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What is Genetics? 
●  Gene?cs	  is	  the	  study	  of	  Genes	  and	  Heredity.	  
●  Genes	  are	  made	  up	  of	  sequences	  of	  DNA	  
●  How	  offspring	  share	  traits	  with	  their	  parents	  
●  Each	  person	  has	  a	  unique	  set	  of	  genes	  -‐	  this	  determines	  the	  features	  and	  

characteris?cs	  present	  in	  each	  individual	  	  
●  Even	  though	  our	  DNA	  is	  largely	  the	  same,	  the	  existence	  of	  slight	  variances	  from	  

person	  to	  person	  makes	  us	  all	  different.	  
●  Parents	  will	  pass	  on	  certain	  genes,	  muta?ons	  can	  cause	  some	  genes	  to	  change	  
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What are Genetic Algorithms? 
Gene?c	  Algorithms	  is	  the	  process	  of	  improving	  AI	  by	  having	  them	  replicate	  evolu?on.	  	  The	  points	  are	  
placed	  into	  nodes	  that	  represent	  an	  itera?on	  of	  the	  AI	  and	  then	  are	  randomly	  selected	  and	  paired	  
together	  to	  have	  child	  nodes	  who	  host	  an	  assortment	  of	  rules	  from	  both	  nodes.	  	  These	  nodes	  are	  
then	  randomly	  selected	  again	  and	  paired	  un?l	  eventually	  an	  op?mal	  solu?on	  is	  found.	  
	  
The	  rules	  it	  follows	  are:	  Selec%on	  Rule,	  which	  chooses	  nodes	  to	  carry	  over	  to	  a	  next	  genera?on;	  
Crossover	  Rules,	  combining	  two	  nodes	  to	  create	  an	  improved	  node;	  Muta%on	  Rule,	  which	  randomly	  
alters	  the	  code	  passed	  down	  to	  the	  next	  genera?on.	  
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History of Genetic Algorithms 

https://www.whitman.edu/Documents/Academics/Mathematics/2014/carrjk.pdf	  page	  17	  
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The	  start	  of	  gene?c	  algorithms	  began	  in	  1953	  by	  Nils	  Barricelli	  and	  the	  goal	  was	  ini?ally	  to	  
create	  ar?ficial	  life.	  Barricelli	  created	  the	  first	  gene?c	  algorithm	  which	  was	  later	  picked	  up	  in	  
1957	  by	  biologist	  Alexander	  Fraser	  to	  study	  the	  path	  of	  evolu?on.	  
	  
While	  it	  was	  intended	  to	  study	  evolu?on	  and	  gene?cs,	  computer	  scien?sts	  found	  that	  
gene?c	  algorithms	  were	  methods	  to	  solve	  complex	  problems	  and	  op?miza?on.	  
	  
Gene?c	  algorithms	  have	  an	  advantage	  over	  tradi?onal	  methods	  because	  they	  use	  a	  wide	  
range	  of	  candidate	  solu?ons	  to	  op?mize	  a	  problem	  rather	  than	  looking	  for	  a	  single	  solu?on.	  



History (Cont.) 
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In	  1975,	  John	  Holland	  published	  a	  book	  called	  Adap%on	  in	  Natural	  and	  Ar%ficial	  Systems,	  
which	  outlines	  the	  more	  recent	  specifics	  of	  gene?c	  algorithms	  
	  
The	  idea	  of	  a	  popula?on	  was	  a	  major	  innova?on	  to	  the	  field	  
	  
In	  lieu	  of	  evolu?onary	  computa?ons,	  these	  gene?c	  algorithms	  uses	  gene?c	  operators	  to	  
determine	  the	  changes	  that	  a	  new	  popula?on	  will	  have	  
	  
In	  more	  recent	  years,	  the	  boundaries	  between	  this	  original	  defini?on	  of	  gene?c	  
algorithms	  and	  their	  evolu?onary	  siblings	  have	  blurred	  
 



Genetic Algorithms Process 

Gene?c	  Algorithms	  ini?alize	  a	  large	  amount	  of	  nodes,	  known	  as	  popula?on	  of	  genes	  to	  
create	  a	  viable	  set	  that	  will	  be	  broken	  down	  into	  the	  most	  op?mal	  solu?on.	  	  	  
	  
Gene?c	  Algorithms	  apply	  a	  fitness	  algorithm	  to	  judge	  the	  quality	  of	  the	  popula?on.	  The	  
fitness	  algorithm	  is	  unique	  to	  the	  applica?on	  it	  is	  applied	  to.	  	  Earlier	  itera?ons	  of	  the	  
Gene?c	  Algorithm	  have	  an	  extremely	  low	  fitness	  while	  later	  itera?ons	  are	  extremely	  fit.	  
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Genetic Algorithms Process (CONT.) 
Gene?c	  algorithms	  use	  gene?c	  operators	  to	  gear	  the	  algorithm	  towards	  a	  correct	  solu?on.	  

There	  are	  three	  gene?c	  operators	  Selec%on,	  Crossover,	  and	  Muta%on.	  

	  

Selec?on	  operators	  tells	  the	  algorithm	  what	  proper?es	  a	  candidate	  solu?on	  should	  have	  to	  be	  considered	  a	  good	  or	  
be>er	  solu?on.	  Selec?on	  is	  analogous	  to	  the	  fitness	  property	  found	  in	  evolu?on.	  

	  

Crossover	  operators	  tells	  the	  algorithm	  what	  proper?es	  a	  candidate	  solu?on	  should	  adopt	  from	  its	  parent	  solu?on	  in	  
order	  to	  find	  the	  best	  combina?on	  solu?on.	  

	  

Muta?on	  operators	  allows	  candidate	  solu?ons	  to	  create	  gene?c	  diversity	  and	  widen	  the	  pool	  of	  possible	  candidate	  
solu?ons.	  Muta?on	  operators	  are	  an	  integral	  part	  of	  gene?c	  algorithms	  because	  they	  add	  complexity	  to	  the	  pool	  of	  
candidate	  solu?ons,	  making	  it	  possible	  to	  solve	  complex	  problems.	  
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Example Code of an Genetic Algorithm 
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Example Code of an Genetic Algorithm 
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Genetic Algorithms in ACTION 

12 hYps://youtu.be/XcinBPhgT7M?t=22s	  

 



Scheduling 

Remember	  to	  include	  a	  source	  of	  any	  picture,	  of	  slides	  copied	  from	  a	  source	  or	  any	  DIRECT	  cita?on	  on	  the	  boYom	  of	  
each	  of	  your	  slides	  where	  it	  appears.	  REFERENCES	  are	  very	  important.	  You	  must	  be	  clear	  about	  the	  dis?nc?on	  between	  the	  
informa?on	  from	  a	  source	  and	  your	  own	  statements.	  	  

13 

http://www.talkorigins.org/faqs/genalg/genalg.html#examples:routing 

●  A	  very	  prac?cal	  applica?on	  
●  Applies	  to	  many	  different	  situa?ons	  
●  Seems	  like	  a	  rela?vely	  simple	  problem,	  but	  

due	  to	  the	  existence	  of	  both	  hard	  and	  sod	  
constraints	  means	  it	  is	  a	  NP-‐complete	  
problem	  

●  Hard	  constraints	  such	  as	  two	  tests	  can’t	  be	  
in	  the	  same	  room	  at	  the	  same	  ?me	  

●  Sod	  constraints	  such	  as	  fa?gue/	  morale	  of	  
workers	  



The Evolved Antenna 

Remember	  to	  include	  a	  source	  of	  any	  picture,	  of	  slides	  copied	  from	  a	  source	  or	  any	  DIRECT	  cita?on	  on	  the	  boYom	  of	  
each	  of	  your	  slides	  where	  it	  appears.	  REFERENCES	  are	  very	  important.	  You	  must	  be	  clear	  about	  the	  dis?nc?on	  between	  the	  
informa?on	  from	  a	  source	  and	  your	  own	  statements.	  	  
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https://ti.arc.nasa.gov/m/pub-archive/1244h/1244%20(Hornby).pdf 

NASA	  developed	  an	  evolved	  
antenna	  design	  using	  gene?c	  algorithms	  to	  	  
find	  the	  most	  op?mal	  radia?on	  paYerns	  for	  	  
use	  on	  the	  ST5	  spacecrad.	  
	  
Compared	  to	  standard	  antenna	  designs,	  
the	  evolved	  antenna	  designs	  were	  80%	  	  
efficient	  with	  one	  antenna	  and	  93%	  	  
efficiency	  with	  two	  antennas.	  
	  
	  

http://www.jeffreythompson.org/blog/wp-content/uploads/2015/05/GeneticallyGrownAntennas_NASA-web-1024x441.jpg 



OpenAI Dota 2 Bot 
OpenAI	  is	  a	  project	  of	  Elon	  Musk	  to	  see	  whether	  a	  bot	  
would	  be	  able	  to	  beat	  a	  professional	  player	  in	  the	  
game	  Dota	  2.	  	  	  
	  
The	  bot	  was	  not	  told	  any	  basic	  rules	  of	  the	  game,	  and	  
was	  let	  loose	  on	  Dota	  2	  servers	  to	  learn	  basic	  
techniques.	  	  Eventually	  the	  bot	  was	  able	  to	  perform	  
high	  level	  techniques	  consistently.	  	  Eventually	  several	  
pro	  players	  were	  versed	  in	  a	  1v1	  compe??on	  and	  had	  
consistently	  beaten	  every	  player	  it	  was	  up	  against.	  	  
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Genetic Algorithms in StarCraft 

Remember	  to	  include	  a	  source	  of	  any	  picture,	  of	  slides	  copied	  from	  a	  source	  or	  any	  DIRECT	  cita?on	  on	  the	  boYom	  of	  
each	  of	  your	  slides	  where	  it	  appears.	  REFERENCES	  are	  very	  important.	  You	  must	  be	  clear	  about	  the	  dis?nc?on	  between	  the	  
informa?on	  from	  a	  source	  and	  your	  own	  statements.	  	  
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https://www.wired.com/2010/11/genetic-algorithms-starcraft/ 

A	  program	  called	  Evolu?on	  Chamber	  uses	  
gene?c	  algorithms	  to	  find	  the	  perfect	  tac?cs	  for	  
the	  game	  StarCrad.	  
	  
It	  starts	  by	  allowing	  the	  user	  to	  set	  up	  a	  list	  of	  
basic	  ac?ons	  
	  
It	  runs	  a	  gene?c	  algorithm	  with	  these	  ac?ons	  as	  
chromosome.	  The	  algorithm	  run	  many	  cycles	  to	  	  
find	  the	  best	  popula?on	  strategy.  
 

https://www.theverge.com/2017/4/19/15353282/download-starcraft-1-free-brood-war-blizzard 



Limitations 
●  Speed	  is	  highly	  depended	  on	  the	  ini?al	  popula?on	  
●  Takes	  days	  to	  find	  a	  solu?on	  
●  The	  solu?on	  may	  not	  be	  the	  best	  solu?on	  
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QUESTIONS
? 
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