEDULE: activity-print-scheduia |}

{{mn 3 . o el .
PRINT-SCHEDULE: pmon-pdm-ccmmu 1

For activities, the LISP function ‘activity-print-schadule prints a table providing the name of
the person working on the activity, what they are doing, and their estimated completion dats.
.For persans, the ‘person-print-schedule function prints out all activities a person is working
on, their particular task, and an estimated compiation date. These functions are executed by
awmlohmabn. . _
(send-message 'Jim_Smith ‘print-schedule)

wouid execute the function in the ‘print-scheduls siot of tha Jim_smith schama, !f there were
no value in this siot, it would be inheritad from the person schema cver the 'is-a relation.

* (ssnd-message 'deveiop-board-cput ‘print-acheduie)

would axecuts the h]nctbh in the PRINT-SCHEDULE siot of the develop-board-cput schema. If
there were no vaiue in this siot, & wouid be inherited from the activity schema over the iS-A
ralation.

Thound-cmuqo function aliows refsrence to 8 standard method, rather than the function
mmmmmthnmﬂbdforupanbuhrmemadmofm.mu
Programming modularity is thus achigved both by hiding low.level details, and by the - -
inheritance mechanism which aliows methods 10 be described at the right level of

« Event management. Possile worid ressoning, or simulation, equires both a mechanism for
distinguishing ditferent worids; and a mechanism for scheduling the realization of events.
Knowiledge Craft provides both. While the context mechanism of CRL provides contexts, the
multiole agenda manager enables the ur 4r 10 schedule events against a real or simulated
clock. Symbolic event-based simulations of compiex real-world processes are implemented
using this mechanism.

-
el
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' System Building Tools

Interface Tools

- o

Kncwiedge-based systems typically require sophisticated user interfaces. New knowledge generated by
the program must be informatively displayed. Powertul devices must be provided for requesting and
accenting inputs of considerable variety. Knowledge Craft supplies the knowlegge engineer with taols
that reduce the programming effort required o build application interfacas.

* Window manager. A device-indepandent window manager controis multi-windew displays
with a flexible viewport/window/canvas architecture. A canvas is an infinite display space
with a user-dafinable coordinate sytam. A window is a secticn of the canvas. A viewportis a
projection of a window onto a monitor display. A tripartite architecture of this type optimizes
for both flexibility and performance. Scrolling and 2-dimensional transtormation is provided
at each level.

+ 20 graphics. A device-indepaendent graphi:s package enables the user to construct 2D
graphic displays with scaling, rotation, and information zoam features. nformation zooming
allows composite symbois 10 be unpacked, displaying maora information in response to
mouse pointing. Scaling providas both single item and window transformations.

The basic graphic primitives - string, line, circle, rectangle, box, polygon, and spling -- are
included. CORE standards are followed closely. Schema-based icons can be used to
convey input and output. Editors facilitate the creation and inspection of graphics items.
Both mouse pointing and display grids facilitate the exact positioning of items.

« Task manager. Multiple tasks can be created, paused, resumed, and aborted. Windows
! can be associated with tasks allowing the creation of workhenches with the capability to
switch back and forth between particular tasks. Each task car control a tree of menus.

Menu interfaces are easy to buiki using a hisrarchical command system that includes pop-up
menus. mousae pointing, multi-word spelling completion, and help facilities. An emacs-like
editor i provided for editing input.

« Intelligant schema filler. Simple knowledge acquisition interfaces can be built with this
module. [t allows customized schema-specific prompting of information.
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Programming Workbenches

in order 10 increase the productivity of knowledge engineers and system developers, Knowledge Craft
provides a programming workbanch. Whilg the werkbanch is oriented to bit-mapped, mouse-controiied
workstations, many capaoilties are aiso available lor alpha-numeric terminals.

* Knowiedge Cratt Sheil. The Shell enables developars to move easily batwean knowledge
base editors, debugging environmants, and a running program. An icon-ariented interface
reprasants tasks which can be activated by the mouse. New icons can be added to
represent usar applications. Escape to the cai machine envircnment Is typically supported.

« Knowiedge base editore. Networks of schemata may be graphically displayed in tree form.
New schemata can be added tao the graph; oid ones deleted. Networks may be scrolled.
schemata can be openad for editing siots and values. An emacs-ike editer is provided.

Since the editor knows about user-dafined relations, t provides a browsing capability,
interpreting arty legal path dascription through the network. The editor can be multipty
instantiated allowing simultaneous editing of different pans of the knowledge basa, including
the context tree.

s Debugging environmants. Specialized window-orienteg debugging facilities are provided
for CRL-OPS and CRL-PROLQOG. For CRL-OPS, trace windows are provided tor watching
changes to working memory and the conflict set. Display tems are activa. For instance,
each rule in the contlict set is an active tem. Mouse painting is used to determine matches
for that rule, edit the rule body, and remove it from the cantlict set, among other things. For
CRL-PROLOG, a trace window of the goal treq is provided. Each node of the tree can be
axpanded 0 show the clause which generated the goal. and the instantiations ot relevant
variables.

Operating Environment

Knowledge Craft is implemanted in Common LISP and is portable to most machines with a Common
LISP implementation. It is compatible with other Camigie Group products. such as Language Cratt™,
which may be used to build natural language intarfaces.
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Training

An intensive two-waek hands-on tutoral enables users to become proticient n developing knowledge-
based programs using the package. Knowledge Craft is best used by experienced programmers. The
expectation is that knowledge-basad systems will be built by a mixed team of software specialists,
knowledge engineers, and domain experts.

A Common LISP coursa is also available.

™ gaowledge Craft, CRL, CRL-OPS, CRL-PROLOG and Language Craft are
tradamarks of Carnegie Group Inc.

4
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Qctober 23, 1986

Inferanca Corporation

1 Gregentree Centre

Sinte 201
Mariton
New Jersay CEU53
Mr. Charles Ziegler
Delta Information Systems 609 985-050&

Horsham Business Center
Building 3

300 Walsh Road

Horsham, PA 19044

Dear Chuck:

I am delighted to hear Delta is preparing to acguire a copy of
the Automated Reasoning Tocl, (A.R.T.). Inference Corporation
is anxious to provide Delta with the best support available in
the expert systems marketplace.

in that regard, let this letter document my recommendation for
the preferred development environment, You have specified
A.R.T.,/C. Code to be delivered toc Delta by January 1987. That
requirement 1s acceptable to Inference. Therefore, inference
recommends your order specify A.R.T./C. Code rather than
A.R.T./Lisp Code, with the target hardware being a Dec A.I.
Workstation.

Also, be aware that your runtime modules can be deployed in
A.R.T./C. Code and will be over 99% garbage free. The following
discount schedule will apply to the runtime modules shipped by
Delta Information Systems:

Cogies Pricing

1 - 10 $8,000
11 - 50 7,000
51 - 100 5,000
101 - 200 3,000
201 - 300 2,000
301 - Up 1,500

In closing, please feel free to contact me at the Marlton Office
should you have further concerns or questions.

Regards,

\Ldrarsio HeTon

Dennis Hartigan
Inference Corporaticn
Marlton, New Jersey

DH/klb
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Inferen c e
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To:

Chuck Ziegler

Delta Information Systems

Inference Corporation

Horsham Business Center

Building 3 Los Angeles
300 Welsh Road Califorria 90045
Horsham, PA 19044

B QRS USRS 0 ORPVSIN O, TR B X ARG 0 B, TERCHGIENLA T LT 50 Ot iacr o Nl

5300 W Century 8lvad

213 417-7997

AN

No. 132, -DH
Date 15 October 1986 .
P.O. Deadline

31 December 1986 e

The price shown in this Quotation shall License Agresment must be executed and retumed
not be inorsssed for thirty (30) days {a inference Carporation prior to receipt of softwars.
from the date ahown above. Termas: Net 30 days from invoice date
.
Item Description Price Amount
ART - AUTOMATED REASONING TOOL
1 ART: (copy 1) LISP VERSION $65,000.00 g
5 Days Knowledge Engineering
2. Sets of ART Documentation
90 Days Maintenance & Technical Support
= Full access to Inference Hotline
- New Version & Documentation Updates
2 TRAINING: Per person/per week 2,500.00
Week One - Introduction to ART
Week Two - Viewpoints
3 KNOWLEDGE ENGINEERING:
Per day, plus expenses 1,000.,00
(Charged {n 1/2 day increments
4 hours = 1/2 day)
4 MULTIPLE COPY DISCOUNT SCHEDPULE:
Copies Price KE Included ‘
-5 45,000 4 days
6 ~ 10 38,000 3 days
11 - up 29,500 2 days
5 ANNUAL MAINTENANCE & TECHNICAL SUPPORT: (Commences 7,500.00
90 days after shipping, billed quarterly, payable
in advance).

P 3 "
By .Lfé)'..a M /../ yq‘ﬁ{ﬂ,;:,:—..;.l—:g




Inferen c e

Ne 1330

Chuck Ziegler
Delta Inlormation Systems

D

Inferance Corporation

Teo: Horsham Business Center
Buiiding 3 5300 W Centurv Bivd
300 Welsh Road Los Angelas
Horsham. PA 19044 California 90045
213 417-7997

TR S EEIL A, A

SR Clpe: 1 i LB o . O

Ry TR AR e ORI NS,

No. 1330-DH N
Date |5 pDctober (986 B
P.O. Dudllno

The price shown in this Juotstion shall Ucsnse Agreement must be executed and retumed

not be increased for thirty (30) days to Inference Corporation prior to receipt of software.
from the date shown above. Terms: Net 30 days from invoice date

S .. S SR

item Dev-.ciption Price Amount
ART - AUCTOMATED REASONING TOOL
L * ART: (zopy 1 "C" Version/Delivery before 12/31/86) $45,000.00
| 5 Davs Knowledge Engineering
? sets of ART Documentation
90 Days Maintenance & Technical Suppori
~ Full access to Inference Hotline
- New Version & Documentation Updates
2 TRuINING: Per person/per wveek 2,500.00
Week One - Introduction co ART
Week Two - Viewpoints
3 KNOWLEDGE ENGINEERING:
Per day, plus expenses 1,000.00
(Charged in 1/2 day increments
¢ Lours = 1/2 iay)
4 MULT!PLE COPY D!SCOUNT SCHEDULEZ:
Copies Price KE Included
2 5 45,000 4 days
6 - 1D 38,000 3 days
11 - up 29,500 2 days
5 A'INUAL MAINTENANCE & TECHNICAL SUPD: (Commences 7,500.00
90 days arter shipping, billed quarter.y, payable
in zdvance).
» P.0. and signed license agreemenis must be received
B pricr to 31 December 1986 to qualify for discount.

%%KM?&/
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Inference Corporation
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(213) 417-7997
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EXHIBIT B
Inference Corporation

Maintenance and Enhancement Plan
(Effective Septemter 1 1986)

A A Maintenance and Ennancement Pian (heremafter reterred to as the "Plan’} is availab'c {0 Licensee as
specified n the tollowing paragraphs. The Plan includes the foliowing provisions

1. Customer Support
To supply a reasonable amount of customer telepnone support via Inference’s "Hotline™ quring the perod of 6a.m o Spm.
Pacitic Standard Time/Pacitic Dayhight Savings Time. Monday through Frigay. excluding Inference s observed hoidavs
On-site suppert may ne provided at a fee to be agreed upon by Doth parties

2. Modifications, Enhancements and Updates
To provide publishea feature mogihcations, enhancements and update releases which inference. ar its aiscretion. geems (¢
ve logical mprovements {0 the anginal Progucts suppited 1o Licensee. The foregoing goes not include providing new Proa-
Jcls o Licensee.

B. The provisions of the Plan are contingent upon the following 1) A current and vald license for the Products
2) The Products being unmodified (except as moditieq by releases developed ang proviced by interence) ang maintained
at tne latest release level; and 3) The hargware on which the Products are installed and used containing the configuration
oroperly maintained ana at the Iarest generally reieased revision levet as specified by Interence for instatiation and use ot
the Products.

C Fees |f Licensee has a permanent icense. or a hcense with monthly payments, Licensee s subscribed
in the Plan, at no cost. {or a period of ninety {30) days tollowing the effective date of the Product License Agreement ithe
“Agreement”) Prior to the end of the atorementioned minety {30} 0av penod. Licensee shall be invoiced the fee for (he first
charged year of the the Plan ang shall pay such fee quarterly in agvance, tor each copy imtially icensed. Thereafter on
each anniversary date of the eftective date of tne Agreement. Licensee's subscription in the Plan shall be automatcally
renewed (and shail be sybject to the same invoicing and pavment terms as stated in the preceding sentence’ uniess
ingrence receives written notce of Licensee’s intent (o cancel its sybscription in the Plan thirty (30 days prior 1o Licensee s
anriversary date of the effective date ot (e Agreement Licensee may. al a ialer ime. renew its subscnption and recerve (he
henefits of the Plan upon payment ot the annual fee for the Plan in efect at the time of renewal pius a reinstaterment fee
2quat to twenty percent (20%; of the annual fee tor the Plan in effact at the ime of renewal

Inference’s tee tor the Plan tor the witial one (1) year charged pernod shall te the fee as stated in Inference s
then current published pnce hist. The tee(s) may be increaseg each year on the anniversary date of the effective date ot the
Agreement by the lower of the following: Six percent (6%) or the Consumer Price Ingex ("CP!") as appled against the fee
that Licensee paid for the previously charged year The CPl that shall be used 1s the CP! that has been published Dy the
Bureau of Labor Stanstics for the Los Angeles/Long Beach Area on the date. or closest to the date, that Licensee's parici-
pation n the Pian must be renewed. INFERENCE RESERVES THE RIGHT TC MODIFY THE FEE INCREASES DESCRIRED
ABOVE AT ANY TIME. BY ANY AMOUNT

D Taxes and Other Charges The payments setfonh in Sectioi C are exclusive of ail lantfs. dulies
sales tlaxes. use laxes ang tike levies or laxes, and all of the foregoing shall be horne by Licensee Any such levies taxes
0r charges which Interence may be required 10 pay on behalf of Licensee shall be billed to Licensee when incyrred by
interence and shall be due and payable when billed

E.  Method of Shipment items supplied under this Agreement will be shipped FO B Interence’s Los
Angetes, Caifornia facility In the absence of 'nstructions 10 the contrary. interence. on behalf of Licensee. will salect the
carrier. but shall not be deemed thereby 1o assume any iiability 10 connection with the shipment. nor shall the carner be
construed to be an agent of inference Costs ¢f snipment  1surance ang hanaghng wiilt be the responsibility ot Licensee

F Title Tutle to and nisv of lass of items Jophed under this Agreement snall 2ass 10 Licensee upon daty-
2ry to the carner at the G B point

G Packaging ltlems supplied under this Agreement will be shipped in Inference s standard packaqing



Trus Agreement ftective 1hig Zay ct 198 __ nv ang netween Inlerence oo -
NP1 IOrSOrAtoN Gt the State of Sahforria. iccaled at 3300 Aest Certury Boutevara. Les Argeres. Cantorma. 30045 mara.

_a corporaton of the Siate ot

Saiierretarreg 1o gs  nterence L ang

coaiel at
nerenatter reterrec 10 as Licensee

NHEREAS iNFERENCE nas cevelopes a compuler 9rogram wnich :s an Automatec Reasgming Teel. smicn will

areinafier 3e «eterred to as "ARTT ang wrereas the ART program 1s capabi? of developinig 1Setul INerences ang analyses

ToM gvanagie input :ntormanon,
1 WHEREAS. iINFERENCE nas copyngnt orotection on ite ART program and hag lragemaik ngnts i "ART ‘or
Jampuier grograms, and

‘NHEREAS iINFERENCE wishes (o grant 4 Permanent _:cense 10 use tne ART program as more tully set :onn

DEICW
NOW THEREFORE. in ccnsigeraton of the foregoing cremises. ana the mutual covenants set ‘onh below

"NFEAENCE ang LICENSEE nereby agree as ‘ollows

1. License
inference grants anJ _.CeNsee 3CCents On iNe [81MS and CONMIONS Zontanea in s Agreement 3 non-

4ssignaole. non-iransferable. non-exciusive icense 10 use the ART groprietary comouter oregrams and related matenais
"2ragucts Y on the CPUs ang al the cations speciied in Exhiot A 3 ¢opy of which s altacnea heraeto and incarperaled
feremn Yy reterencea

2. Tille
interence warrants anc represents ihat it s the gwner of ine Progucts Title and full vwr ersmip 1gnts 1o the

Preducts shall remain the soie oroperty Gf interence Licensee acknowledges. yngerstands ana agrees rat ine Proqucts
senshitute valuadle oropnetary assets and trade secrets of inference emocdving substantai creative =Hors and conhgental

~ormalton

3. Scope of Use, Terms and Fees
A The Products may Je used by ihe Licensee only for Licenses s own internal use at ‘he Licensee
aten ang on the SR 35 Sesignated in Exhidit A dthe CRU Iisted in Exnibit A 15 hereinaiter rererrea to as the Aum.anzen
SR Lcensee mav Aol cnange 'he 10C3tion of the yse gt the Progucts and may not use he Proaucts of comies iner=ot on

iy SR aiper tngn tha Agthongea CPY mithoul (the gnor anlien consent of Inference which wiil mot De LNreasonaciv

sathheg

4. License Fees
LB0Ses Agrees 10 Pav 10 inference aet thirty 1301 gavs rom ine gate otnveice he sum et
3 i 'or a Permanent License 1o use the ART Dinary ccae rerence s stan:
I SoitwAare Mantenanace Luoeort ang unpdales or ART are nciuged in the apove once ior a penod of mnety 1301 2avs

Sldwiing the cate of sicnirg St ihes Agreement - sych tees are nol Daid it a hmew Mmanner -nierest wil 52 charqes at ine

et Ry LR monihocr the nagxumuum algwed Oy law

5. Type of License and Usage Period
The Products may oe licensen on a permanent icense basis for a one-time fee as spechied above
At nencd of @ permanent hicense 1s perpetual. subject 1o terminanon N accordance with the terms of this Agreement

The

6. Confidentiality of Proprietary information

'1 A Licensee oxpressly acknowledges. understands and agrees that the Products contain conhdential
e Arccethor 1t arancetgry S mnterancy Lcensee grees nol 10 alow anv such contidentiai informaton or ata

L IS L DInLCeRS xCepl o SEean Jecorgance with 2aragrapn 3 and as orovided in sub-paragraph D below

Lresee tunnes agrees ol e plow 40y machine reagab'e version ot the Proaucts to De printed. iisted, decompiled

HLASSIMBRN O teyeise sngingered
B Lwensee ds agents Conraclors and employees. agree to mamtain all intormatinn and data con-
Wpnedan the Progucts ncluding propnetary computer programs. documentation. generated output, modifications ang con-
Arsions an stnct conhaence: tor inlerence Licensee agrees 10 protect the Products using at least the same degree of care
Ts0s 10 orotect s own propnetary and conhdential data of ike importanice. but in no event shall such care be iess than a
g :3501ably prudent business person wouid 1axke 1N a hke or similar situalion Licensee agrees 1o resinct access o and dis-
Py ot sgchontormation and gata 1o such Licensee personnel who (1) have a need 1o nave Such access or see such aisplay
Frenapie Licensee 10 ulihze the Produc s as contemplated by this Agreement and i) have been advised of and have
1eeed o real the Produets and such ntormation and dala in accordance with this Paragraph 6
4 [ L obkqauons contained in this Paragraph 6 are ot a special and unique character ahich
Ve inesm g pecyhdr value 10 nkeroence and Interence cannot e adequatety compensated in damages i an achion gt law
e vent Licenses Dreache:, sach ()l’)hq'dIIOﬂS
i Licensee theretore agrees that. in addition tc any other remedies which Interence may possess.
inference snall e entitled to imunctive or pther equitable retiet 0 the torm of a preliminary and permanent smunctions
ar other 4ppropriate ur siMilar cquilable rermedies. 0 the event of an actual or threatened breach of said obligations

(O33N IE TR TS LOrave
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O Licensee agrees ic (eprcCuce 4N iNCiyde inferencey » JICLNeEr And SOCyEGRt NoLCe un any
Tomes -0 owhole or :noparl. N any iorm. St ihe 2rocucts nCiuding Sut not imi CoreRroculhon St ine alernahoral Sopyner?
ansising ¢t a ¢ within a circle fcilcwed oy the 3pD70Prate year of 1.0vhGNt as jes.gnailg Sy 'nterence ang the
~ame otgrence COorporation” i torm simuar 16 ihe (slowing
"COPYRIGHT® 1984 INFERENCE CORP AN UNPUBL-SHED 'WCRK —THE ART™ 2Q0CGRANM S
THE SUBJECT OF TRADE SECSETS AND COPYRIGHTS LICENSED FRCM INFERENCE CORP
USE OR DISCLCSURE QF THE ART PROGRAM TC UNAUTHORIZED PERSONS iS PRCHIBITE S
c The prowvisions of this Paragraph 6 shall survive the termination of this Agreement

CohCe T

7. Iinformation Similar to Proprietary information
Licensee agrees 10 atige Ty the provisions of Paragrapn o with respect 1o informaticn an1 data proviced
oy interence irrespective of wnether L:censee nghtfuily possesses identical or similar information or data op.ained nghttutly
rom sources other than inference wno had the nght to disclose such informanun and ¢r 4ata Licensee aiso agrees that
Licensee Decomes aware that it possesses intormanon oOr «jata that 1s :dentical or similar [0 that wnich Inference treals as
oroorietary. Licensee will give Inference prompt written notce thereot and ihe souwrce trom wnich « vas obtaineg

8. Proprietary Rights Indemnification

interence warrants that the Progucts do not infringe upon ¢r viciate any Jnited Stlales patent. copynan:
Jr trage secret Interence will getend at i1s expense any action brought against Licensee 1o the extent that :11s baseg on a
claim that Progucts used within the scope of the icense hereunder intringe a United States patent. copyngnt or irade secres
and will cay any costs and gamages finally awarged agamnst the Licensee in such achicn which are atinputaole o such
Ziaim. subject to the imitation ot haodity stated in this paragraph 8. provided that Licensee notties interence promoliy i
wnting of the claim. allows Interence to tuily control the Jefense of such claim ana does not agree to ay settiement of sucn
ciaim without Inference’'s wntten consent Shouid the Product!s pecome. of in Inference s ooinion de likely 10 become. ‘he
suplect or any claim of infringement. Inference may procure tor the Licensee the aght to continue using the Producis.
replace or mogify them to make them non-intninging or aiIscontinue the iicense of ithem Inference snai have no habiity 'cr
any claim of intningement based upen (1) use ot other than the iatest unmoaibe raiease ot 1he Progucis madge avaiacle o
_icensee v Inference f such inmngement would nave been avoded By the use 0! Such release of the Progucts. : i use or
:emoination of the Products with non-interence programs or data it such intnngement wouid not have occirred withGul such
JS€ Of SoIMDINANoN Cr iy use of the Products aler recewving NOUICE. ihat the Progucts :ntnnge a trage secret of a g party
iNIESS Orompt wrilten nolice tnereot 1s given Interence The foreqoing states the entire 1aniity of inference -with respec! 1o
ntringement ot any patents. opyngnts or trage secrets Yy the Products and Interence snall have no habiilty wiin respec: 'o
1y Sther gropnetary ngnts

9. Liability

Sxcept as specitied in s Agreement Inference shail not de haoie 16r any (0SS or 1amage hat mav inse
nLgnnechon aith the turmishing (o or use by Licensee ot Produc!s. or the nenormance of ine Proguc:s and in ng 2yrat srail
nference e haple tor ANy nairect. specral 'neigental or censequential damages Zxcegt as oltherwise specihieq in Paa-
raon 3 ang Paraaracn 1. Licensee 3hali N0t De 2nutieq 10 any monetary damages aQainst Interence n ex2ess ot tne
¥NouNIs caid 1o Infergnce by Licensee hereynder No achion. regaraless of 1orm. ansing Hut of the ransachons snaer ‘Mg
Agreement may De Drougnt DY @ither party More than two (2) years atter the cause o acicn Nas acorued. 2xcept ikl g
DA TEr non-pavment mayv 0e Dreught within tavo yvears atter the gate ot 1ast payment

10. Warranty A

Interence warrants that at the ime of detivery of the onginal Produc!s supplied 10 Licensee and tor a
penca of ninety (301 days thereatter. the onginal Products will be in substantial accorgance with speciiications in the appi-
~apte techmcal reference manual The extent of Inference’s hability under this warranty shail be imited to the correction or
riacement 4s 300N as pracucanie St any subslantal devianon in the cngnar Products *or any subsequent 1£18A5eS Ul ~ri-
1S romoine speathcations ir the apphcable lechnical reter<ace manruadl. e Interence reasonadly aetermines 1o ne
TPCRSSANY, At Inference’s own cost and expense. provided writtan notice of such subsiantial deviations 1s raceved by Inter.
=nce dunng the warranty penaod This warranty shall not apply it 1) the Products (or par ; thereot) shall not be used in
3ccorgance with interence sinstructions. (i) the Progucts shal have been aitered. modiied or convertegd by Licensee with-
aul the wintten gpproval of Interence. () any of Licensee’s equipment shiail malfunction which resulls in the Products not
aertorming in accorgance wilh the speciications in the apphicable technicai reterence manual of (iv) other cause within (he
control ot Licensee shall result in any part of the Products becoming ingperative or substanually deviating from the specitica-
uans in the apphcabie lechrical reterence manual THE FOREGOING WARRANTY 1S IN LIEU OF OTHER WARRANTIES.
EAPRESS OR IMPLIED. INCLUDING. BUT NOT LIMITED TO THE IMFLUIED WARRANTIES OF MERCHANTABILITY AND
FiTNESS FOR A PARTICULAR PURPOSE

11. Maintenance Plan
The terms ang conaiions of Inference s Mamtenance and Enhancement Plan are 10 be tound in £xhitit 8
1 Copy ot which s attached hereto and incorporated herein by reference

12. Delays
infarence shall not be hable tor delays in the pertormance ot its obhgations hereunder due o causes
Deend s reasoc2oie Control incluging, but not imited to, Acts of God. stnikes or mability 19 abtain 1abor or matenals

[ r
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13. Notification
Ali notices which any partv may be required or desire 10 give 10 any other party shail be given by personai
service, registered mail or certitied mail o the other party at s respective address set forth on the front of this Agreement
Mailed notices shall be deemed 10 be received on the hith Caiitornia business cay following the date of maiing.

14, Successors
This Agreement, together with all schegules or moarfications now and hereafter made a part hereo: snatl
be binding on the respective parties and their respective Ners. execulors. aaministrators. iegal representatives. successers
ang assigns.

15. Goveming Law
This Agreement shall be governed by (he laws of the State of Califorria apphcabie to contracts whally
executed and wholly 10 be performed within the State ot Califorma. This Agreement constitutes the entire agreement and
understanding between the parties relating 10 the license and use of the Products. and ail ather pnior agreements, arrange-
ments or understandings, oral or written, are merged Into and superseded by the terms of 1n1s Agreement. Title and Para-
graph heaaings are for convenient references ana are not a part of this Agreement

16. Invalid Provisions
No waiver of any breach of this Agreement shall constitute a waiver or any ather breach of the same or
other provisions of this Agreement and no waiver shall be etfective uniess made :n writing in the event that any provisions
heremn shall be dlegal or unenforceable. such provisions shall be severed and the entire Agreement snail not tail. but the
palance of the Agreement shall continue in full force ana ettect

17. Term
This Agreement shali commence on the date of execution here0t and it shail remain in force until the

scenses of all Proaducts have completed their specified usage perniods.

18. Termination

Upon completion ot 3 speciied usage penod tor a license of a Prouuct, or 1f Licensee fails to fulfill s
opligations under this Agreement, Inference may upon its election and in addiion to any other remedies it may have, upon
wntten notice o Licensee of the breach. ang falture by Licensee to cure sucnh breach within two (2) weeks, terminate ail of
the nghts granted by it hereunder. Upon termination as set forth herein, Licensee shall. within two (2) weeks, return 10 infer-
ence the Progucts suppiied to Licensee and destroy or delete ali coples of the Progucts. inciuding but not kmitec 1o any
inference supplied information, load maodules. Jack-yp or archival '»fsrmaton gata Sets and documentaton Licensee will
venty this action. in wriing 1o inference.

N WITNESS WHEREOF each of the parties has caused this Agreement to be executed in guplicate onginats nv
1S duiy authonzed representatives on the respechive Jates entered telow.

Agreed and Accepteg Agreed ana Accepted
interence Corporation LICENSEE
SIGNATURE SIGNATURE
NAME NAME
TITLE TITLE
OATE . — DATE
no- 0
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Texrcwlecge Inc

1717 Appey Cak Drive
vienna. Virgimia 2218C
703) 255 2385

Ronaid K. Goldstein
Senior Account Manager

Mr. Chuck Zeigler

Delta Information Systems
Horsham Business Center
Building 3

300 Welsh Road

Horsham, Pa. 19044

Dear Mr. Zeigler:

= e \ =, ¢
LoRE ag G
A . ey

ACpHEC ArlihC:gi inlehic

Cctober 21, 1988

[ I

n

Teknowledge, Inc. is pleased to provide you with a gquote for

MicroVAX based 5.1 expert system sofiware.

fnn

%]
]

S.1 is available fcor both

YMS and Unix (Ultrix) operating systems and can be delivered on either

cartridge or disk media.

Teknowledge offers the initial copy of S.1 and the following

additional items for a total of $25,000 for

S.1:

0o 5.1 expert system development software for your work-

station,;

© S.1 Dccumentation

Sample Knowledge Systems);

(Users Guide, Reference Manual and

o The 8.1 packager used to build and field delivery

systems,

o One week of Knowledge Engineering Methodology(KEM)

training,;

o Two weeks of 5.1 training;

and

o One year of teiephone hotline support and 3.1 product

updates.

the MicroVAX version

[y

Additional development copies of S.1 are available at $25,000
through the 5th copy and decrease to $20,000 thereafter.

Nejiivery (¢r run-time)

licenses of 8.1 applications are pric

$3.000 for the first through the 30th copy and 32,700 per «copv
Teknowledge 1is open to working with
Delta Information Systems in working out special pricing for
situations involving a commitment to purchase blocks of development
and/or delivery copies of S5.1.

the 31st through the 100th copy.

If you have any further questions, please do not hesitate

rel

to

call.
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TEKNOWLEDGE, INC.
Software License Agreement
Paragraph A

This Licenss Agreement between TeXnowledge, Iac. add tbe Licensse identifled belov coasists of tiis Parsgraph A and tie

Tekaowledge. Iac. Geazersl Teras and Coaditions Reference Nuabher: -4\~ 4 -, Walchk is lacorporated by
L% = S -y

tals refereace. ) :

Date

Purchase Order Nuaber

Th¢ Prodact{s) to be prcvided are:

Designated
CPU Make & Maintenance Majntenance Llicense
Quantity  Produet Serial #°* Perlod Fee Fee

S.1 (DEC VAX)

S.1 {Xerox)

S.1 {Symbolles)

M.1

M1 Dellvery Systems

M.1a

*Setfal number required for S.1 licenses only.

Tot~1 Feas: § (exclumive of applicable taxes and sdipping charges).

Site(s) location (mot required for ¥.1 Delivery Systess):

(a)

Stireet Address City State Ziy Coqge
(b)

Street Address Clty State 2ip Code

Acceptec by LICENSEE: Accepted by TEKNOWLEDGE, INC.:

Company Name:
Company Address:

TEKNOWLEDGE INC.
525 University Avenue, Sulte 200
Palo Alto, CA 94301

Signature: Signature
Name Name
Title Title
Date Date

Verrlnn a ~ ~ar




TEKNOWLEDGE, INC.
S.1 General Terms and Conditions

51041

Reference Number: :
1. DEFINITIONS

s Agreemect. This Agreement consists of these General Terms and Conditions and Paragrsph A attached
hereto. These General Terms and Conditions are general terms and conditiens for the licemsing of
Tekuowledge's proprietary computer software products. More 1has one Parsgraph A may incorporate these
General Terms sad Conditions by reference. Each Paragraph A, taken together with these General Terms
sod Conditions, shall constitute a separate Agreement and shall be considered independent of any other
sgreements between the parties which incorporate these Geseral Terms and Conditions.

b. Produet. The term "Product” means one or more of the proprietary computer software programs identified
is Paragraph A, all related materisls, documentation and informstion received by Licensee from Licensor
and the published specifications for the Product. Parsgrapb A may identily more than one Product or
more than one copy of any Product.

¢. Designated CPU. The term "Desigoated CPU® means any central processing unit, including its sssocisted
peripherai units, described in Paragraph A. Paragraph A may designate more than one CPU.

2. LICENSE

s. Grani of License. Licersor hereby grants to Licensee and Licecsee hereby sccepts from Licensor
nonexciusive, nontransfernble license to use the Product{s) in ncecordance with this Agreement during the
term specified in Section 3. Licensee is aware that this Agreement grasts Licensee no title or rights of
ownership in the Produet and that Licensor considers the Product to be the proprietary information and a
trade secret of licensor. It is expressly understood and agreed that the obligations of this section shall
survive the expiration or termination of the Agreement or any provision bereof.

b. Payment of License Fee. As a condition to Licensor's obligations hereunder, Licensee agrees to pay, within
thirty (30) days following receipt of an invoice by Licensor, the one-time Licease Fee set forth for such
Product in Paragraph A.

c. Restrictions on Use. Licensee is authorised to use the Product only for Licensee's internal purposes and orly
on the Designated CPUs ot the site(s) specified in Paragraph A. Licensee agrees that it will not use or
permit the Product to be used in any manner, whether directly or indirectly, that would enable Licensee's
customers or any other person or entity to use the Product oo other than a Designated CPU. Licensee
acknowledges and agrees that tbis Subsection 2{C) specifically prohibits, without limitation: (i)
incorporation of the Product into any of Licensee’s products intended for distribution, or actually
distributed, to third parties, (i) use of the prodncs on or over any computer network system, except one
such use for the purpose of imitial installation of the Produet on the Designasted CPU, or thereafter,
reinstallstions following system fsilures, (iii)disassembly or copying (except preparation of a single back-up
eopy) of the Praduct or (iv) sublicense, commercial time-sharing or rental of the Product. Licensee may not
assign or sublicense the license granted hereunder without the prior written consent of Licensor, and any
such purported assignment or sublicense shall be void.

d. Use on Other than Designated CPU. Notwithstanding the foregoing restrictions on use, but subject to the
requirements of notice and consent set forth in this Subsection 2(D), Licensee may use the Produyct on other
than & Designated CPU in the following circumstances: (i) if » Designated CPU cannot be used because of
equipmesnt or software malfunctions, Licensee muy temporurily ase the Product on another CPU; and (ii) if
s Desiguated CPU is replaced by Licensee, Licensee may designate s successor Designated CPU and use the
Product on such CPU, provided that use on the prior Designated CPU bus ceased. Licensee must give
Licensor prior written notice and Licensor must give its prior written consent {which shall aot be
unreascnsbly withheld) before such other uses are permitted.

¢. Documentation. Licensor shall provide Licensee with: (i) the Product in machine readable form and, (ii)
Licensor's then-current user documentation for the Produet (*Documentation”).

f. Proprietary Markings License agrees to maintain all copyright. and/or other markings and/or legends
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placed upon, contained with or included in the Produet, documentation and/or related materials. Suych
obligation to maintain sball also include the obligation to perpetuate such markings and/or legends on all
copies of the Product, dccumentation and/or related materials prepared by Licensee in accordance with the
terms of this Agreement.

3. TERM AND TERMINATION

[ 8 :Tht license granted under this Agreement shall commence upon the delivery of the Product 1o Liceasee and
shall continue in perpetuity unless sooner terminated pursuant to Subsection 3(B) below.

b. In the event of any defauit by the Licensee of any msterial term covenant, or obligation under this
Agreement, this Agreement shall terminate on thirty {30) days prior written notice by Licensor.

¢. The following conditions spply upon termination: (i) the Licensee shall discontinue use of the Product and
sball deliver to Licensor the Product and relsted mateials furnished by Licensor .ogsther with all copies
thereof, and shall warrant in writing, within thirty (30) days of termina.ion, that the Product. related
materisls and all copies thereof have been returned to Licensor and (ii) the Licensee shall also erase or
destroy apy of the Product contained in computer memory or data storage apparatus under the coptrol of
the Licepsee and shall remove the Product from all software gystems of Licensee. The Licensee sghall
warrant such in writing to Licensor within thirty (30) daye of termination.

d. If Licensee fails to comply with the provisions of Subsection 3{C) sbove, Licensor shall have the right 1o
take possession of the Product, wherever the same may be located. upon notice and demand, ia accordance
with process of law.

4. MAINTENANCE AND SUPPORT

1. Maintenance snd Support Serviees. Subject to the terms, conditions and charges set forth in this section,
Licensur will provide Licensee with maintenance and support services for the Product{s) for & period of
ninety (00) days from date of invoice ss is necessary to cause th: Product{s) to perform in accordance with
its current published specifieations. Licensee scknowiedges that access by Licensor to the Designated CPU
snd Licensee’s products being developed with, or containing, the Product(s) shall be essential to
performance by Licensor of its obligations under this Section. The maintenance and support services shall
be performed by telepbone from Licensor's offices in Palo Alto, California or at Licensee's location, as
Licensor may elect in its sole discretion.

b. Duration of, and Charges for, Maintensnce and Support. There will be no additional charge for maintenance
and support during the first ninety ($0) days. For each year after the first ninety (00) days Licensor will
continue to provide Licensee with maintensnce snd support services as described in Subsection 4(A} above,
provided that Licensee executes 1 separate Maintenance Agreement and pays Licensor in advance the
anpual msintenance wnd support charges then in effeet,

¢. Limitations on Licensor’s Obligations.

Licensee understands and agrees that Licensor may develop and market pew or dilferent computer
programs which use part or all of the Product(s) and which perform all or part of the functions performed
by the Product(s). Nothing contained in this Agreement gives Licensee any rights with respect 10 such gew o
or different computer programs. Apy failure by Licensor to provide ongoing annual maintenance and
support on the anniversary date of the agreement shall aot coenstitute grounds for terminating this
Agreement but shall be ocaly s basis for termiosting the parties' future obligations with respect to
maintensnce snd support.

d. Licensee Confidential Ioformation. ]

Licensor understands that it may, in the course of performing the maintenance and support services, have
access to certain coafidential information of Liceusee which Licensee hus clearly marked s euch or
otherwise identified in writing to Licensor prior to disclosure as being confidential. Licensor agrees to d
sfeguard all such confidential information ("Licensee Confidential Information”) in a mannoer consistent

with the protection accarded to Licensor's own confidential information, and shall restrict access to 3l
Licensee Confidential Information to those employees and conwsultants of Licensor with a "need to know".
Licensor sball bave no liability to Licensee for the disclosure of Licensee Confidential Information to third
parties except where such disclosure is made willfully and with knowledge that the information disclosed
constituted Licensee Confidential Information. Licensor shall return all Licensee Confidential Information
to Licensee upon written demand by Licensee, or provide a certificate of destruction with respect thereto.
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5. WARRANTY

Unless stated otherwise in Paragraph A, Licensor hereby warrants that it has title to the Product(s), the right 1o
enter into this License Agreement and grant the license hereunder, ard that the Product(s), ss delivered by
Licensor, if properly installed on a Designated CPL in conformance with the written instructions provided to
Liceosee Ly Licensor, is capsble of operating in conformance with the Product's then-currest published
specifications. Licensor does not and cannot guarantee the performance or results that may be oblained by use
of the Product and Documentation; accordingly. the Product and Documentation is licensed to Licensee “as is.”
EXCEPT AS SPECIFICALLY PROVIDED IN THIS SECTION, LICENSOR MAKES NO WARRANTIES
EITHER EXPRESS OR IMPLIED AS TO ANY MATTER WHATSOEVER, INCLUDING, WITHOUT
LIMITATION, ANY WARRANTY OF MERCHANTABILITY, OR FITNESS FOR ANY PARTICULAR
PURPOSE. T'!IE ENTIRE RISK AS TO RESULTS OF USE OF THE PRODUCT 15 ASSUMED BY THE USER.

8. INDEMNIFICATION

Licensor agrees to indemnify Licensee and to hoid it harmless from all damages awarded against Licensee in the
United States or Canada by virtue of Licensee's use of the Product as delivered by Licensor and maintained on a
Designated CPU, provided that Licensor is given prompt notice of any such claim and the right to control and
direct the investigation, preparation, defense and settlement of each such claim and further provided that
Licensee shalil fully cooperate with Licensor in connection with the foregoing. Should the Product(s) delivered by
Licensor become or, ip Licensor's opinion, be likely to become the subject of a claim of infringement of a trade
secret, patent or copyrigbt, Licensor may at its option and expense either (a) procure for Licensee the right to
contioue to use the product us contempliated hereunder, or (b) replace snd/or modify the Produet to make its use
hereunder nosinfringing. If neither opticn is reasonably svailable to Licensor, then this Agreement may be
terminated at the option of either party hereto witbout further obligation or liability except as provided in
Sections 3(C) and § bereof, and refund by Licensor to Licensee of the total License Fee actually paid hereunder.
Licensor shull have no liability for any claim of trade secret, patent or copvright infringemnent, based oan
Licensee's use or combination of the Product with products or data not supplied by Licensor as part of the
Product.

7. LIMITATIONS OF LIABILITY AND TIME TO SUE

s. Modification of product by Licensee. Ady modification of the Product by Licensee or asy failure by
Licensee to implement any Updates to the Product as supplied by Licensor shall void Licemsor's
maintesssce and suppoit obligations under Section ¢, Licensor's warranty under Section 5 snd Licensor’s
indemnpity under Sectiop 6 sbove, uniess Licensee Las obtained prior written authoritation from Liceasor
permitting such modification or failure to implement.

b. Limitations on Licensor's Liability. Except as provided in section 8 above, Licensor shall ot be liable for
any direct, indirect, special, copsequential or any other damages arising out of Licensee’s use of the Product
or the marketing, delivery, installation, furnishing, msiataining or supporting of the Product by Licensor.
If for any reason any of the foregoing limitstions of liability is voided or is not effective, Licensee agrees that
{except as provided in S=ction 6 wbove) Licensor's liability for damages, if any, shall not exceed the charges
paid to Licensor by Licensee for use of the Froduet uuder this Agreement. No action, regardless of form.
arising out of any of the transactions under this Agreement may be brought by Licensee more than one (1)
year after such action accrued.

8. PAYMENTIS!: TAXES

t. Pavment. Licensor will invoice Licensee for the amount due on delivery of the Product as specified in
Paragraph A. All payments shall be due snd psyable within thirty (30’ lays sfter Licensee’s receipt of an
invoice from Lic:nsor. Licensee's obligation to pay sll scerued charges shall survive the expiration or
termination of this Agreement.

b. Taxes. In sddition to all charges specified in this Agreement, Licensee shall pay or reimburve Licensor for all
federal, state, locsl or other taxes not based on Licensor's net income or net worth, inecluding, but not
limited to, saies, use, privilege and property taxes, or smounts levied in lieu thereof, based on charges
paysble under this Agreement or hased on the Product, ita use or any services performed hereunder,
whether such taxes arc now or bereafter imposed under the suthority of any federn), state, local or other
taxing jurisdiction.

9 NO EXPORT

Licensee understands apd recognixes that the Products) and other matenals made available to it hereunder snd
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the direct Product{s) produced through use thereof may be subject to the export administration regulations of
the United States Department of Commerce and other United States government regulations relsting to the
export of technical data and equipment wnd Product(s) produced therefrom. Licensee is familiar with and agrees
to comply with all such regulations, ineluding any future modificstions thereof.

10. GENERAL

[ 9

b.

ACCEPTED BY LICENSEE:

Notices. All notices, demands or consents required or permitted hereunder shall be in 'rit'mg:snd shall be
delivered, sent by telegram or telex, or mailed to vhe respective parties at the addresses set forth in
Paragraph A or st such other sddress 13 shall have been given to the other party in writing for the purposes
of this clause. Such notices and other communications shall be deemed effective upon the earliest to oceur
of (i} actual delivery, (ii) five (5) days after mailing, sddressed and postage prepaid as aforessid, or (iii) two
(2) days alter transmission by telex or telegram.

Waiver and Amendment. No waiver, amendment or m,dif - 1tion of any provision hereof shall be effective
unless 11 writing sad signed by the party against whown sucu waiver, amezdment o modification is sought
to be enforced. No failure or delay by either party in exercising any right, power or remedy hereunder shall
operate as a waiver of any such right, power or remedy.

Assignment. This Agreement shall be binding upon and inure to the benefit of the successors snd assigns of
the parties. Licensee may oot assign or delegate any of its rights or obligations under this Agreement to
any third party without the express written consent of Licensor.

Governing Law. This Agreement ¢ball be governed by the law of the State of California as such law is
spplied by California courts to contracts between California residents entered inta and to be performed
within the State of Californin

Iptegration. This Agreement, including wny attached Exhibits, constitutes the figal, complete snd exclusive
sgreement of the parties concerning the subject matt:r hereof, and supersedes apy other communiestion
reisted thereto.

Severabilitv. In the event that sny provirion of this Agreement shall be upenforceable or illegal. such

provision sball be severed; and the entire Agreement shall not fail, but the balance of the Agreement shall
continue in full force and effect.

ACCEPTED BY TEKNOWLEDGE, INC.:

[SY TIPN

Company Teknowledge, Inc.

Address 525 IUsiversity Avenue
Palo Alto, California 94301

Slgnature Signature

Name Name

Title Title

Date Date

L G - . ; =
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TEKNOWLEDGE, INC.
Software License Agreement
Paragraph A

This Licease AgTessent betwsea Texzovledge, Iac. and the Licensee ildentified Pelov consists of thia Paragraph A azd the

Teknovliedge, Inc. Zeneral Teras aad Coaditiozs Reference Nuaber: “-11 QQ‘] , which 18 imcorporated by
this refereacse. .
Date
Purchase Order Nuabder
The Prodact(s) to be provided are:
Designated
CPU Make & Malintenance Malntenance License
Quantity Product Serial #* Period Fee Fee
$.1 (DEC VAX)
S.1 (Xerox)
S.1 (Symbollcs)
M.l
M.1 Dellvery Systems
M.la
*Serial number required for S.1 llcenses only.
Total Fees: § (exclusive of applicable taxes and shipping charges).
Site(s) locaticn (mot required for M.1 Delivery Systess):
k
(3)
Street Address Clty State Zlp Code
(b)
Street Address City State Zip Cote
Accepted by LICENSEE: Accepted by TEKNOWLEDGE. INC.:
Company Name: TEKNOWLEDGE. INC. w
Company Address: 625 Unlversity Avenue, Suite 200
Palc Alto. CA 94301
Signature: Slgnatyre i
Name Name
Title Tltle
Date Date
Vereinn 8.0 - 9/85 c -7
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TEKNOWLEDGE, INC.
S.1 Gegneral Terms and Conditions

Reference Number: 51041

1. DEFINITIONS
& Agreemept. This Acreement coosists of these General Terms and Conditions and Paragrapb A attached

hereta. These General Terms and Conditions are general terms and conditions for the licensing of
Tekuowledge's proprietary computer software products. More than one Paragraph A .nay incorporate these
General Terms and Conditions by reference. Each Paragraph A, taken together with these Genera] Terms
sod Conditions, shall constitute a separasy Aireement snd shall be considered independent of any other
agreements between the parties which incorporate these General Terms and Conditions.

. Product. The term "Product” means one or more of the proprietary computer software programs identified

in Paragraph A, all related materials, documentation and iaformstion received by Licensee from Licensor
and the published specifications for the Produet. Paragraph A may identify more than ope Product o
more than one copy of any Produect.

¢. Designated CPU. The term "Designated CPU” means any central processing unit, including its assceiated

peripheral units, described in Paragraph A. Paragraph A may designate more than one CPU.

2. LICENSE

s, Grant of License. Licensor hereby grants to Liceasee and Licensee hereby accepts from Licenser a

gonexciusive, nontransferable license to use the Product(s) in secordance with this Agreement during the
term specified in Section 3. Licensee is aware that this Agreement grants Licensee no title or rights of
owaership in the Product and that Licensor considers the Product to be the proprietary information and a
trade secret of licensor. It is expressly understood and agreed that the obligatioss of this section shall
survive the expiration or termination of the Agreement or any provision hereof.

. Payment of License Fee. As & condition to Licensor's obligations hereunder, Licenses sgrees to pay, within

thirty (30) days [ollowing reeeipt of an invoice by Licensor. the one-t.mc Li.cease Fee set forth for such
Product io Paragraph A.

. Restrictions on _Use. Licensee is authorized to use the Product only for Licensee's internal p. c.cs and only

on the Designated CPUs st the site(s) specified in Paragraph A. Licensee agrees that it ~ili not use or
permit the Product to be used in any manner, whether direetly or indirectly, that would enable Licensee's
customers or any other person or entity to use the Product on other than a Designated CPU. Licensee
scknowledges and agrees that this Subsection 2(C) specifically probibits, without limitatien: (i)
incorporetion of the Produet into any of Licensee's products intendea for distributios, or sctually
distributed, to third purties, (i) use of the product on or over any computer petwork rystem, £Xeept cne
such use for the purpose of initial installatios of the Product on the Designated CPU, or thereafter,
reinstallations following system failures, (iii}disassembly or copying (except preparstion of a single back-up
copy} of the Product c¢r (iv) sublicense, commercial time-sharing or rental of the Product. Licensee may rot
ussign or sublicense the license granted hereunder without the prior written consent of Licensor. and any
such purported assignment or sublicense shall be void.

. Use on Other than Designated CPU. Notwithstanding the foregoing restrictions on use, but subject to the

requirements of cotice und coasent set forth in this Subsection 2(D), Li: ansee may use the Product on other
than s Designated CPU in the following circumnsiances: (i) if s Designated CPU cannot be used because of
equipment or software malfunctions, Licensee may temporarily use the Product on another CPU; and (ii) f
s Designated CPU is replaced by Licensee, Licensee may designate & successor Designated CPU and use the
Produet on such CPU, provided that use om the prior Designated CPU has ceased. Licensee must give
Licensor prior written notice and Licensor must give its prior written consent (which shall not be
unreasosably withheld) before such utber uses are permitted.

. Documentation. Licensor eball provide Licensee with: (i) the Product in machine readable form snd, (ii)

Licensor's then-current user documentation for the Product (*Documentation”).

. Proprietary Markings. License agrees to maintain all eopyright. asd/or other markings and/or legends
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placed upon, cootsined with or included in the Product, documentation and/or related materials. Such
obligation to maintain shall alse include the obligation to perpetuate such markings and/or legends on all
copies of the Product, documentation and/or related materials prepared by Licensee in sccordance with the
terms of this Agreement.

3. TERM AND TERMINATION

s. The license granted under this Agreement sball commence upon the delivery of the Product to Licensee and
shall continue in perpetuity unless sooner terminated pursuant to Subsection 3(B) below.

b. In the event of any default by the Licensee of any materia]l term covenant, or obligation under this
Agreement, this Agreement shall terminate on thirty (30) days prior written gotice by Licensor.

c. The following conditions spply upon termination: (i) the Licensee shall discontinue use of the Product and
shall deliver to Licensor the Product and related materials furnished by Licensor together with all copies
thereof, and shall warrant in writing, within thirty (30) days of termination, that the Product. related
materials and all copies thereol have been returned to Licensor; and {ii) the Licensee shall also erase or
destroy any of the Produet contained ia computer memory or data storage apparatus under the control of
the Licensee and shall rernove the Product from all software systems of Licensee. The Licensee shall
warrant such in writing to Licensor within thirty (30) days of termination.

d. If Licensee [ails to comply with the provisions of Subsection 3(C) above, Licensor shall bave the rigkt to
take possession of the Product, wherever the same may be located, upon notice and demsnd, in accordance

with process of law.

4. MAINTENANCE AND SUPPORT

2. Maintenance and Support Services. Subject to the terms, copditions and charges set forth in this section,
Licensor wili provide Licensee with maintenance and support services for the Product(s) for a period of
pinety (00) days from date of invoice a8 is pecessary to cause the Product{s) to perform in accordance with
ita current published specifications. Licensee acknowledges that access by Licensor to the Designated CPU
and Licensee's products being developed with, or cootsining, the Product(s) shall be essentia] to
performance by Licensor of its obligations under this Section. The maintenance and support services shall
be performed by telephone from Licensor's offices in Palo Alto, Californis or at Licensee's location, as
Licensor may elect in its sole discretion.

b. Duration of, and Charges for, Maintenance and Support. There will be no additional charge for maintenance
and support dyring the first ninety (€0) days. For each yewr after the first ninety (00} days Licensor will
continue to provide Licensee with maintenance and support services as described in Subsection 4(A) sbove,
provided that Licensee execules s separate Maintensnce Agreement and pays Liceasor in advance the
annual masintenance and support charges then in efTect.

¢. Limitations on Licenso:'s Obligations.

Licensee understands and agrees that Licensor may develop and market pew or dilferent computer
programs which use part or all of the Produet(s) and which perform sll or part of the functions performed
by the Product(s). Nothing contained in this Agreernent gives Licensee any rights with respect to such new
or different computer programs. Apy failure by Licensor to provide ongoing snnual maintenance and
support on the anniversary date of the agreement shall not eonstitute grounds for termioating this
Agreement but shall be only a basis for terminating the parties’ futere obligations with respect to
maintecance and support.

d. Licensee Confidential Information.

Licensar understands that it may, in the course of performing the maintenance and support services, have
nccess to certain copfidential information of Licensee which Licensee bas clearly marked sa such or
otherwise ideatified in writing to Licensor prior to disclosure s being confidential. Licensor sgreer to
safeguard all such confidential information ("Licensee Conflidentizl laformation™) in a matper consistent
with the protection accorded to Licensor's own confidential informaticn, snd shall restrict sccess to all
Licensee Confidential Information to those employees and consultants of Licensor with a "peed to know".
Licensor shall have no lisbility to Licensee for the diselosure of Licensee Confidential Information to third
parties except where such disclesuse is made willfully and with knowledge that the information disclosed
coostituted Licensee Confidential Information. Licensor ehall return all Licensee Confidential Information
to Licensee upon written demand by Licensee, or provide a certificate of destruction with respect thereto.

Vercinn A0 . /RS

.

e —




.

5. WARRANTY

Unless stated otherwise in Paragraph A, Licensor hereby warruots that it bas title to the Product(s, the right to
enter into this License Agreement and grant the license hereunder, and that the Product(s), ss delivered by
Licensor, il properly installed on s Designated CPU in conformance with the written instructions provided to
Licensee by Licensor, i» capable of operating in conformance with the Product's then-current publishea
specifications. Licensor does not and cannot gusrsntee the performance or results that masy be obisined by use
of the Product snd Documentation: accordingly, the Produet and Documentation is licensed to Licensee “as is.”
EXCEPT AS SPECIFICALLY PROVIDED IN THIS SECTION, LICENSOR MAKES NO WARRANTIES
EITHER EXPRESS OR IMPLIED AS TO ANY MATTER WHATSOEVER, INCLUDING, WITHOUT
LIMITATION, ANY WARRANTY OF MERCHANTABILITY, OR FITNESS FOR ANY PARTICULAR
PURPOSE. T!IE ENTIRE RISK AS TO RESULTS OF USE OF THE PRODUCT IS ASSUMLD BY THE USER.

. INDEMNIFICATION

Licensor agrees to indemnify Licensee snd to hold it harmiess from all damages swarded against Licensee in the
United States or Canada by virtue of Licensee's use of the Product as delivered by Licensor and maintained on a
Designated CPU, provided that Licensor is given prompt votice of any such claim and the right to coatrol and
direct the investigation. preparation, defemse and seitlement of each such elaim and further provided that
Liceasee sbail fully cooperate with Licensor in connection with the foregoing. Should the Product(s} delivered by
Licensor become or, in Licensor's opinion, be likely to become the subject of s claim of infringement of & trade
secret, patent or copyright, Licensor may at its opticn and expense either (1) procure for Licensee the right to
continue to use the product as contemplated hereunder, or (b) repiace and/or modify the Product to make its use
hereunder noninfringing. If neither option is reasonably svailable to Licecsor, then this Agreement may be
termioated at the option of either party hereto without further obligation or Lability exeept as provided ia
Sections 3(C) and 0 bereof, and refund by Licensor to Licensee of the total License Fee setually paid hereunder.
Licensor shall have no liability for any claim of trade secret, patent or copyright infringement, based oo
Licensee's use or combinstion of the Produet with produets or data pot supplied by Licensor as part of the
Product.

7. LIMITATIONS OF LIABILITY AND TIME TO SUE

2. Modification of product by Licensee. Any modification of the Product by Licensee or any flailure by
Licensee to implement any Updates to the Product as supplied by Licensor shall void Licensor's
maintenance and support obligations under Section 4, Licensor's warranty under Section § and Licensor's
indemnity under Section 8 above, unless Licensee has obtained prior writtan suthorization from Licensor
permitting such modilication or failure to implement.

b. Limitations on_Licensor's Liability. Except a3 provided in section 8 sbove, Licensor shall not be lisble for
1y direct, indirect, special, consequential or any other damages arising out of Licepsee's use of the Product
or the marketing, delivery, installstion, furnishing, maintaining or supporting of the Product by Licensor.
If for apy reason any of the foregoiog limitations of liability is voided or is not effective, Licensee agrees that
{except as provided in Section 8 above) Licensor's lisbility for damages, if sany, shall not exceed the charges
puid to Licensor by License - for use of thy .’roduct uuder this Agreement. No action, regardless of form.
arising out of aby of the transactions under this Agreement may be brought by Licensee more than one (i)
yenr after such action accrued.

8. PAYMENT/(S) TAXES

1. Pavmant. Licensor will invoice Licensee for the smount due on delivery of the Product as specified in
Paragraph A. All payments shall be due and payable within thirty (30) days after Licensee's receipt of an
ipvoice from Licensor. Licensee's obligation to pay all accrued charges shall survive the expiration or
termination of this Agreement.

b. Taxes. In sddition to all charges specified in this Agreement, Licensee shall pay or reimburee Licensor for 1ll
federa!, state, local or other taxes not based on Licensor's net income or net worth, including, but not
limited to, sales, use, privilege and properly taxes, or amounts levied in lieu thereof, based on charges
payable under this Agreement or based on the Product, its use or any services performed hereunder,
whether such taxes arc now or hereafter imposed under the suthority of any federa), state, local or other
taxing jurisdiction.

¢ NO EXPORT

Licensee understands and recognizes that the Product{s) and other matenals made svailable to it hereunder and
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