
Optimal  Communicat ion For Sources  And 
Channels  W ith Memor y And Delay-Sensi t ive 
Appl icat ions

Shannon's  theor y of  information was developed to address  the fundamental  problems of  communicat ion, 
such as  the re l iable  data  t ransmiss ion over  a  noisy  channel  and the opt imal  data  compress ion. D ur ing the 
years , i t  has  expanded to f ind wide range of  appl icat ions  in many areas  ranging from cr yptography and 
cyber  secur i t y  to  economics  and genet ics . Recent  technologica l  advances  des ignate  information theor y as 
a  promising and e legant  tool  to  analyze and model  information structures  within l iv ing organisms. The 
key character is t ics  of  data  t ransmiss ion within organisms are  that  they consider  sources  and channels 
with memor y and feedback, they hand le  their  information in a  fasc inat ing Shannon-optimum way, whi le 
the transmiss ion of  the data  i s  delay less . Despite  the extensive  l i terature  on memor y less  sources  and 
channels , the l i terature  regarding sources  and channels  with memor y i s  l imited. Moreover, the opt imal i t y 
of  communicat ion schemes for  these  general  sources  and channels  i s  complete ly  unexplored. Optimal i t y 
i s  of ten addressed v ia  Joint  Source Channel  Coding ( JSCC) and i t  i s  achieved i f  there  exis ts  an encoder-
decoder  scheme such that  the Rate  Distor t ion Funct ion (RDF) of  the source i s  equal  to  the capaci ty  of 
the channel . 
 
This  work is  motivated by neurobiologica l  data  t ransmiss ion and aims to des ign and analyze opt imal 
communicat ion systems consist ing of  channels  and sources  with memor y, within a  delay-sensi t ive 
environment. To this  a im, we ca lculate  the capaci ty  of  the given channel  with memor y and match i t 
to  a  Markovian source v ia  an encoder-decoder  scheme, ut i l iz ing concepts  f rom information theor y 
and stochast ic  control  theor y. The most  s tr ik ing resul t  to  emerge from this  research is  that  opt imal 
and delay less  communicat ion for  sources  and channels  with memor y i s  not  only  feas ible, but  a lso 
i t  i s  achieved with the minimum complexity  and computat ional  cost . Though the current  research 
is  s t imulated by a  neurobiologica l  appl icat ion, the proposed approach and methodolog y as  wel l  as 
the provided results  del iver  severa l  notewor thy contr ibut ions to  a  plethora of  appl icat ions . These, 
among others , inc lude delay  sensi t ive  and rea l  t ime communicat ion systems, control-communicat ion 
appl icat ions  and sensor  networks . I t  addresses  i ssues  such as  causal i t y, power ef f ic iency, complexi ty  and 
secur i t y, extends the current  knowledge of  channels  and source with memor y, whi le  i t  contr ibutes  to  the 
inconc lus ive  debates  of  rea l  t ime communicat ion and uncoded data  t ransmiss ion. 
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