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Hybrid Intelligent Systems 
 
§ A hybrid intelligent system is one that combines at least 

two intelligent technologies. 
 
§ For example, combining a neural network with a fuzzy 

system results in a hybrid neuro-fuzzy system 
 
§ The combination of probabilistic reasoning, fuzzy logic, 

neural networks and evolutionary computation forms the 
core of soft computing, an emerging approach to build 
hybrid intelligent systems capable of reasoning and 
learning in an uncertain and imprecise environment. 

 
§ Comparison of Expert Systems, Fuzzy Systems, Neural 

Networks and Genetic Algorithms 
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Hybrid Architectures 
- different models 
 
 

ES   ANN 
 

Full integration 
 
 
 
 

ES      ANN 
 

Tight Coupling 
 
 
 
 

ES      ANN 
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Loose Coupling 
 
 

 
 

   ES                      ANN     ES   ANN 
 

   Stand Alone     Transformational  
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Stand-Alone Models 
 
• Independent, non-interacting components 
• Allows comparison of the two 
 
Transformational Model 
 
• Systems begin as one type (eg, an ANN) and end up as 

another (an ES) 
 
Loosely-Coupled Models 
 
• Application decomposed into separate ANN and ES 

components 
• Output of one passed to the other through data files 
 
Tightly-Coupled Models 
 
• Similar to loosely-coupled systems with communication 

through memory instead of files 
 
Full-Integrated Models 
 
• Components share data structures and knowledge 

representations 
• Rules are selected through pattern matching of problem 

state to rules in rule base 
• Pattern matching best done by an embedded ANN 
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Neural Expert Systems 
 
§ Expert systems rely on logical inferences and decision 

trees and focus on modelling human reasoning. Neural 
networks rely on parallel data processing and focus on 
modelling a human brain. 

 
§ Expert systems treat the brain as a black-box. Neural 

Networks look at its structure and functions, particularly 
at its ability to learn. 

 
§ Knowledge in a rule-based expert system is represented 

by IF-THEN production rules. Knowledge in neural 
networks is stored as synaptic weights between neurons. 

 
§ In expert systems, knowledge can be divided into 

individual rules and the user can see and understand the 
piece of knowledge applied by the system. 

 
§ In neural networks, one cannot select a single synaptic 

weight as a discrete piece of knowledge. Here 
knowledge is embedded in the entire network; it cannot 
be broken into individual pieces, and any changes of a 
synaptic weight may lead to unpredictable results. A 
neural network is, in fact, a black-box for its user. 

 
§ If we combine the advantages of expert systems and 

neural networks, we can create a more powerful and 
effective expert system. 
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§ A hybrid system that combines a neural network and a 
rule-based expert system is called a neural expert system 
(or a connectionist expert system). 

 
§ Basic Structure of a neural expert system 
 

 
 
§ The heart of a neural expert system is the inference 

engine. It controls the information flow in the system 
and initiates inference over the neural knowledge base. 

 
§ A neural inference engine also ensures approximate 

reasoning. 
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Approximate Reasoning 
 
§ In a rule-based expert system, the inference engine 

compares the condition part of each rule with data given 
in the database.  

 
§ When the IF part of the rule matches the data in the 

database, the rule is fired and its THEN part is executed.  
 
§ The precise matching is required (inference engine 

cannot cope with noisy or incomplete data). 
 
§ Neural expert systems use a trained neural network in 

place of the knowledge base. The input data does not 
have to precisely match the data that was used in 
network training. This ability is called approximate 
reasoning. 

 
Rule Extraction 
 
§ Neurons in the network are connected by links, each of 

which has a numerical weight attached to it. 
 
§ The weights in a trained neural network determine the 

strength or importance of the associated neuron inputs. 
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§ The neural knowledge base 
 

 
 
 
§ If we set each input of the input layer to either +1 (true), 

-1 (false), or 0 (unknown), we can give a sematic 
interpretation for the activation of any output neuron. 

 
§ For example, if the object has Wings (+1), Beak (+1) 

and Feathers (+1), but does not have Engine (-1), then 
we can conclude that this object is Bird (+1): 
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§ By attaching a corresponding question to each input 
neuron, we can enable the system to prompt the user for 
initial values of the input variable: 

 
Neuron: Wings 

Question: Does the object have wings? 
Neuron: Tail 

Question: Does the object have a tail? 
Neuron: Beak 

Question: Does the object have beak? 
Neuron: Feathers 

Question: Does the object have feathers? 
Neuron: Engine 

Question: Does the object have engine? 
 
§ An inference can be made if the known net weighted 

input to a neuron is greater than the sum of the absolute 
values of the weights of the unknown inputs. 

 

 
where i∈ known, j ∉ known and n is the number 
of neuron inputs 
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Neuro-fuzzy Systems 
 
§ Fuzzy logic and neural networks are natural 

complementary tools in building intelligent systems. 
 
§ While neural networks are low-level computational 

structures that perform well when dealing with raw data, 
fuzzy logic deals with reasoning on a higher level, using 
linguistic information acquired from domain experts. 

 
§ However, fuzzy systems lack the ability to learn and 

cannot adjust themselves to a new environment. 
 
§ On the other hand, although neural networks can learn, 

they are opaque to the user. 
 
§ Integrated neuro-fuzzy systems can combine the parallel 

computation and learning abilities of neural networks 
with the human like knowledge representation and 
explanation abilities of fuzzy systems. 

 
§ As a result, neural networks become more transparent, 

while fuzzy systems become capable of learning. 
 
§ A neuro-fuzzy system is a neural network which is 

functionally equivalent to a fuzzy inference model. It 
can be trained to develop IF-THEN fuzzy rules and 
determine membership functions for input and output 
variables of the system. 
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§ The structure of a neuro-fuzzy system is similar to a 

multi-layer neural network. In general, a neuro-fuzzy 
system has input and out layers, and three hidden layers 
that represent membership functions and fuzzy rules. 

 

 
 
 
§ Each layer in the neuro-fuzzy system is associated with a 

particular step in the fuzzy inference process. 
 
§ Layer 1 is the input layer. Each neuron in this layer 

transmits external crisp signals directly to the next layer. 
That is, 
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§ Layer 2 is the fuzzification layer. Neurons in this layer 
represent fuzzy sets used in the antecedents of fuzzy 
rules. A fuzzification neuron receives a crisp input and 
determines the degree to which this input belongs to the 
neuron’s fuzzy set. 

 
§ Layer 3 is the fuzzy rule layer. Each neuron in this layer 

corresponds to a single fuzzy rule. A fuzzy rule neuron 
receives inputs from the fuzzification neurons that 
represent fuzzy sets in the rule antecedents. 

 
§ Layer 4 is the output membership layer. Neurons in this 

layer represent fuzzy sets used in the consequent of 
fuzzy rules. 

 
§ Layer 5 is the defuzzification layer. Each neuron in this 

layer represents a single output of the neuro-fuzzy 
system. It takes the output fuzzy sets clipped by the 
respective integrated firing strengths and combines them 
into a single fuzzy set. 
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How does a neuro-fuzzy system learn? 
 
§ A neuro-fuzzy system is essential a multi-layer neural 

network, and thus it can apply standard learning 
algorithms developed for neural networks, including the 
back-propagation algorithm. 

 
§ When a training input-output example is presented to 

the system, the back-propagation algorithm computes 
the system output and compares it with the desired 
output of the training examples. 

 
§ The error is propagated backwards through the network 

from the output layer to the input layer. The neuron 
activation functions are modified as the error is 
propagated. 

 
§ To determine the necessary modifications, the back-

propagation algorithm differentiates the activation 
functions of the neurons. 
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Neuro-fuzzy systems: summary 
 
§ The combination of fuzzy logic and neural networks 

constitutes a powerful means for designing intelligent 
systems. 

 
§ Domain knowledge can be put into a neuro-fuzzy system 

by human experts in the form of linguistic variables and 
fuzzy rules. 

 
§ When a representative set of examples is available, a 

neuro-fuzzy system can automatically transform it into a 
robust set of fuzzy IF-THEN rules, and thereby reduce 
our dependence on expert knowledge when building 
intelligent systems. 


