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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.
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EXECUTIVE SUMMARY

The Artificial Intelligence Task Team was organized to review the status of
Artificial Intelligence (AI) technology, identify guidelines for AI work, and
to identify work required to allow the nuclear industry to realize maximum
benefit from this technology. The state of the nuclear industry was analyzed
to determine where the application of Al technology could be of greatest
benefit. Guidelines and criteria were established to focus on those
particular problem areas where AI could provide the highest possible payoff to
the industry. Information was collected from government, academic, and
private organizations. Very little AI work is now being done to specifically
support the nuclear industry.

The Al Task Team determined that the establishment of a Strategic Automation
Initiative (SAI) and the expansion of the DOE Technology Transfer program
would ensure that AI technology could be used to develop software for the
nuclear industry that would have substantial financial payoff to the industry.
The SAI includes both long and short term phases. The short-term phase
includes projécts which would demonstrate that AI can be applied to the
nuclear industry safely, and with substantial financial benefit. The long
term phase includes projects which would develop Al technologies with specific
applicability to the nuclear industry that would not be developed by people
working in any other industry.

It has been estimated that AI related activities underway funded both by
Government and by industry in -1985 total about $400 million. This is
projected to increase rapidly over the next few. years. NASA is conducting a
substantial effort.in support of space station. Both the Air Force and the
Navy have established centers for Artificial Intelligence. The Department of
Defense is conducting significant Al work. The National Science -Foundation is
funding Al related R&D at several universities. Industrial concerns have
established significant Al efforts. This work is potentially of use for
nuclear applications with appropriate nuclear domain specific work.

DOE assistance is needed to provide the nuclear industry access to this

government funded work.




Currently DOE NE is conducting a modest amount of nuclear related AI work that
provides the nucleus for a meaningful Nuclear Energy AI Program.

The short term phase of the SAI focuses on the application of currently
available AI technologies to operating nuclear power plants. The particular
projects identified for this area could be developed at test facilities such °
as the Fast Flux Test Facility, Experimental Breeder Reactor-II, and High Flux
Research Reactor. They could then be implemented on operating commercial
nuclear power plants. These projects include the following.

1. An Expert System for Fuel Loading

EPRI has proposed teaming with DOE to develop an expert system for fuel
loading. A central problem of fuel load management revolves around
determination of the optimum fuel shuffling scheme to be used in re-
configuring the reactor core during an outage. Spent fuel pools are ‘in
general too crowded to allow off-loading of an entire core before
putting the next cycle core in place. An expert system for fuel
handling could be developed cooperatively by DOE and EPRI, based on DOE
supported technology originally developed at Westinghouse and Hanford
Engineering Development Laboratory (HEDL). The expert system could be
developed and demonstrated at FFTF and then field tested at a
commercial nuclear power plant operated by a participating utility.

2. Management Decision Support System

Managing the construction of a nuclear power plant or other Targe
facility is a very complex task. Decisions regarding scheduling,
resource assignment, cost, etc. must be made daily, and are based on
large amounts of data and many complex constraints. The ability to
make these decisions wisely is developed through years of experience,
and is even then limited by the ability of the individual to assimilate
all of the pertinent data. Currently available expert systems
technology can provide the construction manager with an "intelligent™®
aid to enhance his ability to make these decisions.



An expert system can be developed with a knowledge base of construction
management facts, rules of thumb, etc., obtained from experts in the
field which would then be capable of duplicating the performance of
these experts. For this task, experts would be sought from the
utilities with the most successful recent construction projects in
terms of construction costs. In this way the expert system would
provide the construction manager with advice concerning scheduling,
problem resolution, etc.

This task could use the NASA sponsored work to develop a similar type
system for space stations as well as knowledge-based systems
technology.

Control of Nuclear Power Plants

A major issue that has become increasingly important in recent years is
to the man-machine interface to properly react to data regarding plant
status during off-normal and accident conditions. The possibility of
multiple system failures and incorrect interpretation of plant status
are of major concerns. It is felt that new technologies for increased
computer use in control of nuclear power plants can successfully
address these concerns.




The long term phase of the SAI focuses on a R&D effort within those areas of
Al technology that appear to have the greatest financial benefits to the
nuclear industry. These are longterm, high payoff activities. These areas
include the development of:

1. An Integrated Knowledge Base (IKB) of nuclear plant data that will
represent all aspects of the plant. This will provide a single
baselined plant database from which all needed plant information can be
drawn for all applications for construction to decommissioning.

2. A Management Decision Support System (MDSS) that will use the IKB as a
data source and will be capable of providing expert advise concerning
managing the entire construction effort.

3. A Design Verification and Validation (DV&V) system that will support
analysis and testing of the designs.

4. A Design Integration System (DIS) that will support integration of the
design, fabrication, and construction efforts using a total systems
approach.

5. An Integrated Plant Automation (IPA) system that will use AI technology
to integrate the automation of all aspects of power plant operation,
maintenance, repair, etc.

The SAI would provide for the development of AI and numeric techniques,
methods, and systems supporting the nuclear industry. It will incorporate
such technologies as robotics, modularization, advanced sensors and automated
control systems as well as AIl.

Expansion of the Technology Transfer efforts within DOE will ensure that the
development resulting from the SAI will be communicated in a timely fashion to
anyone who might benefit from their use. It will also ensure that
developments in each area will be used to benefit the developments in other
areas where applicable.




I. SUMMARY AND FINDINGS

. Ao Summary

. The Task Team members were chosen from industry, universities, and national
laboratories and have responsibility for AI programs within their respective
organizations (see Section II of this report). This provided for a team of
experts in the field of AI with a broad background of experience in many areas
from research and development to industrial application. Each member provided
information regarding Al projects ongoing in their organization, and
contributed to the accumulation of similar information for other universities,
national laboratories and industry. (See Section IV of this report).

The Task Team identified particular work projects that should be performed to
apply Al technology to the nuclear industry with maximum benefit. These are
enumerated in the potential projects (Section III A of this report). A major
factor in the identification of the specific work areas was the finding that
very little work in AI is presently occuring to meet the needs of the nuclear
industry.

The Task Team identified specific guidelines for applying Al technology within
the nuclear industry to produce the maximum possible benefits to the industry.
(Section IIl B of this report). These guidelines included minimizing the
duplication of effort so that the technology is developed efficiently, and so
that only the most advanced techniques available will be used in the nuclear
industry.

Lessons learned in Al were identified and will help to avoid pitfalls which
others in the field have encountered. (Section III C of this report).

The specific projecté identified and the underlying needs these projects
satisfy are judged to be of very high importance. Recognizing the current
state of the nuclear 1ndustry and the potent1a1 that Al represents to better
the state of the 1ndustry, the app11cat1on ‘of Al and other advanced computer
techno1og1es within the nuclear 1ndustry offers a way to achieve major cost
savings and productivity increases.
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Future nuclear power plants are projected to be highly modularized, with the
possibility of several plants being operated from one control room. Al-based
diagnostics and control systems can make this possible by taking over the
mundane day to day oversight tasks that the operators must perform to keep the
Ap]ant running. While still maintaining control of the plant, the operatofs

© can use these systems to do the more simple tasks, allowing the operators to
concentrate on the more complex ones. The diagnostics systems will enable the
operators to spend less time on actual signal monitoring, and more time on
continuing activities such as interpretation of databcompiied over long
intervals.

One of the more useful aspects of the Al-based systems is the ability to
explain the reasons for the choices they have made and that they are
recommending to the operators. The complete line of logic can be presentéd,
with nothing left out, and allowing the operators to ensure that no oversights
have been made. Deductions would be pre-thecked, and would be representative
of a consensus of many expert system operators. |

Al systems can help to provide for the redundancy and diversity which make
‘nuclear plants és safe as they are. Any system developed can be checked by
another system which would use a different approach to arriving at the
solution than the first one, and any system would always be checked by the
opéfators before anything would be ddne. Systems can be developed to
constantly monitor plant functions, altering operators to problem conditions,
and reducing the need for design conservatisms.

B. Findings

The findings identify work that should be done in the Al field to apply this
technology to the nuclear industry. The findings are divided basically into
two sets: those that deal with Al developments for the nuclear industry in
the short term, and those that deal with development of AI tools and
technologies having very high potential financial benefit to the industry but
will take longer to develop. ‘ o

The needs, identified as important to the application of Al to the nuclear

industry in the short term are:
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1. to demonstrate that existing Al technologies can be applied to the
nuclear industry, with resultant cost savings and productivity
increases.

2. to show that when applied, these technologies can produce substan;ia]
financial benefit to the nuclear industry across the nuclear plant 1ife
cycle.

3. to provide testing and qualification of Al being applied to nuclear
plants. This will be achieved by testing the technologies developed on
existing facilities such as the Fast Flux Test Facility (FFTF),
Experimental Breeder Reactor-II (EBR-II), and High Flux Isotope
Reactor (HFIR).

The long term needs address the development of Al technologies which:

1. Have very high potential for substantial financial benefit to the
nuclear industry;

2. Are specific enough to the nuclear industry that they will most likely
not be developed by organizations representing any other industry; and

3. Are expected to have such long development times that they will not be
‘ developed by the nuclear industry without the help of the Department of
Energy.

The short term needs could be met at the various national laboratories,
universities, and private companies, tested at the FFTF, HFIR, and EBR-II
facilities, and implemented at various existing nuclear power plants. In this
way these projects can provide the greatest benefit to the nuclear industry.

The long term needs, however, will provide the greatest benefit to the nuclear
industry by being applied to the nuclear plants presently in the design stage.
These are geared toward the total plant concept, from initial conceptual
design to final decommissioning. Here the benefits of the AI and other
advanced computer technologies developed can be realized to their

N
N SR N
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fullest extent, and can contribute significantly to reducing the cost of
future nuclear power plants for the very first to the very last stages of
design, construction, and operation.

Short Term Needs

The following short term needs could be appropriately met by application of AI
technology to the nuclear industry. The work should be performed to enhance
the transfer of the technology to interested parties. The work should be
coordinated with the Electric Power Research Institute (EPRI) to facilitate
transfer of the technology to the nuclear utilities. The FFTF, EBR-II, and
HFIR reactor facilities could be used as test beds for development of the
required software packages. Once completed, these software packages could
then be tested at commercial nuclear power plants.

Task 1.0 - An Expert System for Fuel Loading

EPRI has proposed teaming with DOE to develop an expert system for fuel
loading. A central problem of fuel load management revolves around
determination of the optimum fuel shuffling scheme to be used in re-
‘configuring the reactor core during an outage. Spent fuel pools are in
general too crowded to allow off-loading of an entire core before putting the
next cycle core in place. An existing expert system for fuel handling could
be modified and developed cooperatively by DOE and EPRI, using the technology
originally developed at Hanford Engineering Development Laboratory (HEDL).
This expert system would be demonstrated at FFTF and then field tested at a
commercial nhc]ear power plant operated by a participating utility.

Task 2.0 - Management Decision Support System
" Managing the construction of a nuclear power plant or other large facility is

a complex task. The ability to make decisions wisely is developed through
years of experience, and is even then Timited by the ability
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of the individua] to assimilate all of the pertinent data.

An expert system can be developed with a knowledge base of construction
management facts, rules of thumb, etc., obtained from experts in the field
which would then be capable of duplicating the performance of these experts.
The expert system would provide the construction manager with advice for how
to handle scheduling, problem resolution, etc. This activity would use the
Technology being developed by NASA for construction of Space Station.

Task 3.0 - Control of Nuclear Power Plants

A major need that has become increasingly important in recent years is to
assure that nuclear plant operators can assimilate all of the necessary data
and information regarding plant status to assist them in reacting appropri-
ately during off-normal and accident conditions. Furthermore, the possibility
of multiple system failures and incorrect interpretation of plant status are
major concerns. New technologies for automatic computer control of nuclear
power plants can successfully address these concerns.

Technology for automatic control of nuclear power plants developed by DOE
could be implemented on the EBR-II test reactor's primary heat removal system.
This could lay the groundwork for the acceptance of the plant automation
concept.

Task 4.0 - Artificial Intelligence Support to the Robotics Tasks

The Al support to the robotics tasks is to provide the control software
necessary to provide robots with the ability to make decisions about what to
do next without having to consult with human operators for each minor task
that must be performed. The Al effort here would be divided into two basic
sections, the development of parallel processing and other hardware to support
the advanced Al software that would be developed, and the actual software
development. A major effort in the hardware deve opment would be applied to
increasing computer speed so that the robots would be able to respond in real
time, while a major effort in the software development would be expanded in

compiling the necessary knowledge bases for the control systems developed.

This effort is discussed in the Robotics report.




14

Findings for Basic Research Areas

The Strategic Automation Initiative should be based on the five basic research °
and development areas identifies below along with an expansion of the
Department of Energy Technology Transfer program. Figure I summarizes these
priority efforts, identify the justification for this priority, and

graphically shows the potential effect on integrated 1ife cycle cost.

0 Nuclear Power Plant Integrated Knowledge Base (IKB)

0 Nuclear Power Plant Management Decision Support System (MDSS)

0 Nuclear. Power Plant Design Verification and Validation System (DV&V)
0 Nuclear Power Plant Design Integration System (DIS)

0 Nuclear Power Plant Integrated Plant Automation (IPA) -

The IKB concept is a total plant database including all baseline information
necessary for completely defining the plant configuration and design details.
A11 application areas needing plant information will have access to this
database, potentially eliminating problems originating from misinformation,
use of outdated information, or improper dating of information by various
diverse users of the same information. The IKB, when completed, will provide
the database necessary to the other areas noted above. Until it is completed,
each individual application will have its own database.

The IKB would be developed using AI technology such as entity-relationship
modelling, and therefore be considerably more versatile than the current
databases. The knowledge acquisition portion of this project will reqguire
significant effort.
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The MDSS would provide tools needed to assist in the management of the cost,
resource allocation, schedule, and resolution of problems of a nuclear power
plant project. Additionally, the MDSS would provide the means for both long
range planning and short term management of a nuclear power plant project.
Until the IKB technology is fully developed, the MDSS will have its own
database. Once the IKB technology is fully developed it will use the IKB
developed for a similar previously completed plant to assist in the
development of the initial schedules and cost estimates for a new plant. It
will then use the actual plant IKB for the management of the actual plant
construction,

The DV&V, DIS, and IPA systems will all use the plant IKB to perform their
respective functions. Other auxiliary systems could also be developed to
form a coherent basis for Integrated Plant Automation for the full life cycle
of the plant. Such systems might include systems for licensing, operating
cost control, fuel management, etc.

Expansion of the Technology Transfer program (Figure II) can provide the
framework for the transfer of AI technology between government agencies,
universities, and the private sector through participation in cooperative
development projects and maintain the liaison with the nuclear community.

Figure III summarizes high payoff Artificial Intelligence projects that can
provide support to nuclear energy.
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Figure II

ARTIFICIAL INTELLIGENCE TASK TEAM FINDINGS
CONCERNING TECHNOLOGY TRANSFER TO THE NUCLEAR INDUSTRY

Findings

1,

Technology Transfer Program
Leveragé of existing Government
programs in National Aeronautics
and Space Administration, and
various related DOD and industry
activities with DOE Strategic
Automation Initiative.

Expand the Technology Transfer
effort to include Technology
Transfer Activity involving
universities and national
Taboratories that supports the
Strategic Automation Initiative
and ongoing Technology Transfer
Program,

Communicate the results of the
Task Team Reports.

Discussion

Various government agencies have active Artificial
Intelligence programs in the research and development or
applications areas. The establishment of an informal
working arrangement with these agencies would provide

a communication and technology exchange mechanism,

The university and national laboratory based Technology
Transfer activity should be organized to be able to provide
specific support to the projects defined in this report.

The mechanism to conduct this work would be a 15-20 member
team with representatives from industry, government agencies,
and national laboratories.

The Task Team report should be communicated to the nuclear

industry and government agencies. This communication could
be in the form of symposiums, presentations, and meetings.

The Task Team members would be involved in the planning and
presentations.

L1
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IT. TASK TEAM CHARTER AND MEMBERSHIP

A. Charter

The Task Team on Artificial Intelligence (AI) will assess and evaluate all
matters related to Al programs and strategies that are pertinent to its use in
the Nuclear Industry.

The Task Team will:

1. Identify, review, and assess Al work among all organizations represented
on the Task Team and key Tleaders in the field.

2. Review the status of AI Technology through an exchange of information
between organizations represented on the Task Team, other organizations,
and people working at the forefront of the field.

3. Identify guidelines for Al work and applications.

4, Identify and review lessons learned so that ideas and experiences can be
used to avoid unnecessary duplication of effort.

5. Identify and plan specific work required to allow the nuclear industry
to realize maximum benefit from the technology, and identify specific
proposed mechanisms for its accomplishment, i.e., collaborative work,
promotion of work by technology transfer coordination, identifying
government sponsored work, grants, etc.
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Membership of Artificial Intelligence Task Team
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Edward E. Purvis, III
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Burns and Roe
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IT1. TECHNOLOGY EVALUATION

A. Potential Applications

A 1ist of approximately fifty (50) potential applications of significance to
the nuclear industry were identified by the Al Task Team and compiled in the
next section of this report. This list was used as the basis for evaluating
areas to determine where the application of Artificial Intelligence technology
could be of greatest benefit to the nuclear industry,

The 1ist serves to focus on areas where ongoing Artificial Intelligence
research in university, industry, and government could be applied potentially
by the United States nuclear industry. It is expected that much of the
ongoing research should be part of the Department of Energy effort to achieve
synergistic benefits from the large investment of resources worldwide that
would utilize Artificial Intelligence to improve productivity and produce a
more competitive industrial base.

The result was the identification of 22 key areas of needed work that would
allow the long term mission objectives to be realized.
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Potential Applications to

Nuclear Power

DESIGN

0

Lack of Plant Standardization
Volume and Complexity of Codes and
Standards unique to the Nuclear
Industry

Technical and Social Conflicts
Need for Redundancy

Dictated Retrofits

Information Retention and Retrieval

Detail Required to Support Technical
Decisions

Public and Institutional Expectations
Design Integration (CAD/CAM)

Common Data Base (Technical,
Materials and Cost)

Communications (Internal and External)

Conflict Resolution

Applications of Al

Short

Term

N/A

N/A

N/A

Long Top
Term 22
N/A
X
N/A
X
X X
X
X
N/A
X X
X X
X
X
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Potential Applications to
Nuclear Power (Cont'd)

Applications of Al

Short Long Top

Term Term 22
DESIGN
0 Economic Requirement for Certainty VLT*
in Cost, Schedule, and Dependability
0 Procurement Regulations X X
o Common Sense N/A N/A
0 Hierarchical Priorities X X
o Verification of Design (or decision) X X
Integrity
0 Management X X
o Planning X X
o Data Base X X
o Verification and Qualification of X X
New Technology and Use
0 Knowledge Base of Licensing Procedures X X X
w/Expert Advisor
o Institutional Liabilities, Barriers N/A N/A

to change. How do we overcome these?

*

Very Long Term




1\

[\

25

Potential Applications to

Nuclear Power (Con'd)

FABRICATION

o Experience feedback and update

o Illogical fabrication specifications
o Data Transmittal

o Quality Assurance

o Cycle Time and Inventory

CONSTRUCTION

0 Logistics

0 Productivity

o Shop vs. Field Fabrication

o Timing and Verification of Accomplishments

STARTUP TESTING

o Training

o Personnel Qualification

o Procedure Generation

Applications of Al

Short

Term

N/A

N/A

Long Top
Term 22
X X
X
X .
N/A
N/A
X
X
X
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Potential Applications

to

Nuclear Power (Cont'd)

OPERATION

6 Water Chemistry

0 Man Machine Integration

o Diagnostics of Component/System

o Crisis Management

o Simulation

0 Maintenance and Repair

o Sensing of plant condition and feedback

o Verification of maintenance performance
and inspection

GENERIC ISSUES

o Data Base
o Conflict Resolution
0 Procedure Generation
o Diagnosis

o Symbolic/Numeric Interaction and Manipulation

Applications of Al

Short Long
Term Term
N/A N/A
X X
X X
X X
X X
X
X
X X
X
X X
X X

Top
22
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B. Guidelines
1. Identification of Goals and Objectives

Potential DOE contributions in the area of Artificial Intelligence (AI) were
identified as: development of Artificial Intelligence and numeric techniques,
methods and systems through research and development programs which would be
highly supportive of the goals of automation of the next generation of
terrestrial and space-based nuclear power systems and plants. This mission
was identified as the Strategic Automation Initiative (SAI).

The next generation of nuclear systems will necessarily incorporate the
technology developed by current research in the area of VLSI, AI Robotics,
Sensors, Supercomputers, Communications, Languages, Standardization,
Modularization as well as many other key technologies.

While the area of Al is only a part of the overall Strategic Automation
Initiative (SAI), which includes both numeric and symbolic computing
technology research, it does have potential for spectacular breakthroughs into
areas previously receiving little attention by the nuclear industry.

2. The Selection and Screening Process

Various criteria were identified for the selection of specific automation
projects to include in the Strategic Automation Initative reflecting problems
in the areas of nuclear systems development and operation including:
requirements definition, plant design, fabrication, construction, start-up
testing, operations, maintenance, decommissioning,’and life ektension, as well
as generic problems which are app]fed over multiple areas of the life cycle
process. This process is shown in the accompanying Figure IV Systematic
Selection Process. '

The initial criteria include:

0 Projects which remove known impediments to the achievement of the SAI
and overall DOE strategic mission objective in terrestrial and space-
based nuclear power systems.

o Projects which contribute to the development of understanding within
the areas of:

N IS R
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Intelligent knowledge base management and organization
Conflict Resolution

Procedure Generation

System diagnosis

Symbolic/Numeric interaction

Identify projects which have nuclear applicability in both the short

and long term,

Short term goals should provide meaningful and useful tools to the
nuclear industry using currently available technology within a five-
year time span,:

Long term goals should provide a useful benefit to the nuclear
industry by incorporation of specific technologies which mature in
the Al field over the next ten years.

The systematic methodology utilized to develop the recommendations
incorporated in this report included the following key steps:

Prepare top level problem statements

Assess long term/short term potential

Prioritize each problem of significance within the major categories of:

Requirements Definition
Design

Fabrication
Construction

Start-up Testing
Operation
Decommissioning

Life Extension

Select a problem from each category which represents the potential for
greatest payoff to the nuclear industry and perform the following

tasks:
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- Identify potential impact of each selected problem across multiple
phases (does the problem exist in both design and fabrication, for
instance). ' |

- Rank potential importance of selected problems across entire problem
space as well as within the selected set of high payoff problems.

- Apply criteria of 1) technical, 2) potential payoff, 3) feasibility,
and 4) opportunity to remove technological barriers through use of
R&D which would result from breakthroughs in the field of Al and
numeric computing, as follows:

o Synthesize a potential top-level solution.

o Evaluate the potential solution against decision screens
constructed from both the Al computing and nuclear impediment
perspective.

o Determine, analyze, and identify the payoff potential by
developing Tife cycle cost curves and determining the overall
impact each problem solution wou]d have on the nuclear industry.

0 Assess the commonality of R&D projects currently underway in
government, industry, and the universities to determine the
applicability to similar problems in the nuclear industry.

o Determine the DOE specific contributions required to augment the R&D
efforts already underway on projects such as the Strategic Defense
Initiative (SDI) and Strategic Computing Initiative (SCI). The
combination of leverage and DOE sponsored R&D should be combined to
meet the overall Strategic Automation Initiative.

o Develop a technology transfer cost/benefit ratio for each selected
problem to assess the relative merits of each project.
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3. Classification of Potential Payoff of Artificial Intelligence to the
Nuclear Industry

In an attempt to provide a qualitative estimate of the potential payoff of
each of the selected SAI projects, the Task Team required the use of a method
which provided a quick visualization of the economic impact of AI to the
typical life cycle cost unique to a nuclear system or plant as shown on the
Figure V "Life Cycle Cost Model." If this figure is further examined in terms
of the concept of recurring and non-recurring costs as well as cost breakdowns
per phase in terms of labor, material, and other direct costs, several useful
observations can be extracted. Similarly useful issues are raised by
examination of products, tools, and activities per phase.

a. Background:

o Current projéctions for productivity enhancements in software
development due to Al are predicted at 2-4 (Boehm) and VLSI
improvements by 100-1000.

.o Significant improvements in productivity can lead to a low cost
information processing system (either numeric or symbolic) which can be
applied to Nuclear Problems.

o Initial payoffs are available by using expert systems where a
considerable knowledge base exists.

o Computerization in general (no AI) would probably lead to significant
cost savings through less than that projected for Al.

o Symbolic computing systems are still relatively slow for real-time
applications.

o Software costs for automatic systems are not big elements of recurring
costs.

o Software Validation and Verification (V&V) during development and
testing will be a big issue on the next generation of automated
plants.

As a result of putting the decision to utilize AI in the context of the
life cycle curve, the following observations are intuitively obvious (but
not rigorously developed):
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Observations:

o Large opportunity exists to extend plant 1ife by using low cost
information systems.

o The use of low cost informations systems tend to reduce development
cost and reduce development time (time is money).

o The use of low cost information systems to enhance plant operating
performance shifts the breakeven point to the Teft and increases
profitability.

o The use of information systems in the operation phase through
automation will reduce manpower requirements.

0 Major savings across the board are readily achievable by information
systems (numeric/symbolic) by reduction of Tlabor.

o Through use of information systems from the outset as an element of
design, potential reductions are possible in design margins
re-specification (note: the key is to indicate to the designer that
the information system is available as a low cost intelligent
processor which is reliable and can, through proper implementation and
testing, eliminate the need for over-specification, and conservatism
in design).

o Perhaps an indication of the degree of conservatism, which is built in,
becomes apparent when the life extension concept is examined
carefully. 1In other words, is there an advantage in reducing margins,
which will certainly affect final wearout, in order to reduce the
overnight cost of the nth unit? This becomes particularly important as
DOE moves into the modular arena.

o The new modular designs require the use of automation to reduce
operational staff size and allow the goal of a single control room with
a reasonably sized staff to be realized.

o Al techniques would be particularly useful in existing LWR's in the
development of operator/maintainer aids and would significantly change
the shape of the profitability curve.

o Use of AI or computer techniques and tools during development should
have a significant impact on the overnight cost of the nth unit, since
these development costs are typically recovered by the manufacturer and
are incorporated into the production cost for each one.
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4. Needed Activities

The first table identifies payoff potential and contains the five highest
priority work areas, along with a brief description of the areas and the
principal justification for their selection. Finally, the potential impact of
each work area on improving the integrated life cycle cost is qualitatively
sketched.

The integrated Knowledge Base is believed to have a positive effect throughout
the life cycle. The Management Decision Support Systems approach would have
maximum impact on reducing construction costs principally by reducing
construction and licensing time. A major effort to develop a Design
Verification and Validation approach would actually cost more early in the
life cycle, but this is expected to result in a shorter construction time and
considerably enhanced public confidence in the design. The Design Integration
thrust would allow the synthesis of new designs, starting from basic project
requirements, in a highly efficient fashion. As such, both shorter
construction times and extended plant life should result., Finally, the
Ihtegrated Plant Automation approach would principally influence the plant
capacity factor as well as extending plant life. Both fesu]t in substantially
improved net cash positions.

In addition to the cost improvements outlined above, incorporating Al
techniques will Tead to enhanced plant reliability and safety. For instance,
a successful Design Verification and Validation effort should markedly improve
system reliability. Likewise, the Integrated Plant Automation initiative |
interacting with the Integrated Knowledge Base will allow early recovery from
of f-normal plant conditions avoiding accidents which could otherwise result in
substantial consequences.

Figure II (Page 14A) identifies the required technologies to support the five
high priority work areas as well as the potential impediments to achieving
success. The technology areas are categorized according to a recent IEEE
Spectrum article (IEEE Spectrum 20(11): 45, November 1983). The impediments
are subdivided into technical problems generic to Artificial Intelligence and
problems particular to the nuclear industry.
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The SAI work areas could be focused on designs such as the innovative LMR
designs, modular gas reactor, and key space based nuclear programs such as the
SP-100 and possibly the multi-megawatt reactors (which are critical to the
overall success of the major mission for NASA and the military community).

The new projects envisioned in modular LWR by EPRI and the utilities
potentially have the same needs as the SAI. It is appropriate to consider
augmenting the current missions of the two DOE reactors, EBR-II and FFTF, to
provide real-world testing of the SAI technology packages which are generated,
as this will add credibility to the capabilities advertised for the packages
developed.

C. Overview of Lessons Learned by the Artificial Intelligence Task Team

Al can contribute to significant cost reductions in the nuclear industry.
Organizations represented on the team as well as many of the industries
consulted were actively engéﬁed in Al initiatives. However, relatively little
work in Artificial Intelligence is currently in use in the nuclear industry.
The Department of Energy can facilitate the communication of government agency
developments in Artificial Intelligence to the nuclear community. The full

"promise of AI can only be realized when some of the generic research concerns

in the following areas have been resolved:

Data base management and organization.
Conflict resolution.

Procedure generation.

System diagnosis.

G W N
e« e & s s

Symbolic and numerical program integration.

Additional areas to be more fully understood have direct applicability to both
short- and long-term applications:

0 Al adds cost and potential risk to development programs
(relative).

o Payoff and potential risk increase with the intelligence quotient

(IQ)of the application.
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- The lowest level IQ is represented by the current shallow expert
system applications which represent relatively near term utility’
to the nuclear industry, including retrofits in the existing LWR
industry. )

- a mid-level IQ exists for applications such as expert advisors
which are represented by relatively unbounded problem domains.

- the highest IQ is required of Al applications which must deal
with a large amount of uncertainty. Many Al techniques are
under development, but currently do not exist in this area. It
is possible that the advent of intelligent knowledge bases will
allow automated reasoners to explicitly solve many of the
problems that currently appear to be intractable.

Knowledge bottlenecks represent opportunities to use Al methods and
techniques through the ability to leverage existing knowledge more
widely and effectively.

Current knowledge in expert systems and natural language processing
is available now. However, the systems are particularly shallow at
this time.

The sheer size of many of the applications in the nuclear industry
and the fledgling state of the current technology make it risky to
promise near-term payoff on many expert system applications.

Symbolic computing systems are still relatively fragile for real-
time nuclear applications.

There remains the problem of user acceptance of Al techniques for
completely controlling any aspect of the overall nuclear plant Tlife
cycle. One way around this problem may be to emphasize near-term
Al technology in the form of expert system advisors, i.e., ask the
Al system whether a specific course of action is acceptable, rather
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than requiring the Al system to choose a course. Essentially the
same technology is required in either case, but the advisor
approach maintains a sense of human control. It has the further
advantage of not requiring the Al system to be complete (as would
be the case if course selections were mandated).
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IV DEVELOPMENTS UNDERWAY AND CONTACTS

A. Team Member and National Laboratory Artificial Intelligence Programs

1. Argonne National Laboratory

Activities in the Al field within ANL are organized under specific people.
These people, along with the efforts ongoing under them, are enumerated
below. This information was provided by J. Gabriel.

a. Individuals Involved

J. R. Gabriel is currently working on Automated Diagnosticians for Nuclear
Plant subsystems, including relay safety interlocks at the EBR-II reactor.
Other activities include implementing PROLOG, and identifying work needs
to improve productivity in design and manufacture of large, complex

facilities.

E. L. Lusk is a principal designer and implementor of Logic Machine
Architecture (LMA), a software system for Automated Inferencing. Other
activities include implementing PROLOG, portable programming methods for
parallel computers, especially inference software, using Automated
Inferencing techniques in Nuclear Plant applications, implementing Expert
Systems, database theory and design, and coupling of databases to
reasoning systems.

R. A. Overbeek played a major role in the development of the architecture
of LMA, as well as implementing it. He was a major contributor to the
AURA design and implementation, and to the implementation of PROLOG for
parallel machines. A co-author with E. L. Lusk on the methods for
ensuring software portability in parallel processing environments, he also

is an authority on databases.
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B. T. Smith was a co-developer with R. A. Overbeek and E. L. Lusk of AURA,
an automated reasoning system which has been under development since the
1960's. AURA uses reasoning strategies invented by Overbeek, Wos, and
others. Currently, his work involves proof of properties for computer
hardware and software with an eventual objective of making unequivocal
statements concerning well defined aspects of system reliability.

L. T. Wos has distinguished himself in the field of Automated Reasoning
with his invention of various reasoning strategies. Editor-in-Chief of
the Journal of Automated Reasoning, his principal concern is with the
development and use of new inference strategies for difficult problems.
Wos and S. Winker jointly received the American Mathematical Society prize
for current achievements in Automated Theorem Proving in January of 1983
for their solution of open problems in pure mathematics and logic using
the AURA automated reasoning system.

Summary of Automated Reasoning Research & Applications

The Mathematics and Computer Science Division (MCSD) carries out basic
research in Automated Inference, and conducts collaborative work with
client organizations to help use the results of the research, and help
decide how to make work most useful in meeting perceived needs in the

Energy and Defense Industries.

Other MCSD responsibilities exist for Software Engineering, Numerical
Methods, and Applied Analysis. Of particular concern is the development
of methods for numeric and symbolic computation on the next generation of
computers - both supercomputers and substantial personal workstations.

Because good software outlasts several generations of computing hardware
we almost always have portability between machines of various sizes and
architectures as part of any other objectives. It is becoming clear that
the rapid development of widely different, very fast computer systems will
make system portability almost a prerequisite for software development
cost recovery and system reliability over the next half decade or decade.
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The EBR-II division in Idaho and the FFTF reactor at Hanford are main -
clients from inside DOE.

Basic Research in MCSD is funded through the Applied Mathematical Science
Program, managed by the Scientific Computing staff of the Office of Energy
Research.

Collaborative work is usually begun with funding mainly from basic
research. Funding from the client need be only enough to demonstrate
serious interest until it becomes clear the work has potential to meet
real needs. Once this has been established, the objective becomes to
transfer the technology to the client so that work may be finished in a
context of knowledge of the problem domain. The client is expected to
cover most of the cost of the technology transfer, and the cost of any
subsequent help and consultation from MCSD.

Collaborative projects are be selected carefully, for each one must be
difficult enough to justify basic research, and yet easy enough to have a
chance of success; there are many either too easy or too difficult. In
addition, any collaborative venture must meet requirements from management
that the project will improve ability to do work in the MCSD domain, and
be of use in a significant foreign domain.

Present Work in Automated Inference

MCSD is mainly concerned with various means to obtain several orders of
magnitude more speed in systems doing deep inference. This is because
improvements this large could lead to unforeseen new uses of deép
inference, as well as making existing uses more practicable on large pro-
blems.

Several methods are being used to gain execution speed. The DENELCOR HEP
installed in the Advanced Computing Research Facility at Argonne is being

used to determine the possible para]]e]ism'present in various kinds of

inference problems. The eight processor LEMUR built by High Energy
Physics Division with help from MCSD, are being used to investigate
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portability between two widely different experimental computer
architectures. Experiments are also being done using other high
performance computers such as the Cray X-MP,

(1) Parallel Processing and SuperComputers

The research on parallel processing and inference depends on use of the
Argonne extensions to David Warren's abstract machine for PROLOG
implementation. It seems Tikely that these extensions can be adopted to
support resolution based theorem proving. If this turns out to be the case,
quite loosely coupled multiprocessor architectures might be the systems of
choice in supporting the large numbers of collaborating expert systems
probably needed to completely automate most of Nuclear Steam Supply System
(NSSS) design and construction. There are good grounds to believe that the
Warren abstract machine could also support high performance LISP systems.
Because of these things, the ANL Warren machine seems likely to be an
important tool for ensuring software portability between different families of
high performance computers and across time intervals of the order of a
decade.

Another investigation hoped to improve performance of deep inference systems
uses new high level strategies like linked inference to postpone decisions
about paths in a solution space while the space is being locally explored.
This is a "high-level" approach in the same class as weighting and set of
support strategies, in that it tries to find the best way to approach a
problem without doing too much backtracking. It contrasts with the "brute
force" method of developing better hardware and more efficient compilers or
interpreters.

(2) The Present State of the Computational Art

As an example of what can be done with the brute force approach, a year ago
David Warren Tisted the Symbolics LISP machine, and C-PROLOG on the VAX 11/780
as typical of the slower commercial systems running about 1.5K Logical
Inferences per second. A DEC 2060 running a Warren PROLOG compiler achieved
43K LIPS, an IBM 3033 achieved 27K LIPS.

[P SV ) -
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Today, a year later, the 11/780 achieves 24K LIPS using a Warren system. The
ANL expérimenta] poktable Warren engine, with some compromfses for use on
parallel machines, and without the use of methods proprietary to QUINTUS,
achieves about 10K LIPS on an 11/780. This could be improved, but such
improvements should be the concern of commercial vendors. The Warren/QUINTUS
system on a SUN workstation achieves 18K LIPS.

A special purpose'machine is expected to be announced soon by'NEC having a
speed of about 375K LIPS, other manufacturers from Japan are expected to
follow in due course, and we are discussing ways to achieve between 200K and
1000K LIPS in a system almost able to fit on a desktop.

(3) Coordinating Multiple Processes

The problem of managing multiple processors in an MIMD (Multiple Instruction
Stream, Multiple Data Stream) supercomputer 1s‘strong1y reminiscent of the
task of coordinéting the work of several teams of engineers to perform a
design. For this reason perhaps, progress on the computing problem may shed
light on building expert systems to solve the management problem.

Although it is obviously unreasonable to expect conventional software operat-
ing system designs to contribute in this area, workers at Imperial College
London have proposed use of languages already used in building Expert Systems
as systems programming languages for large parallel computers. Since these
languages bring with them built in capabilities for managing relational data-
bases, and for 1ogica1»inference, it does not seem unreasonable to hope that
their use in computing in the next five years will shed helpful light on their
use in automated management five years from now.

d. Collaborative Work
(1) Work with EBR-II and C.S. Draper Laboratories

The largest collaboration at present is with the EBRII division in Idaho, and
c.S. Draber Laboratories in Boston. Failure of a number of the flowmeters in
the primary loop of the EBR-II reactor, and the proépect of more failures,

necessitates eventual development of indirect means for measuring sodium flow.




43

One method being investigated is computation of the flow from measurements of
pump motor parameters such as RPM, current, and electrical or mechanical
horsepower developed by the alternator driving the pump motor, or by the pump
motor itself. Other plant parameters such as differential temperature across
the reactor, and various pressures in the primary loop are also measurable.

The problem is to develop a reliable loss of flow trip from this data. To do
this multiple sensors and multiple computers are used. However all three or
four computers in the system run the same software. Therefore we must prove
the software (both application and operating system) have no faults able to
conceal a loss of flow, and that hardware failures able to conceal loss of
flow have an acceptably small probability.

It turns out that similar questions are of interest to NASA and to EPRI. MCSD
has technology able to perform these proofs from listings of the software, and
the system build specification for the hardware, subject to certain
assumptions about the compiler used to generate the operating system. It
appears that adequate statistical data about compiler reliability will be
obtainable; the rest of the proofs seem difficult but likely to be possible.

(2) Diagnosing the EBR-II Fuel Handling System

A relay failure in the interlocks for the EBR-II Fuel Unloading Machine (FUM)
can take the order of a day and a half for a human experf to diagnose. The
fundamental cause of the trouble is need for fairly extensive human inference
from system schematics, and experimental data about the malfunction.

Moreover, only a few people at EBRII  are familiar in detail with the interlock
system,
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The object of this work is to first develop a machine-readable description of
the system schematics simple enough to be entered by unskilled personnel. The
system description, once entered, is transformed into a relational database of
cohditions for actuation of relays, motors, and other movable parts. This
database is used to run a simulation of the interlock system. Another part of
the diagnostician comprises sensors able to measure the voltage applied to
each relay coil and motor.

The inference mechanism is a special purpose theorem prover asserting that for
any non- faulted system, the measurements and the simulation must match.
D1scovery of a denial of .this discloses a component where the correct vo]tage
is not applied. This discovery will allow backward reasoning towards the last
state where simulation and plant agreed, to provide a list of possib]e contact
failures on relays and switches. This will be printed as a troubleshooting
sheet for use by a technician in measuring voltages at various contacts. Once
the sheet is filled out, it will be taken back to the computer and the
measurements entered. The additional data thus obtained should allow the
inference system to determine exactly which relay is at fault.

of COu%se, it would be easier if sensors could be placed on every coil and on
every contact. But since there are about 1000 relays in the system, it seems
a reasonable compromise to measure only coil voltages.

It is hoped to transfer a diagnostician for a subsystem of the full interlock
system‘fo EBR-II by the end of 1985. This will have been tested against a
‘simu]ation of the plant. The diagnostician is designed so that it should be
usable with other subsystems of the interlocks once descriptions of the other
subsystems have been entered. |

Errors in data entry, and cases where the plant does not match drawings have
been considered, and plans have been made to deal with the resulting
problems.

The present situation is that the drawing description language has been
defined, and translators from it through intermediate representations to a
description interpretable by a simulator have been written. If the simulation
' is stopped by being advised that a relay coil is not in its expected state,
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conditions for operation of the coil can be determined.

Parts of the software are generic in that they might be adapted to automated

faul

t tree analysis on a P&ID, others have specific knowledge of behavior for

electromechanical components.

€.

Work with HEDL

The transfer of our Automated Reasoning systems to HEDL is largely
complete, and at present work is being carried out mainly by personnel
from FFTF. However they and we have a mutual interest in databases able
to describe large plants. Two draft documents have been written on the
subject, one about 18 months old by Colley, Gabriel, Lusk, Overbeek, and
Smith; and a second more recently by Co]]ey, Lusk, Overbeek and Smith.
Both databases are entity-relationship models, and are related in some
ways to the machine readable description of relay logic used in the EBR-II
Fuel Unloading Machine Diagnostician.

There is still some disagreement about representations of plants, mainly
because the only purpose of a representation is to allow it to be read by
software such as an Expert System. A generic plant description such as an
E-R model may require extensive domain dependent transformation to make it
useful to an Expert System operating in a given domain, or at least that
has been the experience with the EBR-II Diagnostician. Thus, although
there is consensus about the ability of E-R models to describe arbitrarily
complex plants, many questions need to be reép]vedvabbut how the E-R
models are to be used. ' '

Collaboration with Industry
The possibility of a joint venture between Motorola, QUINTUS, and ANL MCSD

to develop a very high performance'PRbLOG processbr is beihg explored. A
white paper containing a draft proposal has been presented to DARPA.
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g. Argonne National Laboratory EBR-II Division

In addition to the AI activities of the Math and Computer Science Division of
ANL, work is be1ng performed at EBR-II to apply AI techniques to 1mprove the

re11ab111ty of operat1on and control of the EBR-II plant. The areas of both

development and application reflect areas of greatest plant need 1nc1ud1ng

improving the reliability of fuel-handling, improving primary system flow and

temperature monitoring and increasing the reliability of the reactor shutdown

system on Toss of flow. Because of the benefit to EBR-II and future plants,
EBR-II is also serving as a test bed for the concepts developed by others.

(1)

The COmponent Configuration Control System (CCCS) project uti]iies
both classical and Artificial Intejligence (AI) program methodologies
for its imbTementation. Its deve1opment‘has progressed to the point
of limited off-line demonstration. The object of the CCS is to
enhance operabiTity of the fue1;hand1ing system and reduce“operetor
error. The CCCS is divided into four subtasks: functional impact
analysis (FIA), parameter and component state validation (PCSV),
alarm prediction and trend analysis (APTA), and administration.

FIA determfnes the administrative and functional impact caused by
proposed changes to components and systems for either operation
or maintenance.

Administrative impact is determined from constraints p]acedvon
the plant by teChnica] specifications and plant administrative
poTicy. Functional impact is determined from the ability (or
lack of aability) of the system to perform a desired task. These
impacts are determined automatically using Al methodology.

The PCSV function validates the plant sensor readings
(parameters) and the state of the components.

The APTA function informs the operator that an alarm has
occurred, predicts that other alarms will occur, and/or analyzes

trends to determine anomalies.
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Administration functions of the system provide data display,
supply physical and functional models, maintain and isolation
log, print isolation tags, and perform desired hard copy output.

(2) The Full Authority Fault Tolerant Reactor Control System (FAFTRCS)
project has been established to determine the feasibility of using a
fault-tolerant microprocessor computer system to provide a redundant
flow trip for the Experimental Breeder Reactor-II (EBR-II).

The verification and validation of the fault-tolerant characteristics
of the computer hardware and software utilize automated reasoning
techniques. This includes the verification and validation of the
software, hardware and their interactions. The use of automated
reasoning techniques offers the advantage of analytically verifying
properties of the hardware and software design. A second advantage
is that the assumptions on which the claims are based become explicit
in the verification process. ‘It is also expected that the
development of these automated techniques will eventually reduce the
human intensive effort currently required to perform verification and
validation of hardware and software. The computer is being built by
C. S. Draper Laboratory, and the software is being developed in a
cooperative program between ANL and I11inois Institute of

Technology.

The EBR-II reactor is presently being prepared for installation of
the computer for testing.

(3) Several enhancements of EBR-II fuel handling are also being
incorporated using conventional computer technology in ways that have
not normally been used in real-time applications. However, some
artificial intelligence applications are to be utilized. Those
mentioned in other sections of this document include the testing of
DICON, in collaboration with W-AESD, to determine if the knowledge
based systems are suitable for plant diagnostic tools and to what
extent they can satisfy a safety committee or a licensing group that
the knowledge base is sufficient. Another application is the
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Diagnostician as reported by the MCSD Division of ANL. Refueling
requires a complex array of circuits and relays which tends to
complicate troubleshooting when failures occur. The "first
principles" approach to the diagnostician should allow questions to
be answered that have not been asked: i.e., the system as described
to the reasoner should be amenable to correct diagnostics even though
the particular failure has not been addressed. ' ’

2. Burns and Roe

Burns and Roe has developed and successfully implemented several programs
which are based on Artificial Inte]]igence principles. These programs are
based on Burns and Roe expertise in power plant design, construction and
operation. This information was provided by P. Fazekas. The following
examples provide a cross section of the Al applications at Burns and Roe.

Two of the Burns and Roe programs were developed to increase the accuracy of
construction cost estimating, while dramatically reducing the time required
for the preparation of the cost estimates. BRAES is an optimized, commodity-
oriented, time frame structured cost estimating program which utilizes a
sophisticated rule structure to account for the-geographic location of the
construction sites, and the effect of the climatic variations on the
construction scheduling and productivity.

The COALS construction cost estimating program utilizes pattern recognition

and statistical inference techniques to provide highly accurate fossil-fired

power plant cost estimates from minimal amounts of input data. The COALS

program's extensive database is capable of learning from the actual cost data
and automatically updates the program's estimating rule library.

COGEN is a parametric modeling program which was developed for semi-automatic
selection of an optimum cogeneration system configuration. The program
examines key plant parameters, selects preferred cogeneration technology,
determines plant performance specifications, and performs economic evaluation
to determine cash flow and return on investment data.
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The TOPS program is a real-time monitoring and performance evaluation progarm
for fossil-fired power generating plants. This expert system program
identifies out-of-tolerance conditions, optimizes load change conditions, and
calculates the dollar value of the optional plant operator actions. The

‘program also monitors the effect of maintenance actions and optimizes the
“maintenance schedules.

The BRAES, COALS, and COGEN programs are internal proprietary programs, and
TOPS is being marketed for power plant operating utilities.

3. Carnegie Mellon University

CMU is active in all areas of Artificial Intelligence. However, here we will
list only some projects from the sub area of expert systems. This information
was provided by S. Talukdar.

MOVER is a prototype equipment diagnostician being used with an Automated Mass
Transit System. MOVER takes information on system failures reported to the
central control computer and combines these with requested status information
to determine the fault and to suggest repair procedures. MOVER also is an
example of a prototype operational planning system. Once a fault has been
determined, it makes suggestions to the operational supervisor to facilitate
the timely restoration of service.

CONE is an expert system used in the geotechnical engineering area for the
interpretation of cone penometer data. As the cone is pushed into the soil,
electrical signals provide raw data about tip resistance, friction, and pore
pressure. These data are used by experts to infer the soil stratigraphy and
other detailed engineering parameters about each soil Tevel.

HI-RISE is an expert system which acts as an engineer's assistant for the
preliminary structural design of high rise buildings. HI-RISE synthesizes
feasible structural configurations for a building, performs the preliminary
sizing and costing of key structural components, and then presents to the
designer the "best" alternative.
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SITECHAR is an expert system prototype performing an interpretation task inA
the geotechnical engineering domain to aid an engineer in'inferring subsurface
stratigraphy from available bore log data, field and Tab test data, and o
overall site information and characteristics. Due to time limitations, an
engineer'cén explore only a small number of pofentia] inferences. The ekpert
system aids in developing alternative inferences yielding three-dimensional
models of site stratigraphy.

DESTINY is an extension of HI-RISE to encompass more building configurations,
more design tasks, and to provide a more flexible design process. The system
consists of a number of knowledge modules which communicate through a |
blackboard. '

KADBASE (Knowledge Aided Database Management System) is a multiple database
manager for knowledge-based structural engineering applications. It provides
the capabilities for an integrated system to access a collection of databases,
and it addresses the issue of interfacing databases with expert systems. Its
overall architecture resembles a networked heterogeneous database management
system. The individual databases may be based on different data models
(relational, network, hierarchical) and may reside on different host
computers. However, KADBASE is not concerned with the issues involved in the
physical networking of the databases. )

In current applications which combine databases and expert systems, the expert
system is tightly coup]éd to the database in one of two ways: either the
expert system has detailed knowledge of the syntax and semantics of the
database, or the expert system and database form a combined system. KADBASE
is an attempt to provide a flexible interface between expert systems and
networks of databases by freeing the expert systems from the requirement thét
they contain detailed syntactic and semantic database knowledge.

DR. THEVENIN is an application of an expert system in the development of a
tutor to aid beginning electrical engineering students to practice and learn

the basics of solving electrical circuits.
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THE POWER SYSTEM OPERATOR'S ASSISTANT is an expert system intended to diagnose
power system failures and to suggest steps to remedy the failure.

WEAVER is a channel/switch-box knowledge-based routing program used in
routing on VLSI chips.

ALLADIN is an expert system that uses Artificial Intelligence techniques to
design and diagnose metal alloys.

RUBBK is a Rule Based system to be used to facilitate the construction and
management of expert systems.

DPS-1 is a programming environment to facilitate the assembly of distributed
problem solving systems.

CONPHYDE is a chemical engineering system to select the appropriate analytical
program to use to evaluate a design, with respect to its physical properties.

DECADE is a prototype expert system for catalyst selection. From a specified
reaction it attempts to propose a set of materials with high probability of
being good catalysts for the input reaction.

ISIS is a system written in Schema Representation Language (SRL) for
production planning and job-scheduling.

CALLISTO is a system written in SRL for project planning.

PRISM is a general tool for building production systems that are used to build
expert systems.

CML is a Cell Management Language to facilitate communications between people
and the different kinds of machines that make up manufacturing cells.

Other expert systems developed at CMU include a jet engine diagnostic system
and a mobile robot strategy planning and control system.
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Several programming languages are available at CMU, and have been used to
write some of the expert systems enumerated above. These include:

SRL - A Schema Representation Language that is well-suited to knowledge
representaion and to knowledge-based simulation and prescription.

PSRL - Production System using SRL.

0PS5 and OPS83 - Languages for writing rule-based systems. OPS5 is widely
available and widely used in the USA. O0OPS83 is newer and more powerful, but

not yet widely available. -




“y

53

4, General Electric

The following information will provide the Al Task Team with a brief overview
of the current activities within the General Electric Company (GE) in the area
of Artificial Intelligence and related applications in our various operating
components. This information was provided by A. D. Alley of General Electric
Corporation. GE's work in Al represents a measured response on a very broad '
front, largely the result of corporate planning which attempts to anticipate
technology needs, across the board, which would enable the company to better
compete on a world-wide scale. When the technology maturity indications are
clearly understood, from a business point of view, simple directives from top
GE management release a great deal of engineering innovation directed toward
the commercialization of a variety of products and services. At the same
time, each operating component has a clear incentive to maintain a technology
edge in areas deemed critical to its continued success. As with any new
technology, trade-offs must be made between risks due to the fledgling state
of the technology and the potential benefits to be realized through its
intended use. These types of trade offs have been made within the General
Electric Company and prototype systems are under development as well as
several systems currently reaching production unit status.

The specific GE infrastructure which supports the current Al activities
resides at several locations including:

Corporate Research and Development (CR&D), Schenectady, New York.
Electronics Laboratory, Syracuse, New York.

Industrial Controls Laboratory, Charlottesville, Virginia.
Microelectronic Center, Research Triangle, North Carolina.

o O O o o

Space Division, Valley Forge, Pennsylvania.

Most business operations, including Nuclear Energy Business Operation,
interact strongly with CR&D in the screening and development of systems which
would capture GE expertise and incorporate it in new producs. Some of the
current applications include:
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o Diesel--Electric Locomotive Troubleshooting Aid--
Transportation Systems Business Operation.

o Troubleshooting Injection
Molding Processes--Plastics Business Operation

o FA404 Engine Flight Line
Troubleshooting--Aircraft Engine Business Group

o Battle Damage Troubleshooting--Aerospace Control Systems Department

o Special Purpose Symbolic Machine Architecture-
Electronics Laboratory

o GENEX System Building Tool --CR&D

0 Gas Turbine Troubleshooting--CR&D/Gas Turbine Department

Although this summary 1ist of applications is by no means exhaustive, or
necessarily complete, it does serve to illustrate the breadth of GE's effort
to reduce to practice the new Al techniques as they mature into a proven

technology.
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5. Hanford Engineering Development Laboratory

The Hanford Engineering Development Laboratory (HEDL), operated by the
Westinghouse Hanford Company, is the DOE lead laboratory for Man-Machine
Integration (MMI) work. The emphasis of the MMI program at the laboratory has
been in the development and application of advanced control and computer
techniques (including Artificial Intelligence) for the control and operation
of Liquid Metal Reactors. Once technologies and methodologies are developed
they are applied and tested on the 400 MW Fast Flux Test Facility (FFTF).
This is especially useful to the DOE program because this plant represents a
prototypic degree of complexity in large liquid metal reactors. A number of
highly successful products have been developed at HEDL since the program's
inception in 1980. Several of these products are already being used on the

FFTF.

Specific Products and Work at HEDL

The MIDAS Master Information and Data Acquisition System was designed and
built in 1980/1981. This large computerized database system was developed
specifically for the FFTF to aid with the scheduling of maintenance and
repairs for the more than 60,000 operating plant components. The system is
used by operators and operations engineers to aid them in making decisions
relative to specific maintenance and repair work on the plant. MIDAS aids
plant operators in tracking and understanding the status of plant components,
their functions and their interrelationships. Although this computerized
system does not embody artificial intelligence techniques it represents a bold
step in the direction of centralization of the plant knowledge into one
database. The MIDAS system has been the primary system for control of
maintenance work at the FFTF since 1982.

The Procedure Generation System (PGS) developed at HEDL automatically

synthesizes procedures for control of nuclear plants during off-normal
operating conditions. Rather than being Timited to using pre-developed
procedures, the PGS is capable of actually snythesizing novel procedures based
on the current situation in the plant. Developed in a computer laboratory
environment, this system is now being tested on the FFTF Simulator for
potential use at FFTF,
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An Automated Reasoning Verifier has also been developed at HEDL. This

represents an exciting application of the artificial intelligence methodology
of automated reasoning that will significantly enhance the reliability of
process control systems. The automated reasoning theorem prover software was
modified to allow it to observe other software or human actions and form
conclusions about the logic of these actions. The automated reasoning theorem
prover, or "“Verifier", uses as its knowledge base the rules that the other
systems must obey in controlling their process. This system is nicknamed -
"MAL", and has been used to verify the logic and actions of the previously-
developed Procedure Generation System.

The concept is relatively simple. Traditional software or human logic that is
used to control a process system such as a nuclear reactor has the rules for
its operation imbedded in the software coding or in the human's mind, or in
written procedures. Although the quality of this information may be very good
due to a high-level QA program, there still may be "lurking" errors. The
automated reasoning theorem prover represents a completely diverse technology.
The rules for the controlled process are not in the coding but are Tisted in
axiomatic language as the code's knowledge base. As the traditional
controller is performing its tasks, its conclusions are passed on to the
theorem prover which then verifies that, according to its rules, the
conclusion is an instance of what the rules allow. ' It verifies the logic of .
the traditional controller. If it disagrees with the actions of the
traditional controller it can clearly state which rules it feels are being
violated. Since the two technologies are so completely different this
represents a diverse, redundant checker for the operator to use as an

advisor,

An Automated Reasoning Refueling Advisor developed at HEDL has the ability to

determine the type and sequence of moves that are necessary to refuel the core
of the FFTF. Input consists of the locations of the existing fuel and
experiments in the core, and the desired locations of the new fuel and
experiment assemblies. Output consists of the moves, in sequence, necessary
to get from the old configuration to the new one. This artificial
intelligence tool is especially valuable when numerous changes are made in the
desired configuration of the core as the time for refueling gets closer. This
refueling assistant has been developed and is now being used in a test mode at
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the FFTF. During actual refueling the system is being used in parallel with
" the old manual system. The purpose is to evaluate the new system for accuracy
and usefulness. The resulting reports will be provided to the designers of
advanced plants for their efforts on the operational design of their plants.

An additional methodology involving the design and use of an Integrated Plant
Knowledge Base is also under development at HEDL. This work will provide a
central repository for all of the knowledge about the plant available from the
plant designers and operators. It is essential that this type of system be
developed so that the artificial intelligence systems all have access to the
same bank of information. Initial efforts have shown that with the use of
state-of -the-art software and hardware it is possible to build the

knowledge base in such a way that it is directly useable by all of the
different functions in the plant such as MIDAS, the Procedure Generation
System, the Automated Reasoning Verifier, and the Refueling Advisor.

Facilities at HEDL

The HEDL facilities and equipment in direct support of the programs or
artificial intelligence are extensive. They can be divided into the areas of
development, testing, and application.

The development of the artificial intelligence methods and applications takes
place mainly on a VAX-11/780 and micro computers. The major software for this
work consists of ITP (the ANL-developed automated reasoner), PROLOG (the 20k
Tips Quintas version), expert system software packages for micro computers,
and Pascal and other standard software systems. Other computer systems are
available by modem dial-up.

The testing of artificial intelligence methods and applications is
accomplished either in the development laboratory or on the FFTF Simulator.

An MMI testing station has been developed in conjunction with the FFTF
Simulator. The test station consists of two SEL computers and graphic display
terminals. The SEL computers communicate with both the Simulator computers
and with the VAX-11/780 in the development laboratory. The major value of
testing the artificial intelligence aids on the simulator lies in the
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availability of the FFTF operators for testing and evaluation in a realistic
environment under a wide range of normal and off-normal situations.

The application of Artificial Intelligence methods is also accomplished at
HEDL facilities. The major facility, of course, is the Fast Flux Test _
Facility (FFTF) itself. This 400-MW Tiquid-metal cooled fast reactor is an
ideal testbed for application of the artificial intelligence methods. It has
the flexibility of a research reactor, yet the rigid demands of a production
reactor in meeting experiment irradiatibn requirements. The environment at
the plant is typified by the cooperation that is evident in the present
application of the new Artificial Intelligence refueling advisor.
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6. Oak Ridge National Laboratory

ORNL is presently conducting Al research in the areas of nuclear reactor
controls and operation, signal processing, analytical chemistry, robotics,
special-purpose computer hardware development, and software enhancement.

The nuclear reactor controls and operation effort is being conducted at the
Instrumentation and Controls Division (I&C) and it is focused on ORNL's High
Flux Isotope Reactor (HFIR).

The capabilities of rule-based expert systems to interface with and monitor
real time processes was first investigated on an analog model to the HFIR
using a Digital/Analog Hybrid computing facility. MacLisp primitives
developed at the I&C interfaced an OPS5 based expert system to an analog model
of the HFIR running in parallel to the digital expert system at 25 times
faster than real time.

A phase-1 two-year internally funded effort is now under way for the
development of an intelligent expert advisor to the operators of the HFIR
itself. Intelligent information display will be integrated with heuristic and
numeric simulations to produce a device capable of relieving the operator of
routine tasks, monitoring the plant, and interacting with the reactor operator
intelligently, i.e., with explanatory justification of the logic behind its
actions.

Control of the HFIR without operator intervention will be implemented in
successive phases since it requires hardware modifications for which there
will not be funding immediately available. This is because there are a very
limited number of process signals, and no control signals available to the
plant computer. The computer which actually controlled the HFIR automatically
through two complete fuel cycles some 17 years ago was removed, including all
of the hardware.
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In the area of signal and information processing several projects at ONRL
funded by the Army and Navy involve the development of specific expert
systems. The I&C and Information Divisions are collaborating in two Navy
projects, I&C and Engineering Physics (EP) Divisions are working with
Analytical Disciplines Inc. of Washington, D.C. on another Navy project.

-

In the analytical chemistry area two efforts are being funded. One of them
involves a private Al consultant and the I&C and Analytical Chemistry (ACh)
Divisions. It is internally funded, and it's goal is to develop an expert
chemical synthesist by utilizing the knowledge of a prominent expert from the
ACh Division, The other effort is being carried out at the ACh Division. It
is funded by the Bureau of Printing and Engraving and involves the development
of an ink-chemist expert system.

In the robotics area, the I&C and EP Divisions are working on a program funded
by the Army and DOE's Basic Energy Sciences centered around the development of

autonomous robots.

In the specialized hardware area there is an effort at the I&C Division to
build a prototype multiprocessor device with innovative architecture for OPS5-
like expert systems implementation. The experimental model is expected to
perform 1000 times faster than a Lisp based OPS5 implementation in a VAX-780.
An additional 100-fold increase in speed is expected for the final version of
the machine. The machine is the invention of J. D. Allen, a consultant to
I&C. I&C is engineering both hardware and software. Also, there is an effort
at the EP Division that is now oriented towards number crunching but that may
eventually be applied to Al. They are acquiring a DADO paralel computer in
which they intend to implement and continue with the development of parallel
algorithms for mathematical computations.

In the software area, I&C has developed Al interfaces to analog hardware, an
enhanced version of OPS5 in FORTH to enable the implementation of expert
systems in microprocessor based instrumentations, and has enhanced the Lisp
based OPS5 implementations in NIL, Maclisp and Zetalisp.
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The following resources are being used at ORNL for AI research:
. At I&C:
0 A two-AD4/KA-10 Hybrid computer, with Fortran, MacLisp, and OPS5.
o A Lambda Lisp Machine, with ZetaLisp and OPS5.
o A VAX-780 VMS, with Fortran, NIL, OPS5, Macsyma, and ITP.

o A PDP-11/44, with Fortran and I&C's Advanced Signal Processing
Environment.

At EP:
0 A Lambda Lisp Machine, with Zetalisp.

0 A VAX-780 UNIX, as MILNET port for ORNL, with FranzLisp, OPS5, and UNSW
Prolog.

At ACh:

0 A VAX-750 UNIX, with FranzLisp, OPS5, OPS83, KRL, and MRS.
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7. Westinghouse Electric Corporation

Advanced Energy Systems Division

The Westinghouse Advanced Energy Systems Division (WAESD) has also been
involved in the DOE Man-Machine Integration program. Information about the
Westinghouse contributions to this program as well as other corporate programs
were provided by S. J. Walmsley and P. Papas.

The DICON (DIagnostics and CONtrol guidance) system was developed to
demonstrate the use of a rule-based expert systems approach in diagnosing the
status of a nuclear plant system. This artificial intelligence system was
successfully evaluated using a fast reactor Shutdown Heat Removal model which
required over 400 rules for its definition. A joint program with the
Experimental Breeder Reactor-II (EBR-II) has been set up with the objective of
practical evaluation of DICON in a real plant environment. Work is currently
underway to develop a model of an EBR-II subsystem. When this is finished, it
will be tested and evaluated as a diagnostic tool under operational conditions
at EBR-II. Use of the DICON system would allow a plant operator to have
consistent, expert advice available during times of plant upset.

A Construction Management Artificial Intelligence Decision Support System
(CMAIDSS) is currently under conceptual development at W-AESD. This system
will embody the knowledge necessary to manage the construction of a large
nuclear power (or other) plant. The main objective of the system will be to
provide activities schedules for plant construction which will alleviate
problems encountered such as shipping delays, adverse weather, design and
construction errors, etc. Because of the numerous problems encountered in any
large-scale construction project, this system is expected to be invaluable to
the construction industry once it is fully developed.

Research and Development Center

Al research and development at the R&D Center has been in various areas. One
of these is in the area of Knowledge Acquisition. In this area, Westinghouse
has developed a goal-means representation methodology that has been applied to
the development of decision support systems for nuclear power plant control
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rooms, and for data network control and management centers. The goal-means
methodology is used as a means of identifying and organizing the clusters of
related information that the decision maker needs to better see the
implications of a piece of data. Since the particular configuration of
information required depends on the user's intentions or point of view, the
methodology is used to define the multiple viewpoints required, and to
organize knowledge bases and display systems so that they can dynamically
generate multiple views or data relationships to support a variety of user
functions. Westinghouse has also developed an extensive knowledge base on
power plant operator decision making that has involved a variety of knowledge
acquisition techniques ranging from critical incidence analysis of operator
performance during actual emergencies, to large scale studies of operator
performance during simulated emergencies.

Another example of Westinghouse knowledge acquisition efforts is a study of
the locus of problems in avionics diagnosis. Because avionics diagnosis
involves multiple decision makers, a study was performed examining the
multiple sources of diagnostic anomalies and communication breakdowns. The
study included a scenario-based structured interview knowledge acquisition
technique. that used case descriptions of radar malfunction reports to assess
the knowledge and diagnostic strategies of multiple radar technicians. In
addition, performance-based protocol analysis techniques have been employed to
extract tacit domain knowledge that is not easily verbalized. The knowledge
thus obtained has served as the basis for an expert system that employs
diagnostic strategies obtained from a domain expert to diagnose malfunctions
in a cable converter,

Another area of research at the R&D Center is in the field of Expert Systems.
An ongoing project exists to develop a layered expert systems concept. Called
a "Multi-Domain Cooperating Expert System," this concept involves the
combination of many specialist expert systems under the direction of a
managing expert system. The advantage of this concept is that individual
pieces of the total system can be developed independently, as long as
communication methodologies are established initially.
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Steam Turbine-Generator Division

The main thrust of efforts at the Steam Turbine-Generator Division has been to
develop a generator diagnostics expert system. This rule-based system works
in real time to diagnose the status of turbine generators using sensor data
from Nuclear Plants. The system provides confidence levels for its diagnoses,
and recommends appropriate remedial actioné. It can be used to plan
maintenance activities in order to incredse plant availability.
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B. Artificial Intelligence Work in Industry and Universities

This section of the report, as well as Appendix A, includes information on the
work that has been done and is ongoing in various organizations within
industry, universities, and national laboratories which are not represented by
Task Team members. This is in no way an attempt to detail all work that is
ongoing, in the Al field, but is rather a summary of efforts within certain
organizations that is felt to be representative of the type of work that is
going on throughout the country in AI. This will provide a reasonable
background from which the status of the AI field in general can be
ascertained, and from which information helpful to the development of a plan
of continuing work in AI can be obtained.*

This section provides information representative of the current Artificial
Intelligence work in industry both within the United States and abroad. The
following Table illustrates some of the work in the United States.

Appendix A provides an overview of work on PROLOG in Industry and abroad.
University activity in Artificial Intelligence provided in Appendix B. The
results of an inquiry into the application of Al by the nuclear utilities
appear in Appendix C.

* In addition, reference is made to a recent summary by Mark S. Fox,
Artificial Intelligence in Mnufacturing: Interium Results of a Survey,
Robotics Institute Carnegie-Mellon University, November 6, 1984,




Artificial Intelligence Projects Within Industry

Organization Affiliation Org. Contact, Project Name, Description
Name Name Position :
AT&T G. T. Vesonder ACE - Telephone cable trduble expert
Supervisor system.
Control Data ADMH HELP - Medical Diagnostics Expert
Corp. System
Columbia D. E. Shaw parallel processor-computer
Comp. Th. Co. Texas Instru- S. K. Smith ADA tutor on Vax 11/780
ments President
Digital XSEL -.Computer sales aid expert
Equipment
Corporation system
Knowledge UM & RU W. R. Baker AI/RHEUM - Diagnostic for arthritis
Research President expert system.
Association
‘National Insti- W. R. Baker CLINFO - Data management for clinical
tute of Health President _
“Univ. of W. R. Baker CADUCEUS - Diagnostics for Internal
Pittsburgh President Medi
Stanford N. J. Nilsson PROSPECTOR - Mining exploration expert
Research Int'l. system. ,
Syntelligence P. E. Hart Expert Syétem for DCMNREL Ins. Cos.
President
Teknowledge FSA 0il1 exploration expert system.
TRW E. C. Taylor BETA - Military analysis‘expert system
TRW Univ. of Pitt. P. H. Winston XSEL - Telephone cable trouble

Supervisor

expert system. o

99
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1. Tektronix

The Tektronix Corporation is making its first venture into the AI field with a
new computer called the Tektronix 4404. This computer is basically a personal
workstation with capabilities designed for Al development work. This entry
into the market by Tektronix puts them into a very competitive position with
respect to other hardware vendors, as this machine is priced at just less than
$15K. Other AI machines produced by Symbolics Inc., and Texas Instruments,
for example, are in a considerably higher price range.

Some of the capabilities of the machine are:

A. A SMALLTALK-80 programming environment.
B. A 32 BIT microprocessor.

C. 1 MegaByte of RAM memory.

D. An operating system based on Unix.

E. 640 X 480 BIT-mapped display.

F. A three button mouse.

G. A 40 MegaByte hard disk.

H. RS-232C communications interface.

I. ANSI X3.64 terminal emulation capability

J. Availability of Franz Lisp and Prolog programming languages.

Tektronix has committed itself to the development of more advanced Al machines
as the field grows, and is expected to continue to provide the industry with
competitive products. The Tektronix 4404 is the first of such products, with
the large memory and programming environments which are needed in the Al
field,
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2. Symbolics

Symbolics Inc. was one of the first companies to sell computers designed
specifically for efficient operation using the LISP programming language.
This language has been the most prevalent language for use in the field of Al
for many years because it was developed for the processing of symbols rather
than numbers. For this reason, Symbolics has emerged as a leader in the Al

hardware market.

The first LISP machines were developed at Massachusettes Institute of
Technology. Because the University held the rights to the designs, several of
the researchers decided to license them and produce the machines themselves.
The first machine sold by the new Symbolics company was called the LM-2, and
they sold 50 systems. Since then Symbolics has introduced several new
machines including the Symbolics 3600, 3640, and 3670. These machines have
been the basis for the success of the company, and are considered to be the
most advanced LISP machines available.

The most advanced of the Symbolics machines is the 3670, This machine
includes the following capabilities:

Networking facilities through Ethernet as well as serial links.
Support of VAX/VMS and BSD Unix hosts as alternative file servers.
Flavors, and object-oriented progkamming extension to LISP.

An interactive, display-oriented debugging system.

A real-time editor which interprets and compiles ZETALISP and other

m O O o >
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languages.

F. 1100 X 900, BIT-mapped, high resolution monitor with fast imaging and
windowing capabilities.

G. A three-button mouse.

H. Up to 30 MegaByte real memory capacity.

I. 474 or 167.5 MegaByte fixed-media disk drive.
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Optional capabilities include:

A. 1200/2400 bps modem for high-speed data transmission over telephone
lines.

B. FORTRAN 77, InterLISP compatibility package, and MACSYMA software
options.

C. Floating-point accelerator.

D. Laser graphics printer with BIT-mapping capabilities.

E. Color graphics.

Although the Symbolics computers are quite expensive, pushing $100K for the
basic models and increasing substantially when options are included, they
continue to be the machines of choice for LISP program development. This is
because of their advanced design, extensive software tool kits for development
work, and overall reputation for reliability. Their position in the market is
being challenged, however, by the recent entrance of both Tektronix and Texas
Instruments into the LISP computer market. These companies have introduced
formidable computers into the market bearing price tags substantially below
those sported by the Symbolics computers.
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3. Texas Instruments

The Texas Instruments (TI) Explorer is the first TI computer designed
specifically for the Al field. It is a single-user computer optimized for
high-performance symbolic processing. The Explorer is based on'the LISP
programming language. Many pfogram development tools are available for this
machine., They include a Zmacs Editor, LISP Compiler, Debugging facilities, a
window-oriented Inspector, and Performance monitoring facilities, as well as
others.

The Explorer supports Local Area Networks (LAN) using Ethernet interfacing.
This a]]qws for transparent file 1/0, remote log-in, and electronic mail
within the LAN.

The computer includes the following advanced characteristics:

. A 32 BIT LISP processor..
. 2 MegaByte memory expandable to 16 MegaBytes.

OO

. Fiber optic interface to the monitor, keyboard, mouse, microphone, and
headset.

1 MegaByte of BIT-mapped graphics.

RS-232 communications interface.

1024 X 808 resolution monitor.

Three button mouse.

T & MM m O
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140 MegaByte Winchester disk available.

TI is not only active in the development of Al hardware, but is also
developing various software tools for the Al field. One such tool is the
Personal Consultant expert system development tool. This system uses
production rules in the LISP language to build its expert systems. It uses
the same rule structure as the EMYCIN system developed at Stanford University.
Personal Consultant allows for both backward and forward chaining inferencing.
Certainty factors can also be used in order to represent uncertain or
imprecise data.
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4. Electric Power Research Institute High Technology Initiatives

EPRI intends to provide practical near term technology solutions to current
nuclear industry problems. All programs have utility involvement and most of
the recent programs in Al and Robotics are well documented in the EPRI Journal
and the AI workshop proceedings from the Al conference held in 1984, The EPRI
high technology efforts are in two areas:

a. Robotics--TMI-2 High Radiation Environment

b. Expert Systems--the EPRI work focuses on three areas:
Nuclear Power
Electrical Load Management
Gas Turbine/Generators

Specifically, two Al applications and several more are described in the EPRI
Al conference proceedings:

o Load Management Center--

Troubleshooting Aids

CMU/U. of Missouri development contracts
0 Gas /Turbine Troubleshooting Aid--

GE Genex-based product

GE-CR&D, Schenectady, NY

In addition, EPRI is involved with Al work in MMI supported by Honeywell.
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5. LTV Aerospace

LTV Aerospace feels that the development and implementation of computer-based
knowledge systems is an essential central technology for the long range
induétria] modernization. Progress was made before in the process part, now
they wi]] attack theAthought portion.

LTV is investigating applications in the areas of design, manufacturing, and
support. Specifically, they are investigating the process planning area
within manufacturing support.

They also have a requirement to apply a system on the shop floor that
duplicates the heuristics of a person looking at a 2D drawing from a graphics
data base and transforming it into a 3D model.
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6. Lockheed

Lockheed ha