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Part 1

SEMANTIC PARSING WITH BOXER



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 el x2 |
3 |

| named (x1,mr.~johnson, per)

| travel(el)

|agent (el,x1)

| named (x2, san~franacie~bay, geo)

|to(el,x2)

k2:

|x1 e2 x3 |

|go(e2)

|agent (e2,x1)

| named (%3, new~york, geo)
|to(e2,x3)

| smoke (e3)
|agent (e3,x1)

|continuation(kl,k2)
|continuation(k2,k3)
|parallel (k2,k3)




CCG Parsing

Blll Clinton did not like the soaring gasoline prices
N/N N (S[dcI\NP)/(S[b\NP)  (S[dcI\NP)\(S[dcI\NP) (S[b]\NP)/NP NP/N N/N N/N N S[dcI\S[dcl]
> <By >
Blll Clinton did not gasoline prices
N (S[dcI\NP)/(S[b]\NP) N
* >

BIlll Clinton soaring gasoline prices
NP N

>

the soaring gasoline prices
NP
>
like the soaring gasoline prices
S[b]\NP
>
did not like the soaring gasoline prices
S[dcl]\NP

<
Blll Clinton did not like the soaring gasoline prices
S(dcl)

BlllI Clinton did not like the soaring gasoline prices .
S(dcl)



the
NP/N
A1 A2, (( 44

Compositional Semantics (DRT)

soaring
N/N
(v @x1))« (v2@x1)) Avi. Av2. ( el

soar(el)
Patient(e1, v2)

L (vi @ v2))

gasoline prices

N/N N

A1 A2, (44 (vl @v2))  Avi.
gasoline(x1) price(v1)
of(v2, x1)

gasoline prices

N

AV1 < x1
gasoline(x1)
of(v1, x1)
price(v1)

soaring gasoline prices

Avi. el x1

soar(el)
Patient(e1, v1)
gasoline(x1)
of(v1, x1)
price(v1)

the soaring gasoline prices

NP
AV1( x1 el x2 o(V1 @X1))
soar(el)
Patient(e1, x1)
gasoline(x2)
of(x1, x2)

price(x1)



Discourse Representation Theory

Theory:
- Kamp & Reyle, Heim, Asher
- Van der Sandt, Geurts, Beaver

Ingredients:
- concepts, events
- relations, thematic roles

Scope:
- Boolean and modal operators Hans Kamp
- conjunction implicit

Boxes:

- can also be named (“hybrid” logic)

- easier to read than FOL-formulas

- translation of boxes to (modal) FOL




MIVNinTe

Semantic Parsing with Boxer

Johan Bos
University of Groningen

Interface Formats

--input
syntactic derivation based on
combinatory categorial grammar

--output

discourse representation structure
(DRS), first-order logic (FOL), or
abstract meaning representations
(AMR)

Meaning Frameworks

--theory drt
adopts a version of Kamp’s
Discourse Representation Theory

N 0
--theory sdrt
outputs meaning representations
based on Asher’s Segmented
Discourse Representation Theory

--integrate true
a single meaning representation

spanning all input sentences

Semantic Features

--mwe

dealing with multiword expressions

--nn
processing noun-noun compounds

--resolve
resolving pronouns and names

--roles
proto thematic roles or verbnet

--modal
analysing modal expressions

--tense

additional relations for tense




How good is Boxer?

Past results

Relatedness: 0.83 (3"9/17 SemEval 2014)
Textual Entailment: 0.82 (5t"/18 SemEval 2014)

Work in progress
Pronoun resolution: 59%
AMR parsing: F=0.50




The Groningen Meaning Bank

e Large (English) corpus of public domain texts

* Annotated with meaning representations
— generated by Boxer
— corrected by humans (experts and “the crowd”)

MIAYNInTe



Groningen Meaning Bank: corpus size
—mmm-

Voice of America newswire 9,207 57,174 1,238,576 21.7
CIA world factbook almanac 514 4,436 112,516 8.6 25.4
Aesop’s Fables narrative 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

1,338 1,537 29,854 19.4

—-m

“You don’t look anything like the
long haired, skinny kid I married 25 years ago.
I need a DNA sample to make sure it's still you.”




Semantic Annotation by Active Learning

MIVNinre
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The GMB explorer

Filter by part:
Filter by status:

Document 1 of 10103, ID: 76 / 0310 Go!

accepted

[
[
[
[
(

-
k2
-
k2
l< first << previous next>> last>| random ,
Filter by subcorpus: 4]
Status: accepted (testi histo -
pted (testing) history Warnings: |
Change to: [ accepted +| Comment: Effective BOWSs: 4]
size: 1 sentences, 9 tokens
last processed: 04 November 2015, 04:32:59
C&C tools/Boxer revision: 2591
Update tools ) report issue
metadata raw tokens | sentences | discourse 7 bits of wisdom 0 warnings
Show: ™ POS ™ lemmas ™ namex [ animacy ™ senses ™ roles ™ relations [ scope [ reference [ syntax [ semantics ("save changes ) Cancel
[+ unfold all
1 (+ ) Officials have warned opposition activists not
[ NNS »:] [ ver 1§ [ VBN 1§ | NN »:) (nNNs 13) | RB %
official have warn opposition activist not
(o [ o [r>] o e (o [ (o e (o =
[ 1: official functionary ?] [ 2: warn discourage admonish ... ?’ f 1: resistance opposition = [ 1: militant activist ?’ .1 notnon ~3)
1: have have_got hold [ IReci Topic A '.’
2 have feature | [Recipient,Topic,Agent] |5 ' §
o v

3: experience receive have ...
4. own have possess
S: get let have



10,000 Discourse Representation Structures

ki K30 axazea 10185
x2x3x5p6e718110 thing(x3)
thousand(x2) meal(x32)
pnsoner(x3) skip(ed4)
named(x5, kenya, loc) Agent(eG4, x3)
in(x3, x5) Tneme(e34, x32)
of(x2, x3) now(t9)
pb: e34 ¢ 135
<0 y13etaxtsxtg 135 <19
K35 :
:I:;?e(ﬂ?] %37 : ka7 . k85 : k72: k80 :
Agent(e14, x2) X398 x40 x42 x5 x44 24518 148 %30 x48 85019151 x52 853 x54 X585 X58 x5 x80 x81 x62 x83 x84 X686 x87 x88 26819 x70e71 X38 XT3 75 eTE 19T X309 16 X798 92 x93 x84 X85 208 x97 x98 x99 x44 19 x100 2101 2102
mg:; :;3} year, org) president (x40) president(x48) named(x58, inadequate, nam) president (x73) x93l =20
ofx18, %1 é) S with(x39, x40) with(x39, x48) rainfall(x58) with(x39, x73) people(x83)
daylx I'B) named(x39, mwal_kibaki, par) named(x39, mwa_kibak, per) named(x5, kenya, loc) named(x39, kibaki, per) x93 ¢ x82
onletd, x18) national(x42) ask(es0) of (x80, x5) p75: thousand(x24)
. dsaster(x42) Agent(e50, x39) rainy(x61) Ivestock(x95)
K190 5z named(x5, kenya, loc) now(t9) of (x80, x81) © X82 X83 X84 X85 o88 x88 10180 of (x84, x85)
1 of (x44, x5) 50 ¢ 151 season(x80) £2) X84 ¢ x82
p2t: :cnm?;:g) 151 <12 mn(g(;g& x60) i )
more(es3) crop(x: - Patient (296, x82
9 x24 £28 10127 x28 229 x28 Agent(e45, x39) Patient(e53, x52) of (x83, x&4) : i ;\;)?83) mun(x[97) :
food(x24) Tneme(e45, x44) dollar(x52) failure(x83) m?ee ) %00 ¢ 308
send(225) Result(e45, x42) %52 = 150000000 X83 ¢ x82 famne(x85) x44 ¢ %98
Thems(e26, x24) now(is) relief(x55) depletion(x66) of (x84, x85) drought(x98)
now(t9) e45 ¢ 148 in[x54, x55) Ivestock(x88) - ef(x'ad) famine(x44)
e28 ¢ 127 146 <19 aid(x54) of (x67, x68) need(e8s) of (x87, x98)
19 <127 in[x52, x54) nerd(x&7) Pivot(e85, x82) as(e98, x87)
thing(x28) s ot il Theme(e88, x&4) now(t9)
sutfer(e29) X85 ¢ x82 next(x8s) X100 =19
Expenencer(e28, x28) cause(e69) %88 = 6 2101 2 x100
famine(x28) Cause(es9, x58) month(x&8) €96 oc e101
from(e29, x28) Themel(e59, x62) for(85, x88) least(e102)
10(e26, x28) nowlts) now(ts) Patient(2102, e101)
X70 =19 285 ¢ 189 at(e102)
a7t 2 x70 19 <189
sofk11,418) 80 oc eTl
volunteer(e7) say(e76)
Agent(e7, x2) Cause(e78, x39)
Theme(e7, pé) Igvp';: (9e)76. p75)
now(ts) t
e7 ¢ 110 e7s 177
10 <19 :'Z:[ 139 .
report: G X
s of (x16, x39)
named(x 16, new_year, org)
of (x79, x16)
address(x79)
In(e78, x79)

continuation(k37,k47)

37.447)
continuation(k47,k55)
continuation(k55,k72)

continuation(72,k%0)

continuation(k0,k30)
after(«30,438)




Lots of labelled data needed

syntactic analysis (pos PTB)

word senses (wordnet)

thematic roles (verbnet/lirics)
antecedents of pronouns
relations in e.g. compound nouns



Traditional Annotation
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Crowdsourcing

Outsourcing tasks to a distributed group of people

The Internet provides the infrastructure

MARKETPLACES
GAMIFICATION

Two main approaches:




Internet Marketplaces

ofe
L,
gmazon mechanicalturk Crowd Flower

— Publish HITs — ‘ e ~
—_— — _— &
— —_— 3 c——
Your Project Break it Into Workers Accept
Tasks Assignments
— — —
Q@ — Q — —— 4
— — ]
Project Approve or Workers Submit

Completed Reject Assignments



GWAP (Game with a Purpose)

Play the Ganies With Duolingo you learn a language for free
Changs K S while helping to translate the web

ur partner’s mind and matchin
Guesser | Prizes [ Images % S,



% wekome Amstotle / Account / Sign out

?
wordrobe

s |

Enjoy a language game with Wordrobel

here Are wivy gav.«n.e& t0 cwooke From!

the other games

Synchronize wordrobe with your social network

WINS
_

Is ita noun or a verb? Easy game
for beginners. Double the
trouble, twice the fun!

Identify the correct sense of a

word. Quite a challenging game.

Does it make sense?

“F‘ ,

Choose another game

?

wordrobe
Ry what you wean

www.wordrobe.org



Wordrobe Philosophy

Not a single game, but a series of games
that share structure and scoring strategies

Each semantic phenomenon that requires
annotation corresponds to a different game

Every game consists of multiple-choice
questions

Each question is presented by a text
snippet plus a (small) number of possible answers

These questions (and answers) are
automatically generated from the corpus

C FLAYCTWINS )




“Twins” (homographs) %

e Twins Questions left until drawer is completed: 2 0

U.S.-led forces are hunting down remnants of Afghanistan's ousted Taleban regime who frequently carry
out hit and run attacks on coalition and Afghan government forces, mainly in the country's eastern and
southern regions.

O noun
O verb

Place your bet: low high answer ’ skip ‘




“Senses” (word ambiguities)

PLAY SENSES

G Senses Questions left until drawer is completed: 1 0

‘gameimage |
| ——

Russian officials say at least five more people have died from a wave of extremely cold weather gripping
the nation, bringing the death toll to 43 in the past week.

® a worker who holds or is invested with an office
O someone who administers the rules of a game or sport

Place your bet: 10W —— == high answer skip




“Pointers” (pronoun interpretation)

Pointers Questions left until drawer is completed: 3 @

Venezuela's president is urging President Bush to use his second term in office to strengthen ties with
Latin American nations.

O 1) Venezuela
O 2) president
@ 3) President Bush

Place your bet: low == high answer skip




Scoring in Wordrobe

. 1 ¥y Ari I 4186 i
 Every answer increases the Bl e S
score Of d player 2 '!3 Kilian 2399 points
3 Nynke 1473 points
* The more overlap of a =
player’s answer with other 4 & Valerio 1058 points
players, the higher the score s
5 & 1004 points
Maanen
* Total scores for a game are 2 Sy Sl
calculated over answers given = = s

in the last N days (N=50)

L
e Noortje 466 points
A



A score with a twist

* |n addition, 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)

'@ Senses Questions left until drawer is completed: 4

One Afghan soldier was killed and four others, including a U.S. soldier, were injured in the fighting.

have as a part, be made up out of

(O consider as part of something
5 add as part of something else - put in as part of a set, group, or category
allow participation in or the right to be part of - permit to exercise the rights, functions, and responsibilities of

(synonyms: admit, let in)

Place your bet: low high answer skip




Why do
people play Kilian
wordrobe?

Personal information

Kilian
unlocking
achievements 33

outperforming 10
other players Facebook page 13

earning about 10
anguage

nelp

linguists




Parallel Meaning Banking

* Meaning ought to be independent
of language: exploit translations!

e Perhaps faster to generate semantic resources
for other languages

* Motivation
— Learn about how human translators work
— Improve semantic analysis of single languages
— Verify translations



Meaning Banks

Existing:
Groningen Meaning Bank (GMB)

The AMR Bank
Treebank Semantics (Alistair Butler)

In development:
Parallel Meaning Bank (PMB)



Preserving Meaning in Translation

ATTENTION GLISSANT |
INTERDIT AUX + 5 ANS

BEWARE SLIPPERY

PEOPLE OVER FIVE
NOT ALLOWED




Preserving Meaning in Translation

ATTENTION GLISSANT
NTERDIT AUX + 5 ANS
BEWARE SLIPPERY

PEOPLE OVER FIVE
NOT ALLOWED

ERRARI MACHINES




Preserving Meaning in Translation

AENION GLISSANT | K] Electrolux
NTERDIT AUX + 5 ANS

BEWARE SLIPPERY
PEOPLE OVER FIVE
NOT ALLOWED

—

MACCHINE FERRARI |
«E,RRAR‘ MACHINES |
B i =0 “Nothing sucks like Electrolux”




Parallel Meaning Banking

2\
——

MIVNrinre (C MIAVNrinTe

BANK

Idea: use parallel corpora (translations) to synchronize meanings



The Parallel Meaning Bank
11,5M word tokens

\/l\'( A N\
\SE
L J Dutch L]

) Parallel TATQEBA
) Corpus o0 3

INTERSECT

Loolhlxlrftlé‘ QA@CLEF-2004
program $yPascaiz  TED

WWW.LONWEB.ORG
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% 1,1m words 3,9m words 1,4m words

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

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




What will be different in the PMB?

GMB

one language
POS-tagging

C&C parser

Wordnet senses
neo-Davidsonian events
lexical rules
gamification

MIAYNInre

PMB

four languages

Semantic tagging
EasyCCG parser
Corpus-driven senses
hyper-Davidsonian events
empty elements
crowd-sourcing

(Cmgvmimn_

BANK



SEMANTIC ALIGNMENT

EXAMPLE 1
XPp s Xp —
X +— “the chance to p” X — “die Gelegenheit zu p”
CHANCE(X) GELEGENHEIT(X)
TO(X,p) ZU(X,p)

N\

/

XPp

[CHANCE=GELEGENHEITI(X)

TO=ZU(X,p)




Human Translators

Explication

English:  The “Magpies™, Newcastle United Football Club, have ...

German: Die “Elstern™, wie der Newcastle United Football Club auch genannt wird, brachten ...
Hyperonym — Hyponym

English: ... have produced some of Britain’s finest players.

German: ... brachten einige der besten FuBballspieler GrofBbritanniens hervor.
Co-Hyponym

English: ... the chance to taste a pint of beer and have a chat with the locals

German: ... die Gelegenheit ein Glas zu trinken und mit den Einheimischen zu plaudern.
Numerical Expression [38]

English:  That man is not above forty. (e.g. < 40)

Dutch:  Die man is nog geen veertig. (e.g. < 40)

Simile

English ... passing through the ranks of the Ostyak (...) like a scythe through standing grain.

German ... heriiberwanderten und Otjaken (...) buchstiblich niedermiihten.
Anaphoric Expression

English:  Construction of the first floor (...) began on August 9, 1173. This first floor is ...

German: Der Bau der ersten Etage (...) begann am 9. August 1173. Diese Etage ist ...



THE GOOD, THE BAD, AND THE UGLY
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THE GOOD



EXAMPLE 2

Xey e Xey
X — “The Magpies” X — “Die Elstern™
e — “x have produced y” e — “x brachten y hervor”
MAGPIES(X) ELSTERN(X)
AGENT(e.X) AGENT(e.X)
PRODUCE(e) HERVORBRINGEN(e)
THEME(e.Y) THEME(e.Y)
N\ /

Xey =

[MAGPIES=ELSTERN|X)

AGENT(e.X)

[PRODUCE=HERVORBRINGEN(€)
THEME(e.Y)




THE BAD,




EXAMPLE 3

X = X

X — “player” X — “Fullballspieler”

PLAYER(X) FUSSBALLSPIELER(X)
X s

FUSSBALLSPIELERCPLAYER(X)

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



AND THE UGLY

L4
(a4



EXAMPLE 4

exy D€ exy Y
e — “taste X e — X trinken”
X — “apintof y” X — “ein Glas y~
y — “beer” y — “Bier”
TASTE(e) TRINKEN(e)
THEME(e.X) THEME(e,X)
PINT(X) GLAS(X)
OF(X.,y) RELATION(X.,Y)
BEER(Y) BIER(Y)
N\ /
exy S ]
ITASTEATRINKEN(e)
THEME=THEME(e.X)

IPINTAGLAS(X)
OFCRELATION(X.Y)
BEER=BIER(Y)




Lexical Relations in Parallel Meanings

Synonym:

Hyponym:

I

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 (s,...s;) and its translation T
(t;...t;) with CCG-derivations d(S) and d(T).
* Then:

The translation from S to T is meaning-

preserving iff d(S) can be transferred to d(T)
closed under CCG’s combinatorial rules



Bootstrapping Semantic Parsers

Step 1: Parse source sentence

Wz

the chance to taste a pint of beer
np/n | n/vp, VP/VPy | VPL/NP | np/n | n/pp | pp/np | np

np/vp,, VP.o/VPy | VPR/NP | Np/n pp

np/vp,, VP,/VPy | VPL/NP | Np/n n

np/vp,, VP./VPy | VPL/NP np

np/vpy, VPyo/VPy, VP,

np/vp,, VP4,

np




Bootstrapping Semantic Parsers

Step 2: Use word alignments

N
ZIN

the chance to taste a pint of beer

- ™ al 4 i

np/n | nfvpl, VP, /VBy | ves/np | Ap/nn/pp | pp/np | ng

U ' h~~-~l -’~~~~ !

— T S

| | “raend  [Tvea,
: : l '/ Tosbhe “Nea,
die Gelegenheit ein | Glas Bier |zu trinken

e




Bootstrapping Semantic Parsers

Step 3: Carry over syntactic categories where possible

N
ZIN
the chance to taste a pint of beer
np/n | n/vp,, VP,/VPy | VPL/NP | np/n | n/pp | pp/np | np
np/n | n/vpy, np/n np VP/VPy | VPL/NP
die Gelegenheit ein | Glas Bier |zu trinken

e




Bootstrapping Semantic Parsers

Step 4: Reverse slashes where needed to match word order

N
ZIN
the chance to taste a pint of beer
np/n | n/vp,, VP,/VPy | VPL/NP | np/n | n/pp | pp/np | np
np/n | n/vpy, np/n np VP/VPy | VPL\NP
die Gelegenheit ein | Glas Bier |zu trinken

e




Bootstrapping Semantic Parsers

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

N
ZIN
the chance to taste a pint of beer
np/n | n/vpy, VPo/VPy | VP,/NP | np/n | n/pp | pp/np | np
np/n | n/vp,, np/n | n/np np VP/VPy | VPL\NP
die Gelegenheit ein | Glas Bier |zu trinken

e




Bootstrapping Semantic Parsers

np
nNp/Vpy, VP,
np/Vp,, np VP, \NP
np/Vpy, np/n n VP \NP
np/n | n/vp, np/n | n/np np VP/VPy | VPp\NP
die Gelegenheit ein | Glas Bier |zu trinken

-




Aligning Meanings

N
Z
pint :: n/pp of :: pp/np
Ap.AX.[PINT(x) & p(x)] An.Az.n(Ay.CONTAINS(z,y))

pint of :: n/np

AN AX.[PINT(x) & n(Ay.CONTAINS(x,y))]

Glas :: n/np

AN.AX.[GLAS=PINT(x) & n(Ay.CONTAINS(x,y))]

e



Copy, Merge & Split

* Copy:
transfer of category from source
to target

* Merge:
two source categories merge into
one target category (composition)

e Split:
one source category into two target
categories (de-composition)

X/Y Y/Z

X/Z

X/X X



Merge
N/N: dog N: house

N: hondehok

(S\NP)/(S,,\NP): likes (S, ,\NP)/(S\NP):to

(S\NP)/(S\NP): graag



Split

Sagj\NP: impossible

(S\NP)/(S\NP): niet \NP: mogelijk

adJ



Boxer Learning Dutch

p5: ((vO @ AV7. (V7 @ v3) ) @ Av8.

wish(e6)
agent(e6, v3)
theme(eb, pS)

)

((v2Z@e6)))

[ze] [leest] [graag]
pronpers verbpressg adj
NP S/NP (S/NP)/(SINP)
AVO. ( X2 * (VO @ x2)) AvO. Av1. (VO @ Av2. ( x4 e6 i(vi@e6))) Av0. Avi. Av2. (v1 @ Av3. ( p5 €6
thing(x2) neuter(x4)
read(e6)
agent(e6, v2)
patient(e6, x4)
S/NP
AVO. Av1. (VO @ Av2. ( p4 e5 i(vi@eb)))
p4: x7 e9
neuter(x7)
read(e9)
agent(e9, v2)
patient(e9, x7)
wish(e5)
agent(e5, v2)
theme(e5, p4)
S
WO (32 b4 e5 (V0 @e5))
thing(x2)
p4: x7 €9
neuter(x7)
read(e9)

agent(e9, x2)

patient(e9, x7)
wish(e5)
agent(e5, x2)
theme(e5, p4)




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
———————————————————————————— >BXx
(S/NP)\NP
________________________________________ <
S/NP



Transferring Meanings

I saw it
NP: I° (S\NP)/NP: SAW’' NP: IT'
______________________ >
S\NP: SAW' (IT")
________________________________ <
S: SAW' (IT')(I")
L’ ho visto
NP: IT’ (S/NP)/(S\NP) (S\NP)\NP: SAW’
———————————————————————————— >BXx

S/NP: SAW' (IT")

io
NP:

Il

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 €
NP: IT’ (S|NP)/(S\NP) (S/NP)\NP: SAW’ NP: I’
———————————————————————————— >BXx

S: SAW' (IT')(I')



Progress in parallel meaning banking
but a lot left to do...

e Lexical meaning alignment (“good, bad, ugly”)
e Splitting meanings
* Ellipsis (e.g. pro-drop in Italian)

e Cases of mixed split and merge
(is unable to | | kan niet)

* Non-literal interpretations




I\/Ieanlng Bankmg

i NG

c"-at;:
gt

| TN

=

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



Computational Semantics

Day 1: Exploring Models

Day 2: Meaning Representations

Day 3: Computing Meanings with DCG
Day 4: Computing Meanings with CCG

Day 5: Drawing Inferences and Meaning Banking



