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AbstrAct

The binding neuron (BN) output firing statistics is considered. The neuron is driven externally by the 
Poisson stream of intensity l . The influence of the feedback, which conveys every output impulse to the 
input with time delay ∆ ≥ 0 , on the statistics of BN’s output spikes is considered. The resulting output 
stream is not Poissonian, and we look for its interspike intervals (ISI) distribution for the case of BN, 
BN with instantaneous, ∆ = 0 , and delayed, ∆> 0 , feedback. For the BN with threshold 2 an exact 
mathematical expressions as functions ofl , D  and BN’s internal memory, t  are derived for the ISI 
distribution, output intensity and ISI coefficient of variation. For higher thresholds these quantities are 
found numerically. The distributions found for the case of instantaneous feedback include jumps and 
derivative discontinuities and differ essentially from those obtained for BN without feedback. Statistics 
of a neuron with delayed feedback has remarkable peculiarities as compared to the case of ∆ = 0 . ISI 
distributions, found for delayed feedback, are characterized with jumps, derivative discontinuities and 
include singularity of Dirac’s d -function type. The obtained ISI coefficient of variation is a unimodal 
function of input intensity, with the maximum value considerably bigger than unity. It is concluded that 
delayed feedback presence can radically alter neuronal output firing statistics.
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Output Stream of Binding Neuron with Feedback

“Although a neuron requires energy, its main 
function is to receive signals and to send them out 
– that is, to handle information.” 

 —F. Crick, The Astonishing Hypothesis, 1994.

INtrODUctION

In this chapter, the main goal is to describe in 
mathematically exact form the output activity of 
a neuron, which obtains an irregular stream of 
impulses at its input. As the input stream we take 
the Poisson stream of randomly emitted impulses. 
As the neuronal model we take the binding neuron 
(BN). This model is described in detail in further 
sections. We consider here three cases, namely, 
(i) neuron without feedback, (ii) neuron with 
instantaneous feedback, (iii) neuron with delayed 
feedback. In each case we obtain exact expression 
for probability density function of output inter-
spike interval (ISI) lengths distribution, and some 
other statistical characteristics derivable from the 
ISI distribution. In all three cases the output ISI 
distribution differs substantially from the input 
Poisson stream. In the case (iii) of delayed feed-
back the output ISI distribution has peculiarity of 
Dirac d -function type, which suggests that, due 
to delayed feedback presence, seemingly struc-
tureless input Poisson stream can be transformed 
into a stream with a pronounced temporal structure. 
The expressions obtained are checked numeri-
cally for specific parameter values. Also nu-
merically, we find the ISI distribution for leaky 
integrate and fire neuronal model with delayed 
feedback. The distribution found in this case is 
qualitatively similar to that for BN with delayed 
feddback.

bAcKGrOUND

The role of input spikes timing in functioning 
of either single neuron, or neural net has been 

addressed many times, as it constitutes one of 
the main problem in neural coding. The role of 
timing was observed in processes of perception 
(MacLeod et al., 1988), memory (Hebb, 1949), 
objects binding and/or segmentation (Eckhorn, 
1988; Engel at al, 1991b; Llinás et al, 1994; Leon-
ards et al, 1996). At the same time, where does 
the timing come from initially? In reality, some 
timing can be inherited from the external world 
during primary sensory reception. In auditory 
system, this happens for the evident reason that 
the physical signal, the air pressure time course, 
itself has pronounced temporal structure in the 
millisecond time scale, which is retained to a great 
extent in the inner hair cells output (Cariani, 2001). 
In olfaction, the physical signal is produced by 
means of adsorption-desorption of odor molecules, 
which is driven by Brownian motion. In this case, 
the primary sensory signal can be represented as 
Poisson stream, thus not having any remarkable 
temporal structure. Nevertheless, temporal struc-
ture can appear in the output of a neuron fed by a 
structureless signal. After primary reception, the 
output of corresponding receptor cells is further 
processed in primary sensory pathways, and then 
in higher brain areas. During this processing, sta-
tistics of poststimulus spiking activity undergoes 
substantial transformations, see, e.g. (Eggermont, 
1991). After these transformations, the eventual 
pattern of activity is far away from the initial one. 
This process is closely related to the information 
condensation (König & Krüger, 2006).

We now put a question: What kind of physical 
mechanisms might underlie these transforma-
tions? It seems that, among others, the following 
features are responsible for spiking statistics of a 
neuron in a network: (i) several input spikes are 
necessary for a neuron from a higher brain area 
to fire an output spike (see, e.g. Andersen et al., 
1990; Gerstner & Kistler, 2002); (ii) a neural net 
has numerous interconnections, which bring about 
feedback and reverberating dynamics in the net. 
Due to (i) a neuron must integrate over a time 
interval in order to gather enough input impulses 



 

 

32 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/output-stream-binding-neuron-feedback/46456

Related Content

Using I-D maps to Represent the Adoption of Internet Applications by Local Cricket Clubs
Scott Bingleyand Steven Burgess (2011). Actor-Network Theory and Technology Innovation:

Advancements and New Concepts  (pp. 80-94).

www.irma-international.org/chapter/using-maps-represent-adoption-internet/50119

A Low-Cost Experimental Testbed for Energy-Saving HVAC Control Based on Human Behavior

Monitoring
Zhijing Ye, Fei Hu, Lin Zhang, Zhe Chuand Zheng O'Neill (2020). International Journal of Cyber-Physical

Systems (pp. 33-55).

www.irma-international.org/article/a-low-cost-experimental-testbed-for-energy-saving-hvac-control-based-on-human-

behavior-monitoring/272560

Co-Construction of Learning Objects: Management and Structure
Thomas Hansson (2010). Cybernetics and Systems Theory in Management: Tools, Views, and

Advancements  (pp. 229-252).

www.irma-international.org/chapter/construction-learning-objects/39331

Towards Human-Centered System Design
 (2017). Designing for Human-Machine Symbiosis Using the URANOS Model: Emerging Research and

Opportunities  (pp. 102-134).

www.irma-international.org/chapter/towards-human-centered-system-design/177550

Enhancing Understanding of Cross-Cultural ERP Implementation Impact with a FVM Perspective

Enriched by ANT
Imran Muhammadand Nilmini Wickramasinghe (2013). International Journal of Actor-Network Theory and

Technological Innovation (pp. 14-26).

www.irma-international.org/article/enhancing-understanding-of-cross-cultural-erp-implementation-impact-with-a-fvm-

perspective-enriched-by-ant/105146

http://www.igi-global.com/chapter/output-stream-binding-neuron-feedback/46456
http://www.irma-international.org/chapter/using-maps-represent-adoption-internet/50119
http://www.irma-international.org/article/a-low-cost-experimental-testbed-for-energy-saving-hvac-control-based-on-human-behavior-monitoring/272560
http://www.irma-international.org/article/a-low-cost-experimental-testbed-for-energy-saving-hvac-control-based-on-human-behavior-monitoring/272560
http://www.irma-international.org/chapter/construction-learning-objects/39331
http://www.irma-international.org/chapter/towards-human-centered-system-design/177550
http://www.irma-international.org/article/enhancing-understanding-of-cross-cultural-erp-implementation-impact-with-a-fvm-perspective-enriched-by-ant/105146
http://www.irma-international.org/article/enhancing-understanding-of-cross-cultural-erp-implementation-impact-with-a-fvm-perspective-enriched-by-ant/105146

