
● […]  all  models  are 
approximations

● Essentially,  all  models  
are  wrong,  but  some  
are  useful  

● […] the  approximate nature  
of the  model  must  always  
be  borne  in  mind  
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Our  method  for  optimizing  linear  consecutive  systems:
● avoids  computing  the  reliability  polynomial
● relies  on  a  (very)  simple  Binet-like  formula
● 𝑹𝒆𝒍 > 𝟗𝟎% with  𝒑 = 𝟏/𝟐 (!)  for  all  𝒏 > 𝟒
● is  being  extended  to  2D  (axons) 
● technology  evaluations  are  underway   

𝑹𝒆𝒍 𝑳𝒊𝒏/𝑪𝒐𝒏/𝒌/𝒏;𝟎.𝟓 = 𝑭𝒏+𝟐
𝒌

𝟐𝒏
Philippou 1985

𝐹𝑛
𝑘 = 𝐹𝑛−1

𝑘 + 𝐹𝑛−2
𝑘 + ⋯+ 𝐹𝑛−𝑘

𝑘 d’Ocagne 1884

𝑥𝑘 − 𝑥𝑘−1 − 𝑥𝑘−2 − ⋯− 𝑥2 − 𝑥 − 1 = 0

𝛼𝑘 = 2 1 − ∑ 1
𝑖

(𝑘 + 1)𝑖 − 2
𝑖 − 1

1
2(𝑘+1)𝑖𝑖≥1 Wolfram 1998

2 − 1
2𝑘−1

 <  2 − 1

2𝑘−𝑘2−
𝑘2

2𝑘

 <  𝛼𝑘  <  2 − 1

2𝑘−𝑘2
 <  2 − 1

2𝑘

𝐹𝑛
𝑘 = rnd 𝛼𝑘−1

2+ 𝑘+1 𝛼𝑘−2
𝛼𝑘𝑛−1 Du 2008 

Dresden 2009

𝒍𝒊𝒎
𝒏→∞

𝑭𝒏+𝟐
𝐥𝐨𝐠𝟐 𝒏+𝜹

𝟐𝒏
= 𝒆−𝟏 𝟐𝟏+𝜹⁄ which gives𝒌𝒎𝒊𝒏 = 𝐥𝐨𝐠𝟐 𝒏 + 𝟐|𝟑
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𝒌 = 𝟔 = 𝐥𝐨𝐠𝟐 𝟏𝟔 + 𝟐
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Abraham  de  Moivre (1738) – rephrased  by  James  V.  Uspensky (1937)

If  𝜷𝒎,𝒌 = ∑ −𝟏 𝒋𝑪𝒎−𝒋𝒌
𝒋 𝒑𝒒𝒌 𝒋𝒎/(𝒌+𝟏)

𝒋=𝟎 (with  𝑝 = 1 − 𝑞) 

𝑃𝑛,𝑘 = 1 − 𝛽𝑛,𝑘 + 𝑞𝑘  𝛽𝑛−𝑘,𝑘 (probability of a run of length 𝑘 in 𝑛 trials)
𝑹𝒆𝒍 𝒌,𝒏;𝒒 = 𝜷𝒏,𝒌 − 𝒒𝒌 𝜷𝒏−𝒌,𝒌

James  C. Fu (1986)  using  the  Markov  chain  method 

𝑴 =

𝒑 𝒒 𝟎
𝒑 𝟎 𝒒
⋮ ⋮ ⋮

…
…
⋱

𝟎 𝟎
𝟎 𝟎
⋮ ⋮

𝒑 𝟎 𝟎 ⋯ 𝟎 𝒒
𝟎 𝟎 𝟎 ⋯ 𝟎 𝟏 𝒌+𝟏 ×(𝒌+𝟏)

𝑹𝒆𝒍 𝒌,𝒏;𝒒 = 𝟏, … ,𝟏,𝟎 × 𝑴𝒏 × 𝟏, … ,𝟏,𝟎 𝒕

James V. Uspensky, Introduction to Mathematical Probability, McGraw-Hill: New York, NY, USA, 1937
James C. Fu, “Reliability of consecutive-𝑘-out-of-𝑛:𝐹 systems with (𝑘 − 1)-step Markov dependence,” IEEE Trans Rel., R-35(5):602–606, Dec. 1986
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Neurons  are  prime  examples  of  
efficiency,  achieving  outstanding  
communication  reliabilities,  although  
relying  on  random  ion channels.  

Aiming  to  bridge  from  biology  to  
circuits,  we  will show  here  how:  
● statistical  results  about consecutive  

systems …  
● combined  with a  Binet-like formula  
● Fibonacci  numbers  of  higher  orders 
lead  to  trivial reliability  calculations  for  
neuron-inspired  optimal  design  schemes  for  
reliable  communication. 

Structure
● Introduction
● Consecutive systems
● Optimal design
● Conclusions
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𝒌 = 𝟏

𝒌 = 𝟏𝟔
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