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Abstract

This paper examines the question of how a linguistic analysis
of a written document can contribute to identifying, tracking
and populating the “eventualities” that are presented in the
document, either directly or indirectly, and representing de-
grees of belief concerning them. It is our view that the role of
lexical analysis (as exemplified in the research carried out in
the FrameNet project) is greater than usually assumed, so this
paper is partly an attempt to clarify the boundary between on
the one hand the information that can be derived on the basis
of linguistic knowledge alone (composed of lexical meanings
and the meanings of grammatical constructions) and on the
other hand, reasoning based on beliefs about the source of a
document, world knowledge, and “common sense”.

Since the general linguistic processes described in this paper
will apply to eventualities in general (by which we mean acts,
happenings, states of affairs, and relations, whether real, pro-
posed, imagined, or denied ), our presentation will emphasize
the linguistic processes themselves. In particular, we show
that the kind of information produced by the lexicon-building
project FrameNet can have a special role in contributing to
text understanding, starting from the basic facts of the combi-
natorial properties of frame-bearing words (verbs, nouns, ad-
jectives and prepositions) and arriving at the means of recog-
nizing the anaphoric properties of specific unexpressed event
participants, for all parts of speech, in defining a new layer of
anaphora resolution and text cohesion. Using as a starting
point the challenge text presented in the call for this work-
shop (hereafter referred to as the Hijacking text), we show
the points at which a thorough linguistic analysis can articu-
late with the kind of simulation formalism demonstrated in
X-schema diagram, Figure 2 , which itself incorporates a
great deal of world knowledge connected with the events in-
troduced in the Hijacking text.

Valence and Text Understanding

We will begin our discussion of the ongoing FrameNet
lexicon-building work with those parts that more or less
match familiar linguistic analysis and are suffi cient for deal-
ing with the linguistic analysis of the Hijacking text, and
then survey further kinds of linguistic information that (1)
make it possible to recognize attributions of truth claims, or
(2) identify entities and eventualities that are not explicitly
mentioned in given sentences.

Copyright (©) 2006, American Association for Artificial Intelli-
gence (www.aaai.org). All rights reserved.

The FrameNet project (http://framenet.icsi.
berkeley.edu, Fontenelle 2003) is devoted to discover-
ing and describing the lexical valences of lexical units in
English, that is, their semantic and syntactic combinatorial
properties, and how these properties can be used for iden-
tifying and populating the eventualities that are linguisti-
cally coded in a document. The most straightforward way
in which eventualities can be found and filled in is through
(1) the recognition of frame-bearing words that designate
eventualities of particular types and (2) the identifi cation of
phrases in the syntactic context of such words that denote
participants (‘Slot fi llers”) in these eventualities.

Consider the sentence The bodyguard poisoned the em-
peror; here, the transitive verb poison designates an event
type in which a person administers poison to a living be-
ing, and this sentence identifi es the person referred to as the
bodyguard as the agent of such an act, and the person re-
ferred to as the emperor as its victim. Given that the sen-
tence has a past-tense form, we can say that the document
claims this to be an actual occurrence, and the sentence in-
vites the expectation (through the use of the and the simple
past tense) that an earlier part of the text offers further details
about the individuals and the time of the event.

The adjective fond, as in Our daughters are fond of
horses, designates a particular positive psychological state,
and in this sentence the holder of the attitude is identifi ed
as our daughters, and the object of this state is taken to be
horses in general. As a present-tense sentence it can be seen
as claiming that this is a more or less permanent disposition
of the individuals referred to as our daughters.

The noun advice, found in John’s advice to his daughter,
designates a conversational event of advice-giving, and in
this sentence John is presented as the communicator in an
instance of this event type and his daughter is the addressee.
Since this is a noun phrase, temporal coordinates are miss-
ing, but in a past-tense referring context like John’s advice
to his daughter was wise, we can say that the text claims
that such an event did occurr. In each case further details
about the events and the participants, including the content
of the advice, are likely to be found in surrounding parts of
the text.

Almost all of the complexity of the Hijacking text can
be dealt with through the interpretation of its frame-bearing
verbs and nouns; the question of event order requires fur-



ther kinds of reasoning and evidence, some (but not all) of
it based in the sentence’s linguistic form. In the Hijacking
sentence,

(1) The United Nations says Somali gunmen who hi-
jacked a U.N.-chartered vessel carrying food aid for
tsunami victims have released the ship after holding
it for more than two months.

the main frame-bearing lexical units that evoke event types
are says, hijacked, chartered, carrying, aid, tsunami, vic-
tims, released, and holding. Named entities in the sen-
tence include United Nations, Somali, and U.N.; names of
other entities are gunmen, vessel, food, and ship; and time-
marking expressions include the aspect-marking have, the
conjunction after, and the phrase for more than two months.

A dependency parse of the sentence is given as Figure 1;
frames are associated with frame-bearing words; frame ele-
ments are associated with the dependent phrases in the dia-
gram. The events identifi ed in the narrative, in the order of
their occurrence, are the tsunami, the chartering of a ship,
the transporting of food aid (interrupted), the hijacking, the
illegal retention of the ship, the ship’s release, and the an-
nouncement about the release. The meaning of after shows
that the releasing followed the holding; the fact that the re-
ported event is have released rather than will release shows
that the releasing event preceded the reporting event; since
the vessel was carrying food aid at the time of the hijacking,
the chartering and launching of the rescue vessel preceded
the hijacking. Since in principle one can carry food aid for
potential victims of a predicted tsunami, and it is not a lin-
guistic fact that one does not charter a ship that is already on
a mission, the ordering of these sub-events cannot be deter-
mined on linguistic grounds alone.

The category of event-introducing frame-evoking words
is not limited to verbs. To be a victim is to be a participant
in some unfortunate event, and this event is generally ex-
pressed as a modifi er of the noun: an X victim, or a victim
of X. The noun tsunami names an event which itself has no
obligatory syntactic dependents, though it can have quali-
fi ers indicating location, time, intensity, etc. In addition to
expressions that directly point to the event that produced vic-
tims (the X in the above phrasings), it is possible to interpret
the word victim alone as implying the existence of such, in a
context in which information about the causing event is re-
coverable nearby. Thus, whenever we encounter a sentence
like Were there any victims? it must be the case that mention
of the mishap can be found in a recent part of the discourse.

There are many linguistic ways in which information
about eventualities and claims about their actuality can be
presented in a sentence. These include, most straightfor-
wardly, frame-evoking verbs and nouns, and the ways in
which the phrases they are in grammatical construction
with contribute to ‘populating” (‘fi lling the slots of”) the
frames. Verbs whose complements (including direct ob-
jects) are understood as participants in the frames they evoke
are amply illustrated in the Hijacking text: the UN says the
proposition about the ship’s release; the gunmen hijacked
the ship; the gunmen released the ship; the ship carried food

aid; the hijackers held the ship for several weeks.

Information about reliability and source-attributions of
event reports can be provided in meta-data and in text-
internal mention of evidential sources. The Hijacking text
itself is attributed (in the call for papers) to the Voice of
America: knowing the mission of the VOA might be rele-
vant to evaluating the reliability of the report, but that is not
a linguistic matter. The reporting of the hijacking and re-
leasing incident is attributed to the United Nations: again,
evaluating the truth of the report by considering its source is
not a linguistic matter.

FrameNet Annotation

2) the United Nations SAYS Statement Somali GUN-
MEN Bearing_arms who HIJACKED Piracy a U.N.
- CHARTERED Renting VESSEL Vehicle CAR-
RYING Bringing FOOD Food AID Assistance for
tsunami VICTIMS Undergoing have RELEASED
Releasing the SHIP Vehicle AFTER Time_vector
HOLDING Inhibit_movement it for more than two
MONTHS Calendric_unit .

Space limitations will not allow a complete listing and
discussion of the FN annotation of the Hijack sentence,
but Ex. (2) shows all the currently-annotated frame-bearing
words (in uppercase) followed by the names of their frames

(in boldface). This includes a number of nouns such as ves-

sel and ship in the Vehicle frame whose frames are relatively

simple, and so will not be discussed further.

3) a. [Speaker The United Nations] SAY'S [Message

Somali gunmen who hijacked a U.N. - char-

tered vessel carrying food aid for tsunami vic-

tims have released the ship after holding it for

more than two months] .

b. The United Nations says [Agent Somali gun-
men who hijacked a U.N. - chartered vessel car-
rying food aid for tsunami victims] have RE-
LEASED [Theme the ship] [Time after holding
it for more than two months] .

c. The United Nations says [Agent Somali gun-
men who hijacked a U.N. - chartered vessel
carrying food aid for tsunami victims] have re-
leased the ship after HOLDING [Theme it]
[Duration for more than two months] .

d. The United Nations says [Perpetrator So-
mali gunmen] [Perpetrator who] HIJACKED
[Vehicle a U.N. - chartered vessel carrying food
aid for tsunami victims] have released the ship
after holding it for more than two months .

Ex. (3) shows the text with the names of FEs (in boldface)
for some of the more interesting frames: (3) a. shows the
FEs for the top-level predicator, says, which comprise the
entire sentence. (3) b. shows the FEs for the next highest,
release; note that, release together with its FEs covers the
CONTENT FE of the higher verb says, meaning that the main
CONTENT of the U.N. statement has to do with releasing
(and is in a frame of the same name). Some of the FE names
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The United Nations says Somali gunmen who hijacked a U.N.-chartered vessel carrying food aid for tsunami victims have released the ship after holding it for more than two months.

Figure 1: Frame Dependency Graph of Hijack Sentence

are quite specific as in Ex. (3) d .; e.g., since hijack evokes
the Piracy frame, the thing hijacked is not just a THEME (as
in Ex. (3) b. and c.) but a VEHICLE.

FrameNet-annotated texts like these can be produced both
as XML (which is more human-readable but more project-
specifi ¢) and as RDF-OWL, which is almost impossible for
humans to read, but tractable with general-purpose inferenc-
ing tools. A more human-readable representation may be
the dependency graph shown in Fig. 1, produced by means
of the graphics package GraphViz.

In this fi gure, frame-bearing words are represented as
nodes with their FEs as their dependents; the text of the node
itself is <Frame name>,<LU name>.<POS>. The arrows
to the dependents are labeled with the FE name (and also in
two instances, with the phrase type PP for). The anaphora
chains are indicated by colors on the nodes, blue for it—ship—
vessel, and green for United Nations and U.N.. The red ar-
rows pointing to the lower nodes labeled ship, vessel, vic-
tims, and aid represent cases in which the frame-evoking
noun also denotes the filler of one of the FEs; this is com-
mon with non-event nouns. All of the information shown
in this graph was extracted algorithmically from the XML
format of the FrameNet annotations.

How much of the meaning of the sentence is captured
in the dependency graph? Simple inspection of the graph
shows that there are two clusters of nodes, one connecting
an Aiding event and a vessel and the other connecting gun-
men to events of Holding and Releasing. For each of the
events in each cluster, we have identifi ed the participants:

the U.N. as the Lessee of the Renting event, the tsunami
victims as the Benefi tted party of the Assistance aid event,
etc.! The event which connects the two clusters is an in-
stance of Piracy evoked by the word hijack. To express more
detail about the temporal and causal connections between
these events, we must use a more powerful means of repre-
sentation, such as X-Schemas, discussed in the next section.

From frames to inference

FrameNet frames provide the basis for identifying the roles
of various events and a means to identify the various par-
ticipants of the events (role fillers) from the text. How-
ever, there remains a gap between the FrameNet analysis of
the input text and the kinds of event related inferences that
can be made from the text. In previous work (Narayanan
& Mcllraith 2002; Chang, Narayanan, & Petruck 2002;
Sinha & Narayanan 2005), we have addressed this state
of affairs and have come up with a way to link FrameNet
frames with a rich model of event structure that simulates
the various events and their interactions. While details of
our mapping and of the event simulation model are outside
the scope of this paper, the central idea is that FrameNet
frames index into parameterized domain models that capture
important relationships between events.

FrameNet frames and frame element bindings provide pa-
rameters for event simulations which capture structural rela-
tionships among participants in a dynamic scenario. Sim-

"Note that the Statement event, which is highest in the syntactic
parse tree, is in fact peripheral to everything else.
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Figure 2: Inference with an Event Model. Shown is a fragment of the model of the Assistance _aid interacting with the model
of the Piracy frame. Frames extracted from the input provide an index into a parameterized event model and supply bindings
and parameters to an event simulation. Shown here is the simulation of the events. The event in question is the release stage of
the Piracy frame (as specifi ed by the Perfect aspect in the input narrative).

ulations of the events and their interactions model the evo-
lution of the scenario and inference procedures are able to
go backwards and forwards in time for predictions, possible
event trajectories, and participant bindings. This formalism
provides a flexible means of accounting for linguistic per-
spective and other inferential effects of processing the input
text.

Figure 2 shows the event model evoked by the various
frames in the input text. From the dependency graph, there
are the two main interacting scenarios. The first is that of
an organization providing assistance or aid to victims (of the
tsunami). The model of this scenario involves several co-
ordinated events and sub-events such as the obtaining of a
vehicle and the aid, transporting the aid to the location of
the victims, delivering the aid to the appropriate locations
etc. This model is indexed from the Assistance_aid frame
in input, and a second event corresponds to the Piracy which
involves gaining control of a vehicle and holding it for a pe-
riod of time and possibly releasing it after. Figure 2 models
the interactions of these scenarios providing the basis for
important inferences from the text:

1. The Piracy event is in fact an interruption to the ongoing
aid delivery. The effect of the event is that the vehicle is
under the control of the perpetrator and that the aid de-
livery remains suspended. This information comes from
the FrameNet frame element bindings for the roles of the
Piracy frame (evoked by the word hijack).

2. Being in control of the vehicle enables the perpetrator

to hold the vehicle for a period of time (in this case 2
months). Meanwhile the aid delivery is suspended, since
the vehicle remains in control of the perpetrator.

3. When the perpetrator has control of the vehicle (a pre-

condition), he can release the vehicle, which lets the aid
delivery resume and so the state goes back from being
suspended to being ongoing.

4. The stage being referred to in the narrative is the com-

pletion (from the perfect aspect of have released) of the
release stage of the hold and release scenario, which is a
precondition to the resumption of aid. This is the stage
shown in Figure 2.

It is this fi ne-grained interaction that enables various im-
portant event related inferences to felictously occur, such as
a) the aid was ongoing and the food was being transported to
the destination while the hijacking occurred, b) the hijack-
ing suspended the delivery of aid and the victims could not
get the aid for the time that the perpetrators held it, c) the
perpetrators have released the vessel; the UN assistance and
aid delivery can resume at this point, d) at some time in the
future the food may reach its destination and (if the distri-
bution event can take place) the victims of the tsunami can
receive aid, etc. All these inferences are formal procedures
(reachability, MAP estimation) on the graphical model of
the events.



Beyond the Hijacking Text
Beyond says: Verbs with sentential complements

The Hijacking text has only one source-attributing expres-
sion, The United Nations says, but there are numerous
ways of introducing a proposition that vary in respect to
the speaker’s commitment to the truth of the proposition.
A simple statement like Saddam Hussein recently sought
significant quantities of uranium from Africa expresses the
speaker’s commitment to the truth of the proposition. A re-
port of such a proposition of the form British intelligence
has reported that Saddam Hussein recently sought signifi-
cant quantities of uranium from Africa does not imply such a
commitment. President Bush’s famous statement British in-
telligence has learned that Saddam Hussein recently sought
significant quantities of uranium from Africa does imply that
the president was certain of the truth of the claim. Later
White House paraphrases of his statement, in which learned
was replaced with reported, were introduced to withdraw
that commitment. The issue is one of recognizing the indi-
rect assertorial force of language that is not itself dedicated
to 1211aking assertions.

Beyond Verb+Object I: Verbs with verb-headed
complements

Except for the single verb that takes a clausal complement
(says), all of the major verbs in the Hijacking text are sim-
ple transitives: the UN charters a vessel, the vessel carries
food aid, the gunmen hijack the vessel, the gunmen hold the
vessel, the gunmen release the vessel. In this section and the
next we will consider constructions of which there are no ex-
amples in the Hijacking text, such as verb-to-verb structures
(refuse to leave) and verb-to-event-noun structures (make a
promise).

Verb-to-verb constructions of the ‘tontrol” kind, typi-
cally associated with infi nitive phrase complements, differ
in respect to questions of evidentiality, factivity and event-
counting. The sentence The bodyguard tried to poison the
emperor introduces two events, an actual Trying event and
a defeasible Poisoning event; but a structurally similar sen-
tence like The bodyguard managed to poison the emperor
introduces only one event, Poisoning, and affi rms its actu-
ality. In He claimed to have poisoned the emperor we have
two events, the Claiming event being asserted, the Poison-
ing event not-asserted; in He refused to poison the emperor,
again, we have two events, with the non-actuality of the sec-
ond one highly implicated. In other words, structures of
roughly the same syntactic form can differ in a number of
ways in these regards, and such information can be coded

2The issue of factivity arises mainly in the domains of cognition
and communication, where FrameNet is fairly well-developed, but
at present, very little information as to factivity is available in the
FrameNet database. There are some frames, such as Opinion, in
which none of the LUs are necessarily factive. In general, however,
factivity or non-factivity of content can vary within a frame and
would have to be marked LU by LU; e.g. in the Coming_to_believe
frame, fi nd out, learn and realize imply that the Content is true,
while conclude, deduce, guess and infer carry no such implication.

among the combinatorial affordances of the ‘higher” verbs,
i.e., try, manage, pretend, claim, refuse, and many scores of
others.

FrameNet has many frames dealing with control verbs and
related nouns, adjectives, etc., such as Success_or_Failure
(fail, manage, pull off, succeed, success, successful, unsuc-
cessful); note that these include both factives and conter-
factives, as shown by the name of the frame. At present, the
necessary LU-by-LU information is not normally coded in
the database. However, there is a precedent for how this can
be handled; in several frames related to judgment, LUs rep-
resenting positive judgment (respect, praise) and negative
judgment (despise, criticize) are treated in the same frame,
but distinguished with regard to ‘positive” or ‘hegative” by
the use of a (FN-specifi ¢) semantic type on the LUs. A sim-
ilar approach should work in the case of factivity.

Beyond Verb+Object II: Verbs with complements
headed by frame-bearing nouns

We now turn to verbs with noun-headed complements in
which the noun designates an event. The questions to ask
for a verb-noun pairing of this kind are Which is the seman-
tic head (the verb or the noun)?, How many events are en-
coded?, and Do the verb and the noun share arguments?.

In certain cases we clearly have two events and there is
no necessary sharing of their participants. In a sentence like
Joan overheard my broker’s advice to me we have the Ad-
vising event and the Overhearing event, and they have no
shared participants. In My broker gave me good advice,
there is one event, and the verb give serves merely to enable
the frame to be expressed verbally. The fi rst two arguments
of gave, my broker and me, are the participants in the Advis-
ing event.

There is a very large class of structures of this kind, the
most common of them using verbs like make, have, give,
and take (make progress, have a fight, give advice, take a
bath), but also many that are more case-specifi ¢, including
examples in which the event-noun is not a derivative of a
verb: say a prayer, wage war, wreak havoc. In all such cases
there is one event, and the syntactic arguments of the verb
are shared with the arguments of the noun.

We can refer to these as support constructions; they in-
clude not only those of the pattern V+N just illustrated, but
also V+N+Preposition ( take advantage of, take possession
of, pay attention to) and V+Preposition+N (put into effect,
take into account, take under consideration), and a few other
patterns.

The choice of support verb can also express (1) a ‘per-
spective” on an event, by highlighting one participant’s role
(perform an operation and undergo an operation, inflict in-
jury and sustain an injury, give advice and get advice) or
(2) differences in register (make a complaint, lodge a com-
plaint, register a complaint, and file a complaint). Here too
the verb-noun combination still stands for only one event.

Beyond these simple cases are situations in which the verb
represents some desired or undesired outcome of the event
designated by the noun. To get advice is to be a participant
in a single event, but to fake (someone’s) advice is to par-
ticipate in two events, fi rst the Advising event and then the



Uptake. To make a promise is to participate in one event;

to keep a promise (or to break a promise) is to participate

in two events, fi rst the initial Promising event, and then the
event of fulfi lling (or failing to fulfi 11) the conditions of the
promise.

Beyond Overt Anaphora: Definite and
Indefinite Zeroes

The Hijacking text has two anaphoric chains, the first in-
volving two graphic forms of a single name (United Na-
tions, U.N.) the second involving an indefi nite NP (a ves-
sel), a co-referring defi nite NP using a synonym (the ship),
and a pronoun (it). In particular, there are no instances in
which entities or events are introduced indirectly, as ‘miss-
ing complements” of specific lexical items. A superfi cial
look at a sentence like Witnesses reported that the suspect
was wearing a beret, would suggest that there are only two
events, Reporting and Wearing. The speaker role in the Re-
porting event is held by the witnesses, and the participants
in the Wearing event are the suspect and the beret. We know,
however, that there had to be a particular event-mentioned
elsewhere in the text—to which the witnesses were witness,
and there had to be a criminal act, mentioned elsewhere in
the text, of which the suspect was a suspect. It is important to
realize that this knowledge is not ‘Ssimply” reasoning based
on world knowledge: it is not that we know about witnesses
that they have observed something salient, but that the word
witness denotes someone who has just this role; it is not that
we know about suspects that people think they might be re-
sponsible for some criminal act, but that the word suspect
denotes someone in just this position. A context-free, con-
ceptually complete use of witness would indicate the related
incident: witness to the accident; a context-free conceptually
complete use of suspect would indicate the related criminal
act: suspect in the incident.

A more complex example of the same phenomenon can be
seen in the following sentence: When other people arrived
at the scene, and saw that there was no-one in the burnt-out
cockpit, they assumed that the pilot had bailed out. How is
it that we are quick to conclude that there has been a plane
crash and that there were earlier visitors to the scene where
this took place. In this sentence the words with unmentioned
semantic complements include other, scene, cockpit, pilot
and bail out. In the case of other, there is a missing than-
phrase, standing for ‘other than the person or people just
mentioned’; the word scene, perhaps especially in the phrase
at the scene, typically entails an understood of -phrase indi-
cating some event, most frequently a mishap; the noun pilot
denotes someone who flies a plane (again, it is not because
we know that pilots are the kind of people who fly planes,
but that the word pilot is dedicated to naming occupants of
such a role); and one meaning of the verb bail out is ‘to jump
out of an airplane’.

We believe that this sentence demonstrates that the kind
of anaphora resolution that is typically carried out as de-
termining a relation between ‘mentions” of the same entity
needs to be expanded in order to take on a new kind of repre-
sentation: one which indicates, for particular frame-evoking

words or structures, the kind of thing that has to be recov-
erable in the nearby context. There is a great deal in under-
standing this sentence - if given no other context! - that does
involve world knowledge. But most or all of the information
that abductive reasoning could construct from this sentence
alone can be found in the previous part of the text itself. The
abridged version of the text from which the example was
extracted is:

One July day in 1943 at Blaconsthorpe, Norfolk,
a born-deaf farm labourer named Kenneth Andrews
...saw a R.A.F. Typhoon fi ghter plane crash in flames.
...Andrews ran to the downed plane and saw that the
pilot was trapped in his cockpit.

Without any regard for his own safety, Andrews
climbed onto a wing of the blazing plane, and kicked
frantically at the toughened perspex of the cockpit
canopy until it shattered, then dragged out the semi-
conscious pilot. Seconds after Andrews had dragged
away the pilot, the plane exploded, and was reduced to
a smouldering wreck.

Andrews flagged down a passing vehicle, and saw that
the driver would take the pilot to the nearest hospital,
then calmly went home with his wife to have his din-
ner. When other people arrived at the scene, and
saw that there was no-one in the burnt-out cockpit,
they assumed that the pilot had bailed out. ...

Thus FrameNet can provide sentences annotated with tags
indicating what sorts of fillers are to be found in the sur-
rounding contex. If anaphora resolution systems can exploit
these, a new level of understanding of text coherence may
be attainable.

Acknowledgments

This work was supported in part by the Advanced Research
and Development Activity (ARDA)’s Advanced Question
Answering for Intelligence (AQUAINT) program.

References

Chang, N.; Narayanan, S.; and Petruck, M. R. 2002.
Putting frames in perspective. In Proceedings of 19th Inter-

national Conference on Computational Linguistics. Taipei:
COLING.

Fontenelle, T., ed. 2003. International Journal of Lexicog-
raphy, volume 28. Oxford University Press. (Special issue
devoted to FrameNet.).

Narayanan, S., and Mcllraith, S. 2002. Simulation, ver-
ifi cation and automatic composition of web services. In
Proceedings of the Eleventh International World Wide Web
Conference (WWW2002), Hololulu, Hawaii, May 7-10,
2002.

Sinha, S., and Narayanan, S. 2005. Model based answer
selection. In Proceedings of the Workshop on Textual Infer-

ence, 18th National Conference on Artificial Intelligence.
PA, Pittsburgh: AAAIL




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 2
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


