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Fig.1. The Papez Circuit and its component. 

 
MacLean modified the Papez circuit and proposed the 

limbic system theory to describe the regions of the brain that 

are responsible for emotional processing. The limbic system 

includes the hippocampus, amygdala, thalamus and sensory 

cortex [27]. Later, neuroscientists rejected the limbic system 

theory and stated that different parts of the brain are 

responsible for different emotional behavior [28]. Fear is a 

common emotional behavior that exists as well for humans as 

animals. Fear conditioning has been defined as a ëbehavioral 

paradigmí which means learning fearful stimuli to predict 

aversive events [28].  

 

 
Fig. 2. A schematic of the brainís parts and their interconnections in fear 

conditioning. 
 

Figure 2 displays how the amygdala and other parts of the 

brain, thalamus, sensory cortex and orbitofrontal cortex 

connected to process a fearful stimulus in the mammalian 

brain. As the diagram indicates, the amygdala is the central 

part to process the emotional stimulus. The neural structures 

of emotional behavior have been the foundation of the 

computational model of emotional learning.  

Computational models of emotion [23],[25],[26] are 

computer-based models that have been developed to simulate 

different aspects of the emotional system. A good example of 

computational models is a model that is referred to as 

amygdala-orbitofrontal system and has been proposed to 

simulate emotional learning in the amygdala [26].  

 

 
Fig.3. The Amygdala-orbitofrontal system [26]. 

 

Figure 3 depicts the internal structure of the 

amygdala-orbitofrontal system and describes that 

orbitofrontal cortex and amygdala consists of several nodes; 

the output of each node of the amygdala is represented as 
iA  

while the output of each node of the orbitofrontal cortex is 

represented as
iO . The overall output of the model is 

represented as E and it is formulated as equation (1) [26]. 

i i

i i

A O; +Ú ÚE                                                               (1) 

Here 
iA and 

iO are the output of the i
th node of the 

amygdala and the orbitofrontal cortex, respectively. The 

updating rules of the model are based on the reinforcement 

signal REW . The updating rules are formalized as equations 

(2) and (3) and are utilized to adjust the weights V and W  that 

are associated with the nodes of the amygdala and the 

orbitofrontal part, respectively [26]. Here 
i

s is the input 

stimulus for the i
th node of the amygdala and the orbitofrontal 

cortex [26].  

i i i

i

V (S max(0, A ))B ; _ ¯ + ÚREW                                      (2) 

i i i

i

W (S ( O ))B ; ` ¯ +Ú REW                                               (3) 

The amygdala-orbitofrontal model [26] has a simple 

structure and has been used as a foundation for numerous l 

emotion-based models [15]-[25],[29]-[33].  As was discussed 

earlier, the emotion-based models in [15]-[16] were proposed 

as chaotic time series prediction models. The foundation of 

these models is amygdala-orbitofrontal system; however they 

were developed by changing the updating rules of 

amygdala-orbitofrontal system. These models have not 

shown good results to accurately predict chaotic time series 

[15]-[16]. In [17], another modification of 

amygdala-orbitofrontal system was proposed by changing the 

input vector of the thalamus and the amygdala part; in 

addition, the updating rules of amygdala and orbitofrontal 

cortex were modified. The model that is named ëADBELí[17] 
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