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• Introduction: Frame and Scripts

• Models: Unsupervised Learning of Frames

• Datasets

• Experiments
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Scripts
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[Schank and Abelson, 1977]
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MUC (Message Understanding Conference)

4

Thursday, March 8, 2012



Learning the templates
Chambers and Jurafsky (2011)

• Unsupervised 
learning of 
event/role 
templates

•  Chambers 
and Jurafsky 
2011

• Uses ad-hoc 
clustering 
cascade
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Frame Semantics
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(1982)
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Frame Semantics

• BLAME, ACCUSE, CRITICIZE

• Judger

• Defendant
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FrameNet
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Fillmore 1964
The Case for Case

Schank and Abelson 1977
Scripts, Plans, Goals, Understanding

Frame theories

FrameNet
VerbNet
PropBank

MUC
ACE

“Template-Filling Information Extraction”

Slide made with Dipanjan Das

Fillmore 1982
Frame Semantics

Minsky 1974
A Framework for Representing Knowledge

Rumelhart 1978
Schemata: The Building Blocks of Cognition

“Semantic Role Labeling”

OntoNotes
GENIA

linguistics artificial intelligence

Datasets

(~Supervised) Tasks
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this is a horribly reductionist diagram, but there is a genuine bit of separation in these literatures.  linguistics and AI are 
different areas.  what weʼve been talking about with the semantic roles and such basically derives from Fillmoreʼs classic 
theory of Case Grammar, with lots of other work by others through the years (Jackendoff, Levin, others iʼm forgetting).  the 
theories are nice, but to make it concrete you need to make datasets that computers can read.  in this vein, ones you may 
have heard of include framenet, verbnet, propbank, and current work is on ontonotes.  Then for any of these, you can analyze 
text and label it with its lexicon and labels.  this is a structured prediction task, and itʼs called semantic role labeling.

but thereʼs another theoretical tradition too -- frames, or sometimes called scripts.  again lots of people working on this but one 
of the big names is roger schank; schank and abelson 1977 is the main book on it.  iʼll argue that it eventually evolved into 
what we now call “template-filling information extraction.”, typified by the MUC competition and datasets.  also ACE, and also 
the biomed IE corpus GENIA, though i think that one became more broad over the years.

anyways, the SRL and template-filling IE tasks are, as structured prediction problems, extremely similar.  when you read the 
literature there are funny holes and stuff because people in different research communities tend to publish about different 
ones.  however recent work has merged these strands more and more; both ontonotes and genia have multilevel annotations 
from syntactic to more semantic labels.
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different areas.  what weʼve been talking about with the semantic roles and such basically derives from Fillmoreʼs classic 
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anyways, the SRL and template-filling IE tasks are, as structured prediction problems, extremely similar.  when you read the 
literature there are funny holes and stuff because people in different research communities tend to publish about different 
ones.  however recent work has merged these strands more and more; both ontonotes and genia have multilevel annotations 
from syntactic to more semantic labels.



Models

• LDA: Topic-Word

• Model 1: Frame-Argument

• Model 2: Frame-Role

• (Model 3: LabeledLDA, metadata constraints)
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Documents
Hoffman 99, Blei 03
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Syntactic Tuples
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This work
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LDA

Model 1:  Frame-Argument

#Docs
#Tokens

w
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#Tuples
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w(o)
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LDA

Model 1:  Frame-Argument

Lexicon

φk ∼ Dir(β)

K word 
multinomials

K “topics”
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LDA

Model 1:  Frame-Argument
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LDA
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LDA parameters
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Documents:  doc -> topics

Lexicon:  topic -> words

1 2 3 4doc 1:

1

2

5 6 7 4

θd

[    a    b    c    d    e    f    g    h    i    j    k    l    m    n    o    p    q    r    s    t    u    v    w    x    y    z  ]
[  a    b    c    d    e    f    g    h    i    j    k    l    m    n    o    p    q    r    s    t    u    v    w    x    y    z    ]

φ(a)
k ∼ Dir(10/26)
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Model 1 (Frame-Arg)
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Documents:  doc -> topics

Lexicon:  (frame,arg) -> words

1 2 3 4doc 1: 5 6 7 4

θd

[ a    b    c    d    e    f    g    h    i    j    k    l    m    n    o    p    q    r    s    t    u    v    w    x    y    z   ] 

[ a    b    c    d    e    f    g    h    i    j    k    l    m    n    o    p    q    r    s    t    u    v    w    x    y    z   ] 

[ a    b    c    d    e    f    g    h    i    j    k    l    m    n    o    p    q    r    s    t    u    v    w    x    y    z   ]

verb position

subject position

object position

1

φ(a)
k ∼ Dir(10/26)
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Model 1 (Frame-Arg) result
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(Data:
news stories 
about crime)

φ(v)
k φ(s)

k φ(o)
k
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Model 1:  Frame-Argument
#Docs

#Tuples
#Args

z
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w φ(a)
z

θd
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Model 1:  Frame-Argument
#Docs

#Tuples
#Args

z

a

w φ(a)
z

θd

#Docs
#Tuples

#Args

z

a

wθd φrr

Lz,a

Model 2:  Frame-Role

Introduce roles: shared across frames
• roles can have different argument 
positions, in different frames
• roles are word classes

K frames, R roles
Lk,a:  frame-role “linker”

Lk,a ∼ Dir(γa)

r ∼ Lz,a

w ∼ φr
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Model 2 (Frame-Role)
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Linker:  (frame,arg) -> roles

[ a    b    c    d    e    f    g    h    i    j    k    l    m    n    o    p    q    r    s    t    u    v    w    x    y    z   ] 

[ a    b    c    d    e    f    g    h    i    j    k    l    m    n    o    p    q    r    s    t    u    v    w    x    y    z   ] 

verb position

subject position

object position

1

Lk,a ∼ Dir(γa)

1 2 3 4 5

1 2

3 4 5

1 2 3
4

5

Roles:  role -> words

1

2

φk ∼ Dir(β)
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Inference 
Collapsed Gibbs sampling

22

zd w Document-Word LDA

p(z | d, w) ∝ p(z | d) p(w | z)

(only showing 
discrete variables)

Thursday, March 8, 2012
p(z_i=\mathbf{\textcolor{blue}{z}}\mid z_{-i}, w, d; \alpha,\beta)\ \propto\ 
  \frac{ C[\mathbf{\textcolor{blue}{z}}, d_i] + \alpha }{C[d_i] + \alpha_0}\ 
  \frac{ C[w_i, \mathbf{\textcolor{blue}{z}}] + \beta  }{C[z] + \beta_0}



Inference 
Collapsed Gibbs sampling

22

zd w Document-Word LDA

p(z | d, w) ∝ p(z | d) p(w | z)

p(zi = z | z−i, w, d;α, β) ∝ C[z, di] + α

C[di] + α0

C[wi, z] + β

C[z] + β0

(only showing 
discrete variables)
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p(z_i=\mathbf{\textcolor{blue}{z}}\mid z_{-i}, w, d; \alpha,\beta)\ \propto\ 
  \frac{ C[\mathbf{\textcolor{blue}{z}}, d_i] + \alpha }{C[d_i] + \alpha_0}\ 
  \frac{ C[w_i, \mathbf{\textcolor{blue}{z}}] + \beta  }{C[z] + \beta_0}



Inference 
Collapsed Gibbs sampling    

23

zd w Document-Word LDA

p(z | d, w) ∝ p(z | d) p(w | z)

zd w

a Frame-Argument  (Model 1)

zd r

a

w

Frame-Role  (Model 2)

p(z | d, w, a) ∝ p(z | d)
�

a

p(w(a) | z, a)

p(z | d, r, a) ∝ p(z | d)
�

a

p(r(a) | z, a)

p(r(a) | z, w(a), a) ∝ p(r(a) | z, a) p(w(a) | r(a))

(only showing 
discrete variables)
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Concentration resampling

24

θ ∼ Dir(α = high)

...

Rest of 
model 
causes 
sparser 
theta’s 
than 

implied 
by alpha

θ1
θ2
...
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p(\beta\mid\text{everything 
else})
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Concentration resampling

24

θ ∼ Dir(α = high)

...

Rest of 
model 
causes 
sparser 
theta’s 
than 

implied 
by alpha

Better likelihood with
α = low

Previous work shows 
concentration optimization/

inference makes a large difference 
(Asuncion, Wallach, Johnson, ..)

θ1
θ2
... Solution: resample

every 50 iterations
[Using slice sampling (Neal 2003): like MH but less fiddly]

p(α | everything else)

p(β | everything else)

p(γ | everything else)

Thursday, March 8, 2012
p(\beta\mid\text{everything 
else})



Parallelization
• Processors use stale counts, occasionally synchronize  

(~Newman 2007, etc.)

• Provably non-ergodic! But likelihood seems to be going up.

• MPI -- Message-Passing Interface -- is great!

25

• Implementation: Python/C/NumPy/mpi4py

• Pittsburgh Supercomputing Center’s Blacklight machine (16 
to 256 or more?? cores)

Gibbs sampling
Synchronize: many-to-many 

sum individual deltas

p1

p2

p3

Xnew = np.empty(
      Xcur.shape, dtype=Xcur.dtype)
comm.Allreduce(
      Xcur, Xnew, MPI.SUM)

[John Langford wrote half a paper on AllReduce]
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Datasets

• Want (1) easy-to-parse, (2) coherent topics

• CrimeNYT

• From the New York Times Annotated Corpus
[Sandhaus 2007]
1.8 M articles, 1987-2007, with manual labels

• Select articles having one label containing “crime” or “criminal”
27,117 articles    (20M words)

• Penn Treebank: gold standard parses

• Wall Street Journal (late 80’s?)    (1.2M words)    
[Marcus 1993]

• Brown corpus: literature, essays    (460k words)    
[Kucera and Francis 1964]

26
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CrimeNYT sample

27

count category label
48,645 crime and criminals
9,497 sex crimes
6,304 sentences (criminal)
3,892 war crimes, genocide and crimes against humanity
2,818 organized crime

Table 1: Most common category labels matching query
1987-05-05 JURY SELECTION MAJOR HURDLE IN TRIAL THAT MAY LAST YEARS
1988-02-25 Moslem Patrol Helps Cut Crime in Brooklyn
1991-10-22 GUILTY PLEAS SET IN U.S. COAL CASE
2001-05-30 4 GUILTY IN TERROR BOMBINGS OF 2 U.S. EMBASSIES IN AFRICA;

JURY TO WEIGH 2 EXECUTIONS
2001-10-17 A Rush for Cipro, and the Global Ripples
2003-08-09 World Briefing — Europe: Northern Ireland: Fund For Bomb Lawsuits
2003-10-03 Bryant’s Accuser Won’t Have to Testify
2004-07-18 Despite Appeals, Chaos Still Stalks the Sudanese
2005-04-01 World Briefing — Europe: France: Longer Prison Term In Graft Case

Table 2: Sample of headlines from the dataset.

parsing (Klein and Manning 2003) and conversion to dependencies (de Marneffe et al 2006). A
dependency parse explicitly represents syntactic relations between words, including the subject
and object relationships between a verb and its arguments. We extract (verb, subject, object) tu-
ples from wherever there is a verb that has at least one subject or object; if either is missing (e.g. an
intransitive verb, or implied arguments), the word is assigned a placeholder “NONE” symbol. We
use the Stanford Dependencies’ nominative subject and direct object relations for this (nsubj and
dobj).

We selected a random sample of extracted V-S-O tuples to manually assess for accuracy. A
subset are shown in Table 3. We annotated 40 tuples, in context in their respective sentences,
consulting the Stanford Dependency papers (de Marneffe et al 2006, 2008), which have clear lin-
guistic definitions of the grammatical relations, their conventions for analyzing compound verbs,
etc. Out of 40 tuples, we found 30 had the subject and/or object arguments correct; 6 had one or
both wrong; and 4 were incomplete (missing either subject or object)—75% precision. We were
somewhat surprised to see that most tuples are incomplete. Complete V-S-O tuples make up only
18.8% of the tuples, while 43% are (V,S,NONE) and 38% are (V,NONE,O).

Finally, we use a vocabulary cutoff to aid efficiency, limiting to the 10,000 most common words
across all V-S-O positions. Words that fall below the threshold are replaced with an “OOV” sym-
bol. We use the lemmatized (stemmed) forms of words, as analyzed by the parser. Unlike stan-
dard topic models, we do not need to remove stopwords, since this is built-in to the grammatical
analysis: the verb-subject and verb-object relations exist directly between content words.

We ran CoreNLP on the 53,182 input articles; 52,254 were processed without error or the soft-
ware crashing, yielding 2.6 million V-S-O tuples.

6.3 Model fitting

For both Model 1 and 2, we initialize latent variables to random values, then run the Gibbs sampler
as described in Section 5. Two Gibbs sampling runs are shown for Model 1, on the small and large

13
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Preprocessing: SVO extraction

• Stanford CoreNLP

• Sentence splitting, tokenization, part-of-speech 
tagging, lemmatization, named entity recognition, 
phrase structure parsing, dependency extraction

28

Thursday, March 8, 2012



Lemmatization

29

• Part-of-speech-aware 
stemming: English 
inflectional morphology

• Smart with names

• morpha tool, Univ. Sussex
(copied within Stanford 
NLP)

• Compare: lowercase + 
Porter stemmer

POS Word Lemma Porter Stem
WRB When when when
PRP you you you
VBD walked walk walk
IN in in in
DT that that that
NN day day day
, , , ,
PRP you you you
RB almost almost almost
VBD shot shoot shot
PRP me I me

Thursday, March 8, 2012



Lemmatization

30

POS Word Lemma Porter Stem
DT That that that
VBD was be wa
RB quite quite quit
DT an a an
NN accomplishment accomplishment accomplish
, , , ,
VBN given give given
IN that that that
IN for for for
NNS years year year
, , , ,
NN law law law
NN enforcement enforcement enforc
NNS officials official offici
VBD were be were

• Part-of-speech-aware 
stemming: English 
inflectional morphology

• Smart with names

• morpha tool, Univ. Sussex
(copied within Stanford 
NLP)

• Compare: lowercase + 
Porter stemmer

Thursday, March 8, 2012



Parsing and VSO extraction

31

Today , after his request for reassignment , a variety of politicians from different 
parties demanded action by Parliament and the Cabinet . 
(ROOT (S (NP-TMP (NN Today)) (, ,) (PP (IN after) (NP (NP (PRP$ his) (NN request)) (PP (IN for) (NP (NN reassignment))))) 
(, ,) (NP (NP (DT a) (NN variety)) (PP (IN of) (NP (NP (NNS politicians)) (PP (IN from) (NP (JJ different) (NNS parties)))))) (VP 

(VBD demanded) (NP (NN action)) (PP (IN by) (NP (NP (NNP Parliament)) (CC and) (NP (DT the) (NNP Cabinet))))) (. .)))

Text

Constituent 
parse

Syntactic 
dependencies

VSO tuple 
extraction 1988.08.01.0166742 demand variety action

�
d, w(v), w(s), w(o)

�

Thursday, March 8, 2012

“variety” vs “politicians”
“variety” vs “demanded”



Preprocessing Results

32

Dataset #Docs #Sentences #Word 
tokens

#VSO 
tuples

CrimeNYT parsed 27,150 788,906 20,411,164 1,252,720

Treebank: WSJ preparsed 2,312 49,208 1,173,766 77,629

Treebank: Brown preparsed 192 24,243 459,148 26,584

Full:  (V, S, O) 241,169 19.3%

Partial:   (V, S, _) 536,353 38.0%

Partial:   (V, _, O) 475,198 42.8%

Total 1,252,720

Tuple 
completeness
(CrimeNYT)

In 1979 , policy 
makers did enact a 
modest amendment 
to the law , mainly to 
[ reduce ]_v the 
( penalties )_o for 
marijuana-related 
offenses . 

Thursday, March 8, 2012

~/sem/semdoc/data/crime % pv  crime2.semtuple | awk '{print $4,$5,$6}' | awk 
'$2=="NONE"{snone += 1} $3=="NONE"{onone += 1} $2!="NONE" && $3!="NONE"{ vso += 
1}  END{print "vso", vso, "  snone",snone,"  onone",onone}' 
vso 241169   snone 475198   onone 536353



Experiments

• Only use 10,000 most common words

• Faster, though loses a lot

• No “stopword” removal -- already filtered to 
content words

• 5000 Gibbs sampling iterations

• CrimeNYT on 1 CPU: ~1 day

• CrimeNYT on 16 CPU’s: a few hours

33
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Is my MCMC done yet? 

34

Minimal requirement: log-likelihood shouldn’t be increasing.... This might be an early stop...
Concentrations might like OK:
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CrimeNYT K=100 R=100
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Many ToDo’s

• Evaluation!

• Perplexities

• Compare to FrameNet (and/or MUC?)

• “Match-a-Linguist”

• Human qualitative evaluation

• semantic coherence, word similarity judgments 
[Chang et al 2009, Rubenstein and Goodenough 1965]

• “Match-a-Human”

• External task?
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Many ToDo’s
• Better linguistics

• More arguments, e.g. adjunct roles: “in”, “on”, spatial/temporal/instrument 
use ... real semantic role labeling

• Noun types, coreference ...

• Incorporate document metadata

• Plugs into hundreds of topic models using time, space, labels, etc.

• Model selection

• K, R ??   Likelihood seems to vary

• Non-parametric (DP / PYP) priors?

• Large-scale inference

• 27k out 1.8 M  New York Times

• 5x more news articles out there (Gigaword)

• 1000x more Twitter, blogs, Web data

• Requires advances in part-of-speech tagging and parsing?

38

Thursday, March 8, 2012



Acknowledgments

• DAP Committee: Noah Smith, Geoff Gordon, 
Jaime Carbonell

• Many conversations with labmates (slides with 
Dipanjan Das...)

• Pittsburgh Supercomputing Center

39

Thursday, March 8, 2012


