
CS	  4100/5100	  
Founda/ons	  of	  AI	  

	  
	  represen/ng	  the	  world	  in	  1s	  and	  0s	  



Announcements	  

§  Assignment	  2	  clarifica/ons	  

§  Final	  projects:	  what’s	  next?	  
§  Feedback	  
§  Project	  Proposal	  

§ Midterm	  Exam:	  October	  18th	  



ASP	  CLARIFICATIONS	  



Assignment	  2	  

§  Running	  clingo	  

§  Python	  script	  

§  Interpre/ng	  python	  output	  

§ What	  to	  add	  to	  python	  script	  



FINAL	  PROJECTS	  



Feedback	  on	  Pitches	  

§  Scope	  

§  Suitability	  of	  project	  

§  Sugges/ons	  for	  how	  to	  get	  started	  



Project	  Proposal	  

§  2-‐3	  pages	  

§  Descrip/on	  of	  project,	  based	  on	  scope	  feedback	  

§  Descrip/on	  of	  related	  projects	  (3-‐4)	  and	  how	  
your	  planned	  project	  is	  similar	  

§  Algorithms	  you	  plan	  to	  use,	  example	  output	  

§  Priori/es	  and	  work	  breakdown	  	  



Final	  Project	  Grading	  

§  Pitch	  &	  status	  reports:	   	   	  10%	  
§  Proposal:	   	   	   	   	  20%	  
§  Presenta/on: 	   	   	   	  20%	  
§  Final	  report: 	   	   	   	  20%	  
§  Code/deliverable: 	   	   	  30%	  

§  Anonymous	  peer	  evalua/ons	  



MIDTERM	  EXAM	  



Midterm	  Exam:	  October	  18th	  

§  In	  class,	  October	  18th	  
§  Full	  three	  hours	  

§  Open	  note,	  open	  book	  
§  Internet	  acceptable	  only	  for	  course	  resources	  

§  Material:	  
§  Lectures	  through	  October	  11	  
§  Readings	  (textbook	  and	  addi/onal	  reading)	  
§  Prolog:	  deriva/on	  trees,	  FOL,	  unifica/on	  
§  ASP:	  choice	  rules,	  integrity	  constraints	  



ONTOLOGY	  DESIGN	  



What	  is	  an	  Ontology?	  

§  The	  study	  of	  the	  nature	  of	  being	  

	  
§  Formally	  represen/ng	  real	  world	  concepts	  



General	  vs.	  Domain-‐Specific	  Ontologies	  

§  General	  knowledge	  ontology:	  frameworks	  for	  
understanding…	  
§  Physical	  a\ributes	  
§  Time	  
§  Places	  and	  posi/ons;	  space	  
§  Quali/es,	  quan//es,	  measurements	  
§ Mo/on,	  change,	  causality	  
§  Human	  ac/vi/es,	  mo/va/ons,	  beliefs	  

§  Requires	  millions	  of	  concepts	  and	  associa/ons	  



Domain-‐Specific	  Ontologies	  

§  These	  are	  everywhere!	  
§  Database	  schema	  
§  Designing	  an	  OO	  program	  with	  classes	  
§ Website	  organiza/on	  



What	  is	  an	  Ontology?	  

§  Adventure	  Game	  

§ Maps	  



Why	  Ontologies?	  

§  Organiza/on	  of	  knowledge	  

§  Shared	  informa/on	  
§  Between	  agents	  
§  Between	  domains	  

§  Separate	  knowledge	  from	  opera,on	  

§ What	  was	  the	  ontology	  in	  our	  taxi	  driver	  
example?	  



What	  is	  an	  Ontology?	  



General	  Purpose	  Ontology	  



General	  Purpose	  Ontology	  
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General	  Purpose	  Ontology	  

Movie	  
|	  

Star	  Trek	  VI	  
	  



Major	  Elements	  of	  Ontologies	  

§  Taxonomy:	  “is-‐a”	  hierarchy	  

§  Rela/onships	  
§  part-‐of	  
§  has-‐a	  
§  used-‐for	  
§  prerequisite-‐of	  
§  loca/on-‐of	  
§  …	  



Reasoning	  on	  Ontologies	  

§  is-‐a	  and	  part-‐of	  rela/onship	  is	  transiZve	  
§  if	  X	  is	  a	  Y	  and	  Y	  is	  a	  Z	  then	  X	  is	  a	  Z	  

§  proper/es	  and	  rela/onships	  may	  be	  inherited	  
§  if	  Z	  has	  a	  Y	  and	  X	  is	  a	  Z	  then	  X	  has	  a	  Y	  



Reasoning	  on	  Ontologies	  

§  is-‐a	  and	  part-‐of	  rela/onship	  is	  transiZve	  
§  if	  X	  is	  a	  Y	  and	  Y	  is	  a	  Z	  then	  X	  is	  a	  Z	  

§  proper/es	  and	  rela/onships	  may	  be	  inherited	  
§  if	  Z	  has	  a	  Y	  and	  X	  is	  a	  Z	  then	  X	  has	  a	  Y	  

§  Real	  world	  examples:	  
§  Human	  is-‐a	  primate;	  primate	  is-‐a	  mammal	  
§  Arm	  part-‐of	  primate;	  hand	  part-‐of	  arm	  
§  Crime	  has-‐a	  vic/m;	  murder	  is-‐a	  crime	  



Taxonomies:	  Animal	  Kingdom	  



Taxonomies:	  University	  Degrees	  	  



Taxonomies:	  Library	  of	  Congress	  



Taxonomies:	  Library	  of	  Congress	  



Taxonomies:	  Library	  of	  Congress	  



Ontology	  Design	  Methodology	  

1.  Determine	  domain	  and	  scope	  
2.  Consider	  reusing	  exis/ng	  ontologies	  
3.   Enumerate	  important	  concepts	  
4.  Define	  the	  classes	  and	  class	  hierarchy	  
5.  Define	  the	  properZes,	  parts,	  and	  roles	  



Domain	  &	  Scope	  

§ What	  is	  the	  domain	  we	  will	  cover?	  

§ What	  will	  we	  use	  the	  ontology	  for?	  

§ What	  types	  of	  ques/ons	  should	  we	  be	  able	  to	  
answer?	  
§  Competency	  ques/ons	  
§  Litmus	  test	  for	  later	  evalua/on	  of	  ontology	  



Example:	  Board	  Games	  

	  
	  

§  Domain:	  ontology	  for	  board	  games	  

§  Applica/ons:	  recommenda/on	  systems	  for	  
families	  and/or	  friends,	  game	  design	  research	  	  

§  Competency	  ques/ons?	  



Ontology	  Design	  Methodology	  

1.  Determine	  domain	  and	  scope	  
2.  Consider	  reusing	  exis/ng	  ontologies	  
3.   Enumerate	  important	  concepts	  
4.  Define	  the	  classes	  and	  class	  hierarchy	  
5.  Define	  the	  properZes,	  parts,	  and	  roles	  



Ontology	  Design	  Methodology	  

1.  Determine	  domain	  and	  scope	  
2.  Consider	  reusing	  exis/ng	  ontologies	  
3.   Enumerate	  important	  concepts	  
4.  Define	  the	  classes	  and	  class	  hierarchy	  
5.  Define	  the	  properZes,	  parts,	  and	  roles	  



IdenZfying	  Concepts	  

§ What	  are	  the	  concepts	  we	  need	  to	  talk	  about?	  

§ What	  do	  we	  want	  to	  say	  about	  them?	  



IdenZfying	  Concepts:	  Board	  Games	  



IdenZfying	  Concepts:	  Board	  Games	  



IdenZfying	  Concepts:	  Board	  Games	  

§  Monopoly,	  Chess,	  Se\lers	  of	  Catan,	  Poker,	  
Dominion,	  Taboo,	  Tales	  of	  the	  Arabian	  Nights…	  

§  Tokens,	  cards	  

§  Game	  length,	  number	  of	  players	  

§  Strategy,	  luck,	  word	  play	  

§  Capitalism,	  history,	  fantasy,	  storytelling	  



Ontology	  Design	  Methodology	  

1.  Determine	  domain	  and	  scope	  
2.  Consider	  reusing	  exis/ng	  ontologies	  
3.   Enumerate	  important	  concepts	  
4.  Define	  the	  classes	  and	  class	  hierarchy	  
5.  Define	  the	  properZes,	  parts,	  and	  roles	  



Taxonomy:	  is-‐a	  hierarchy	  

§  Class:	  concept	  in	  the	  domain	  
§  Subclasses	  

§  Class	  is	  collec/on	  of	  elements	  with	  similar	  
proper/es	  

§  Approaches:	  
§  Top-‐down	  
§  Bo\om-‐up	  
§  Combina/on	  



Taxonomy:	  Board	  Games	  

Board	  Game	  

Abstract	  Game	   Strategy	  Game	   War	  Game	  

Chess	   Go	   Risk	  Puerto	  Rico	  



Taxonomy:	  Board	  Games	  

Board	  Game	  

Abstract	  Game	   Strategy	  Game	   War	  Game	  

Chess	   Go	   Risk	  Puerto	  
Rico	  

Token	  

Knight	   Pawn	   Counter	  Queen	  
of	  Clubs	  

Representa/onal	   Abstract	  Card	  

Village	  



Ontology	  Design	  Methodology	  

1.  Determine	  domain	  and	  scope	  
2.  Consider	  reusing	  exis/ng	  ontologies	  
3.   Enumerate	  important	  concepts	  
4.  Define	  the	  classes	  and	  class	  hierarchy	  
5.  Define	  the	  properZes,	  parts,	  and	  roles	  



ProperZes	  

§  Types	  
§  Simple	  
§  Complex	  

§  Inherit	  proper/es	  of	  its	  superclass	  
§ Mul/ple	  inheritance	  



ConceptNet	  

§  Natural	  language	  

§  Crowd-‐sourced	  
§  Asking	  for	  input	  
§  Mining	  Wikipedia	  
§  WordNet	  


