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INTRODUCTION

Expert systems have been developed to aid in the monitoring and
diagnostics of the Experimental Breeder Reactor-II (EBR-II) at the Idaho
National Engineering Laboratory (INEL) in Idaho Falls, ID. Systems have
been developed for failed fuel surveillance and diagnostics and reactor
coolant pump monitoring and diagnostics. A third project is being done
jointly by ANL-W and EG&G Idaho to develop a transient analysis system
to enhance overall riant diagnostic and prognostic capability.

The failed fuel surveillance and diagnosis system monitors, pro-
cesses, and interprets information from nine key plant sensors. It
displays to the reactor operator diagnostic information needed to make
proper decisions regarding technical specification conformance during
reactor operation with failed fuel.

The pump surveillance system uses an expert system for on-line
surveillance of nuclear reactor coolant pumps. The expert system
employs the Sequential Probability Ratio Test (SPRT) to process the
stochastic components of corresponding physical parameters from sensors
on each of two pumps (e.g., speed signals, vibration levels, powers,

*Work supported by the U. S. Department of Energy, Reactor Systems,
Development, and Technology, under Contract W-31-109-Eng-38.



discharge pressures) for a very sensitive and early annunciation of a
disturbance in either pump. If an alarm is triggered indicating a
disturbance in a monitored signal on either pump, then SPRTs are applied
between pairs of sensors in each pump. The expert system can then
distinguish between actual pump degradation and the degradation or
failure of an individual sensor. In the later case it will identify the
sensor that has failed.

A faster-than-real-time high-fidelity simulation of the EBR-II
reactor has been developed and is running on the INEL CRAY X-MP/24. The
output is coupled to SUN graphics displays at the INEL Reactor Simula-
tion Laboratory* and at the EBR-II. This provides the needed tools to
aid in the development of optimal plant control systems, diagnostics and
prognostics systems and real-time, hands-on, plant simulations. The
transient analysis system consists of the Dynamic Simulator for Nuclear
Power Plants (DSNP) simulation model of the EBR-II reactor coupled to an
expert system, SUN graphics displays and the EBR-II Data Acquisition
System (DAS). This EBR-II advanced reactor control systems development
tastbed prototype is illustrated in Figs. 1 and 2.

The computer code being used for the faster-than-real-time computa-
tions is DSNP. The DSNP code is a modular, multipurpose, systems simu-
lation code for reactor systems modeling. The version used for this
work has been developed for analysis of Liquid Metal Reactor (LMR)
nuclear power plants. The output of the code along with EBR-II plant
data is coupled to an expert system named HAL-1988 being developed at
EG&G Idaho and the Nuclear Engineering Department of the University of
Illinois, Champaign-Urbana Campus, to demonstrate an integrated diag-
nostics and prognostics system. The coupling of the EBR-II data network
to the CRAY supercomputer is through an advanced fiber-optics communica-
tion link installed throughout the INEL.

This paper describes these systems and their application for plant
and system diagnostics at EBR-II.
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TRANSIENT ANALYSIS SYSTEM

I. System Description

The system consists of two separate data and computer networks
about thirty-five miles apart connected by a fiber optics data transmis-
sion link as shown in Fig, 2. The ANL-W portion consists of a computer
based Data Acquisition System (DAS) and advanced graphic displays. The
DAS samples as many as 920 plant sensors at one-second intervals and
transmits the data through the server to the EG&G computer system via
the fiber optic cable. The EG&G network consists of a CRAY X-MP/24 com-
puter that runs the plant simulation and a SUN computer that runs the
expert system and also contains the system blackboards. * Intertask
communication 1s achieved through a combination of shared memory seg-
ments and blackboards using the TCP/IP network protocol.

Blackboards are used to provide synchronization between the various
tasks and as a database for the real-time sensor data, simulation data
and archived sensor data. There are two blackboards in use:

A. The data acquisition blackboard which services the data
acquired by the Data Acquisition System (DAS) and the DAS data
archive (i.e., historical EBR-II transient data).

B. The simulation blackboard which services the generated values
from the DSNP simulation.

The blackboards operate by establishing a connection vith an appro-
priate service for the data. The data comes from three sources: the
Data Acquisition System (DAS) on the EBR-II reactor system, the DSNP
simulation, and the DAS archive. For simplicity, the same data format
is used for all three sources. The data format is a time-stamp followed
by up to 1,022 channels of analog and digital sensor data. The sensor
data are represented as floating point numbers. Presently the system
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operates with a one-second frame time. Fig. 1 illustrates the inter-
relationships within this software system.

II. Description of OSNP and the EBR-II Model

The QSNP code is a modular, multipurpose, systems simulation lan-
guage for thermal-hydraulic modeling. Component descriptions (system
equations) are contained in various modules and the modules are con-
tained in libraries of varying complexity.

DSNP thermal-hydraulic modeling of EBR-II was performed by con-
structing a separate hydraulic model and a thermal model complete with
neutronics, fission heat, decay heat, etc., which were then combined
into one complete simulation of the reactor and balance of plant (refer
to Fig. 3 for an EBR-II plant schematic).

EBR-II is a 62.5 MWt power and electricity producing reactor with
the following heat transport systems: primary sodium, intermediate
sodium, steam, and electrical generation systems. Because of the
arrangement of the intermediate and steam system, and the resulting
control strategy, many transients can be simulated by only modeling the
primary system and Intermediate Heat Exchanger (IHX).

The DSNP language and pertinent component modules were altered to
permit execution of a realistic EBR-II simulation model in faster-than-
real-time speed. The two primary considerations were that the repeti-
tive loops should be optimized by the CRAY compiler to the greatest
extent possible, and that the program make as few CALLs to subprograms
as possible. Structuring the repetitive loops in the code allows opti-
mum usage of the vector processing capability of the CRAY hardware, and
eliminating excessive subroutine CALLs increased execution efficiency.
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The first step in the process was to assure that the DO-Loops in
the program modules were in such form that the compiler (CRAY CFT77)
could optimize the process. This meant that, for example, the innermost
loop of a nested DO-Loop should use the index exercised the greatest
number of times.

Another, more productive, time saving effort was that of changing
each of the CALL statements of the material property subprograms to "in-
line" coding. This was done using Macro language in DSNP which effect-
ively converted each CALL statement to an intrinsic CALL.

Transient calculations were done with plant models of varying
complexity to evaluate the computational speed of the simulation. The
results are shown 1n Table I. Better than real-time computations were
achieved for all cases. The DSNP plant simulator will be used to
develop a prognostic capability at the EBR-II plant.

III. Expert System

The expert system provides two basic functions. The first is
verification of plant data and sensor validation and the second is the
task of simulator tracking by comparing simulator output with actual
plant data.

Since EBR-II is an older plant with some redundant sensor failures,
the task of data verification assumes more than just exercising a voting
algorithm between several instruments monitoring the same plant para-
meter. The expert system also cross-correlates readings from other
sensors in the same time step to detect instrument failures. For
example, the ratio of reactor power to primary system flow is used to
verify the temperature rise across the core.
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Simulator tracking is done by comparing the results of the calcula-
tions to the verified plant data. The simulator readings are assumed to
be perfect "instruments," Thus, any significant deviation indicates an
inconsistency in control assumptions, Since the plant instruments are
not perfect* slight, short-term deviations must be accepted.

The expert system is written as a series of short if-then proce-
dures called "rules." A generic "inference engine" determines which of
these rules is currently satisfied and executes them in a data-driven
mode. The inference engine for this project is based loosely on the
HAL-1987 engine concept.4 It is written in Portable Standard L1sp to
run on the CRAY X-MP. A code walker supports conversion to Common 11sp
for execution on other hardware.

IV. Displays and Data Links

The major data displays used in this project include a whole-plant
iconic displaying digital data from plant sensors and/or from the DSNP
simulation. The display tracks the flow of energy through the plant and
provides a visual indication of the state of all major systems. Addi-
tional displays can be called as needed to indicate the state of sub-
systems and other plant conditions.

EBR-II plant data are streamed from the EBR-II Data Acquisition
System (DAS) (refer to F1g. 2) to the EBR-II VAX computer (ebrvaxa) or
SUN workstation via the EBR-II ethernet Local Area Network (LAN). From
the ebrvaxa, data are transmitted to a SUN workstation via an ethernet-
to-ethernet bridge which connects the EBR-II ethernet LAN to the EG&G
ethernet LAN. The SUN workstation serves as a "front-end" communication

The expert system for this project was developed by B. Dixon and H.
Makowitz of EG&G Idaho, Inc., at the Idaho National Engineering Laboratory.
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processor for the CRAY computer and functions as data server for appli-
cations running on the CRAY, the SUN workstation itself, and its network
of slave workstations.

The bridge between the two ethernet LANs originally employed a pair
of bridges working into a pair of 14,4 k baud synchronous modems, The
telephone line between the two modems was a dedicated leased line. This
was upgraded to a Tl fiber-optic link working at 1.544 Mb/s in January
1989. All software employed to accomplish the described data transfer
1s based on the Department of Defense TCP/IP protocol for packet-
switched data transfer.

V. Demonstration Experiment

An EBR-II reactor startup conducted in August of 1988 was utilized
for a demonstration of the transient analysis system. The system was
tested on three 10 MW ramps of 1000-s duration each, from 20 MM thermal
to 50 MW thermal reactor power. An Automatic Control Rod Drive System
(ACRDS) that moved a single control rod and Inserted reactivity based on
a desired power-demand curve was used. A fourth ramp from 50 MWt to
62.5 MWt was manually controlled. The ramp history is shown in Fig. 4.

For the initial demonstration project, the expert system is limited
to being a static comparator. The main temperature, flow, and power
level readings for the primary, secondary, and steam systems are veri-
fied. Simulation tracking is assessed, but no tracking error correction
is attempted. The analysis 1s based on the current data only.

For the first three ramps, the ACRDS driving function was utilized
as a Ap (reactivity) versus power demand boundary condition for the OSNP
simulation (i.e., the behavior of the digital ACRDS controller was
simulated and the system was synchronized automatically by the first
ACRDS digital signal from the EBR-II instrumentation for an Initial rod
movement of 0.02 inches). For the manually controlled ramp, on-line DAS
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rod position data was utilized, and translated via a reactivity worth
curve into a DSNP Ap insertion resulting in a power boundary condi-
tion. Good DAS versus DSNP agreement and accurate system tracking was
achieved for all four ramps, in real-time, with the best quantitative
agreement occurring for the ACRDS ramps.

The model used for the demonstration experiment corresponds to
Primary System model of Table 1. It is detailed EBR-II primary system
model consisting of 566 differential equations. The model has been
assessed against EBR-II data for several transients (refer to Refs. 5
and 6). For the three IQOO-s ACRDS ramps of 0.01 MWt/s, 3.5 X faster-
than-real-time simulations were achieved with accuracy well within the
experimental error of the plant instruments.

In the long term, the expert system will drive the simulator. It
will note off-normal trends in plant data and spawn multiple, faster-
than-real-time simulations to possibly explain them. In this mode, the
simulations will serve to establish the cause of the trend and determine
consequences of possible mitigating actions. The expert system will
have to balance simulation detail and speed to Initiate the most
appropriate models.
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FAILED FUEL SURVEILLANCE AND DIAGNOSTIC SYSTEM

I. Motivation for Expert System Development

Extensive breached-fuel testing in EBR-II using a prototype delayed
neutron (ON) characterization system has led to the discovery that the
"age" associated with a fuel breach is not constant with time. The age
is defined as the sum of the transit time (Ttr) of the delayed neutron
emitters from the core to the detector and the isotopic holdup time (Th)
of the DN emitters in the fuel. These parameters, along with the
detector count rates, are incorporated into a formula that enables one
to compute an "Equivalent Recoil Area" (ERA), which is a measure of the
amount of exposed fuel at the breach site. It has been learned from
several in-core experiments that the age of the signal can change spon-
taneously and frequently, even when all other reactor variables are at
steady state. The complex physical mechanisms acting inside a breach to
effect changes in Th are still not fully understood. But the ramifica-
tions of a changing isotopic age make the analysis and interpretation of
ON signals extremely complicated, and make 1t virtually Impossible for a
human reactor operator to interpret and assess the safety significance
of a changing DN signal.

The reason for the high level of complexity is that the age of the
signal, which affects the signal magnitude exponentially, 1s only one of
nine system variables that can cause a DN signal to change. If a signal
is increasing, for example, Table 2 lists nine possible physical varia-
tions that could have caused the signal to increase. Of course, any two
or more of those physical variations could be occurring simultaneously.
A similar matrix of physical causes can effect a decreasing DN signal.

It would therefore not be possible for a human operator to combine
readings from the delayed neutron monitoring system (Fig. 5) with read-
ings from flow, power, temperature, and various electrical sensors, and
then mentally step through the complex conditional branching hierarchy
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needed to arrive at an unambiguous interpretation of a change in a DN
reading. For this reason, an expert system has been developed to
monitor signals from all of the required physical sensors. The appara-
tus implements a recently devised AI module (described below) to
process, interpret, and display final diagnostic information to the
reactor operator in a prioritized format that is readily perceived and
comprehended.

II. Architecture of the Expert System and Interface with Physical
Plant Sensors

Figure 6 illustrates the architecture of the Failed Fuel Surveil-
lance and Diagnosis (FFSD) expert system and its interfaces to the
reactor Data Acquisition System (DAS) and control room instrumentation.
The **eactor parameters used as inputs to the expert system include two
independent readings of the primary coolant flowrate and two independent
readings of the reactor power level. The DN age and ERA value are
computed from data-driven empirical models.

The expert system implements an operability logic algorithm illus-
trated in Fig. 7. Every effort has been made to design the algorithm
from the reactor operator's perspective, so that he or she is presented
only that information needed to make proper decisions about technical
specification conformance during operation with failed fuel. Output
from the system is integrated with a color-graphics display in the con-
trol room and is multiplexed back into the DAS for archive backup
storage.

During operation with a breached element that gives a DN signal,
the total age (i.e., sum of T t r and Th) that is output from the ERA
meter will be continuously monitored. If that age is increasing, a
check will first be made to determine if Th is Increasing. If so, the
ERA value will be compared against a shutdown limit. If the computed
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ERA value exceeds the limit, an audible alarm will be sounded and the

operator will initiate a manual shutdown.

If T h is not increasing, then the sodium transport time is increas-
ing. In this event, a check is first made with the two independent
primary-flow signals. If it is determined that the flow through the
core is not being changed, an alarm status is set and a check is made
for a malfunction affecting flow control within the DNMS loop itself.
Signals employed for this comparison are the reactor flow indicators,
the DNMS flow meter, and the loop thermocouples. If it is determined
that the indicated change in T t r is attributable to a malfunction 1n the
DNMS loop, then an attempt can be made to correct the problem during the
time period provided for in the Technical Specifications or the operator
can initiate a manual shutdown.

Finally, in the unlikely event that l^r would be Increasing while
all primary and FERD-loop signals indicate nominal readings, this would
be an indication of a possible formation of an assembly flow blockage.
The reactor would be scrammed.

In summary, diagnostic information made available from a DN^S is
processed, compared against derived information from independent physi-
cal sensors, and presented to the reactor operator with the aid of the
newly devised Al-based failed fuel surveillance and diagnosis system
presented here. This apparatus, which will be multiplexed to output
devices 1n the reactor control room, will provide the operator with
rapid identification (as much as ten minutes in advance of signals from
the cover gas monitoring system) of conditions that could lead to plant
operational degradation, enabling him or her to terminate or avoid
events which might challenge safety or radiological performance
guidelines.
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EXPERT SYSTEM FOR ON-LINE SURVEILLANCE OF REACTOR COOLANT PUMPS

I. Background

In March 1987, EBR-II experienced a pump-degradation event in one
of the two primary coolant pumps that pump liquid sodium through the
reactor core. The event was caused by mechanical binding of the rotat-
ing shaft, which reduced the flowrate of coolant through the core and
resulted in an automatic scram of the reactor. Mechanical torquing of
the pump shaft during the shutdown was sufficient co clear the sodium-
oxide debris that caused the binding, and the reactor was returned to
operation.

Although no major equipment damage was experienced during the 1987
shaft-binding event, an investigation was launched to explore ways of
monitoring pump performance. Our investigation was motivated by the
concern that a recurrence of the binding incident could cause damage to
the pump shaft or drive motor and lead to an extended plant shutdown.
Development of a surveillance system capable of early annunciation of
the onset or incipience of a pump-degradation event could enable the
reactor operator to manually trip the reactor before the binding
incident is sufficiently underway to cause major equipment damage.

This work has culminated in the development of an expert system
that uses AI techniques for continuous surveillance and diagnosis of
primary pump performance and operability. The expert system contin-
uously monitors digitized signals from a variety of physical variables
(e.g., speed, vibration level, power, discharge pressure) associated
with primary pump performance for surveillance and diagnosis of off-
normal operation. The expert system employs a sensitive pattern-
recognition technique, the Sequential Probability Ratio Test (SPRT), for
early annunciation of component operability degradation. Use of the
SPRT method is an extension of earlier work the authors and others have
done developing SPRTs for sensor-operability verification. Basically,
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the SPRT can monitor output from two identical sensors and identify
subtle changes in the statistical quality of the noise associated with
either signal. In applications involving two or more reactor coolant
pumps equipped with identical sensors, a SPRT applied to pairs of
sensors monitoring the same physical process on the respective pumps
will provide a sensitive annunciation of any physical disturbance
affecting one of the pumps. Note that if each pump had only one sensor,
it would not be possible for the SPRT technique to distinguish between a
pump degradation event and degradation of the sensor itself. However,
when each pump 1s equipped with multiple, redundant sensors (as is the
case at EBR-II), SPRTs can be applied to pairs of sensors on each
individual pump for sensor-operability verification.

II. Mathematical Formalism

Our objective is to analyze successive observations of a discrete
process Yt which represents a comparison of the stochastic components of
two physical processes monitored by similar sensors. Let y k represent a
sample from the process Y at time tk. During normal operation with an
undegraded physical system and with sensors that are functioning within
specifications, the Yk should be normally distributed with mean 0. Note
that if the two signals being compared do not have the same nominal
means (due, for example, to differences in calibration) then the input
signals will be pre-normalized to the same nominal mean values during
initial operation.

Our specific goal is to declare system 1 or system 2 degraded if
the drift in Y is sufficiently large that the sequence of observations
appears to be distributed about mean +M or -M, where M is our pre-
assigned system disturbance magnitude. The SPRT provides a quantitative
framework that enables us to decide between two hypotheses, namely:
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Hj_: Y is drawn from a Gaussian PDF with mean M and variance a

Hg: Y is drawn from a Gaussian PDF with mean 0 and variance o2

We will suppose that 1f H^ or H2 is true, we wish to decide for
or H 2 with probability (1-B) or (l-o) respectively, where a and s
represent the error (misidentification) probabilities.

From the theory of Wald 8, our most powerful test depends on the
likelihood ratio ln, where

Prob of observed sequence y,, y,, ...y given H. true
1 = , :—* JJJ,.̂ Jli . :
n Prob of observed sequence y 1 § y 2, ,,,y » given H2 true

After n observations have been made, the sequential probability
ratio is just the product of the probability ratios for each step:

ln - (
PRl) * (PR2> "•••(PRn) (2)

'-TTTT (3)

where f(y|H) is the distribution of the random variable y.

Wald's theory operates as follows: Continue sampling as long as

A < ln < B (4)

Stop sampling and decide H^ as soon as ln > B, and stop sampling
and decide H 2 as soon as ln < A. The acceptance thresholds are related
to the error (misidentification) probabilities by the following
expressions:
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a is the probability of accepting Hj when H2 is true (false alarm
probability),

a is the probability of accepting H2 when ^ is true (missed alarm
probability).

If we can assume that the random variable yk is normally distri-
buted, then the likelihood that h^ is true (i.e,, mean M, variance o2)
is given by:

exp - -1, I yJ .1 I * M •£•,' (6)

Similarly for H2 (mean 0, variance a 2):

j e x p L j y'n Tj/nrexp - - L j y' (7)

The ratio of (6) and (7) gives the likelihood ratio ln

ln = exp ± ^ M(M-2yk) (8)

Combining (4). (5), and (8), and taking natural logs gives

In y ^ < - L I M(M-2yk) < ln ̂ - (9)
2a k=l

Define:

SPRT - ̂  I M(M-2y.) (10)
2o k=i K

then the sequential sampling and decision strategy can be concisely
represented as:

If SPRT < ln i ^ Accept H2
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If In T ^ - < SPRT < In — Continue Sampling
J,-a a

And if SPRT > •]„ Izi Accept H^

Following Wald's sequential analysis®, it has been shown that a
decision test based on the SPRT has an optimal property; that is, for
given probabilities a and a there is no other procedure with at least as
low error probabilities or expected risk and with shorter length average
sampling time than the SPRT. It is because of this property of the SPRT
and because of its inherent simplicity that the SPRT was chosen as the
disturbance-annunciation tool for this project.

IV. Functional Description of Pump Diagnosis System

Figure 8 illustrates the architecture of the pump-surveillance
apparatus and its interfaces to the DAS and control room instrumenta-
tion. Each pump is equipped with seven sensors. The first three
sensors monitor rotor shaft speed in rpm. There are two accelerometers
which monitor mechanical vibration. Pump power, in kW, is the power
needed by the motor to turn the rotor. Finally, the discharge pressure,
measured by a pressure transducer, provides a measure of the total flow-
rate of coolant through the pump.

The expert system is synthesized as a collection of if-then type
rules as illustrated in the simplified logic diagram in Fig. 9. Each
SPRT module shown in Fig. 9 processes and compares the stochastic com-
ponents of signals from two sensors that are ostensibly following the
same physical process. If any physical disturbance causes the noise
characteristics for either signal to change, (e.g., a larger variance,
skewness, or signal bias) then the SPRT provides a sensitive and rapid
annunciation of that disturbance while minimizing the probabilities of
both false alarms and missed alarms.
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The processor first interrogates the signals Nl and N2, represent-
ing the mean shaft speed for pumps 1 and 2, respectively. The mean
shaft speed signal is obtained by simply averaging the outputs of the
three RPM sensors on each pump. If a problem is identified in the
comparison of Nl and N2, a sequence of SPRT tests is invoked to validate
the three sensors on pump 1 (signified by Al, Bl, and Cl). If one of
those sensors is identified as degraded, an audible alarm is actuated.
If the three sensors are found to be operating within tolerance, then
the three corresponding sensors on pump 2 are tested. If all six
sensors are confirmed to be operational, then 1t can be concluded that
the failure of the SPRT test for Nl and N2 resulted from a physical
disturbance in one of the pumps. In this case a pump disturbance alarm
1s actuated.

If no problems are Identified with the shaft speed signals, execu-
tion is passed to SPRT modules for the vibration-level variables, the
power-signal variables, and the discharge-pressure variables, in the
sequence Illustrated in Fig. 9. If a problem is Identified in any
module, an audible alarm is sounded in the reactor control room (see
F1g. 8 ) , and the operator can initiate a manual shutdown of the reactor.

In summary, information made available from the expert system pre-
sented here will provide a reactor operator with early identification of
the incipience or onset of conditions that could lead to plant opera-
tional degradation. This apparatus enhances plant availability and
economics by minimizing unnecessary reactor trips caused in conventional
systems by occasional spurious data values that might exceed a simple
high/low limit check.
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TABLE 1. COMPARISON OF RUN-TIME VERSUS WALL CLOCK-TIME FOR
THREE DSNP EBR-II MODELS EXECUTING ON THE CRAY X-MP

EBR-II
Lumped
Parameter

EBR-II
Primary
System

EBR-II
Primary
System

EBR-II
Primary
System

Whole
Plant
Model

Run-time/
Clock-time

0.067

System Step
Perturbation React.

0.15 0,47 0.29 0.75

Steady Step Reactor Flow
State React. Startup Change

Lumped Parameter Model: 33 differential equations.
EBR-II Primary System Model: 566 differential equations.
Whole Plant Model: EBR-II primary system model plus
balance of plant (no turbine).

TABLE 2. POSSIBLE INTERPRETATIONS OF AN INCREASING DN SIGNAL

Depends on combination of age
and DN concentration in coolant

1. Increasing local fission rate
2. Increasing breach area
3. Increasing flow past source
4. Decreasing flow past source
5. Decreasing Th

6. New defect starting elsewhere (different pin or
new location in same pin)

7. Changing fuel-sodium reaction kinetics at defect site
8. Sweepout of DN precursors with plenum degassing
9. Drifting detector characteristics (malfunction)
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Schematic of the EBfMI Transient Analysis System
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EBR-II Plant Schematic
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Figure 5. EBR-II Delayed Neutron Detection System



Figure 6. Elements of the Failed Fuel Surveillance and Diagnosis System
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Figure 7. Logic Diagram for the Failed Fuel Detection System Expert System
Module
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Figure 8, Simplified Logic Diagram for the Pump Surveillance AI Model
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Figure 9. Logic Diagram for the Pump Diagnosis System Expert System Module


