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Course	  Details	  

•  Web	  site:	  	  www.cs.brandeis.edu/~cs114	  

•  My	  email:	  	  mmeteer@cs.brandeis.edu	  

•  Course	  TA:	  John	  Vogel,	  locuscosecant@gmail.com	  

•  Textbook:	  	  
–  Speech	  and	  Language	  Processing,	  Jurafsky	  and	  Mar.n	  

•  Programming	  assignments	  in	  Python	  
–  Text:	  	  NLP	  with	  Python,	  Bird,	  Klein,	  and	  Loper	  
–  Python	  tutorial:	  	  TBD	  
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Natural	  Language	  Processing	  

•  We’re	  going	  to	  study	  what	  goes	  into	  
geYng	  computers	  to	  perform	  useful	  and	  
interes.ng	  tasks	  involving	  human	  
languages.	  

•  We	  are	  also	  concerned	  with	  the	  insights	  
that	  such	  computa.onal	  work	  gives	  us	  into	  
human	  processing	  of	  language.	  
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Commercial	  World	  

•  A	  lot	  of	  opportuni.es	  in	  CL	  …	  
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Commercial	  World	  

•  Lot’s	  of	  exci.ng	  stuff	  going	  on…	  
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Google	  Translate	  
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Web	  Q/A	  



Weblog	  Analy.cs	  

•  Data-‐mining	  of	  Weblogs,	  discussion	  forums,	  
message	  boards,	  user	  groups,	  and	  other	  forms	  
of	  user	  generated	  media	  
– Product	  marke.ng	  informa.on	  

– Poli.cal	  opinion	  tracking	  
– Social	  network	  analysis	  
– Buzz	  analysis	  (what’s	  hot,	  what	  topics	  are	  people	  
talking	  about	  right	  now).	  
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What	  makes	  Language	  Hard?	  
•  The	  lidle	  words	  

–  I	  read	  a	  book	  in	  Chinese	  
–  I	  read	  a	  book	  on	  Chinese.	  	  

•  What	  we	  don’t	  say	  
–  I	  read	  a	  book	  on	  the	  subway.	  
–  I	  read	  a	  book	  on	  NY.	  
–  John	  started	  a	  new	  book.	  
–  JK	  Rowling	  started	  a	  new	  book.	  

•  How	  we	  say	  it	  
–  Different	  meaning	  

•  The	  white	  house	  is	  on	  the	  corner.	  
•  The	  White	  House	  is	  on	  the	  fence.	  

–  Focusing	  aden.on	  on	  correc.ons	  
•  We	  will	  send	  the	  response	  to	  	  Donald	  Metzger	  
•  No	  that’s	  Ronald	  Metzger	  vs.	  	  No,	  that’s	  Donald	  Fetzger	  

–  Emphasizing	  important	  informa.on	  
•  I	  need	  to	  be	  in	  Boston	  no	  later	  than	  9	  am.	  
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What	  Makes	  Speech	  Hard	  

•  Confusability	  
–  4	  2	  8	  	  vs.	  4	  to	  8	  
–  let	  us	  pray	  vs.	  leduce	  spray	  	  
–  It	  is	  easy	  to	  recognize	  speech	  vs.	  It	  is	  easy	  to	  wreck	  a	  
nice	  beach	  

– A	  new	  display	  vs.	  a	  nudist	  play	  
– Alienate	  peter	  vs.	  a	  lion	  ate	  peter	  

•  Coar.cula.on	  
– Going	  to	  vs	  gonna	  
– Dish	  soap	  
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More	  …	  

•  Garden	  Path	  Construc.ons	  
– The	  horse	  raced	  past	  the	  garden	  fell.	  
– The	  old	  man	  the	  boat.	  

•  Ambiguity	  
–  	  Seman.cs	  

•  I	  saw	  the	  boy	  with	  a	  {telescope	  /	  ta@oo}	  
–  Pragma.cs	  

•  ((old	  men)	  and	  women)	  as	  opposed	  to	  (old	  men	  and	  women)	  in	  “Old	  
men	  and	  women	  were	  taken	  to	  safe	  locaFon”,	  since	  women-‐	  both	  
and	  young	  and	  old-‐	  were	  very	  likely	  taken	  to	  safe	  loca.ons	  

–  Discourse:	  	  
•  No	  smoking	  areas	  allow	  hookahs	  inside,	  except	  the	  one	  in	  Hotel	  

Grand.	  
•  No	  smoking	  areas	  allow	  hookahs	  inside,	  but	  not	  cigars.	  	  	  
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Major	  Topics	  

1.  Words	  

2.  Syntax	  
3.  Meaning	  
4.  Discourse	  
5.  Context	  

5. Applications exploiting each 

• 	  	  Ques.on	  answering	  
• 	  	  Conversa.onal	  agents	  
• 	  	  Informa.on	  extrac.on	  
• 	  	  Summariza.on	  
• 	  	  Machine	  transla.on	  



History:	  founda.onal	  insights	  
1940s-‐1950s	  

•  Automaton:	  
–  Turing	  1936	  
– McCulloch-‐Pids	  neuron	  (1943)	  

•  hdp://diwww.epfl.ch/mantra/tutorial/english/mcpits/html/	  

–  Kleene	  (1951/1956)	  
–  Shannon	  (1948)	  link	  between	  automata	  and	  Markov	  
models	  

–  Chomsky	  (1956)/Backus	  (1959)/Naur(1960):	  CFG	  

•  Probabilis.c/Informa.on-‐theore.c	  models	  
–  Shannon	  (1948)	  
–  Bell	  Labs	  speech	  recogni.on	  (1952)	  
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History:	  the	  two	  camps:	  
	  1957-‐1970	  

•  Symbolic	  
–  Zellig	  Harris	  1958	  TDAP	  first	  parser?	  

•  Transforma.ons	  and	  Discourse	  Analysis	  Project	  
•  Cascade	  of	  finite-‐state	  transducers	  
•  Chomsky,	  Syntac.c	  Structures,	  1957	  

–  Newell	  and	  Simon:	  Logic	  Theorist,	  General	  Problem	  Solver	  
•  1956	  computer	  program	  that	  could	  prove	  mathema.cal	  theorums	  

–  Dartmouth	  Summer	  Research	  Project	  on	  Ar.ficial	  Intelligence	  1958	  
•  McCarthy,	  Minsky,	  Shannon,	  Rochester	  
•  “The	  study	  is	  to	  proceed	  on	  the	  basis	  of	  the	  conjecture	  that	  every	  aspect	  of	  

learning	  or	  any	  other	  feature	  of	  intelligence	  can	  in	  principle	  be	  so	  precisely	  
described	  that	  a	  machine	  can	  be	  made	  to	  simulate	  it.”	  	  

•  Sta.s.cal	  
–  Bledsoe	  and	  Browning	  (1959):	  Bayesian	  OCR	  
–  Mosteller	  and	  Wallace	  (1964):	  Bayesian	  authorship	  adribu.on	  
–  Denes	  (1959):	  ASR	  combining	  grammar	  and	  acous.c	  probability	  
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Four	  paradigms:	  
	  1970-‐1983	  

•  Stochas.c	  
–  Hidden	  Markov	  Model	  1972	  

•  Independent	  applica.on	  of	  Baker	  (CMU)	  and	  Jelinek/Bahl/Mercer	  lab	  (IBM)	  
following	  work	  of	  Baum	  and	  colleagues	  at	  IDA	  

•  Logic-‐based	  
–  Colmerauer	  (1970,1975)	  Q-‐systems	  
–  Definite	  Clause	  Grammars	  (Pereira	  and	  Warren	  1980)	  
–  Kay	  (1979)	  func.onal	  grammar,	  Bresnan	  and	  Kaplan	  (1982)	  unifica.on	  

•  Natural	  language	  understanding	  
–  Winograd	  (1972)	  Shrdlu	  
–  Schank	  and	  Abelson	  (1977)	  scripts,	  story	  understanding	  
–  Influence	  of	  case-‐role	  work	  of	  Fillmore	  (1968)	  via	  Simmons	  (1973),	  

Schank.	  
•  Discourse	  Modeling	  

–  Grosz	  and	  colleagues:	  discourse	  structure	  and	  focus	  
–  Perrault	  and	  Allen	  (1980)	  BDI	  model	  	  
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Empiricism	  and	  Finite	  State	  Revival:	  
1983-‐1993	  

•  Finite	  State	  Models	  
– Kaplan	  and	  Kay	  (1981):	  Phonology/Morphology	  
– Church	  (1980):	  Syntax	  

•  Return	  of	  Probabilis.c	  Models:	  
– Corpora	  created	  for	  language	  tasks	  
– Early	  sta.s.cal	  versions	  of	  NLP	  applica.ons	  (parsing,	  
tagging,	  machine	  transla.on)	  

–  Increased	  focus	  on	  methodological	  rigor:	  
•  Can’t	  test	  your	  hypothesis	  on	  the	  data	  you	  used	  to	  build	  it!	  
•  Training	  sets	  and	  test	  sets	  
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The	  field	  comes	  together:	  1994-‐2011	  
•  NLP	  has	  borrowed	  sta.s.cal	  modeling	  from	  
speech	  recogni.on,	  is	  now	  standard:	  
– ACL	  conference:	  

•  1990:	  	  39	  ar.cles	  	  	  	  1	  sta.s.cal	  
•  2003	  	  	  62	  ar.cles	  	  	  	  48	  sta.s.cal	  

– Machine	  learning	  techniques	  key	  

•  NLP	  has	  borrowed	  focus	  on	  web	  and	  search	  and	  
“bag	  of	  words	  models”	  from	  informa.on	  
retrieval	  

•  Unified	  field:	  
– NLP,	  MT,	  ASR,	  TTS,	  Dialog,	  IR	  
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Ambiguity	  

•  Ambiguity	  is	  a	  fundamental	  feature	  of	  natural	  
communica.ve	  systems.	  

•  Iden.fying	  and	  resolving	  ambiguity	  is	  a	  cri.cal	  
goal	  in	  understanding	  language.	  

•  Most	  current	  CL	  work	  involves	  ambiguity	  in	  
some	  way.	  	  
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Ambiguity	  

•  Find	  at	  least	  5	  meanings	  of	  this	  sentence:	  
–  I	  made	  her	  duck.	  
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Ambiguity	  

•  Find	  at	  least	  5	  meanings	  of	  this	  sentence:	  
–  I	  made	  her	  duck.	  

•  I	  cooked	  waterfowl	  for	  her	  benefit	  (to	  eat)	  
•  I	  cooked	  waterfowl	  belonging	  to	  her	  
•  I	  created	  the	  (plaster?)	  duck	  she	  owns	  
•  I	  caused	  her	  to	  quickly	  lower	  her	  head	  or	  body	  
•  I	  waved	  my	  magic	  wand	  and	  turned	  her	  into	  
undifferen.ated	  waterfowl	  



Brandeis	  CS114	  2013	  Meteer	  

Ambiguity	  is	  Pervasive	  
•  I	  caused	  her	  to	  quickly	  lower	  her	  head	  or	  body	  

–  Lexical	  category:	  “duck”	  can	  be	  a	  N	  or	  V	  
•  I	  cooked	  waterfowl	  belonging	  to	  her.	  

–  Lexical	  category:	  “her”	  can	  be	  a	  possessive	  (“of	  her”)	  	  
or	  da.ve	  (“for	  her”)	  pronoun	  

•  I	  made	  the	  (plaster)	  duck	  statue	  she	  owns	  
–  Lexical	  Seman2cs:	  “make”	  can	  mean	  “create”	  or	  “cook”	  
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Ambiguity	  is	  Pervasive	  

•  Grammar:	  Make	  can	  be:	  
– Transi2ve:	  (verb	  has	  a	  noun	  direct	  object)	  

•  I	  cooked	  [waterfowl	  belonging	  to	  her]	  
– Ditransi2ve:	  (verb	  has	  2	  noun	  objects)	  

•  I	  made	  [her]	  (into)	  [undifferen.ated	  waterfowl]	  
– Ac2on-‐transi2ve	  (verb	  has	  a	  direct	  object	  and	  
another	  verb)	  	  
•  I	  caused	  [her]	  [to	  move	  her	  body]	  
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Ambiguity	  is	  Pervasive	  

•  Phone2cs!	  
–  I	  mate	  or	  duck	  
–  I’m	  eight	  or	  duck	  
–  Eye	  maid;	  her	  duck	  
–  Aye	  mate,	  her	  duck	  
–  I	  maid	  her	  duck	  
–  I’m	  aid	  her	  duck	  
–  I	  mate	  her	  duck	  
–  I’m	  ate	  her	  duck	  
–  I’m	  ate	  or	  duck	  
–  I	  mate	  or	  duck	  
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Dealing	  with	  Ambiguity	  

•  Four	  possible	  approaches:	  
1.  Tightly	  coupled	  interac.on	  among	  processing	  

levels;	  knowledge	  from	  other	  levels	  can	  help	  
decide	  among	  choices	  at	  ambiguous	  levels	  (e.g.	  	  
“blackboard”	  architecture).	  

2.  Pipeline	  processing	  that	  ignores	  ambiguity	  as	  it	  
occurs	  and	  hopes	  that	  other	  levels	  can	  eliminate	  
incorrect	  structures.	  
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Dealing	  with	  Ambiguity	  

3.  Probabilis.c	  approaches	  based	  on	  making	  the	  
most	  likely	  choices	  

4.  Don’t	  do	  anything,	  maybe	  it	  won’t	  mader	  
1.  We’ll	  leave	  when	  the	  duck	  is	  ready	  to	  eat.	  
2.  The	  duck	  is	  ready	  to	  eat	  now.	  

–  Does	  the	  “duck”	  ambiguity	  mader	  with	  respect	  to	  whether	  we	  
can	  leave?	  



Categories	  of	  Knowledge	  
•  Phonology	  
•  Morphology	  
•  Syntax	  
•  Seman.cs	  

•  Pragma.cs	  
•  Discourse	  

  Each	  kind	  of	  knowledge	  has	  associated	  with	  it	  an	  
encapsulated	  set	  of	  processes	  that	  make	  use	  of	  
it.	  

	  	  Interfaces	  are	  defined	  that	  allow	  the	  various	  
levels	  to	  communicate.	  

	  	  This	  usually	  leads	  to	  a	  pipeline	  architecture.	  
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Word	  Segmenta.on	  

•  Breaking	  a	  string	  of	  characters	  (graphemes)	  into	  a	  
sequence	  of	  words.	  

•  In	  some	  wriden	  languages	  (e.g.	  Chinese)	  words	  are	  
not	  separated	  by	  spaces.	  

•  Even	  in	  English,	  characters	  other	  than	  white-‐space	  
can	  be	  used	  to	  separate	  words	  [e.g.	  ,	  ;	  .	  -‐	  :	  (	  )	  ]	  

•  Examples	  from	  English	  URLs:	  
–  jumptheshark.com	  ⇒	  jump	  the	  shark	  .com	  
–  myspace.com/pluckerswingbar	  	  	  
	  	  	  	  ⇒	  myspace	  .com	  pluckers	  wing	  bar	  
	  	  	  	  ⇒	  myspace	  .com	  plucker	  swing	  bar	  
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Morphological	  Analysis	  

•  Morphology	  is	  the	  field	  of	  linguis.cs	  that	  studies	  the	  
internal	  structure	  of	  words.	  (Wikipedia)	  

•  A	  morpheme	  is	  the	  smallest	  linguis.c	  unit	  that	  has	  
seman.c	  meaning	  (Wikipedia)	  
–  	  e.g.	  “carry”,	  “pre”,	  “ed”,	  “ly”,	  “s”	  

•  Morphological	  analysis	  is	  the	  task	  of	  segmen.ng	  a	  word	  
into	  its	  morphemes:	  

–  carried	  ⇒	  	  carry	  +	  ed	  (past	  tense)	  

–  independently	  ⇒	  	  in	  +	  (depend	  +	  ent)	  +	  ly	  	  

–  Googlers	  ⇒	  	  (Google	  +	  er)	  +	  s	  (plural)	  

–  unlockable	  ⇒	  	  un	  +	  (lock	  +	  able)	  	  ?	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ⇒	  	  (un	  +	  lock)	  +	  able	  	  ?	  
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Part	  Of	  Speech	  (POS)	  Tagging	  

•  Annotate	  each	  word	  in	  a	  sentence	  with	  a	  
part-‐of-‐speech.	  

•  Useful	  for	  subsequent	  syntac.c	  parsing	  and	  
word	  sense	  disambigua.on.	  

I	  	  	  	  	  ate	  	  	  the	  	  spagheY	  	  with	  	  	  meatballs.	  	  	  
Pro	  	  V	  	  	  	  Det	  	  	  	  	  	  	  	  N	  	  	  	  	  	  	  	  	  	  Prep	  	  	  	  	  	  	  	  N	  

John	  	  saw	  	  the	  	  saw	  	  and	  	  decided	  	  to	  	  take	  	  it	  	  	  	  	  to	  	  	  the	  	  	  table.	  
PN	  	  	  	  	  	  V	  	  	  	  	  Det	  	  	  	  N	  	  	  	  Con	  	  	  	  	  	  V	  	  	  	  	  	  	  	  Part	  	  V	  	  	  	  	  Pro	  	  Prep	  Det	  	  	  	  N	  
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Phrase	  Chunking	  

•  Find	  all	  non-‐recursive	  noun	  phrases	  (NPs)	  and	  
verb	  phrases	  (VPs)	  in	  a	  sentence.	  
–  [NP	  I]	  	  [VP	  ate]	  	  [NP	  the	  	  spagheY]	  	  [PP	  with]	  	  	  [NP	  
meatballs].	  

–  [NP	  He	  ]	  [VP	  reckons	  ]	  [NP	  the	  current	  account	  
deficit	  ]	  [VP	  will	  narrow	  ]	  [PP	  to	  ]	  [NP	  only	  $1.8	  
billion	  ]	  [PP	  in	  ]	  [NP	  September	  ]	  	  
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Syntac.c	  Parsing	  

•  Produce	  the	  correct	  syntac.c	  parse	  tree	  for	  a	  
sentence.	  
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Word	  Sense	  Disambigua.on	  (WSD)	  

•  Words	  in	  natural	  language	  usually	  have	  a	  fair	  
number	  of	  different	  possible	  meanings.	  
–  Ellen	  has	  a	  strong	  interest	  in	  computa.onal	  linguis.cs.	  
–  Ellen	  pays	  a	  large	  amount	  of	  interest	  on	  her	  credit	  
card.	  

•  For	  many	  tasks	  (ques.on	  answering,	  transla.on),	  
the	  proper	  sense	  of	  each	  ambiguous	  word	  in	  a	  
sentence	  must	  be	  determined.	  
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Seman.c	  Role	  Labeling	  (SRL)	  

•  For	  each	  clause,	  determine	  the	  seman.c	  role	  
played	  by	  each	  noun	  phrase	  that	  is	  a	  
par.cipant	  in	  the	  verbal	  event.	  	  
agent	  	  	  pa.ent	  	  	  source	  	  	  des.na.on	  	  	  instrument	  
–  John	  drove	  Mary	  from	  Aus.n	  to	  Dallas	  in	  his	  
Toyota	  Prius.	  

– The	  hammer	  broke	  the	  window.	  
•  Also	  referred	  to	  a	  “case	  role	  analysis,”	  
“thema.c	  analysis,”	  and	  “shallow	  seman.c	  
parsing”	  
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Seman.c	  Parsing	  

•  A	  seman.c	  parser	  maps	  a	  natural-‐language	  sentence	  
to	  a	  complete,	  detailed	  seman.c	  representa.on	  
(logical	  form).	  

•  For	  many	  applica.ons,	  the	  desired	  output	  is	  
immediately	  executable	  by	  another	  program.	  

•  Example:	  Mapping	  an	  English	  database	  query	  to	  
Prolog:	  
	  	  	  How	  many	  ci.es	  are	  there	  in	  the	  US?	  
	  	  	  answer(A,	  count(B,	  (city(B),	  loc(B,	  C),	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  const(C,	  countryid(USA))),	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  A))	  
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Anaphora	  Resolu.on/	  Co-‐Reference	  

•  Determine	  which	  phrases	  in	  a	  document	  
refer	  to	  the	  same	  underlying	  en.ty.	  
–  John	  put	  the	  carrot	  on	  the	  plate	  and	  ate	  it.	  	  

– Bush	  started	  the	  war	  in	  Iraq.	  	  But	  the	  president	  
needed	  the	  consent	  of	  Congress.	  

•  Some	  cases	  require	  difficult	  reasoning.	  
•  Today	  was	  Jack's	  birthday.	  Penny	  and	  Janet	  went	  to	  the	  store.	  
They	  were	  going	  to	  get	  presents.	  Janet	  decided	  to	  get	  a	  kite.	  
"Don't	  do	  that,"	  said	  Penny.	  "Jack	  has	  a	  kite.	  He	  will	  make	  you	  
take	  it	  back."	  	  
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Informa.on	  Extrac.on	  (IE)	  

•  Iden.fy	  phrases	  in	  language	  that	  refer	  to	  specific	  
types	  of	  en..es	  and	  rela.ons	  in	  text.	  

•  Named	  en.ty	  recogni.on	  is	  task	  of	  iden.fying	  names	  
of	  people,	  places,	  organiza.ons,	  etc.	  in	  text.	  

	  	  	  	  	  	  people	  	  	  	  organiza.ons	  	  	  	  places	  
– Michael	  Dell	  is	  the	  CEO	  of	  	  Dell	  Computer	  Corpora.on	  and	  
lives	  in	  Aus.n	  Texas.	  	  

•  Rela.on	  extrac.on	  iden.fies	  specific	  rela.ons	  
between	  en..es.	  
– Michael	  Dell	  is	  the	  CEO	  of	  	  Dell	  Computer	  Corpora.on	  and	  
lives	  in	  Aus.n	  Texas.	  
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Manual	  Knowledge	  Acquisi.on	  
•  Tradi.onal,	  “ra.onalist,”	  approaches	  to	  language	  
processing	  require	  human	  specialists	  to	  specify	  
and	  formalize	  the	  required	  knowledge.	  

•  Manual	  knowledge	  engineering,	  is	  difficult,	  .me-‐
consuming,	  and	  error	  prone.	  

•  “Rules”	  in	  language	  have	  numerous	  excep.ons	  
and	  irregulari.es.	  
–  “All	  grammars	  leak.”:	  Edward	  Sapir	  (1921)	  

•  Manually	  developed	  systems	  were	  expensive	  to	  
develop	  and	  their	  abili.es	  were	  limited	  and	  
“bridle”	  (not	  robust).	  
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Automa.c	  Learning	  Approach	  

•  Use	  machine	  learning	  methods	  to	  automa.cally	  
acquire	  the	  required	  knowledge	  from	  appropriately	  
annotated	  text	  corpora.	  

•  Variously	  referred	  to	  as	  the	  “corpus	  based,”	  
“sta.s.cal,”	  or	  “empirical”	  approach.	  

•  Sta.s.cal	  learning	  methods	  were	  first	  applied	  to	  
speech	  recogni.on	  in	  the	  late	  1970’s	  and	  became	  
the	  dominant	  approach	  in	  the	  1980’s.	  

•  During	  the	  1990’s,	  the	  sta.s.cal	  training	  approach	  
expanded	  and	  came	  to	  dominate	  almost	  all	  areas	  of	  
NLP.	  
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Speech	  and	  NL	  Paradigm	  

•  Requirements:	  
–  Annota.on	  of	  messages	  with	  

keys	  
–  Linguis.c	  and	  Domain	  

Knowledge	  	  
–  Sta.s.cal	  Model	  
–  Training	  Algorithm	  
–  Decoding	  Algorithm	  

•  Benefits:	  
–  Sta.s.cal	  model	  can	  combine	  

mul.ple	  kinds	  of	  informa.on	  
–  Degrades	  “so~ly”,	  finding	  the	  

most	  likely	  answer	  
–  Learns	  what	  informa.on	  is	  

important	  to	  make	  a	  decision	  

Trainer	  

Decoder	  

Model	  

Input	  
“Message”	  
Answer	  	  
	  	  	  Keys	  	  	  	  

Input	  	  
Messages	  

Answers	  

Knowledge	  
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Supervised	  Learning	  for	  Language	  Technologies	  

Technology	   Input	   Answers	  

Speech	  Recogni.on	   Audio	   Transcrip.on	  

Op.cal	  Character	  
Recogni.on	  

Image	   Characters	  

Topic	  classifica.on	   Document	   Topic	  labels	  

Informa.on	  retrieval	   Query	   Document	  

Named	  en.ty	  extrac.on	   Text	  or	  speech	   Names	  and	  categories	  
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Advantages	  of	  the	  Learning	  Approach	  

•  Large	  amounts	  of	  electronic	  text	  are	  now	  
available.	  

•  Annota.ng	  corpora	  is	  easier	  and	  requires	  less	  
exper.se	  than	  manual	  knowledge	  engineering.	  

•  Learning	  algorithms	  have	  progressed	  to	  be	  able	  
to	  handle	  large	  amounts	  of	  data	  and	  produce	  
accurate	  probabilis.c	  knowledge.	  

•  The	  probabilis.c	  knowledge	  acquired	  allows	  
robust	  processing	  that	  handles	  linguis.c	  
regulari.es	  as	  well	  as	  excep.ons.	  
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The	  Importance	  of	  Probability	  
•  Unlikely	  interpreta.ons	  of	  words	  can	  combine	  to	  generate	  

spurious	  ambiguity:	  
–  “The	  a	  are	  of	  I”	  is	  a	  valid	  English	  noun	  phrase	  (Abney,	  1996)	  

•  “a”	  is	  an	  adjec.ve	  for	  the	  leder	  A	  
•  “are”	  is	  a	  noun	  for	  an	  area	  of	  land	  (as	  in	  hectare)	  
•  “I”	  is	  a	  noun	  for	  the	  leder	  I	  

–  “Time	  flies	  like	  an	  arrow”	  has	  4	  parses,	  including	  those	  meaning:	  
•  Insects	  of	  a	  variety	  called	  “.me	  flies”	  are	  fond	  of	  a	  par.cular	  arrow.	  
•  A	  command	  to	  record	  insects’	  speed	  in	  the	  manner	  that	  an	  arrow	  would.	  

•  Some	  combina.ons	  of	  words	  are	  more	  likely	  than	  others:	  
–  “vice	  president	  Gore”	  vs.	  “dice	  precedent	  core”	  

•  Sta.s.cal	  methods	  allow	  compu.ng	  the	  most	  likely	  
interpreta.on	  by	  combining	  probabilis.c	  evidence	  from	  a	  
variety	  of	  uncertain	  knowledge	  sources.	  
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