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Guess the Author…

Active networks and virtual machines have a long history of 
collaborating in this manner. The basic tenet of this solution 
is the refinement of Scheme. The disadvantage of this type 
of approach, however, is that public-private key pair and red-
black trees are rarely incompatible.



SCIgen: An Automatic CS Paper Generator

• An output of a system that automatically generates 
scientific papers (Stribling et al., 2005):

• The paper was accepted to a conference (not ACL!)

Active networks and virtual machines have a long history of 
collaborating in this manner. The basic tenet of this solution 
is the refinement of Scheme. The disadvantage of this type 
of approach, however, is that public-private key pair and red-
black trees are rarely incompatible.



Less Exotic Example

• An output of a state-of-the-art multidocument
summarization system

• A system does not have any means to determine that 
it generates an incoherent text

Newspapers reported Wednesday that three top Libyan officials 
have been tried and jailed in the Lockerbie case. The sanctions 
were imposed to force Libyan leader Moammar Gadhafi to turn 
the men over. Louis Farrakhan congratulated Gadhafi on his 
recovery from a hip injury.



Text-to-text Generation
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Linguistic Foundations: Discourse Theory

• Centering Theory (Grosz, Joshi & Weinstein, 1983)

• Rhetorical Structure Theory (Mann & Thompson, 
1988)

• Content Schema (Bartlett, 1932)

• ...



Current Solutions

• Work hard: manually encode all the constraints
– Expensive

– Not scalable

• Ignore coherence, and hope for the best
– Incoherent output

Our goal: linguistically-motivated text models 
without manual crafting



The Goal

“various types of [word] recurrence patterns seem to 
characterize various types of discourse'' (Harris, 1982)

Our goal: linguistically-motivated text models 
without manual crafting



Outline

• Application of text models

• Content Models (NAACL 2004, NAACL 2009)

• Coherence Models (ACL 2005, CL 2008)



Generating Coherent Text (1)

• Model assesses the likelihood that the input is well-
formed

• It ranks candidate outputs based on the model scores

• Analogous to the use of language model in ASR and MT

Macular degeneration is a condition
affecting the tissues lying under the
retina, while a macular hole involves
damage from within the eye, at the
junction between the vitreous and the

0.005

affecting the tissues lying under the
Macular degeneration is a condition
affecting the tissues lying under the
damage from within the eye, at the
junction between the vitreous and

0.019

Macular degeneration is a condition
retina, while a macular hole involves
damage from within the eye, at the
junction between the vitreous

0.02

Model



Generating Coherent Text (2)

• Specifies patterns in topic occurrence and their 
ordering

• Each topic is represented as a distribution over 
words 

Damage from within the eye, at the
Macular degeneration is a condition
affecting the tissues lying under the
retina, while a macular hole involves
junction between the vitreous and
the retina itself. There is no
relationship between the two
diseases. Depending upon the degree
of attachment or traction between
the vitreous and the retina, there may
be risk of developing a macular hole in
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relationship between the two be
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the retina, there may in

Macular degeneration is a
condition Damage from within the
eye, at the affecting the tissues
lying under the retina, while a
macular hole involves junction
between the vitreous and the
retina itself. There is no
relationship between the two
diseases. Depending upon the
degree of attachment or traction
between the vitreous and the
retina, there may be risk of
developing a macular hole in

Content model Domain Documents



Generating Wikipedia Articles

• Induce a content model from existing Wikipedia 
articles  in the target domain:
– Query for Internet search

(e.g., “Macular Hole” treatment)

– Extractor of relevant content
(trained on existing articles)

Diagnosis

Causes

Treatment

Causes Treatment



• Jointly select  and order excerpts 

Generating Wikipedia Articles (2)

• Retrieve web pages using specified queries

What causes a macular hole?
As we age, the vitreous slowly shrinks 
and pulls away from the retinal surface. 
If the vitreous is firmly attached to the 
retina when it pulls away, it can tear 
the retina and create a macular hole. 
Natural fluids fill the area where the 
vitreous has contracted.

Macular Hole - Causes, Symptoms & Treatment
Macular Hole Facts plus the Latest News on Macular Hole Treatments - HealthNewsflash ... A macular hole is just that: a hole in the 
macula. What causes a …   http://healthnewsflash.com/conditions/macular_hole.htm - Cached
Facts About Macular Hole [NEI Health Information]
Publication about macular hole, a small break in the macula, which is located in the center of the eye's retina. ... What causes a 
macular hole? …   http://www.nei.nih.gov/health/macularhole - Cached

What are the treatment options?
Surgery is the only recommended 
treatment for a macular hole.
Early diagnosis and treatment are 
absolutely essential to help reverse some of 
the vision loss caused by a macular hole. 

Detection and Diagnosis
The severity of the symptoms is 
dependent on whether the hole is partial 
or full-thickness.
Visual acuity testing, Amsler grid, and 
ophthalmoscopy are all performed to 
evaluate the macula's health and 
function.

http://healthnewsflash.com/conditions/macular_hole.htm�
http://rds.yahoo.com/_ylt=A0geu8E8rctJvtcAvbtXNyoA/SIG=17hd2vsgk/EXP=1238171324/**http:/74.6.239.67/search/cache?ei=UTF-8&p="macular+hole"+causes&fr=yfp-t-305&u=healthnewsflash.com/conditions/macular_hole.htm&w="macular+hole"+causes&d=aVqDeZ2uSfAx&icp=1&.intl=us�
http://www.nei.nih.gov/health/macularhole/�
http://rds.yahoo.com/_ylt=A0geu8E8rctJvtcAv7tXNyoA/SIG=175f2ki28/EXP=1238171324/**http:/74.6.239.67/search/cache?ei=UTF-8&p="macular+hole"+causes&fr=yfp-t-305&u=www.nei.nih.gov/health/macularhole/&w="macular+hole"+causes&d=ZVfFGp2uScrG&icp=1&.intl=us�


Example Output from Wikipedia



Readers’ Reaction



More Automatically-Generated
Wikipedia Articles

http://en.wikipedia.org/wiki/Felty_syndrome 
http://en.wikipedia.org/wiki/Cogan_syndrome 
http://en.wikipedia.org/wiki/Blue_rubber_bleb_nevus_syndrome 
http://en.wikipedia.org/wiki/Barraquer-Simons_syndrome 
http://en.wikipedia.org/wiki/Chediak-Higashi_syndrome 
http://en.wikipedia.org/wiki/Ancylostomiasis 
http://en.wikipedia.org/wiki/Amyoplasia 
http://en.wikipedia.org/wiki/Hemorrhagic_cystitis 
http://en.wikipedia.org/wiki/Hartnup_disease 
http://en.wikipedia.org/wiki/Heterotopic_ossification 
http://en.wikipedia.org/wiki/Hypophosphatasia 
http://en.wikipedia.org/wiki/Vestibular_neuronitis 
http://en.wikipedia.org/wiki/3-M_syndrome 
http://en.wikipedia.org/wiki/Macular_hole 
http://en.wikipedia.org/wiki/Hermansky-Pudlak_syndrome 



Ordering Task 1



Ordering Task 2







Outline

• Applications of Text Models

• Coherence Models (ACL 2005, CL 2008)

• Content Models (NAACL 2004, NAACL 2009)































Evaluation Results: Ranking

Model Disasters NTSB Reports

Content Models (HMM) 88.0 75.8

Random 50 50

Average number of sentences per document:  10



Evaluation Results: Ordering 

Model Disasters NTSB Reports

Content Models (HMM) 81.0 44.0

Random <1.0 <1.0

Average number of sentences per document:  10



The Need for Global Structure
• Challenge:  preserving topic contiguity

– Topics do not repeat in disconnected sections of a 
document

• Solution:  model topic structure as permutation
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The Need for Global Structure

• Challenge:  model shared structure across documents



Modeling Predominant Permutations

Concentrate probability mass around 
this predominant permutation
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The Generalized Mallows Model over 
Permutations
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• Probability distribution over 
permutations

• Biases toward low Kendall tau 
distance to canonical ordering



Learning Framework

• Training
– Given: Unannotated collection of documents

– Goal: Estimate model parameters
• Predominant ordering, topic language models, etc.

• Testing
– Given: Bag of text fragments

– Goal: Find maximum likelihood ordering



Generative Process

Mallows Distribution
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Generative Process
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Generative Process
1
3
2
6
4
5

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Ut tellus libero, imperdiet non, blandit
non, tempor in, enim. In eget diam vel sapien vulputate ullamcorper. Ut ultrices nisi at nisi
placerat feugiat. Donec risus erat, auctor a, ullamcorper eu, tristique et, lorem. Proin
bibendum. Integer cursus convallis ipsum. Phasellus in odio. Donec cursus. Praesent suscipit
ornare elit. Maecenas risus.

Nulla facilisis ligula eu metus. Aliquam venenatis volutpat quam. Sed auctor lorem pellentesque
leo. Suspendisse dolor massa, posuere egestas, varius eget, fringilla vel, sapien. Morbi
hendrerit ultrices odio. Ut at leo quis lorem facilisis placerat. Vestibulum ante ipsum primis in
faucibus orci luctus et ultrices posuere cubilia Curae; Proin tempor nibh vel lorem. Donec quis
mauris eget nunc posuere tincidunt. Sed erat tellus, bibendum eget, blandit vel, eleifend ut,
nunc. In a massa et metus facilisis sagittis. Ut quis lectus et mi luctus adipiscing. Suspendisse
viverra ante laoreet sem. Fusce sedquam. Donecsuscipit diam.

Nam hendrerit libero vitae mi. Pellentesque eros. Quisque cursus sagittis felis. Etiam vel turpis.
Sed sodales. Proin sit amet arcu ut nisi sodales congue. Integer mollis urna eu metus. Aenean ac
arcu sed ipsum viverra tempus. Sed tortor orci, pulvinar ut, sagittis in, lacinia nec, odio. Aenean
accumsan. Fusce et massa. Vestibulumut tellus.Nulla vitae enim.

Nulla sodales velit sed lacus. Quisque sagittis pharetra arcu. Aenean aliquam lacus nec odio.
Vivamus sed tellus sit amet sem accumsan consectetur. Etiam sagittis cursus erat. Phasellus ut
neque. Pellentesque tempus, justo sit amet ultrices auctor, quam tortor placerat ligula, quis
pellentesque justo est sit amet turpis. Etiam quis metus quis felis sollicitudin suscipit. Praesent
arcu sapien, tristiqueeu, faucibus in, auctor quis, justo. Mauris id dolor.

Donec varius ante et neque. Nulla interdum, nibh vel tempor faucibus, nibh libero ultrices
tortor, interdum accumsan nibh sem ut risus. Vivamus vestibulum lacus at massa. Duis at leo.
Nullam et augue. Sed sed magna. Vivamus facilisis. Nam vestibulum dapibus risus. Nullam ac
justo at massa commodo ornare. Duis vitae odio sit amet justo consectetur tincidunt. Sed
sapien. Cras sem ipsum, volutpat in, interdum et, commodo ut, metus. Morbi fringilla.
Suspendisse eu nisi sit amet libero cursus dignissim. Pellentesque habitant morbi tristique
senectus et netus et malesuada fames ac turpis egestas. Vivamus facilisis, nulla vitae suscipit
mattis, massa leo mollis est, at porttitor ipsum velit id felis. Quisque hendrerit arcu ac nunc. In
hachabitasse plateadictumst.

Sed vehicula porta est. Fusce elit. Mauris suscipit lorem. Nam convallis malesuada urna.
Pellentesque accumsan ornare nibh. Proin ultrices turpis sed mauris. Curabitur ut sapien.
Maecenas mi lacus, congue quis, pharetra a, pretium a, purus. Praesent venenatis pharetra
enim. In at massa.

Sed malesuada commodo arcu. Quisque scelerisque pulvinar nisl. Aenean purus. Vivamus
fringilla feugiat erat. Donec tortor. Sed ornare, neque ut sodales cursus, arcu neque aliquet
tellus, non consequat mauris massa et leo. Donec non ligula. Cras et orci. Ut urna neque,
pellentesque in, molestie vel, gravida sit amet, felis. Nunc tellus augue, varius fringilla, tristique
nec, vehicula a, orci.

Quisque nisi tellus, lacinia sit amet, viverra quis, tincidunt eget, arcu. Nunc vulputate arcu.
Pellentesque luctus orci et diam. Donec pretium, tellus sed suscipit blandit, orci nibh sagittis
sem, a accumsan ligula sem quis lacus. Vestibulum ante ipsum primis in faucibus orci luctus et
ultrices posuere cubilia Curae; Suspendisse eget eros at ligula tempus ultricies. Nam viverra
ipsum quis nibh. Integer in nulla. Cum sociis natoque penatibus et magnis dis parturient
montes, nascetur ridiculus mus. Etiam adipiscing, ligula et sagittis varius, est mi pulvinar eros,
vitae accumsan nulla arcu at lectus. Mauris quis ante quis nunc suscipit suscipit. Curabitur
ornare. Vestibulum enim felis, luctus id, vestibulum eget, iaculis ac, nibh. Proin egestas, nibh at
consequat porta, enim est viverra enim, velpellentesqueerat purus ut orci. Integer gravida.

Aliquam erat volutpat. Proin ante. Donec quis nibh. Vivamus ornare. Maecenas faucibus, felis
nec eleifend venenatis, augue lectus tristique sem, in eleifend nisl eros sed elit. Quisque congue
accumsan erat. Pellentesque placerat, urna mattis euismod viverra, justo diam rutrum neque,
nec feugiat tellus tortor in lorem. Praesent nec arcu sed elit commodo ultrices. Phasellus dictum
orci non turpis. Ut eu urna.

Pellentesque id arcu aliquet nibh mattis feugiat. Proin accumsan malesuada lorem. Vivamus
neque tortor, aliquam id, porttitor eu, dignissim et, massa. Pellentesque a quam. Aliquam at elit
eget arcu tincidunt vehicula. Pellentesque habitant morbi tristique senectus et netus et
malesuada fames ac turpis egestas. Pellentesque luctus est et massa eleifend ultricies. Etiam
adipiscing, lorem ut vehicula convallis, eros quam commodo odio, feugiat fringilla lectus erat
eget tellus. Integer interdum. Cras neque libero, facilisis ac, dictum eget, semper sed, lacus. Sed
cursus, tortor nec mollis tincidunt, risus dui rutrum magna, quis egestas dui risus nec sem. Class
aptent taciti sociosqu ad litora torquent per conubia nostra, per inceptos himenaeos.
Pellentesque sollicitudin nisl in lacus elementum elementum. Class aptent taciti sociosqu ad
litora torquent per conubia nostra, per inceptos himenaeos. Etiam pretium, nunc quis congue
dapibus, libero velit imperdiet odio, a commodo neque ante ac metus. Mauris tellus tellus,
ornare vel, malesuada at, tempor a, risus. Suspendisse mollis eros ac enim. Sed vitae dolor vitae
tellus malesuada elementum. Nuncnibh dolor, rhoncus eget, placerat auctor, mattiset, enim.

Curabitur elementum est a dui. Etiam pellentesque. Ut vel enim vel diam tincidunt blandit.
Quisque vel nunc. Cras eu tortor ut nulla consequat eleifend. Integer vestibulum tristique eros.
Suspendisse condimentum semper elit. Sed suscipit, orci quis sagittis malesuada, mauris neque
ultrices orci, sed lacinia libero elit id odio. Etiam feugiat. Maecenas mattis, orci a consequat
malesuada, turpis dolor feugiat eros, sit amet aliquam lectus ante sed nibh. Sed eget neque nec
libero scelerisque semper. Suspendisse potenti. Pellentesque dignissim pellentesque magna.
Fusce vulputate. Donec venenatis sapien sed erat. Fusce tellus mauris, porta non, lacinia nec,
scelerisque sed,nunc. Nulla facilisi. Ut accumsan posuere sapien.

Curabitur nisi odio, sagittis in, euismod quis, lobortis vitae, augue. Fusce nibh mauris, rhoncus
dictum, faucibus in, dignissim non, neque. Etiam feugiat mauris eget turpis. Pellentesque tellus
velit, egestas sagittis, egestas a, varius et, neque. Aliquam non lacus. Aliquam in elit. Fusce
sagittis tellus quis nisi. Praesent vel enim ut nibh lacinia congue. Pellentesque et sapien ac nisi
eleifend varius. Nulla molestie. Aenean gravida urna. Aenean suscipit venenatis massa. Morbi
vitae augue. Curabitur non eros vitae lorem porta scelerisque. Mauris ultrices risus eget ipsum.
Curabitur porta, tellus ultrices molestie ultrices, mauris metus iaculis lacus, eget pellentesque
ligula erat acdui. Morbi iaculis posuere libero.
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Training Details
• Hidden variables:  

– Predominant ordering, Mallows parameters 
– Topic counts, language models

• Estimated from unannotated documents using 
Bayesian inference techniques
– Collapsed Gibbs sampling

• Mallows distribution admits computationally 
tractable inference procedures



Predicting Document Ordering

Lorem ipsum dolor sit amet, consectetur adipiscing elit.
Ut tellus libero, imperdiet non, blandit non, tempor in,
enim. In eget diam vel sapien vulputate ullamcorper. Ut
ultrices nisi at nisi placerat feugiat. Donec risus erat,
auctor a, ullamcorper eu, tristique et, lorem. Proin
bibendum. Integer cursus convallis ipsum. Phasellus in
odio. Donec cursus. Praesent suscipit ornare elit.
Maecenas risus.

Nulla facilisis ligula eu metus. Aliquam venenatis
volutpat quam. Sed auctor lorem pellentesque leo.
Suspendisse dolor massa, posuere egestas, varius eget,
fringilla vel, sapien. Morbi hendrerit ultrices odio. Ut at
leo quis lorem facilisis placerat. Vestibulum ante ipsum
primis in faucibus orci luctus et ultrices posuere cubilia
Curae; Proin tempor nibh vel lorem. Donec quis mauris
eget nunc posuere tincidunt. Sed erat tellus, bibendum
eget, blandit vel, eleifend ut, nunc. In a massa et metus
facilisis sagittis. Ut quis lectus et mi luctus adipiscing.
Suspendisse viverra ante laoreet sem. Fusce sed quam.
Donec suscipit diam.

Nam hendrerit libero vitae mi. Pellentesque eros.
Quisque cursus sagittis felis. Etiam vel turpis. Sed
sodales. Proin sit amet arcu ut nisi sodales congue.
Integer mollis urna eu metus. Aenean ac arcu sed ipsum
viverra tempus. Sed tortor orci, pulvinar ut, sagittis in,
lacinia nec, odio. Aenean accumsan. Fusce et massa.
Vestibulum ut tellus. Nulla vitae enim.

Nulla sodales velit sed lacus. Quisque sagittis pharetra
arcu. Aenean aliquam lacus nec odio. Vivamus sed tellus
sit amet sem accumsan consectetur. Etiam sagittis
cursus erat. Phasellus ut neque. Pellentesque tempus,
justo sit amet ultrices auctor, quam tortor placerat
ligula, quis pellentesque justo est sit amet turpis. Etiam
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ut sapien. Maecenas mi lacus, congue quis, pharetra a,
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Evaluation Results: Ordering 

Model Disasters NTSB Reports

Content Models (HMM) 81.0 44.0

Content Models (GMM) 83.0 57.0

Random <1.0 <1.0

Average number of sentences per document:  10

See NAACL’09  for evaluation on segmentation and semantic labeling



Outline

• Applications of Text Models

• Coherence Models (ACL 2005, CL 2008)

• Content Models (NAACL 2004, NAACL 2009)





























Evaluation Results

Model Disasters NTSB 
reports

Summary 
Ranking

Grid 87.2 90.4 80.0

Content Model (HMM) 88.0 75.8 N/A

Random 50 50 50



Follow-Ups

• Elsner,  Austerweil, and Charniak (NAACL 2007): 
combining content and coherence models  is 
effective

– Brown Coherence Toolkit: software for   
coherence models and test applications 

• Pitler and Nenkova (EMNLP 2008): grid-based 
features  help to predict readability of human-
authored texts



Conclusions

• Practical Benefits: The proposed models can be easily 
incorporated in text-to-text generation

• Main Findings: The proposed document models can 
be successfully applied to modeling text structure

• Future Research:  Design statistical models that 
match representational power of traditional 
discourse theories
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