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Preliminaries  
  

•  What’s  a  MorUheme?  
–  a  morUheme  is  the  smallest  ling9istic  unit  that  has  semantic  meaning.  

–  In  spoken  lang9age,  morUhemes  are  composed  of  phonemes  (the  smallest  
ling9istically  distinctive  units  of  sound),  and  in  wri[en  lang9age  morUhemes  are  
composed  of  g-aphemes  (the  smallest  units  of  wri[en  lang9age).  
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TyUes  of  morUhemes  
•  Free  morUhemes  like  town,  and  dog  can  appear  with  other  lexemes  (as  in  town  hall  

or  dog  house)  or  they  can  stand  alone,  i.e.  "`ee".  
•  Bound  morUhemes  like  "un-­‐"  appear  only  together  with  other  morUhemes  to  fora  

a  lexeme.  Bound  morUhemes  in  general  tend  to  be  prefixes  and  suffixes.  
Unproductive,  non-­‐affix  morUhemes  that  exist  only  in  bound  fora  are  known  as  
"cranber-f"  morUhemes,  `om  the  "cran"  in  that  verf  word.  

•  Derivational  morUhemes  can  be  added  to  a  word  to  create  (derive)  another  word:  
the  addition  of  "-­‐ness"  to  "happy,"  for  example,  to  give  "happiness."  They  car-f  
semantic  inforaation.  
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TyUes  of  morUhemes  
•  Inflectional  morUhemes  modiff  a  word's  tense,  number,  aspect,  and  so  on,  without  

deriving  a  new  word  or  a  word  in  a  new  g-ammatical  categorf  (as  in  the  "dog"  
morUheme  if  wri[en  with  the  plural  marker  morUheme  "-­‐s"  becomes  "dogs").  They  
car-f  g-ammatical  inforaation.  

•  AllomorUhs  are  variants  of  a  morUheme,  e.g.  the  plural  marker  in  English  is  
sometimes  realized  as  /-­‐z/,  /-­‐s/  or  /-­‐ɨz/.  
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Other  variants  
•  A  null  morUheme  is  a  morUheme  that  is  realized  by  a  phonologically  null  affix  (an  

emptf  st-ing  of  phonological  segaents).  In  simpler  teras,  a  null  morUheme  is  an  
"invisible"  affix.  It's  also  called  zero  morUheme;  the  process  of  adding  a  null  
morUheme  is  called  null  affixation,  null  derivation  or  zero  derivation.    

•  The  root  is  the  primarf  lexical  unit  of  a  word,  which  car-ies  the  most  significant  
aspects  of  semantic  content  and  cannot  be  reduced  into  smaller  constit9ents.  
Content  words  in  nearly  all  lang9ages  contain,  and  may  consist  only  of,  root  
morUhemes.  However,  sometimes  the  tera  "root"  is  also  used  to  describe  the  word  
minus  its  inflectional  endings,  but  with  its  lexical  endings  in  place.  For  example,  
cha5ers  has  the  inflectional  root  or  lemma  cha5er,  but  the  lexical  root  chat.  
Inflectional  roots  are  osten  called  stems.  
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Other  variants  
•  Stems  may  be  roots,  e.g.  r6n,  or  they  may  be  morUhologically  complex,  as  in  

compound  words  (cf.  the  compound  nouns  meat  ball  or  bo5le  opener)  or  words  
with  derivational  morUhemes  (cf.  the  derived  verbs  black-­‐en  or  standard-­‐ize).  
Thus,  the  stem  of  the  complex  English  noun  photog<apher  is  photo·∙g<aph·∙er,  but  
not  photo.  For  another  example,  the  root  of  the  English  verb  fora  destabilized  is  
stabil-­‐,  a  fora  of  stable  that  does  not  occur  alone;  the  stem  is  de·∙stabil·∙ize,  which  
includes  the  derivational  affixes  de-­‐  and  -­‐ize,  but  not  the  inflectional  past  tense  
suffix  -­‐(e)d.  That  is,  a  stem  is  that  parK  of  a  word  that  inflectional  affixes  a[ach  to.  
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MorUhological  analysis  
•  In  nat9ral  lang9age  processing  for  Japanese,  Chinese  and  other  lang9ages,  

morUhological  analysis  is  a  process  of  segaenting  given  sentence  into  a  row  of  
morUhemes.  It  is  closely  related  to  ParK-­‐of-­‐speech  tagging,  but  word  segaentation  
is  required  for  these  lang9ages  because  word  boundaries  are  not  indicated  by  
blank  spaces.  Famous  Japanese  morUhological  analysers  include  Juman,  ChaSen  
and  Mecab.  
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Words,  words,  words  
  

•  What’s  a  word?  
–  Definitions  we  will  use  over  and  over:  TyUes,  tokens,  stems,  roots,  inflected  

foras,  etc...    
–  Lexeme:  An  ent-f  in  a  lexicon  consisting  of  a  pairing  of  a  fora  with  a  single  

meaning  representation  
–  Lexicon:  A  collection  of  lexemes  
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Relationships  betteen  word  meanings  
•  Homonyay  

•  Polysemy  
•  Synonyay  

•  Antonyay  

•  HyUernomy  
•  HyUonomy  

•  Meronomy  
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Homonyay:  
–  Lexemes  that  share  a  fora  

•  Phonological,  orKhog-aphic  or  both  

–  But  have  unrelated,  distinct  meanings  
–  Clear  example:  

•    Bat  (wooden  stick-­‐like  thing)  vs  
•    Bat  (flying  scarf  mammal  thing)  
•  Or  bank  (financial  instit9tion)  versus  bank  (riverside)  

–  Can  be  homophones,  homog-aphs,  or  both:  
•  Homophones:  

–  Write  and  right  
–  Piece  and  peace  



 

CSE6339  3.0  Int-oduction  to  Computational  Ling9istics  
Inst-9ctor:  Nick  Cercone  –  3050  LAS  –  nick@cse.yorku.ca  
Mondays,  Wednesdays  10:00-­‐11:20  –  NorKh  Ross  836A  

Winter  Semester,  2014  
  

Inst-9ctor:  Nick  Cercone  -­‐  3050  CSEB  -­‐  nick@cse.yorku.ca  
  

11  

Homonyay  causes  problems  for  NLP  applications  

•  TexK-­‐to-­‐Speech  
–  Same  orKhog-aphic  fora  but  different  phonological  fora    

•  bass  vs  bass  
•  Inforaation  ret-ieval  

–  Different  meanings  same  orKhog-aphic  fora  
•  QUERY:  bat  care  

•  Machine  Translation  
•  Speech  recognition  

–  Why?    
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Polysemy  
•  The  bank  is  const-9cted  `om  red  brick  

I  withdrew  the  money  `om  the  bank    
•  Are  those  the  same  sense?  
•  Or  consider  the  following  example  

–  While  some  banks  f9rnish  spera  only  to  mar-ied  women,  others  are  less  
rest-ictive  

–  Which  sense  of  bank  is  this?  

•  distinct  `om  (homonyaous  with)  river  bank  sense?  

•  How  about  the  savings  bank  sense?  
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Polysemy  
•  A  single  lexeme  with  multiple  related  meanings  (bank  the  building,  bank  the  

financial  instit9tion)  
•  Most  non-­‐rare  words  have  multiple  meanings  

–  The  number  of  meanings  is  related  to  its  `equency  

–  Verbs  tend  more  to  polysemy  

–  Disting9ishing  polysemy  `om  homonyay  isn’t  always  easy  (or  necessarf)  
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Metaphor  and  Metonyay  
•  Specific  tfUes  of  polysemy  
•  Metaphor:  

–  Geraany  will  pull  Slovenia  out  of  its  economic  slump.  
–  I  spent  2  hours  on  that  homework.  

•  Metonyay  
–  The  White  House  announced  yesterday.  
–  This  chapter  talks  about  parK-­‐of-­‐speech  tagging  
–  Bank  (building)  and  bank  (financial  instit9tion)  
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ParKs  of  Speech  Table  
   part of 

speech 
function or "job" example words example sentences 

Verb action or state (to) be, have, do, like, 
work, sing, can, must 

EnglishClub.com is a web site. I like 
EnglishClub.com. 

Noun thing or person pen, dog, work, music, 
town, London, teacher, 
John 

This is my dog. He lives in my house. 
We live in London. 

Adjective describes a noun a/an, the, 69, some, 
good, big, red, well, 
interesting 

My dog is big. I like big dogs. 

Adverb describes a verb, 
adjective or adverb 

quickly, silently, well, 
badly, very, really 

My dog eats quickly. When he is 
very hungry, he eats really quickly. 

Pronoun replaces a noun I, you, he, she, some Tara is Indian. She is beautiful. 
Preposition links a noun to another 

word 
to, at, after, on, but We went to school on Monday. 

Conjunction joins clauses or 
sentences or words 

and, but, when I like dogs and I like cats. I like cats 
and dogs. I like dogs but I don't like 
cats. 

Interjection short exclamation, 
sometimes inserted into 
a sentence 

oh!, ouch!, hi!, well Ouch! That hurts! Hi! How are you? 
Well, I don't know. 
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Words  with  More  than  One  Job  
•  Many  words  in  English  can  have  more  than  one  job,  or  be  more  than  one  parK  of  

speech.  For  example,  "work"  can  be  a  verb  and  a  noun;  "but"  can  be  a  conjunction  
and  a  preposition;  "well"  can  be  an  adjective,  an  adverb  and  an  interjection.  In  
addition,  many  nouns  can  act  as  adjectives.  

•  To  analyze  the  parK  of  speech,  ask  yourself:  "What  job  is  this  word  doing  in  this  
sentence?"  

•  In  the  table  below  you  can  see  a  few  examples.  Of  course,  there  are  more,  even  for  
some  of  the  words  in  the  table.  In  fact,  if  you  look  in  a  good  dictionarf  you  will  see  
that  the  word  but  has  six  jobs  to  do:  
     verb,  noun,  adverb,  pronoun,  preposition  and  conjuction!  
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Words  with  More  than  One  Job  

word part of speech example 
noun My work is easy. work 
verb I work in London. 
conjunction John came but Mary didn't 

come. 
but 

preposition Everyone came but Mary. 
adjective Are you well? 
adverb She speaks well. 

well 

interjection Well! That's expensive! 
noun We ate in the afternoon. afternoon 
noun acting as adjective We had afternoon tea. 
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ParK-­‐of-­‐speech  tagging  
•  In  corUus  ling9istics,  parK-­‐of-­‐speech  tagging  (POS  tagging  or  POST),  also  called  

g-ammatical  tagging  or  word  categorf  disambig9ation,  is  the  process  of  marking  
up  the  words  in  a  texK  (corUus)  as  cor-esponding  to  a  parKicular  parK  of  speech,  
based  on  both  its  definition,  as  well  as  its  contexK  —i.e.,  relationship  with  adjacent  
and  related  words  in  a  phrase,  sentence,  or  parag-aph.  A  simplified  fora  is  the  
identification  of  words  as  nouns,  verbs,  adjectives,  etc.  

•  Once  perforaed  by  hand,  POS  tagging  is  now  done  in  computational  ling9istics  
using  algorithms  which  associate  discrete  teras,  as  well  as  hidden  parKs  of  speech,  
in  accordance  with  a  set  of  descriptive  tags.  
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Principle  
•  ParK-­‐of-­‐speech  tagging  is  harder  than  just  having  a  list  of  words  and  their  parKs  of  

speech,  because  some  words  can  represent  more  than  one  parK  of  speech  at  
different  times.  This  is  not  rare—in  nat9ral  lang9ages  (as  opposed  to  many  
arKificial  lang9ages),  a  large  percentage  of  word-­‐foras  are  ambig9ous.  For  
example,  even  "dogs",  which  is  usually  thought  of  as  a  just  a  plural  noun,  can  also  
be  a  verb:  

The  sailor  dogs  the  hatch.  
•  "Dogged",  on  the  other  hand,  can  be  either  an  adjective  or  a  past-­‐tense  verb.  Just  

which  parKs  of  speech  a  word  can  represent  varies  g-eatly.  
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Historf  
•  Research  on  parK-­‐of-­‐speech  tagging  has  been  closely  tied  to  corUus  ling9istics.  The  

first  major  corUus  of  English  for  computer  analysis  was  the  Brown  CorUus  
developed  at  Brown  Universitf  by  Henrf  Kucera  and  Nelson  Francis,  in  the  
mid-­‐1960s.  It  consists  of  about  1,000,000  words  of  r9nning  English  prose  texK,  
made  up  of  500  samples  `om  randomly  chosen  publications.  Each  sample  is  2,000  
or  more  words  (ending  at  the  first  sentence-­‐end  aster  2,000  words,  so  that  the  
corUus  contains  only  complete  sentences).  
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Note  
  It  is  worKh  remembering,  as  Eugene  Charniak  points  out  in  Statistical  techniques  
for  nat6ral  lang6age  parsing,  that  merely  assigning  the  most  common  tag  to  each  
known  word  and  the  tag  "proper  noun”  to  all  unknowns,  will  approach  90%  POST  
accuracy  because  many  words  are  unambig9ous.  
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Major  algorithms  
  Some  cur-ent  major  algorithms  for  parK-­‐of-­‐speech  tagging  include  the  Viterbi  
algorithm,  Brill  Tagger,  Const-aint  Grammar,  and  the  Baum-­‐Welch  algorithm  
(also  known  as  the  fortard-­‐backward  algorithm).  Hidden  Markov  model  and  
visible  Markov  model  taggers  can  both  be  implemented  using  the  Viterbi  
algorithm.  
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How  do  we  know  when  a  word  has  more  than  one  sense?  
  
•  ATIS  examples  

–  Which  flights  ser�e  breakfast?  

–  Does  America  West  ser�e  Philadelphia?  
•  The  “zeugaa”  test:  

–  ?Does  United  ser�e  breakfast  and  San  Jose?  
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Synonyas  
  
•  Word  that  have  the  same  meaning  in  some  or  all  contexKs.  

–  filberK  /  hazelnut  
–  couch  /  sofa  
–  big  /  large  
–  automobile  /  car  
–  vomit  /  throw  up  
–  Water  /  H20  

•  Two  lexemes  are  synonyas  if  they  can  be  successf9lly  substit9ted  for  each  other  in  
all  sit9ations  
–  If  so  they  have  the  same  propositional  meaning  
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Synonyas  
  

•  But  there  are  few  (or  no)  examples  of  perfect  synonyay.  
–  Why  should  that  be?    

–  Even  if  many  aspects  of  meaning  are  identical  
–  Still  may  not  preser�e  the  acceptabilitf  based  on  notions  of  politeness,  slang,  

register,  genre,  etc.  

•  Example:  
–  Water  and  H20  
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More  Terainologf  
  Lemmas  and  wordforas  
–  A  lexeme  is  an  abst-act  pairing  of  meaning  and  fora  
–  A  lemma  or  citation  fora  is  the  g-ammatical  fora  that  is  used  to  represent  a  lexeme.  

•  CarUet  is  the  lemma  for  carUets  
•  Dorair  is  the  lemma  for  dueraes.  

–  Specific  surface  foras  carHets,  sung,  duerJes  are  called  wordforas  

•  The  lemma  bank  has  tto  senses:  
–  Instead,  a  bank  can  hold  the  investaents  in  a  custodial  account  in  the  client’s  name  
–  But  as  ag-icult9re  burgeons  on  the  east  bank,  the  river  will  shrink  even  more.  

•  A  sense  is  a  discrete  representation  of  one  aspect  of  the  meaning  of  a  word  
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Synonyay  is  a  relation  betteen  senses  rather  than  words  
•  Consider  the  words  big  and  large  
•  Are  they  synonyas?  

–  How  big  is  that  plane?  
–  Would  I  be  flying  on  a  large  or  small  plane?  

•  How  about  here:  
–  Miss  Nelson,  for  instance,  became  a  kind  of  big  sister  to  Benjamin.  
–  ?Miss  Nelson,  for  instance,  became  a  kind  of  large  sister  to  Benjamin.  

•  Why?  
–  big  has  a  sense  that  means  being  older,  or  g-own  up  
–  large  lacks  this  sense  
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Antonyas  
•  Senses  that  are  opposites  with  respect  to  one  feat9re  of  their  meaning  
•  Othertise,  they  are  verf  similar!  

–  dark  /  light  
–  shorK  /  long  
–  hot  /  cold  
–  up  /  down  
–  in  /  out  

•  More  foraally:  antonyas  can  
–  define  a  binarf  opposition  or  at  opposite  ends  of  a  scale  (long/shorL,  fast/slow)  
–  Be  reversives:  rise/fall,  up/down  
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HyUonomy  
•  One  sense  is  a  hyUonya  of  another  if  the  first  sense  is  more  specific,  denoting  a  subclass  of  

the  other  
–  car  is  a  hyUonya  of  vehicle  
–  dog  is  a  hyUonya  of  animal  
–  mango  is  a  hyUonya  of  M6it  

•  Conversely  
–  vehicle  is  a  hyUernya/superordinate    of  car  
–  animal  is  a  hyUernya  of  dog  
–  M6it  is  a  hyUernya  of  mango  

  

superordinate vehicle fruit furniture mammal 
hyponym car mango chair dog 
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HyUernyay  more  foraally  
•  ExKensional:  

–  The  class  denoted  by  the  superordinate  
–  exKensionally  includes  the  class  denoted  by  the  hyUonya  

•  Entailment:  

–  A  sense  A  is  a  hyUonya  of  sense  B  if  being  an  A  entails  being  a  B  
•  HyUonyay  is  usually  t-ansitive    

–  (A  hyUo  B  and  B  hyUo  C  entails  A  hyUo  C)  
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WordNet  
•  A  hierarchically  organized  lexical  database  

•  On-­‐line  thesaur9s  +  aspects  of  a  dictionarf  
•  Versions  for  other  lang9ages  are  under  development  
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WordNet  
•  Where  it  is:  

–  h[U://www.cogsci.princeton.edu/cgi-­‐bin/webwn  
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Foraat  of  Wordnet  Ent-ies  
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WordNet  Noun  Relations  
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WordNet  Verb  Relations  
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WordNet  Hierarchies  
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How  is  “sense”  defined  in  WordNet?    
The  set  of  near-­‐synonyas  for  a  WordNet  sense  is  called  a  synset  (synonya  set);  it’s  their  version  of  

a  sense  or  a  concept  
•  Example:  chump  as  a  noun  to  mean    

–  ‘a  person  who  is  g9llible  and  easy  to  take  advantage  of’  

•  Each  of  these  senses  share  this  same  gloss  

•  Thus  for  WordNet,  the  meaning  of  this  sense  of  chump  is  this  list.  
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Word  Sense  Disambig9ation  (WSD)    
•  Given    

–  a  word  in  contexK,    
–  A  fixed  inventorf  of  potential  word  sense  

•  decide  which  is  the  sense  of  this  word.  
–  English-­‐to-­‐Spanish  MT  

•  Inventorf  is  set  of  Spanish  t-anslations  
–  Speech  Synthesis  

•  Inventorf  is  homog-Uahs  with  different  pronunciations  like  bass  and  bow  
–  Automatic  indexing  of  medical  arKicles  

•  MeSH  (Medical  Subject  Headings)  thesaur9s  ent-ies  
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Two  variants  of  WSD  task  
•  Lexical  Sample  task  

–  Small  pre-­‐selected  set  of  target  words  
–  And  inventorf  of  senses  for  each  word  
–  We’ll  use  super�ised  machine  learning  

•  All-­‐words  task  
–  Everf  word  in  an  entire  texK  
–  A  lexicon  with  senses  for  each  word  
–  SorK  of  like  parK-­‐of-­‐speech  tagging  

•  Except  each  lemma  has  its  own  tagset  
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Super�ised  Machine  Learning  Approaches    
•  Super�ised  machine  learning  approach:  

–  a  t-aining  corUus  of  words  tagged  in  contexK  with  their  sense  
–  used  to  t-ain  a  classifier  that  can  tag  words  in  new  texK  
–  Just  as  we  saw  for  parK-­‐of-­‐speech  tagging,  statistical  MT.  

•  Summarf  of  what  we  need:  
–  the  tag  set  (“sense  inventorf”)  
–  the  t-aining  corUus  
–  A  set  of  feat9res  exK-acted  `om  the  t-aining  corUus  
–  A  classifier  
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Word  sense  disambig9ation  sketch  –  not  ML  
•  Comsider  a  simple,  inforaal,  anyKhing  but  robust  knowledge-­‐based  approach  to  

word  sense  disambig9ation.  We  know  that  many  English  sentences  can  map  onto  
a  template  that  looks  like  the  following:  
        <agent>  <action>  <actionable  item>  
  which  noraally  cor-espond  to  the  subject,  verb  and  object  respectively.  This  simple  
obser�ation  leads  to  an  int-ig9ing  method  for  disambig9ating  word  senses.  As  an  
example  consider  the  sentence  “The  banker  banks  his  plane  over  the  river  bank  
near  the  bank  that  he  banks  on  for  good  banking  ser�ice.”  –  whew  
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Word  sense  disambig9ation  sketch  –  not  ML  
  What  do  we  know  about  this  somewhat  cont-ived  sentence?  We  know  that  “…that  
he  banks  on  for  good  banking  ser�ice.”  is  a  relative  clause  and  can  be  t-eated  as  a  
separate  sentence.  That’s  good  –  and  the  same  techniques  we  will  now  discuss  for  
the  “The  banker  banks  his  plane  over  the  river  bank  near  the  bank”  parK  will  also  
ser�e  well  for  the  clause.  We  need  to  find  the  verb  -­‐  <action>.  MorUhological  
analysis  reveals  that  the  content  words  banker,  banks,  plane,  river,  bank  and  bank  
can  be  as  follows:  
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Word  sense  disambig9ation  sketch  –  not  ML  
    
WORD ROOT MORPH-1  MORPH-2 
Banker Bank Noun singular Comparative 

adjective 
Banks Bank Noun plural Verb present tense 
Plane Plane Noun singular Verb present tense 
River River Noun singular  
Bank Bank Noun singular Verb present tense 
Bank Bank Noun singular Verb present tense 
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Word  sense  disambig9ation  sketch  –  not  ML  
•  The  f9nction  words  also  provide  us  with  usef9l  inforaation,  thus  over  and  near  are  

prepositions  and  hense  their  phrases  over  the  river  bank  and  near  the  bank  will  
need  to  be  a[ached  to  the  sentence  st-9ct9re  (remember  g-ammar  school  English  
classes  and  diag-amming?).  So  now  we  need  to  find  the  verb  in  the  `agaent  The  
banker  banks  his  plane.  MorUhological  analysis  has  revealed  tto  candidates:  banks  
and  plane.  
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Word  sense  disambig9ation  sketch  –  not  ML  
•  If  we  consider  banks  we  find  that  banker  is  a  compatible  <agent>  (a  subject),  that  is  

banker  has  the  right  feat9res  (selectional  rest-ictions)  to  be  compatible  with  a  verb  
<action>  of  banks.  Also  plane  is  an  acceptable  <actionable  item>  (an  object).  Thus  
the  sense  of  banks  is  deterained  by  the  const-aints  imposed  (selectional  rest-ictions)  
that  banker  and  plane  impose.  

•  If  we  consider  the  alternative  and  choose  the  second  candidate  plane  as  the  verb,  we  
find  that  it  does  not  work  so  well.  
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Conclusion  
•  MorUhemes,  words,  …  

•  Lexical  Semantics  
–  Homonyay,  Polysemy,  Synonyay  

–  Thematic  roles  

•  Computational  resource  for  lexical  semantics  
–  WordNet  

•  Task  
–  Word  sense  disambig9ation  



 

CSE6339  3.0  Int-oduction  to  Computational  Ling9istics  
Inst-9ctor:  Nick  Cercone  –  3050  LAS  –  nick@cse.yorku.ca  
Mondays,  Wednesdays  10:00-­‐11:20  –  NorKh  Ross  836A  

Winter  Semester,  2014  
  

Inst-9ctor:  Nick  Cercone  -­‐  3050  CSEB  -­‐  nick@cse.yorku.ca  
  

48  

Other  Concluding  Remarks  
 
 
 
 
 
 
 

T.  T.  T.    
Put  up  in  a  place  where  it's  easy  to  see    

the  crfUtic  admonishment  T.  T.  T.    
When  you  feel  how  depressingly  slowly  you  climb,    

it's  well  to  remember  that  Things  Take  Time.    


