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Introduction to 
the course 
 
 
Why is natural 
language 
understanding 
so difficult? 
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Problems,  Problems,  Problems  
 
Understanding  Nat2ral  Lang2age  

  ContemporarJ  methods  for  automated  nat2ral  lang2age  processing  depend,  to  a  
large  exNent,  on  the  use  to  which  each  application  of  the  processing  is  to  be  put.  
Consider  the  following  excerPt  Qom  Erle  Stanley  Gardner’s  “The  Case  of  the  
Demure  Defendant”:    
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 “Cross-­‐examine,”  Hamilton  Burger  snapped  at  Per1J  Mason.  
  Mason  said,  “Mr.  DayNon,  when  you  described  your  occupation  you  gave  it  as  that  of  a  police  
exPerN  technician.  Is  that  cor1ect?”  
  “yes  sir.”  
  “What  is  an  exPerN  technician?”  
  “Well,  I  have  st2died  exNensively  on  cerNain  fields  of  science  that  are  Qequently  called  upon  in  the  
science  of  criminologJ.”  
  “That  is  what  you  meant  by  an  exPerN  technician?”  
  “Yes  sir.”  
  “Now  what  is  a  police  exPerN  technician?”  
  “Well  that  means  that  ...  well,  it  all  means  the  same  thing.”  
  “What  means  the  same  thing?”  
  “An  exPerN  technician.”  
  “An  exPerN  technician  is  the  same  as  a  police  exPerN  technician?”  
  “Well  I  am  in  the  employ  of  the  police  deparN]ent.”  
  “Oh  the  police  employ  you  as  an  exPerN  wit_ess,  do  they?”  
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“Yes  sir,  ...  I  mean  no,  sir.  I  am  an  exPerN  investigator,  not  an  exPerN  wit_ess.”  
“You  are  testifJing  now  as  an  exPerN  wit_ess  are  you  not?”  
“Yes  sir.”  
“Then  what  did  you  mean  by  saying  you  were  an  exPerN  technician  but  not  an  exPerN  wit_ess?”  
“I  am  employed  as  a  technician  but  not  as  a  wit_ess.”  
“You  draw  a  monthly  salarJ?”  
“Yes.”  
And  you  are  being  paid  for  your  time  while  you  are  on  the  stand  as  an  exPerN  wit_ess?”    
“Well,  I'm  paid  for  being  a  technician”  
“Then  you  won't  accept  any  pay  for  being  a  wit_ess?”  
“I  can't  divide  my  salarJ.”  
“So  you  are  being  paid?”  
“Of  course  -­‐  as  parN  of  my  employ]ent.”    
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“And  are  you  now  employed  by  the  police?”  
“Yes.”  
“And  are  you  an  exPerN  wit_ess?”  
“Yes.”  
“Then  you  are  now  being  employed  as  an  exPerN  wit_ess.”  
“I  g2ess  so.  Have  it  your  own  way.”  
“When  you  described  yourself  as  a  police  exPerN  technician  that  means  your  testimony  is  always  

called  by  the  police.  Isn't  that  so?”  
“No,  sir.”  
“Who  else  calls  you?”  
“Well,  I  ...  I  could  be  called  by  either  parNJ.”  
“How  many  times  have  you  been  on  the  wit_ess  stand?”  
“Oh,  I  don't  know.  I  couldn't  begin  to  tell  you.”  
“Dozens  of  times?”  
“Yes.”  
“Hundreds  of  times?”  
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“Probably.”  
“Have  you  ever  been  called  by  the  defense  as  a  defense  wit_ess?”  
“I  have  not  been  directly  subpoenaed  by  the  defense.  No,  sir.”  
“So  that  you  have  always  testified  for  the  police,  for  the  prosecution?”  
“Yes,  sir.  That's  my  business.”  
“That  was  what  I  was  t1Jing  to  bring  out,”  Mason  said.  ...  
“Yes.”  
“Then  you  are  now  being  employed  as  an  exPerN  wit_ess.”  
“I  g2ess  so.  Have  it  your  own  way.”  
“When  you  described  yourself  as  a  police  exPerN  technician  that  means  your  testimony  is  always  

called  by  the  police.  Isn't  that  so?”  
“No,  sir.”  
“Who  else  calls  you?”  
“Well,  I  ...  I  could  be  called  by  either  parNJ.”  
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“How  many  times  have  you  been  on  the  wit_ess  stand?”  
“Oh,  I  don't  know.  I  couldn't  begin  to  tell  you.”  
“Dozens  of  times?”  
“Yes.”  
“Hundreds  of  times?”  
“Probably.”  
“Have  you  ever  been  called  by  the  defense  as  a  defense  wit_ess?”  
“I  have  not  been  directly  subpoenaed  by  the  defense.  No,  sir.”  
“So  that  you  have  always  testified  for  the  police,  for  the  prosecution?”  
“Yes,  sir.  That's  my  business.”  
“That  was  what  I  was  t1Jing  to  bring  out,”  Mason  said.  ...  
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 Mr.  DayNon  needs  to  understand  the  subtleties  of  noun  phrases  such  as  “police  
exPerN  technician”,  to  answer  Mr.  Mason’s  questions.  Understanding  such  
phrases  are  t1oublesome  to  automate  since  “police”,  “exPerN” and  “technician”  
are  all  nouns.  

  
  Generalizing  semantic  considerations  for  such  const12ctions  have  proven  evasive.  
The  compositional  approach  to  NLU  favoured  by  logic  g1ammarians  becomes  
combinatorially  exPlosive.  Many  researchers  represent  noun-­‐noun  const12ctions  
as  single  lexical  ent1ies,  const1aining  the  computation  required  to  disambig2ate  
them.  
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 When  the  domain  of  discourse  is  well  specified  and  the  number  of  such  phrases  is  
small,  this  approach  works  adequately.  But  is  it  practical?  Consider  “wester_  
region  outage  log”  employed  by  telecommunications  serhice  personnel.  Would  the  
desig_er  of  their  system  resorN  to  separate  lexical  ent1ies  for  “easter_  region  
outage  log”,  “souther_  region  outage  log”,  “norNher_  region  outage  log”,  
“norNheaster_  region  outage  log”,  ...,  “wester_  dist1ict  outage  log”,  ...,  “wester_  
prefect2re  outage  log”,  ...,  “wester_  region  serhice  log”,  ...,  “wester_  region  
record”,  ...?  
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 Imagine  f2rNher,  the  processing  required  by  Per1J  Mason.  Not  only  must  the  
subtleties  of  lang2age  understanding  realized  by  Mr.  DayNon  be  mastered  but  also  
the  reasoning  capabilities  of  Mr.  Mason  and  exN1action  of  relevant  and  salient  
conversational  feat2res  be  identified  in  order  to  generate  the  appropriate  nexN  
question.  Act2ally,  Mr.  Mason’s  task  is  much  simpler  than  Mr.  DayNon’s  -­‐  to  
generate  an  uierance  which  conveys  a  presumably  preexisting  thought.  Mr.  
DayNon’s  task  as  listener  is  to  decide  what  Mr.  Mason  must  have  been  thinking  in  
order  to  motivate  his  uierance  in  the  parNicular  contexN  in  which  he  uiered  it.    
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Some  NLP  Applications  
–  machine  t1anslation  
–  speech  analysis  and  generation  systems  
–  spell  checking  and  g1ammatical  cor1ection  
–  conversational  agents  
–  document  generation  
–  texN  classification,  summarization,  mining  
–  infor]ation  ret1ieval  and  infor]ation  exN1action  
–  question  answering  
–  supporN  applications,  such  as:  stemming,  POS  tagging,  semantic  tagging,  and  

parNial  parsing  
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ShorN  HistorJ  of  NLP  
1947–54  pioneers  and  foundational  insights  
1954–66  decade  of  optimism,  tko  camps:  sy]bolic  and  stochastic  
1966  ALPAC  reporN  in  US  (negative  MT  reporN)  
1970-­‐90’s  emergence  various  systems  &  approaches:  

–  stochastic  paradig]  
–  logic-­‐based  
–  NLU  
–  discourse  modeling  

1990–2000  stochastic  NLP,  Web,  unification-­‐based  g1ammars  
2000–  ”The  rise  of  Machine  Lear_ing”  
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Levels  of  NLP  
1.  phonetics:  physical  sounds  
2.  phonologJ:  sound  system  (phonemes)  of  a  spoken  lang2age  
3.  morPhologJ:  word  st12ct2re  
4.  sy_tax:  inter-­‐word  st12ct2re  up  to  sentence  st12ct2re  
5.  semantics:  meaning  up  to  the  sentence  level  
6.  prag]atics:  “speaker’s  meaning”—exNended  Qom  the  literal  sentence  

meaning  
7.  discourse:  units  larger  than  an  uierance  (e.g.,  inter-­‐sentence  meaning,  

references)  
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Why  is  NLP  hard?  
Aside:  Turing  test,  evidence  Qom  neural  sciences  

1.  highly  ambig2ous  
2.  vag2e  (the  principle  of  minimal  efforN)  

3.  universal  (domain  independent)  
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Ambig2ities  at  all  levels  of  NLP  
–  phonological  (phonetical)  ambig2itJ  

–  lexical  ambig2itJ  
–  sy_tactic  ambig2itJ  

–  semantic  ambig2itJ  

–  referential  ambig2itJ  
–  prag]atic  ambig2itJ  
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Ambig2itJ  Examples  at  Various  Levels  of  NLP  
–  lexical  ambig2itJ,  e.g.  “hot”  may  mean:  war],  spicy,  good  looking,  or  stolen  
–  sy_tactic  ambig2itJ,  e.g.  “Time  flies  like  an  ar1ow.”  

  Two  st12ct2res  and  tko  meanings.  
–  semantic  ambig2itJ  

Examples:  
1.  What  does  “coast  road”  mean?  Is  it  a  road  that  leads  to  a  coast,  or  a  road  

that  follows  the  coast?  
2.  “car1iage  ret2r_”—  Is  it  a  ret2r_  of  a  car1iage,  or  an  ASCII  character?  
3.  “kick  the  bucket”,  and  other  idioms  
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–  referential  ambig2itJ—  a  kind  of  semantic  ambig2itJ  
  Example:  ‘It,’  or  ‘he’  in  a  texN  –  to  what  and  who  does  it  refer?  

–  prag]atic  ambig2itJ  
12am—  is  it  noon  or  midnight?  

Do  you  have  a  quarNer?  —  Do  you  have  or  quarNer,  or  can  you  give  me  a  
quarNer?  

Can  you  pass  the  salt?  —  Can  you,  or  would  you  pass  the  salt?  
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Some  More  Problems  with  Nat2ral  Lang2age  
  
English,  for  example,  is  indeed  a  crazy  lang2age.    
  
•  A  hot  cup  of  coffee  →   A  cup  of  hot  coffee  
•  A  near  miss  → in  realitJ,  a  near  miss  is  a  collision  
•  I  could  care  less  →  I could  not  care  less  
•  Put  on  your  shoes  and  socks  → this  is  exceedingly  difficult  since  we,  in  

realitJ,  put  on  our  socks  and  shoes.  
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English  is  also  weird,  wearing  tonal  g1ooves  in  our  heads,  ig_oring  the  rigid  
r2les  for  for]ing  proper  exPressions.  Consider  the  oxJ]orons:  

  
•  Fresh  Qozen  jumbo  shrimp  
•  Old  news  
•  Freezer  bur_  
•  Voice  mail  
•  Final  drast  
•  Act  nat2rally  
•  Conspicuously  absent  
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 These  oxJ]orons  give  rise  to  material  for  comedians  and  new  web  sites  on  the  
Inter_et.  Nonetheless  we  readily  interPret  them  without  exNending  our  
complexitJ  of  lang2age  analysis.  In  fact  we  take  liberNies  with  lang2age  all  of  the  
time  by  editorializing  oxJ]orons,  for  example:  
•  MilitarJ  intelligence  
•  Peace  offensive  
•  Postal  serhice  
•  Airline  food  
•  Microsost  works  
•  Good  g1ief  –  we  find  oxJ]orons  lurking  everJkhere.  
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 It  is  common  in  the  best  of  the  Yiddish  t1adition  to  answer  a  question  with  a  
question,  osten  the  verJ  same  question  with  different  emphasis  and  
intonation.    

  
  For  example,  in  response  to  the  question  Did  you  buy  flowers  for  your  mother  
on  her  birNhday?,  the  response  would  be  quite  different  if  a  different  word  
were  emphasized  in  the  answer.  Thus  the  answer  Did  I  buy  flowers  for  your  
mother  on  her  birNhday?  is  quite  different  Qom  Did  I  buy  flowers  for  your  
mother  on  her  birNhday?  which  is  different  Qom  Did  I  buy  flowers  for  your  
mother  on  her  birNhday  and  so  on  and  so  on.  
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 Imagine  the  reasoning  required  to  interPret  the  following  and  cor1ectly  ask  the  
question  that  Mr.  Rosenberg  asks  of  Mur1ay  Goldwag  at  the  end  of  this  storJ.  

  
  One  Friday  aster_oon,  Mur1ay  Goldwag  leaves  work  in  Brookly_  to  catch  the  
bus  to  Poughkeepsie  upstate  to  spend  the  weekend  with  his  finance  Lennie  
Rosenfeld.  During  the  t1ip  an  elderly  gentleman,  Mr.  Rosenberg,  ret2r_ing  to  
his  home  in  Poughkeepsie  Qom  a  visit  with  his  brother  in  Brookly_,  st1ikes  up  a  
conversation  with  Mur1ay.  “So,  you’re  up  to  the  Pok’  for  the  weekend”?  
“Yes  sir”,  replied  Mur1ay.  “By  yourself?” “Just  visiting  Qiends”,  replied  
Mur1ay.  Mr.  Rosenberg  then  reflects  for  a  while.  He  is  visiting  Qiends,  
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 leaving  early  enough  to  ar1ive  in  time  for  a  late  dinner  and  to  get  himself  a  
motel  room.  He  must  be  visiting  a  girl  Qiend  since  no  one  would  go  out  of  
their  way  so  much  for  another  boy  Qiend.  Now  who  could  he  be  visiting?  He  is  
a  handsome  lad.  Could  it  be  the  Goldberg  tkins?  -­‐  No,  MerJl  is  away  at  
UniversitJ  out  of  state  and  Fran  is  out  of  town  visiting  relatives.  Could  it  be  
Maxine  Kriebel?  -­‐  No,  she  has  a  boyQiend.  What  about  Melinda  Eaman?  
Probably  not,  she  is  verJ  rich  and  would  not  be  going  out  with  any  young  
man  who  had  to  t1avel  by  bus  in  order  to  see  her.  Well,  what  about  Sarah  
Lavine?  That  could  be  the  one,  Sarah  has  been  on  cloud  nine  recently  
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 and  acting  mysterious,  visiting  all  the  shops  and  making  preparations  for  a  
big  day  soon.  She  is  not  g1aduating  Qom  College,  nor  celebrating  a  promotion  
or  new  job.  That’s  it,  thought  Mr.  Rosenberg,  Mur1ay  must  be  coming  to  
Poughkeepsie  to  see  Sarah  and  make  plans  for  their  upcoming  wedding.  Mr.  
Rosenberg  t2r_s  to  Mur1ay  and  says  “Cong1at2lations,  son,  on  your  
upcoming  wedding  to  Sarah  Lavine.” “wha-­‐-­‐what”,  said  Mur1ay.  “How  did  
you  know,  we  haven’t  even  told  her  parents  yet.” “My  boy”,  said  Mr.  
Rosenberg,  “its  obvious.”  
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An  Application:  NL-­‐DB  Interface  
Consider  the  sentence:  

  I  want  the  marks  in  CS110.            [1]  
•  Its  interPretation  would  seem  st1aightforkard.    
•  The  sentence  st12ct2re  is  simple  –  any  parser    
•  It  is  not  difficult  to  map  “marks”  onto  the  cor1esponding  database  ai1ibute,  and  

to  require  that  only  marks  in  the  course  CS110  be  accessed.  
•  However,  many  assumptions  underly  this  interPretation  which  may,  in  fact,  not  

cor1espond  to  what  the  user  intended.    
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•  The  first  problem  which  must  be  resolved  is  how  to  even  recog_ize  [1]  as  a  
question.    

•  Its  surface  for]  is  declarative,  not  inter1ogative.    
•  Must  recog_ize  underlying  request  speech  act    
•  Imagine  “I  want  to  change  all  marks  of  49%  to  50%.”,  “I  want  to  add  something  

to  what  I  just  told  you.”,  etc.  
•    Other  phraseologies  are  more  problematic    
•  “Can  you  give  me  the  marks  in  CS110?”  -­‐  a  yes/no  answer  is  inappropriate  
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•  Recog_izing  underlying  speech  act(s)  is  just  one  item  which  must  be  infer1ed  
about  the  user.  

•  What  does  the  user  want  with  the  marks  -­‐  needed  to  deter]ine  what  exactly  to  
present  to  the  user.    

•  If  the  user  is  the  regist1ar,  who  wants  to  mail  the  marks  out  to  the  st2dents,  it  
would  be  a  good  idea  to  include  addresses  with  names.    

•  If  the  user  is  the  universitJ's  statistician,  it  may  be  sufficient  to  give  the  dist1ibution  
of  the  marks.  

•  CerNain  users  may  not  be  even  be  allowed  access  to  the  marks  (for  example,  
another  CS  110  st2dent).  
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•  Other  unspecified  aspects  of  [1]  must  be  clarified  if  an  appropriate  response  is  to  
be  given.    

•  Does  the  user  want  the  marks  for  all  sections  of  CS  110  or  just  one?    
•  If  just  one  section,  is  it  possible  to  infer  which  section  without  asking  the  user    
•  Does  the  user  want  the  marks  for  last  year's  CS  110  course?  NexN  year's?  The  course  

cur1ently  underkay?    
•  If  the  course  cur1ently  in  prog1ess,  should  the  system  hold  the  request  in  abeyance  

and  respond  at  the  end  of  the  ter]  when  the  course  is  done?  
•  How  about  holding  the  request  if  the  marks  are  for  nexN  year's  course?    
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•  How  about  holding  the  request  if  the  marks  are  for  nexN  year's  course?    
•  Once  the  course  and  the  section  are  deter]ined,  the  system  must  deter]ine  

whether  all  marks  are  required,  or  just  final  exam  marks,  or  the  final  g1ade  for  
each  st2dent.    

•  The  system  must  also  decide  what  to  do  if  the  request  is  inappropriate.  For  
example,  CS  110  may  not  have  been  offered,  or  there  may  not  be  any  course  named  
CS  110,  or  the  marks  may  not  have  been  assig_ed  as  yet.  

  
To  be  continued  nexN  class  
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Concluding  Remarks  

The  Road  to  Wisdom  

  
  The  road  to  wisdom?  –    
  Well,  it's  plain  and  simple  to  exPress:  
  Er1  and  er1  and  er1  again    
     but  less  and  less  and  less.  

  
  


