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SEMANTIC	  PARSING	  WITH	  BOXER	  
Part	  	  1	  



bin/boxer	  
Mr. Johnson was travelling to San Franacie Bay. He went to New York and he smoked. 

 



bin/boxer	  
Mr. Johnson was travelling to San Franacie Bay. He went to New York and he smoked. 

 ________________________________________________________________________________________ 
|      ______________________________        ______________________       ____________   |

|     |x1 e1 x2                      |      |x1 e2 x3              |     |x1 e3       |  |
|  k1:|..............................|   k2:|......................|  k3:|............|  |
|     |named(x1,mr.~johnson,per)     |      |male(x1)              |     |male(x1)    |  |

|     |travel(e1)                    |      |go(e2)                |     |smoke(e3)   |  |
|     |agent(e1,x1)                  |      |agent(e2,x1)          |     |agent(e3,x1)|  |
|     |named(x2,san~franacie~bay,geo)|      |named(x3,new~york,geo)|     |____________|  |
|     |to(e1,x2)                     |      |to(e2,x3)             |                     |

|     |______________________________|      |______________________|                     |
|________________________________________________________________________________________|
|                                                                                        |

|continuation(k1,k2)                                                                     |
|continuation(k2,k3)                                                                     |
|parallel(k2,k3)                                                                         |
|________________________________________________________________________________________|



CCG	  Parsing	  



ComposiConal	  SemanCcs	  (DRT)	  



Discourse	  RepresentaCon	  Theory	  
•  Theory:	  	  
-‐	  Kamp	  &	  Reyle,	  Heim,	  Asher	  
-‐	  Van	  der	  Sandt,	  Geurts,	  Beaver	  

•  Ingredients:	  	  
-‐	  concepts,	  events	  
-‐	  relaCons,	  themaCc	  roles	  

•  Scope:	  	  
-‐	  Boolean	  and	  modal	  operators	  	  
-‐	  conjuncCon	  implicit	  

•  Boxes:	  
-‐	  can	  also	  be	  named	  (“hybrid”	  logic)	  
-‐	  easier	  to	  read	  than	  FOL-‐formulas	  
-‐	  translaCon	  of	  boxes	  to	  (modal)	  FOL	  

Hans	  Kamp	  



SemanJc	  Parsing	  with	  Boxer	  
Johan	  Bos	  

University	  of	  Groningen	  

-‐-‐input	  	  
syntacCc	  derivaCon	  based	  on	  
combinatory	  categorial	  grammar	  
	  
	  

Interface	  Formats	   Meaning	  Frameworks	  

-‐-‐output	  
discourse	  representaCon	  structure	  
(DRS),	  first-‐order	  logic	  (FOL),	  or	  
abstract	  meaning	  representaCons	  
(AMR)	  

-‐-‐theory	  drt	  	  
adopts	  a	  version	  of	  Kamp’s	  
Discourse	  RepresentaCon	  Theory	  
	  
-‐-‐theory	  sdrt	  	  
outputs	  meaning	  representaCons	  
based	  on	  Asher’s	  Segmented	  
Discourse	  RepresentaCon	  Theory	  	  
	  
-‐-‐integrate	  true	  
a	  single	  meaning	  representaCon	  
spanning	  all	  input	  sentences	  	  
	  

SemanCc	  Features	  

-‐-‐mwe	  	  
dealing	  with	  mulCword	  expressions	  	  
	  

-‐-‐nn	  
processing	  noun-‐noun	  compounds	  
	  
-‐-‐resolve	  
resolving	  pronouns	  and	  names	  
	  

-‐-‐roles	  
proto	  themaCc	  roles	  or	  verbnet	  

-‐-‐modal	  
analysing	  modal	  expressions	  

-‐-‐tense	  
addiConal	  relaCons	  for	  tense	  

Ask  
for a 
demo! 

Works with 
C&C as well 
as the 
EasyCCG 
parser!



	  	  	  How	  good	  is	  Boxer?	  

	  	  	  	  Past	  results	  
•  Relatedness:	  0.83	  (3rd/17	  SemEval	  2014)	  
•  Textual	  Entailment:	  0.82	  (5th/18	  SemEval	  2014)	  

	  	  	  	  Work	  in	  progress	  
•  Pronoun	  resoluCon:	  59%	  	  
•  AMR	  parsing:	  F≈0.50	  



	  	  	  The	  Groningen	  Meaning	  Bank	  

•  Large	  (English)	  corpus	  of	  public	  domain	  texts	  
•  Annotated	  with	  meaning	  representaCons	  

– generated	  by	  Boxer	  
– corrected	  by	  humans	  (experts	  and	  “the	  crowd”)	  



Groningen	  Meaning	  Bank:	  corpus	  size	  
genre	   texts	   sentences	   words	   s/t	   w/s	  

Voice	  of	  America	   newswire	   9,207	   57,174	   1,238,576	   6.2	   21.7	  

CIA	  world	  factbook	   almanac	   514	   4,436	   112,516	   8.6	   25.4	  

Aesop’s	  Fables	   narraCve	   224	   949	   23,105	   4.2	   24.3	  

jokes	   humor	   122	   443	   7,531	   3.6	   17.0	  

MASC	   35	   291	   6,985	   8.3	   24.0	  

RTE	   1,338	   1,537	   29,854	   1.1	   19.4	  

11,440	   64,830	   1,418,567	   5.7	   21.9	  



SemanCc	  AnnotaCon	  by	  AcCve	  Learning	  

reproduce	   annotate	  

retrain	  

explore	  



The	  GMB	  explorer	  



10,000	  Discourse	  RepresentaCon	  Structures	  



	  	  	  Lots	  of	  labelled	  data	  needed	  

•  syntacCc	  analysis	  (pos	  PTB)	  
•  word	  senses	  (wordnet)	  
•  themaCc	  roles	  (verbnet/lirics)	  
•  antecedents	  of	  pronouns	  
•  relaCons	  in	  e.g.	  compound	  nouns	  



TradiConal	  AnnotaCon	  	  

hryryykhkjhkjhk	  

monday tuesday wednesday

thursday friday weekend



Crowdsourcing	  
•  Outsourcing	  tasks	  to	  a	  distributed	  group	  of	  people	  
•  The	  Internet	  provides	  the	  infrastructure	  
•  Two	  main	  approaches:	  	  	  	  	  MARKETPLACES	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  GAMIFICATION	  
	  	  	  

	  



Internet	  Marketplaces	  



GWAP	  (Game	  with	  a	  Purpose)	  



www.wordrobe.org	  



Wordrobe	  Philosophy	  
•  Not	  a	  single	  game,	  but	  a	  series	  of	  games	  	  

that	  share	  structure	  and	  scoring	  strategies	  
•  Each	  semanCc	  phenomenon	  that	  requires	  

annotaCon	  corresponds	  to	  a	  different	  game	  
•  Every	  game	  consists	  of	  mulCple-‐choice	  	  

quesCons	  
•  Each	  quesCon	  is	  presented	  by	  a	  text	  	  

snippet	  plus	  a	  (small)	  number	  of	  possible	  answers	  
•  These	  quesCons	  (and	  answers)	  are	  	  

automaCcally	  generated	  from	  the	  corpus	  



“Twins”	  (homographs)	  



“Senses”	  (word	  ambiguiCes)	  



“Pointers”	  (pronoun	  interpretaCon)	  



Scoring	  in	  Wordrobe	  

•  Every	  answer	  increases	  the	  
score	  of	  a	  player	  

•  The	  more	  overlap	  of	  a	  
player’s	  answer	  with	  other	  
players,	  the	  higher	  the	  score	  

•  Total	  scores	  for	  a	  game	  are	  
calculated	  over	  answers	  given	  
in	  the	  last	  N	  days	  (N=50)	  



A	  score	  with	  a	  twist	  
•  In	  addiCon,	  Wordrobe	  players	  can	  take	  “risks”	  
and	  bet	  on	  the	  correctness	  of	  an	  answer	  

•  The	  higher	  the	  bet,	  the	  more	  points	  you	  can	  
win	  (or	  loose)	  



Why	  do	  	  
people	  play	  	  
wordrobe?	  

•  unlocking	  
achievements	  

•  outperforming	  
other	  players	  

•  learning	  about	  
language	  

•  help	  
computaConal	  
linguists	  



	  	  Parallel	  Meaning	  Banking	  

•  Meaning	  ought	  to	  be	  independent	  	  
of	  language:	  exploit	  translaCons!	  

•  Perhaps	  faster	  to	  generate	  semanCc	  resources	  
for	  other	  languages	  

•  MoCvaCon	  
– Learn	  about	  how	  human	  translators	  work	  
–  Improve	  semanCc	  analysis	  of	  single	  languages	  
– Verify	  translaCons	  



Meaning	  Banks	  

	  	  	  	  ExisJng:	  
•  Groningen	  Meaning	  Bank	  (GMB)	  
•  The	  AMR	  Bank	  
•  Treebank	  SemanCcs	  (Alistair	  Butler)	  

	  	  	  	  In	  development:	  
•  Parallel	  Meaning	  Bank	  (PMB)	  



Preserving	  Meaning	  in	  TranslaCon	  



Preserving	  Meaning	  in	  TranslaCon	  



Preserving	  Meaning	  in	  TranslaCon	  



	  	  

Parallel	  Meaning	  Banking	  

Idea:	  use	  parallel	  corpora	  (translaCons)	  to	  synchronize	  meanings	  	  



The	  Parallel	  Meaning	  Bank	  
11,5M	  word	  tokens	  



The	  Parallel	  Meaning	  Bank	  
English	  as	  pivot	  language	  (5	  million	  words)	  

	  (ca.	  10,000	  documents	  for	  all	  four	  languages)	  

1,1m	  words	   3,9m	  words	   1,4m	  words	  



What	  will	  be	  different	  in	  the	  PMB?	  

	  	  	  	  	  GMB	  
•  one	  language	  
•  POS-‐tagging	  
•  C&C	  parser	  
•  Wordnet	  senses	  
•  neo-‐Davidsonian	  events	  
•  lexical	  rules	  
•  gamificaCon	  

	  	  	  	  	  PMB	  
•  four	  languages	  
•  SemanCc	  tagging	  
•  EasyCCG	  parser	  
•  Corpus-‐driven	  senses	  
•  hyper-‐Davidsonian	  events	  
•  empty	  elements	  
•  crowd-‐sourcing	  



SEMANTIC	  ALIGNMENT	  



Human	  Translators	  

•  RestricCes	  in	  de	  taal:	  	  



THE	  GOOD,	  THE	  BAD,	  AND	  THE	  UGLY	  
≈



THE	  GOOD,	  THE	  BAD,	  AND	  THE	  UGLY	  





THE	  GOOD,	  THE	  BAD,	  AND	  THE	  UGLY	  



The	  “Magpies”	  have	  produced	  some	  of	  Britain’s	  finest	  players.	  
Die	  “Elstern”	  brachten	  einige	  der	  besten	  Fussballspieler	  Grossbritanniens	  hervor.	  



THE	  GOOD,	  THE	  BAD,	  AND	  THE	  UGLY	  
≈





	  Lexical	  RelaCons	  in	  Parallel	  Meanings	  

•  Synonym:	  
•  Hyponym:	  
•  Co-‐Hyponym:	  

•  Meronym:	  	  	  	  	  	  	  	  	  	  	  <<	  
possible,	  but	  not	  seen	  in	  EN/DE/IT/NL	  data	  but	  
seen	  in	  English-‐Japanese	  data	  (Francis	  Bond)	  

≈



Category	  Transfer	  Theory	  

•  Framework:	  
Combinatory	  Categorial	  Grammar	  	  

•  Given:	  
An	  expression	  S	  (s1…si)	  and	  its	  translaCon	  T	  
(t1…tj)	  with	  CCG-‐derivaCons	  d(S)	  and	  d(T).	  

•  Then:	  	  
The	  translaCon	  from	  S	  to	  T	  is	  meaning-‐
preserving	  iff	  d(S)	  can	  be	  transferred	  to	  d(T)	  
closed	  under	  CCG’s	  combinatorial	  rules	  



Bootstrapping	  SemanCc	  Parsers	  

the	   chance	   to	  	   taste	   a	   pint	   of	  	   beer	  

np/n	   n/vpto	   vpto/vpb	   vpb/np	   np/n	   n/pp	   pp/np	   np	  

np/vpto	   vpto/vpb	   vpb/np	   np/n	   pp	  

np/vpto	   vpto/vpb	   vpb/np	   np/n	   n	  

np/vpto	   vpto/vpb	   vpb/np	   np	  

np/vpto	   vpto/vpb	   vpb	  

np/vpto	   vpto	  

np	  

Step	  1:	  	  Parse	  source	  sentence	  



Bootstrapping	  SemanCc	  Parsers	  

the	   chance	   to	  	   taste	   a	   pint	   of	  	   beer	  

np/n	   n/vpto	   vpto/vpb	   vpb/np	   np/n	   n/pp	   pp/np	   np	  

die	   Gelegenheit	   ein	   Glas	   Bier	   zu	  	   trinken	  

Step	  2:	  	  Use	  word	  alignments	  



Bootstrapping	  SemanCc	  Parsers	  

the	   chance	   to	  	   taste	   a	   pint	   of	  	   beer	  

np/n	   n/vpto	   vpto/vpb	   vpb/np	   np/n	   n/pp	   pp/np	   np	  

np/n	   n/vpto	   np/n	   np	   vpto/vpb	   vpb/np	  

die	   Gelegenheit	   ein	   Glas	   Bier	   zu	  	   trinken	  

Step	  3:	  	  Carry	  over	  syntacCc	  categories	  where	  possible	  	  



Bootstrapping	  SemanCc	  Parsers	  

the	   chance	   to	  	   taste	   a	   pint	   of	  	   beer	  

np/n	   n/vpto	   vpto/vpb	   vpb/np	   np/n	   n/pp	   pp/np	   np	  

np/n	   n/vpto	   np/n	   np	   vpto/vpb	   vpb\np	  

die	   Gelegenheit	   ein	   Glas	   Bier	   zu	  	   trinken	  

Step	  4:	  	  	  Reverse	  slashes	  where	  needed	  to	  match	  word	  order	  



Bootstrapping	  SemanCc	  Parsers	  

the	   chance	   to	  	   taste	   a	   pint	   of	  	   beer	  

np/n	   n/vpto	   vpto/vpb	   vpb/np	   np/n	   n/pp	   pp/np	   np	  

np/n	   n/vpto	   np/n	   n/np	   np	   vpto/vpb	   vpb\np	  

die	   Gelegenheit	   ein	   Glas	   Bier	   zu	  	   trinken	  

Step	  5:	  Infer	  new	  categories	  using	  CCG’s	  combinators	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  Here:	  	  n/pp	  +	  pp/np	  	  è	  	  n/np	  	  [>B]	  	  



Bootstrapping	  SemanCc	  Parsers	  

np	  

np/vpto	   vpto	  
np/vpto	   np	   vpto\np	  
np/vpto	   np/n	   n	   vpto\np	  

np/n	   n/vpto	   np/n	   n/np	   np	   vpto/vpb	   vpb\np	  

die	   Gelegenheit	   ein	   Glas	   Bier	   zu	  	   trinken	  



Aligning	  Meanings	  

pint	  ::	  n/pp	   of	  ::	  pp/np	  

λp.λx.[PINT(x)	  &	  p(x)]	   λn.λz.n(λy.CONTAINS(z,y))	  

pint	  of	  ::	  n/np	  

λn.λx.[PINT(x)	  &	  n(λy.CONTAINS(x,y))]	  

Glas	  ::	  n/np	  

λn.λx.[GLAS≈PINT(x)	  &	  n(λy.CONTAINS(x,y))]	  



Copy,	  Merge	  &	  Split	  
•  Copy:	  	  
transfer	  of	  category	  from	  source	  	  
to	  target	  

•  Merge:	  
two	  source	  categories	  merge	  into	  	  
one	  target	  category	  (composiCon)	  

•  Split:	  
one	  source	  category	  into	  two	  target	  	  
categories	  (de-‐composiCon)	  

X	  

X	  

X/Y	  

X/Z	  

Y/Z	  

X/X	   X	  

X	  



Merge	  

	  	  	  	  	  	  	  	  	  	  	  N/N:	  dog	  	  	  N:	  house	  	  	  
	  	  	  	  	  	  	  	  	  	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐>	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  N:	  hondehok	  
	  
	  	  	  	  	  	  	  	  (S\NP)/(Sto\NP):	  likes	  	  	  	  (Sto\NP)/(S\NP):to	  
	  	  	  	  	  	  	  	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐>B	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (S\NP)/(S\NP):	  graag	  
	  



Split	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Sadj\NP:	  impossible	  
	  	  	  	  B>	  	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  	  	  	  	  	  	  	  	  	  	  (S\NP)/(S\NP):	  niet	  	  	  	  	  	  	  Sadj\NP:	  mogelijk	  
	  
	  	  	  	  	  	  	  



Boxer	  Learning	  Dutch	  

Work by  Kilian Evang 



Alignment	  Example	  
I             saw             it
NP            (S\NP)/NP       NP
              ------------------>
               S\NP
--------------------------------<
    S

L’        ho                 visto             io
NP        (S/NP)/(S\NP)      (S\NP)\NP         NP
          ---------------------------->Bx
          (S/NP)\NP
----------------------------------------<
   S/NP
--------------------------------------------------->
          S



Transferring	  Meanings	  
I             saw              it
NP: I’        (S\NP)/NP: SAW’  NP: IT’
              ---------------------->
                S\NP: SAW’(IT’)
--------------------------------<
    S: SAW’(IT’)(I’)

L’        ho               visto             io
NP: IT’   (S/NP)/(S\NP)    (S\NP)\NP: SAW’   NP: I’
          ---------------------------->Bx
          (S/NP)\NP: SAW’
----------------------------------------<
   S/NP: SAW’(IT’)
--------------------------------------------------->
          S: SAW’(IT’)(I’)



Transferring	  Meanings	  (empty	  elements)	  

I             saw              it
NP: I’        (S\NP)/NP: SAW’  NP: IT’
              ---------------------->
                S\NP: SAW’(IT’)
--------------------------------<
    S: SAW’(IT’)(I’)

L’        ho               visto             ε
NP: IT’   (S|NP)/(S\NP)    (S/NP)\NP: SAW’   NP: I’
          ---------------------------->Bx
          (S|NP)\NP: SAW’
----------------------------------------<
   S|NP: SAW’(IT’)
--------------------------------------------------->
          S: SAW’(IT’)(I’)



Progress	  in	  parallel	  meaning	  banking	  
but	  a	  lot	  lew	  to	  do...	  
•  Lexical	  meaning	  alignment	  (“good,	  bad,	  ugly”)	  
•  Splixng	  meanings	  
•  Ellipsis	  (e.g.	  pro-‐drop	  in	  Italian)	  
•  Cases	  of	  mixed	  split	  and	  merge	  
(is	  unable	  to	  ||	  kan	  niet)	  

•  Non-‐literal	  interpretaCons	  
	  



Meaning	  Banking	  

gmb.let.rug.nl:	  Groningen	  Meaning	  Bank	  
pmb.let.rug.nl:	  Parallel	  Meaning	  Bank	  



ComputaConal	  SemanCcs	  
•  Day	  1:	  Exploring	  Models	  
•  Day	  2:	  Meaning	  RepresentaCons	  
•  Day	  3:	  CompuCng	  Meanings	  with	  DCG	  
•  Day	  4:	  CompuCng	  Meanings	  with	  CCG	  
•  Day	  5:	  Drawing	  Inferences	  and	  Meaning	  Banking	  


