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Open class (lexical) words

Closed class (functional)

Nouns Verbs

Proper Common

Auxiliary

Main

Adjectives

Adverbs

Prepositions

Particles

Determiners

Conjunctions

Pronouns

… more

… more

IBM
Italy

cat / cats
snow

see
registered

can
had

yellow

slowly

to with
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Fed raises interest rates 0.5 percent
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 DT    NN   VBD   IN   DT  NN VBD
The horse raced past the barn fell

 DT    NNP      NN   VBD VBN  RP  NN        NNS
The Georgia branch had taken on loan commitments …

IN

VBN
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s1 s2 sn
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343,127.23            11-year         Minteria         reintroducibly

D+,D+.D+                 D+-x+                Xx+                  x+-“ly”
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Fed    raises     interest   rates      0.5      percent    .
NNP        VBZ               NN          NNS           CD             NN           .

P(NNP|<♦,♦>) P(Fed|NNP) P(VBZ|<NNP,♦>) P(raises|VBZ) P(NN|VBZ,NNP)…..

NNP  VBZ   NN  NNS  CD  NN

NNP  NNS  NN  NNS  CD  NN

NNP  VBZ  VB   NNS  CD  NN

logP = -23

logP = -29

logP = -27

<♦,♦> <♦,NNP> <NNP, VBZ> <VBZ, NN> <NN, NNS> <NNS, CD> <CD, NN> <STOP>
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<>

Fed:NNP

Fed:VBN

Fed:VBD

Fed:NNP raises:NNS

Fed:NNP raises:VBZ
Fed:VBN raises:NNS

Fed:VBN raises:VBZ
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 NN       NN         NN
chief executive officer

 JJ       NN         NN
chief executive officer

 JJ       JJ         NN
chief executive officer

 NN       JJ         NN
chief executive officer

 DT     NN     IN     NN        VBD   NNS      VBD
The average of interbank offered rates plummeted …



▪
▪

▪

▪

▪
▪
▪
▪

Most errors are 
on unknown 

words
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NN/JJ NN/JJ  NN

   US   Navy officer

VBD RP/IN DT NN

got around the corner

PRP     RB   VBD/VBN  NNS  IN …

They recently   sold     shares at … 
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PRP  VBD   IN   RB  IN  PRP    VBD   .
They  left     as soon as   he    arrived .

  NNP    NNS    VBD          VBN        .
Intrinsic flaws remained undetected  .

RB

JJ
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Prev Cur Next
State Other ??? ???
Word at Grace Road
Tag IN NNP NNP
Sig x Xx Xx

Local Context

Tim Boon has signed a contract extension with Leicestershire which will keep him at Grace Road .

PER PER O        O    O     O            O          O         ORG            O      O    O    O   O   LOC  LOC  O
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Feature Type Feature PERS LOC
Previous word at -0.73 0.94
Current word Grace 0.03 0.00
Beginning bigram <G 0.45 -0.04
Current POS tag NNP 0.47 0.45
Prev and cur tags IN NNP -0.10 0.14
Previous state Other -0.70 -0.92
Current signature Xx 0.80 0.46
Prev state, cur sig O-Xx 0.68 0.37
Prev-cur-next sig x-Xx-Xx -0.69 0.37
P. state - p-cur sig O-x-Xx -0.20 0.82
…
Total: -0.58 2.68

Prev Cur Next
State Other ??? ???
Word at Grace Road
Tag IN NNP NNP
Sig x Xx Xx

Local Context

Feature Weights
Because of regularization 
term, the more common 
prefixes can have larger 
weights even though 
entire-word features are 
more specific.
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Generative
    P(x|y)

Discriminative
     P(y|x)
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[Collins 01]
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Big weights are bad

Total count of feature n 
in correct candidates

Expected count of 
feature n in predicted 

candidates
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[slide credit: Maria Ryskina]
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= sum of all paths through s at t
  sum of all possible paths



Semi-Markov CRF

[Muis and Lu. 2016. Weak Semi-Markov CRFs for Noun Phrase Chunking in Informal Text. NAACL]

Weak Semi-Markov CRF



Semi-Markov CRF

Dependency-guided CRF

Dependency tree
[Jie, Muis and Lu. 2017. Efficient Dependency-guided Named Entity Recognition. AAAI]



[Muis and Lu. 2016. Learning to Recognize Discontiguous Entities. EMNLP]



[Muis and Lu. 2016. Learning to Recognize Discontiguous Entities. EMNLP]



Linear-CRF:
8 states per word
8 x 8 = 64 edges between words

Multigraph CRF
2 states
8 edges between words

[Muis and Lu. 2017. Labeling Gaps between 
Words: Recognizing Overlapping Mentions 

with Mention Separators. EMNLP]



[see also Gimpel and Smith. 2010.
Softmax-Margin Training for Structured Log-linear Models]
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“There is no data like more data” – Mercer, 1985



president the __ of
president the __ said
governor the __ of
governor the __ appointed
said sources __ ♦
said president __ that
reported sources __ ♦

president
governor

said
reported

the
a

♦  the president said that the downturn was over ♦

[Finch and Chater 92, Shuetze 93, many others]
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Mw

context counts

U
Σ V

w

context counts

Cluster these 50-200 dim vectors instead.



♦  the president said that the downturn was over ♦

c1 c2 c6c5 c7c3 c4 c8

♦  the president said that the downturn was over ♦

c1 c2 c6c5 c7c3 c4 c8
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