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AN INTRODUCTION TO DESIGN, ARCHITECTURE

AND WORKING OF ARTIFICIAL

NEURAL NETWORKS

ABSTRACT

An  artificial  neural  network  (ANN)  is  an  information-processing paradigm  inspired by  the  way  the  densely  interconnected ,  parallel  structure  of  the  mammalian  brain processes  information . The  key  element  of  the  ANN  paradigm  is  the  novel structure  of  the  information  processing  system . Today  ANNs  are  being  applied  to an  increasing  number  of  real-world  problems  of  considerable  complexity .  This  growing  usage  makes  us  to  have  an  in-depth  knowledge  about  Artificial  Neural  Networks . 

Our  paper  deals  with  the  familiarization  of  ANNs , i.e.  bringing  out  the  similarity  between  brain  neuron  and  artificial  neuron ,  their  designing  procedure ,  their  architecture  including  description  of  their  layer  structure ,  training  the  designed  neural  network .  Our  paper  also  deals  with  learning  procedures  that  are  implemented  during  the  training  process  of  the  ANNs .  The  applications  of  these  ANNs  in  modern  medicine  and  in  industries  are  also stated .  This paper is a high-level discussion of Artificial Neural Network   and fuzzy logic.
Introduction:
An   Artificial Neural  Network   ( ANN )   is   an   information   processing   paradigm   that   is  inspired   by   the   way  biological   nervous   systems ,  such   as   brain ,  process  information .  The   key   element   of   this   paradigm   is   the   novel   structure of   the information   processing   system.  It   is   composed   of   a   large   number of highly interconnected   processing   elements   (neurons)   working   in   unison to   solve   specific problems.

Neural   networks,   with   their   remarkable   ability   to   derive e   meaning   from   complicated   or   imprecise data,   can   be   used   to   extract   patterns   and   detect   trends that   are   too   complex   to   be   noticed   by either   humans   or other   computer   techniques.  A   trained   neural   network   can   be   thought   of   as   an “expert”   in   the   category   of information   it   has   been   given   to   analyze.   The other advantage   of ANNs   is   their adaptive   learning,   self-organization   of   information,   real   time operation,   and   fault tolerance via   redundant   information   coding.

Neural   networks   and   computers:

Neural   networks take   a   different   approach   to   problem   solving   than   that   of conventional   computers.  Conventional   computers   use   an   algorithmic   approach   in order   to   solve   a   problem.   Unless   the specific   steps   that   the   computer   needs   to follow   are   known   the   computer   cannot   solve   the   problem.   But   computers   would be   so   much   more   useful   if   they   could   do   things   that   we   don’t exactly   know   how to   do. Neural   networks   process   information   in   a   similar   way   the   human   brain   does.   The network   is composed   of   a   large   number   of   highly   interconnected   processing elements   (neurons)   working   in parallel   to   solve   a   specific   problem.   Neural   networks   learn   by   example. They   cannot   be   programmed   to   perform   a   specific   task.   The   examples   must   be selected   carefully otherwise   useful   time   is   wasted   of   even   worse   the   network   might   be   functioning   in correctly.

On   the   other   hand  ,   conventional   computers   use   a   cognitive   approach   to   problem  solving  ;   the  way   the   problem   is   to   solved   must   be   known   and   stated   in   small  unambiguous   instructions .  These   instructions   are   then   converted   to   a   high   level  language   problem   and   then   into   machine  code   that   the   computer   can   understand .  These   machine   are   totally   predictable  ;   if   anything   goes  wrong   is   due   to   a   software   or   hardware   fault.Neural   networks   and   conventional   algorithmic   computers   are   not   in   competition   but   complement  each   other .
Human   Neurons:

Much   is   still   unknown   about   how   the   brain   trains   itself   to   process   information  ,   so   theories  abound  .   In   the   human   brain  ,   a   typical   neuron   collects   signals   from  others   through   a   host   of   fine  structures   called   dendrites  .   The   neuron   sends   out  spikes  of  electrical  activity  through  a  long ,  thin stand  known  as  an  axon ,  which   splits  into  thousands  of  branches .  At  the  end  of  each  branch ,  a structure  called  a  synapse  converts  the  activity  from  the  axon  into  electrical  effects  that  inhibit  or  excite activity  from  the  axon  into  electrical  effects  that  inhibit  or  excite  activity  in  the  connected  neurons .  When a  neuron ,   receives   excitatory   input  that  is  sufficiently  large  compared  with  its  inhibitory  input ,  is  sends a  spike  of  electrical  activity  down  its  axon .  Learning  occurs  by  changing  the  effectiveness  of  the synapses  so  that  the  influence  of  one  neuron  on  another  changes .
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Above is a schematic representation of brain neuron along with its basic components.

Artificial   Neural  Networks:
Artificial  Neural  Networks  is  a  system  loosely  modeled  on  the  human  brain .  It   is  an  attempt  to  stimulate  within  specialized  hardware  of  sophisticated   software ,  the  multiple  layers  of  simple  processing elements  called  neurons .  Each  neuron  is  linked  to  certain  of  its  neighbors  with  varying  coefficients  of connectivity  that  represent  the  strengths  of  these  connections .

Neural  networks  are  a  form  of  multiprocessor  computer  system ,  with                                                                                                             

1) Simple  processing  elements. 

2) A  high  degree  of  interconnection. 

3) Simple  scalar  messages 

4) Adaptive  interaction  between  elements 

A  biological  neuron  may  have  as  many  as  10,000  different  inputs ,  and  may  send  its  output  (the presence  or  absence  of  a  short-duration  spike)  to  many  other  neurons .  Neurons  are  wired  up  in  a  3-dimensional  pattern .  Real  brains ,  however ,  are  orders  of  magnitude  more  complex  than  any  artificial  neural  network  so  far  considered .  

Designing   a  neural   network;

The  developer  must  go  through  a  period  of  trail  and  error  in  the  design  decisions  before  coming  up  with a  satisfactory  design .  The  design  issues  in  neural  networks  are  complex  and  are  the  major  concerns  of system  developers .

Designing  a  neural  network  consist  of :

1) Arranging  neurons  in  various  layers .

2) Deciding  the  type  o f connections  among  neurons  for  different  layers .

3) Deciding  the  way  a  neuron  receives  input  and  produces  output t.

4) Determining  the  strength  of  connection  within  the  network .

 The  process  of  designing   a   neural   network   is   an   iterative   process .

Layers: 
Biologically ,  neural  networks  are  constructed  in  a  three  dimensional  way  from  microscopic c omponents. These  neurons  seem  capable  of  nearly  unrestricted  interconnections .  This  is  not  true  in  any  man-made network .  Artificial  neural  networks  are  the  simple  clustering  occurs  by  creating  layers ,  which  are  then connected  to  one  another .  Basically ,  all  artificial  neural  n[image: image1]etworks have  a  similar  structure  of  topology .

Below  diagram  is  schematic  representation  of  the  layers  of  ANN’s .

                                                                 


 (figure 5)  


The above image shows a basic neural network.  The bottom layer represents the input layer, in this case with 5 inputs. In the middle is something called the hidden layer, with a variable number of nodes. It is the hidden layer that performs much of the work of the network. The output layer in this case has two nodes, representing output values we are trying to determine from the inputs.
Architecture  of   neural   networks:

1) Feed-forward   networks:

Feed-forward  ANNs  (figure 1)  allow  signals   to  travel  one  way  only ;   from  input  to  output .  There is no feedback (loops) i.e.  the  output  of  any  layer  does  not  affect   that  same  layer .  Feed-forward  ANNs  tend  to  be  straight  forward   networks  that  associate  inputs  with  outputs .  They are extensively used in pattern recognition.  This  type  of  organization  is  also  referred  to  as  bottom-up  or  top-down .
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2) Feedback networks:

Feedback   networks  can  have  signals  traveling  in  both  directions  by  introducing  loops  in  the  network   Feedback   networks  are  very  powerful  and  can  get  extremely  complicated .  Feedback  networks  are dynamic ;  their  ‘state’  is  changing  continuously  until  they  reach  an  equilibrium  point .  They  remain  at  the equilibrium  point  until  the  input  changes  and  a  new  equilibrium  needs  to  be  found .  Feedback architectures  are  also  referred  to  as  interactive  or  recurrent ,  although  the  latter  term  is  often  used  to  denote  feedback  connections  in  single-layer  organizations .  Figure 3  is  an  example  of  simple  feedback network .

3) Network   layers:

The  commonest  type  of  artificial  network  ( figure 3 )  consists   of   three  groups ,  or  layers ,  of  units ;  a  layer  of   “input”  units  is connected  to  a  layer   of  “hidden”  units ,  which  is  connected  to  a  layer  of  “output”  units.The  activity  of  the  input  units  represents  the  raw  information  that  is  fed  into  the  network.The  activity  of  each  hidden  unit  is  determined  by  the  activities  of   the   input  units  and  the  weights  on   the  connections  between  the  input  and   the  hidden  units .The  behavior  of  the  output  units  depends  on  the  activity  of  the  hidden  units  and  the  weights  between  the  hidden  and  output  units .

This  simple  type  of  network  is  interesting  because  the  hidden  units  are  free  to  construct  their  own  representations  of  the  input .  The  weights  between  the  input  and  hidden  units  determine  when  each  hidden  unit  is  active ,  and  so  by  modifying  these  weights ,  a  hidden  unit  can  choose  what  it  represents . we  also  distinguish  single-layer  and  multi-layer  architectures .  The  single-layer  organization ,  in  which  all  units  are  connected  to  one  another ,  constitutes  the  most  general  case  and  is  of  more  potential  computational  power  than  hierarchically  structured  multi-layer  organizations .  In  multi-layer  networks ,  units  are  often  numbered  by  layer ,  instead  of  following  a  global  numbering .
4)  Perceptrons :

The  most  influential  work  on  neural  nets  in  the  60’s  went  under  the  heading  of  ‘ perceptrons ‘ .  The  perceptron  turns  out  to  be  an  MCP  model  ( neutral with weighted inputs )  with  some  additional ,  fixed ,  pre-processing .  Perceptron  mimic  the  basic  idea  behind  the  mammalian  visual  system .  They  were  mainly  used  in  pattern  recognition  even  though  their  capabilities  extended  a  lot  more .  Mathematically  that  single  layer  perceptions  could  not  do  some  basic  pattern  recognition  operations  like  determining  the  parity  of  a  shape  or  determining  whether  a  shape  is  connected  or  not .  But  in  the  later  times  is  discovered  that  by  giving  appropriate  training ,  multilevel  perceptions  can  do  these  operations .

The  simple  perceptron :

 The  network  adapts  as  follows :  change  the  weight  by  an  amount  proportional  to the  difference  between  the  desired  output  and  the  actual  output. 

As  an  equation :

Δ Wi = η * (D-Y).Ii .  

where  η  is  the  learning  rate ,  D  is  the  desired  output ,  Y  is   the  actual  output. This  is  called  the  basic  perceptron  learning  rule . 

Back-Propagated  Delta  Rule Networks (BP) (sometimes known and multi-layer perceptrons (MLPs)) and  Radial Basis  Function  Networks (RBF)  are  both  well-known  developments  of  the  basic  perceptron  learning  rule . 

Active node:                                                                                                                                                       In  comparision  the  nodes  of  hidden  and  output  layer  are  active . Below  ( figure 4 ) is  a  flow  diagram  of  the  active  nodes  used  in  the  hidden  and  output  layers  of  the  neural  network .  Each  input  is  multiplied  by  a weight  ( the Wn values ) ,  and  then  summed. This  produces  a  single  value  that  is  passed  through  an  “ s “  shaped  non-linear  function  called  a  sigmoid.  
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( figure 4 )

 Below  ( figure 5 )  is  the  sigmoid  function  that  is  produced  at  the  output .
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The  learning  and  training  process:                                                                             An  important  application  of  neural  networks  is  pattern  recognition .  Pattern  recognition  can  be  implemented  by  using  a  feed-forward  neural  network  (figure 1) that  has  been  trained  accordingly .  During  training ,  the  network  is  trained  to  associate  outputs  with  input  patterns . When  the  network  is  used ,  it  identifies  the  input  pattern  and  tries  to  output  the associated  with  it ,  is  given  as  an  input . The  power  of  the  neural  networks  comes  to life  when  a  pattern  that  has  no  output  that  corresponds  to  a  taught  input  pattern  that  is  least  different  from  the  given  pattern .                        The  memorization  of  patterns  and  the  subsequent  response  of  the  network  can  be  categorized  into  two  general paradigms: 

Associative  mapping :                                                                                                              Here  the  network  learns  to  produce  a  particular  pattern  on  the  set  of  inputs  units  whenever  another  particular  pattern  is  applied  on  the  set  of  input  units .  The  associative  mapping  can generally  be  broken  down  into  two  mechanisms :

1) Auto-association:  An input  pattern  is  associated  with  itself  and  the  states  of  input  and  output  units  coincide . This  is  used  to  provide  pattern  completion ,  i.e.  to  produce  a  pattern  whenever  a  portion  of  it  or  a  distorted  pattern  is  presented .  

2) Hetero-association:  This  is  related  to  two  recall  mechanisms : nearest neighbor  recall ,  where  the  output  pattern  produced  corresponds  to  the  input  pattern  stored ,  which  is  closest  to  the  pattern presented  and ,  interpolative  recall ,  where  the  output  pattern  is  a  similarity  dependent  interpolation  of  the  patterns  stored  corresponding  to  the  pattern  presented .
Regularity  detection :  In  which  learn  to  respond  to  particular  properties  of  the  input  patterns .  whereas  in  associative  mapping  the  network  stores  the  relationships  among  patterns ,  in  regularity  detection  the  response  of  each  unit  has  a particular    ‘ meaning ‘ .  This  type  of  learning  mechanism  is  essential  for  feature  discovery  and  knowledge  representation . Every  neural  network  possess  knowledge  which  is  contained  in  the  values  of  the  connections  weights .  Learning  is  the  determination  of  the  weights .  Following  the  way  learning  is  performed ,  we  can  distinguish  two major  categories  of  neural  networks :

· Fixed  networks  in  which  the  weights  cannot  be  changed, i.e. dW/dt=0. In  such  networks ,  the  weights  are  fixed  a  priori  according  to  the  problem  to  solve .

· Adaptive  networks  which  are  able  to  change  their  weights , i.e. dW/dt=0.

Methods  of  learning :                                                                                                      All Learning  methods  used  for  adaptive  neural  networks  can  be  classified  into  two  major  categories :

· Supervised  learning   which  incorporates  an  external  teacher ,  so  that  each  output  unit  is  told  what  its  desired  response  to  input  signals  ought  to  be .  Paradigms  of  supervised  learning  include  error-correction  learning,  reinforcement  learning  and  stochastic  learning .  An  important  issue  concerning  supervised  learning  is  the  problem  of  error  convergence  i.e.  the  minimization  of  error  between  the  desired  and  computed  unit  values 

· Unsupervised  learning  uses  no  external  teacher  and  is  based  upon  only  local  information .  It  is  also  referred  to  as  self-organization ,  in  the  sense  that  it  self-organizes  data   presented  to  the  network  and  detects  their  emergent  collective  properties.

 Learning laws:

 There  are  a  variety  of  learning  laws  which  are  in  common  use .  These  laws  are  mathematical  algorithms  used  to  update  the  connection  weights .  Learning  is  certainly  more  complex  than  the  simplification  represented  by  the  learning  laws  currently  developed .  A  few  of  the  major  laws  are  given  here:
1)Hebb’sRule:                                                                                                                    The  first  and  the  best  known  learning  rule  was  introduced  by  Donald  Hebb .  The  basic  rule  is:  If  a  neuron  receives  an  input  from  another  neuron ,  and  if  both  are  highly  active  ( mathematically  have  the  same  sign ) ,  the  weight  between  the  neurons  should  be  strengthened .
2) Hopfield  Law:








       This  law  is  similar  to  Hebb’s  Rule  with  the  exception  that  it  specifies  the  magnitude  of  the  strengthening  or  weakening .  It  states ,  “ if  the  desired  output  and  the  input  are  both  active ,  or  both  inactive ,  increment  the  connection  weight  by  the  learning  rate ,  otherwise  decrement  the  weight  by  the  learning  rate “.  Most  learning  functions  have  some  provision  for  a  learning  rate ,  or  a learning  constant .  Usually  this  term  is  positive  and  between  zero  and  one .

3) The  Delta  Rule:             







       The  Delta  Rule  is  a  further  variation  of  Hebb’s  Rule ,  and  it is  one  of  the  most  commonly  modifying  the  strengths  of  the  input  connections  to  reduce  the  difference  between  the  desired  output  value  and  the  actual  output  of  neuron .  This  rule  changes  the  connection  weights  in  the  way  that  minimizes  the  mean  squared  error  of  the  network .  The  error  is  back  propagated  into  previous  layers  one  layer  at  a  time .  The  process  of  back-propagating  the  network  errors  continues  until the  first  layer  is  reached .  The  network  type  called  Feed forward , Back-propagation  derives  its  name  from  this  method  of  computing  the  error  team .  This  rule is  also  referred  to  as  the  Windrow-Hoff  Learning  Rule and  the  Least  Mean  Square  Learning  Rule .
4) Kohonen’s  Learning  Law:





                 This  procedure  is  the  important  among  the  all  the four  Laws  in  the  learning  process . This  procedure also  known  as  Kohonen’s  Clustering  algorithm ,  was  developed  by Teuvo  Kohonen ,  was  inspired  by learning  in  biological  systems .  In  this  procedure ,  the  neurons  compete  for  the  opportunity  to  learn ,  or  to  update  their  weights .  The  processing  neuron  with  the  largest  output  is  declared  the  winner  and  has  the  capability  of  inhibiting  its  competitors  as  well  as  exciting  its  neighbors .  

Kohonen’s  clustering  algorithm ,  takes  a  high  dimensional  input ,  and  clusters  it ,  but  retaining  some  topological  ordering  of  the  output .  Below  diagram  ( figure 6 ) shows  the  working  of  kohonen’s  clustering  algorithm .  After  training ,  an  input  will  cause  some  of  the  output  units  in  some  area  to  become  active .  Such  clustering ( and  dimensionality  reduction )  is  very  useful  as  a  preprocessing  stage ,  whether  for  further  neural  network  data  processing ,  or  for  more  traditional  [image: image5.png]/
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techniques .

Applications  of  neural  networks :
Neural  networks  have  broad  applicability  to  real  world  problems .  Now a days  they  are  mainly  used  in  field  of  medicine  and  in  business .

ANN’s  in  medicine:
Artificial  neural  networks  are  currently  a  ‘hot’  research  area  in  medicine. At  the  moment ,  the  research  is  mostly  on  modeling  parts  of  the  human  body  and  recognizing  diseases  from  various  scans .  

ANN’s  in  business:

Almost  any  neural  network  application  would  fit  into  one  business  area  or  financial  analysis . The  Airline  Marketing  Tactician  ( AMT )  is  computer  system  made  of  various  intelligent  technologies  including  expert  systems.  A  feed forward  neural  network  is  integrated  with  the  AMT  and  was  trained  using  back-propagation  to  assist  the  marketing  control  of  airline  seat  allocations .
Conclusion : 

The  computing  world  has  a  lot  to gain  from  neural  networks .  Their  ability  to  learn  by  example  makes  them  very  flexible  and  powerful . Furthermore  there  is  no  need  to  devise  an  algorithm  in  order  to  perform  a  specific  task ;  i.e.  there  is  no  need  to  understand  the  internal  mechanisms  of  that  task .  They  are  very  well  suited  for  real  time  systems  because  of  their  fast  responding  computational  times  which  are   due  to  their   parallel  architecture .

Neural  networks  also  contribute  to  other  areas  of  research  such  as  neurology  and  psychology .  They  are  regularly  used  to  model  parts  of living  organisms  and  to  investigate  the  internal  mechanisms  of  the  brain .Perhaps  the  most  exciting  aspect  of  neural  networks  is  the  possibility  that  some day  ‘ conscious ‘  networks  might  be  produced .  Even  though  neural  networks  have  a   huge  potential  we  will only  get  the  best  of  them  when  they  are  integrated  with  computing , AI , fuzzy  logic  and  related  subjects .   

Acknowledgements: 

The author places on record his gratitude to 

Dr K.M.Prasad, H.O.D, E.C.E, Koneru Lakshmaiah College of Engineering.

Dr M.C.Chandra Mouly,Professor, E.C.E,Koneru Lakshmaiah College Of Engineering.

Mr N.Venkatram,Asst-Professor,E.C.E,Koneru Lakshmaiah College Of Engineering.

for Initiation, Inspiration and Guidance.

REFERENCES:
( Data & Analysis Center for Software, "Artificial Neural Networks Technology", 1992 (http://www.dacs.dtic.mil/techs/neural/neural.title.html, printed November 1998)

( Avelino J. Gonzalez & Douglas D. Dankel, "The Engineering of Knowledge-based Systems", 1993 Prentice-Hall Inc. ISBN 0-13-334293-X.

( Fatemeh Zahedi, "Intelligent Systems for Business: Expert Systems with Neural networks, 1993 Wadsworth Inc. ISBN 0-534-18888-5.






www.Fullinterview.com

[image: image6.png]


