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1 Structure from Adjacency

To understand our environment we seek the best explanation for the observable facts we
find there imilarl to interpret texts we seek the best explanation for the observable
facts that are presented in the text This view can be cashed out computationall b
takin the interpretation of a text to be the most economic abductive proof of the lo ical
form of the sentences in the text where abductive means that assumptions are allowed
at various costs and economic means that these costs are minimi ed  obbs et al

mon the observable features of our environment that we seek to explain is the
ad acenc or proximit of ob ects this enerall escapes our notice except when it is out
of the ordinar as when we see a chair on top of a table or a do in a classroom  ormall
the explanation for somethin bein in the place it is is that that is its place

similar situation obtains in lan ua e text is a strin of words and one of the
features of the text that re uires explanation is the ad acenc of pairs of words or lar er
se ments of text

The simplest example of this is provided b compound nominals hen we see the

phrase turpentine ar in a text the interpretation problem we face is findin the most
reasonable relationship in the context between turpentine and ars usin what we know
about turpentine and ars n man cases the relationship is one arisin out of one of the
nouns itself asin oil sample where the relation between oil and the sample is precisel
the sample of relation il provides one of the ar uments of the predicate sample

ntax and compositional semantics can be seen as arisin out of the same need to
explain ad acenc hen we see the pair of words men work we need to find some
relation between them The h pothesis that sentences have s ntactic structure amounts
to the acceptance of a set of constraints concernin the relation that can obtain between
two words or lar er stretches of text n this case the constraint is that the second word
itself provides the relationship The men have to be the a ent of the workin hereas
in the case of oil sample sample provides a possible relationship in the case of men
work  work provides the obli ator relationship This is not uite true meton m is
possible so that the second word need onl provide a relationship between the event and
somethin functionall related to the the first word




The tree structure of sentences arises from the fact that the ad acenc relation can be
between lar er se ments of text than simpl sin le words where the se ments have their
own internal tree structure resultin from ad acencies or example in

ohn believes men work

we don t seek to explain the ad acenc between believes and men ather we first
explain the ad acenc between men and work and onl then the ad acenc between
believes and men work or the ad acenc amon ohn  believes and men work

dependin on our view of the structure of the clause  This roupin occurs even in
the absence of s ntactic constraints onsider the two compound nominals tanford
esearch nstitute and  ancer esearch nstitute n the latter we must first find the
relationship between cancer and research and then find the relationship between cancer
research and the institute whereas in the former we roup  esearch with nstitute
and then tanford with  esearch nstitute
n order to explain ad acencies between se ments of text lar er than one word we need
to have an idea of the principal information conve ed b the se ments or example in
research institute the reference to the institute is in a sense more primar than the
reference to research research institute is a kind of institute rather than a kind of
research  imilarl in men work the information about some entities workin is more
primar than the information about the entities bein men Therefore as we compose
lar er and lar er se ments of text we must have some sense of the primar information
conve ed b the composite se ments
The rules of s ntax and compositional semantics are a set of constraints on how se
ments of text can be rouped to ether and on what the primar information conve ed
b the composite se ment is  t the level of the main clause the primar information
is often what is conve ed b the main verb and or b adverbials althou h this can be
overridden b such factors as intonation newness topicali ation and so on e ma call
this primar information however it is determined the of the clause tis in a
sense a summar of what the sentence conve s
The source of discourse structure is precisel the same as the source of intrasentential
s ntactic structure Two phrases or clauses or sentences or lar er stretches of discourse
are ad acent in the discourse and this fact re uires explanation relation between them
must be found to explain that ad acenc hereas in the s ntactic structure of sentences
the relation amon ad acent elements is most commonl a predicate ar ument relation
the case of lar er stretches of unrestricted text is more like the case of compound nominals
in that the relation that explains the ad acenc can in principle be an plausible relation
between the situations described b the se ments of text
n fact althou h am ar uin for a seamless transition from s ntax to discourse if
one were interested in definin the minimal discourse unit olan i a ood choice
would be that unit above which predicate ar ument relations are no lon er the dominant
interpretation of ad acenc  n written text this tends to be clauses or sentences in spoken
discourse it is often phrasal or smaller elements
s in the case of s ntax while we compose lar er and lar er se ments of text we must
have some sense of the primar information conve ed b the composite se ment e must



be able to specif the assertion or summar of a supraclausal se ment of text This
is both harder and easier than in the case of compound nominals t is harder in that
whereas it is almost alwa s the second noun of a noun noun pair that is primar with two
supraclausal se ments it ma be the first or the second or the primar information ma
arise e uall out of both

t is easier in that a smaller number of relations can t picall obtain between two
situations or eventualities described in supraclausal se ments than can obtain between

two nouns or compound nominals ownin and others have convincin 1 ar ued
that the relation between the two nouns can be virtuall an thin  iven the ri ht context
n the other hand evi ar ues convincin 1 that the vast ma orit of the relations

can be viewed as instances of no more than a do en or so di erent abstract relations such
as predicate ar ument function containment and so on
imilarl it is possible that the relation between two ad acent supraclausal se ments
of text can be an thin at all in the ri ht context The hearer must simpl fi ure out the
most plausible relation between the situations described and the most plausible assertion
or summar of the composite se ment uch a view of discourse coherence unfortunatel
ives no uidance as to what the assertion or summar of the composite se ment is
verwhelmin 1 however the relation between supraclausal se ments can be viewed
as an instance of one of three broadl construed abstract relations causalit the fi ure
round relation and similarit will refer to these as theor
of discourse coherence and discourse structure that reco ni es this fact about discourse
must develop characteri ations of each of these relations explicate the various classes of
instances of each relation and for each of these classes define the assertion or summar
of the composite se ment This is what have tried to do in previous work e obbs
and what will tr to recast into an abductive framework in this paper
hile will focus on the wa these three relations relate supraclausal se ments of text
the can also relate material within sin le clauses or example elements of a list exhibit
the similarit re uired of parallelism cf olan i n the sentence

car hita o erin alo ltolast ni ht

there is an implicit causal relation between the o in and the hittin These relations
o be ond what is iven to us b compositional semantics
hile have focused and will continue to on the problem it is im
portant to keep in mind that interpretation and eneration are intricatel interrelated
speaker seeks to enerate utterances that will be understood hen two se ments of
coherent discourse are uttered in se uence it is because the speaker expects the hearer
to recover the relation that is intended to be conve ed b the ad acenc onversel
the hearer must often reason about what the speaker is tr in to achieve and the other
wa s in which the speaker mi ht have chosen to achieve it in order to determine the best
interpretation for a stretch of discourse
Throu hout this paper adopt the informational perspective on discourse in which
the information conve ed b the discourse is for the most part taken at face value n
fact interpretations derived as described here are rather than belief
revision can be thou ht of as a separate process lo icall after interpretation  oreover



the conve in of information in discourse is intentional action n obbs a  show
how the informational perspective can be embedded in an abductive intentional perspective
and how the two perspectives can interact in interpretation

ac round nter retat on a A duct on

bduction is inference to the best explanation The process of interpretin sentences in
discourse can be viewed as the process of providin the best explanation of the information
conve ed b the sentences that is the best explanation of wh the sentences would be
true This idea can be cashed out procedurall as follows

To interpret a sentence

rove the lo ical form of the sentence
to ether with the constraints that predicates impose on their ar uments
allowin for coercions

er in redundancies where possible

akin assumptions where necessar

the first line we mean prove or derive in the lo ical sense from the predicate calcu
lus axioms in the knowled e base the lo ical form that has been produced b s ntactic
anal sis and semantic translation of the sentence

n a discourse situation the speaker and hearer both have their sets of private beliefs
and there is a lar e overlappin set of mutual beliefs  n utterance lives on the boundar
between mutual belief and the speaker s private beliefs t is a bid to extend the area of
mutual belief to include some private beliefs of the speaker s t is anchored referentiall
in mutual belief and when we succeed in provin the lo ical form and the constraints
we are reco ni in this referential anchor This is the iven information the definite the
presupposed here it is necessar to make assumptions the information comes from the
speaker s private beliefs and hence is the new information the indefinite the asserted

er in redundancies is a wa of ettin a minimal and hence a best interpretation
onsider a simple example

The oston o ce called

This sentence poses at least three problems in local pra matics the problems of resolvin
the reference of the oston o ce expandin the meton m to  ome person at the
oston o ce called and determinin the implicit relation between oston and the o ce
et us put these problems aside for the moment however and interpret the sentence ac
cordin to characteri ation e must prove abductivel thelo ical form of the sentence
to ether with the constraint call imposes on its a ent allowin for a coercion That is
we must prove abductivel the expression i norin tense and some other complexities



That is thereis a callin event b  where isaperson ma or ma not be the same
as the explicit sub ect of the sentence but it is at least related to it or coercible from
it represented b is an o ce and it bears some unspecified relation to
which is oston is the re uirement that imposes on its a ent

The sentence can be interpreted with respect to a knowled e base of mutual knowled e
that contains the followin facts

that is is the cit of oston

that is isan o ceandisin oston

that is ohn  is a person

that is ohn works for the o ce

that is if isin then and arein a possible compound nominal relation

that is if works for then can be coerced into

The proof of all of is strai htforward except for the con unct ence we
assume that it is the new information conve ed b the sentence

This interpretation is illustrated in the proof raph of 1 ure  where a rectan le is
drawn around the assumed literal uch proof raphs pla the same role in inter
pretation as parse trees pla in s ntactic anal sis The are pictures of the interpretations
and we will see a number of such dia rams in this paper

ow notice that the three local pra matics problems have been solved as a b product

e have resolved the ostono ce to e have determined the implicit relation in
the compound nominal to be nd we have expanded the meton m to ohn who
works for the oston o ce called

ther proofs are possible for or example we could have assumed
rather than provin it b unif in it with This proof corresponds to the less

specific interpretation that who works at the oston o ce called




i ure nterpretation of The oston o ce called

n eneral there must be a method of choosin amon possible interpretatons
cost based scheme is presented in obbs et al in which ever proof is iven a
cost and the best interpretation is that iven b the lowest cost proof o more will
be said about this method in this paper e will be content to show that the desired
interpretations are in the space of possible interpretations without ar uin that the are
the best interpretations in that space

combinin the idea of interpretation as abduction with the older idea of parsin as

deduction  owalski PP ereira and arren it becomes possible to
inte rate s ntax semantics and pra matics in a ver thorou h and ele ant wa
e will present this in terms of example repeated here for convenience




The oston o ce called

ecall that to interpret this we must prove the expression

a

b

onsider now a simple rammar ade uate for parsin this sentence written in rolo
st le

That is if strin is a noun phrase and strin is a verb then the concatenation
is a sentence The second rule is interpreted similarl To parse a sentence is to
prove

e caninte rates ntax compositional semantics and local pra matics b au mentin
the axioms of this rammar with portions of the lo ical form in the appropriate places as
follows

The second ar uments of the lexical predicates and denote the predicates
correspondin to the words such as or The atomic formula
means that the strin is a noun phrase referrin to  The atomic formula
stands for the re uirements that the predicate places on its ar ument The specific

constraint can then be enforced if there is an axiom

that sa s that one wa for the re uirements to be satisfied is for to be a person  xiom
can then be paraphrased as follows f is a noun phrase referrin to  and
is a verb denotin the predicate and is true of some eventualit and some entit
and is related to or coercible from and satisfies the re uirements places on
its second ar ument then the concatenation is a sentence describin eventualit
xiom can be paraphrased as follows f is a determiner and is a noun
denotin the predicate  and is a noun denotin the predicate  and the predicate
is true of some entit and the predicate is true of some entit and there is some
implicit relation between and then the concatenation is a noun phrase
referrin  to the entit ote that the con uncts from line a in the lo ical form have
been incorporated into axiom and the con uncts from line b into axiom



The oston o ce called

called
The oston o ce
the
oston o ce
i ure arse and interpretation of The oston o ce called
The parse and interpretation of sentence is illustrated in i ure
efore when we proved we proved that was a sentence  ow if we prove
we prove that  is an sentence and that the eventualit  is its
interpretation
ach axiom in the rammar then hasa s ntactic part the con uncts like
and that specifies the s ntactic structure and a pra matic part the con
uncts like and that drives the interpretation That is local pra matics
is captured b virtue of the fact that in order to prove one must derive the

lo ical form of the sentence to ether with the constraints predicates impose on their ar u
ments allowin for meton m ie characteri ation The compositional semantics of
the sentence is specified b the wa the denotations iven in the s ntactic part are used
in the construction of the pra matic part

ote that the structure of both axioms and is rou hl this To prove that a
whole is a meanin ful entit prove each of its parts are meanin ful entities and that there is
a meanin ful relation between them n the relation is the coerced predicate ar ument
relation n it is the relation

n this framework interpretation and eneration di er onl in the initial and final
conditions of the proof process To interpret a sentence is to prove The
resultin is the new information conve ed n eneration the eventualit is known
and the sentence must be derived That is one must prove This idea is
developed further in obbs et al and in obbs and ame ama

much more extensive and somewhat di erent account of the s ntax of n lish in an
nterpretation as bduction frameworkis ivenin obbs b it follows ead driven




hrase tructure rammar ollard and a fairl closel

efore proceedin would like to introduce some notational conventions that are used in
this paper
The first was alread slipped in above e will take to mean that 1is true of
and to mean that is the eventualit or possible situation of bein true of
This eventualit ma or ma not exist in the real world The unprimed and primed
predicates are related b the axiom schema

where sa s that the eventualit does in fact reall exist This notation
b reif in events and conditions provides a wa of specif in hi her order properties
in first order lo ic This avidsonian reification of eventualities  avidson is a
common device in ee obbs for further explanation of the specific notation
and ontolo ical assumptions

ften axioms that intuitivel ou ht to be written as

will be written

That is if  is the eventualit of bein true of then there is an eventualit of
bein true of t will sometimes be convenient to state this in a stron er form t is not
ust that if  exists then  happens to exist as well The eventualit exists

exists et us express this ti ht connection b the predicate for

enerates Then the above axiom can be stren thened to

ot onl is there an but there an b virture of the fact that there is an The
relative existential and modal statuses of  and can then be axiomati ed in terms of
the predicate This is the second notational convention

Third it mi ht seem in abduction that since we use onl backchainin to find a proof
and a set of assumptions we cannot use superset information owever the fact that we
can make assumptions enables us to turn axioms around n eneral an axiom of the form

species enus
can be converted into a biconditional axiom of the form

enus  di erentiae species



ften we will not be able to prove the di erentiae and in man cases we cannot even
spell them out  ut in our abductive scheme this does not matter the can simpl be
assumed n fact we need not state them explicitl at all e can simpl introduce a
predicate a di erent one for each axiom that stands for all the remainin properties t
will never be provable but it will be assumable Thus in addition to havin axioms like

we ma have axioms like

Then even thou h we are strictl backchainin in search for an explanation the fact that
somethin is clums can still be used as perhaps weak evidence for its bein an elephant
since we can assume the et cetera predication for a certain cost

This device ma seem ad hoc at first blush  ut view the device as implementin
a fairl  eneral solution to the problems of nonmonotonicit in commonsense reasonin
and va ueness of meanin in natural lan ua e ver similar to the use of abnormalit
predicates in circumscriptive lo ic ¢ arth hereas in circumscriptive lo ic
one t picall specificies a partial orderin of abnormalit predicates in accordance with
which the are minimi ed in the wei hted abduction framework one uses a somewhat
more exible s stem of costs

There is no particular di cult in specif in a semantics for the et cetera predicates

ormall in the axiom above can be taken to denote the set of all thin s that are

either not clums or are clums elephants ntuitivel conve s all the information
one would need to know be ond clumsiness to conclude somethin is an elephant s with
nearl ever predicate in an axiomati ation of commonsense knowled e it is hopeless to
spell out necessar and su cient conditions for an et cetera predicate n fact the use
of such predicates in eneral is due lar el to a reco nition of this fact about commonsense
knowled e

The et cetera predicates could be used as the abnormalit predicates are in cir
cumscriptive lo ic with separate axioms spellin out conditions under which the would
hold owever in the view adopted here more detailed conditions would be spelled out
b expandin axioms of the form

to axioms of the form

n et cetera predicate would appear onl in the antecedent of a sin le axiom and never
in a conse uent Thus the et cetera predications are onl place holders for assumption
costs The are never proved The are onl assumed

The constitute one of the principal devices for ivin our lo ic soft corners e
would expect them to pervade the knowled e base irtuall an time there is an axiom



relatin a species to a enus there should be a correspondin axiom incorporatin an et
cetera predication expressin the inverse relation

et us summari e at this point the most elaborate form axioms in the knowled e base
will have f we wish to express an implicative relation between concepts and the most
natural wa to do so is as the axiom

where and stand for ar uments that occur in one predication but not in the other
hen we introduce eventualities this axiom becomes

sin the relation to express the ti ht connection between the two eventualities the
axiom becomes

ext we introduce an et cetera proposition into the antecedent to take care of the
imprecision of our knowled e of the implicative relation

inall we biconditionali e the relation between and b writin the converse axiom as
well

This then is the most eneral formal expression in our abductive lo ic of what is intuitivel
felt to be an between the concepts and

n this article for notational convenience we will use the simplest form of axiom we
can et awa with for the example The reader should keep in mind however that these
are onl abbreviations for the full biconditionali ed form of the axiom

A omat n t e ree e Structure of cour e

The tree like structure of discourse can be captured with two axioms




The first axiom sa s that a sentence describin an eventualit  is a coherent discourse
se ment describin The second sa s that if two se ments and describe the
eventualities  and respectivel and and arerelated b some coherence relation
then the concatenation is a coherent discourse se ment

The variable in the second axiom is the assertion or summar of the composite
se ment t is determined b the assertions of the constituent se ments and
to ether with the relation that holds between them b virtue of which is itself a
coherent discourse se ment

To prove is to explain the ad acenc of  and

To interpret a text is then to prove the expression

meanin that is a coherent se ment of discourse conve in or describin the situation
or eventualit is the assertion or summar of

To explicate a theor of discourse coherence and discourse structure alon these lines
is to specif the various wa s in which

can be established includin what is

The common distinction between h potactic coherence relations with dominant and
subordinate component se ments and paratactic coherence relations is easil captured in
this framework f the relation is h potactic then 1is either or correspondin to
whether or is dominant f the coherence relation is paratactic then must be
computed from and to ether This in fact is what h potactic and paratactic mean

This approach has the avor of discourse rammar approaches  hat has alwa s been
the problem with discourse rammars is that their terminal s mbols e ntroduction
and sometimes their compositions have not been computable ecause in our abductive
inferential approach we are able to reason about the content of the utterances of the
discourse this problem no lon er exists

e o0 erence e aton

t a su cientl abstract level when the relations between successive clauses or sentences
in text are not explicitl indicated there are three relations that obtain overwhelmin 1
causalit fi ure round and similarit t should not be surprisin that these relations
are so salient t is obvious wh causalit would be of interest to creatures like us that
have to maneuver our wa amon events be ond our control prediction promotes survival

ur interest in fi ure round relations and similarit ma reduce to causalit as well n
entit the fi ure is causall in uenced b the environment the round in which it is
located and similar entities behave causall in a similar fashion and when the don t it
is worth of note Thus knowin these relations aids prediction



ne could ar ue that this observation is ori inall due to ume n his
ection he ar ued that there are eneral principles of
coherent discourse restin upon eneral principles for the association of ideas ere the
loosest and freest conversation to be transcribed there would immediatel be observed
somethin which connected it in all its transitions r where this is wantin the person
who broke the thread of discourse mi ht still inform ou that there had secretl revolved
in his mind a succession of thou ht which had raduall led him from the sub ect of

conversation oreover the three principles he proposed are ver close to our own prin
ciples of causalit fi ure round and similarit To me there appear to be onl three
principles of connexion amon ideas namel in time or place
and or

n the remainder of this section describe those coherence relations that happen to
be re uired b the fra ment of conversation anal ed in ection ausalit  arallelism

laboration and ontrast xioms are iven definin each coherence relation and exam
ples to ether with the relevant inferences are iven
n the examples we will see a number of other lin uistic interpretation problems such
as pronoun resolution and the interpretation of a metaphor bein solved as a b product
of reco ni in coherence relations

ausalit can relate two se ments of discourse in one of two wa s e can describe an
event or situation and then describe a causal conse uence here the cause comes first
and the e ect second and either one can be the dominant se ment althou h enerall
the e ect is r we can describe a situation and then describe as an explanation the
situation that ave rise to it here the e ect comes first and the cause second and the
e ect is the dominant member of the pair  will ive a detailed example of the explanation
relation

or one se ment of discourse  to function as an explanation of another se ment
must describe a state or event that causes or could cause the state or event described

in The followin axiom expresses this or is at least a first approximation

That is if what is asserted b the second se ment could cause what is asserted b the
first se ment then there is an xplanation relation between the se ments  xplanation
is enerall h potactic The explanandum is dominant and thus contributes the assertion
or summar the explanans is subordinate The followin axiom captures this

s an example of the xplanation relation consider a variation on the classic example
from ino rad

The police prohibited the women from demonstratin
The feared violence



To interpret the text is to prove abductivel the expression
The police violence

This involves provin that each sentence is a se ment b provin the are sentences and
provin there is a coherence relation between them To prove the are sentences we would
tap into an expanded version of the sentence rammar of ection This would re uire
us to prove abductivel the lo ical form of the sentences

ne wa to prove there is a coherence relation between the sentences is to prove there
is an xplanation relation between them and one wa to prove that is to prove a causal
relation between their assertions

fter back chainin in this manner we are faced with provin the expression

That is there is a prohibitin event b the police of a demonstratin event b the
women There is a fearin event b someone the  of violence b someone
The fearin event  causes the prohibitin event This expression is ust the lo ical
forms of the two sentences plus the h pothesi ed causal relation between them

uppose plausibl enou h we have the followin axioms

That is if is a fearin b of  then that will cause the state of not wantin or
diswantin

That is demonstrations cause violence

That is if someone diswants and 1is caused b then that will cause to diswant
as well f ou dont want the e ect ou don t want the cause

That is if those in authorit diswant somethin that will cause them to prohibit it

That is is transitive

That is the police are in authorit
rom these axioms we can prove all of the above lo ical form except the propositions
and which we assume This is illustrated in
i ure otice that in the course of doin the proof we unif  with  thus resolvin



The police violence

The police demonstratin The violence
The police demonstratin The feared violence
i ure nterpretation of The police prohibited the women from demonstratin The

feared violence



pecific pecific eneral

to pecific to eneral to pecific
ositive arallel enerali ation xemplification
e ative ontrast
i ure oherence elations ased on imilarit

the problematic pronoun reference that ori inall motivated this example The refers
to the police

ne can ima ine a number of variations on this example f we had not included the
axiom that demonstrations cause violence we would have had to assume the violence
and the causal relation between demonstrations and violence oreover other coherence
relations mi ht be ima ined here b constructin the surroundin context in the ri ht
wa  t could be followed b the sentence  ut since the had never demonstrated before
the did not know that violence mi ht result n this case the second sentence would
pla a subordinate role to the third forcin the resolution of the to the women ach
example of course has to be anal ed on its own and chan in the example chan es the
anal sis n ino rad s ori inal version of this example

The police prohibited the women from demonstratin  because the feared
violence

the causalit was explicit thus eliminatin the coherence relation as a source of ambi uit
The literal would be part of the lo ical form

nother class of coherence relations is based on similarit These relations in a sense
expand the discourse in place rather than carr in it forward or fillin in back round
The can be classified in terms of moves between specific and eneral assertions and the
interaction of these moves with ne ation as illustrated in i ure
have left two blank spaces in the e ative row because such relations would con
stitute a contradiction The mi ht be filled in with an  xception relation ne states
a eneral truth and then ives a specific exception to it or vice versa ut have chosen
rather arbitraril to consider these as examples of ontrast
There are two important limitin cases The laboration relation is a limitin case of
the arallel relation the iolated xpectation relation is a limitin case of ontrast
n the fra ment of conversation anal ed in ection onl the arallel laboration
and ontrast relations occur so onl these will be explicated here



The definition of the arallel relation involves reco ni in the similarit of entities The
text se ments must assert the same properties of similar entities ore precisel the
arallel relation obtains when from the assertion of the first se ment we can infer
and from the assertion of the second se ment we can infer
where and aresimilar forall Two entities are if the sharesome reasonabl
specific propert eterminations of similarit are sub ect to the same fu iness and
considerations of ood ness as the coherence relations in eneral
first approximation of an axiom that captures this characteri ation is the followin

That is a arallel relation holds between and if there is a  such that is s
bein true of some  where enerates and is s bein true of some  where
enerates and there is some true of and

The arallel relation is a coherence relation

The relation is paratactic  have not specified in the axiom what the assertion of the
composite se ment would be but it should be the enerali ation of which the assertion of
each se ment is an instance The enerali ation ma subsume onl the sand s orit
ma include all entities for which is true

simple example of the arallel relation is this sentence from an al orithm description

et stack empt and set link variable to

rom each of the clauses one can infer triviall that a data structure is bein set to a
value The predicate is thus stack and link variable are similar in that the are
both data structures and the stack s emptiness and s bein e ual to are both initial
conditions

The next example is a bit more indirect t comes from a problem in a ph sics textbook

The ladder wei hs Ib with its center of ravit ft from the foot
and a Ib manis  ft from the top

ecause of the nature of the task the reader must draw inferences from this sentence
about the relevant forces e mi ht represent the inferences as follows

b ft

b ft
ere the predicate 1is the first ar uments are similar in that the are both wei hts
the second and third ar uments are both identical once we identif with hence

similar and the fourth ar uments are similar in that the are points on the ladder at
certain distances from an end of the ladder assumin is The assertion of the
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blood contains hi hest concentration
semen
va inal secretions contain a ent

menstrual blood

saliva has lower concentrations
saliva of in detectable no S
infected more than half
individuals
urine contains low concentrations
i ure The elation in  xample

composite se ment is somethin like There are downward forces actin on the ladder at
some distance from an end of the ladder althou h this information alone would not be
ade uate for solvin the problem

The next example is from a medical textbook on hepatitis

lood probabl contains the hi hest concentration of hepatitis  virus of an
tissue except liver

emen va inal secretions and menstrual blood contain the a ent and are
infective

aliva has lower concentrations than blood and even hepatitis surface anti

en ma be detectable in no more than half of infected individuals

rine contains low concentrations at an  iven time

The predicate is the dia ram in 1 ure indicates the correspondin similar
ar uments and the shared properties the column headin s b virtue of which the are
similar

ote also that the sentences are in order of decreasin concentrations it is ver fre uent
for particular enres or micro enres to be characteri ed b further constraints imposed
on these universal coherence patterns

laboration is a limitin case of the arallel relation where the entities are not merel
similar but identical This amounts to sa in that the same proposition can be inferred



from the assertions of each of the se ments t some level both se ments sa the same
thin  n our notation this can be captured b the relation

That is if there is an eventualit  thatis enerated b each of the eventualities and
then there is an laboration coherence relation between and and the assertion
of the composed se ment will be
re uentl the second se ment adds crucial information and this is wh  have called
the relation laboration but it is not specified in the definition since it is desirable to
include pure repetitions under this headin
simple example of the laboration relation is the followin

o down irst treet
ust follow irst treet three blocks to treet

ote that it is important to reco ni e that this is an laboration rather than two tem
porall successive instructions
rom the first sentence we can infer

ou irst t
for some and rom the second we can infer
ou t irst t blks
f we assume that is treet and is blocks then the two are identical and serve as

the proposition  in the definition

This is a simple enou h example that we can work out the details of the abductive
derivation of this relation i norin  three blocks To interpret the discourse we must
prove abductivel the expression

o treet

To prove the text is a se ment we need to prove each sentence is ase ment b provin it is
a sentence This taps us into an expanded version of the sentence rammar of ection
which re uires us to prove the lo ical form of the sentences e also need to prove there
is a coherence relation between the two sentences Thus we need to prove simplif in

somewhat

That is thereis a oin b from to and the oin isdown irst treet There
is also a followin b of 1irst treet to treet inall there is a coherence
relation between the oin  and the followin with the composite assertion

uppose we have the followin axioms in our knowled e base



That is the relation is re exive

Thatis if isa oin b from to and is alon then enerates a followin b
of to
That is a relation is one kind of relation
f we assume and then the proof of the lo ical form of the

text is strai htforward t is illustrated in 1 ure

o treet
o down irst treet ollow treet
o down irst treet ollow treet
i ure nterpretation of o down irst treet ollow irst treet to treet

There are at least two cases of the ontrast relation The first holds when we can infer
a proposition from the assertion of one se ment  and we can infer from the
assertion of the next se ment where and are similar entities

The followin axiom is a first approximation to this characteri ation



That is a ontrast relation holds between  and  if thereis a such that is s bein
true of some  and thereis an  that enerates  that is the ne ation of an  which is
s bein true of some  and there is some true of and
The ontrast relation is a coherence relation

The relation is enerall h potactic  suall the second se ment is the dominant one
but this can be overridden

The second case of the ontrast relation holds when we can infer a proposition
from the assertion of one se ment  and we can infer from the assertion of the next
se ment where there is some propert  such that and The second se ment
is enerall dominant

The first case is illustrated b an extended example involvin the interpretation of a
metaphor

ohn is an elephant

n isolation this can mean man thin s e  that ohnis heav or thick skinned or has a
ood memor  n specific contexts it takes on specific meanin s n the followin context

ar is raceful ohn is an elephant

the most reasonable interpretation is that ohn is clums
To interpret this text abductivel we first need an axiom relatin clumsiness and
elephants

This can be read as sa in that if somethin is clums and some other unspecified proper
ties hold then it is an elephant or in other words bein an elephant is one wa of bein
clums

e now need to introduce a further complication since we will have to refer explicitl
to the properties of clumsiness elephanthood and race xiom must be rewritten as
follows




That is if  is the condition of s bein clums and some other unspecified thin s are
true of and  then there is a condition  of s bein an elephant urthermore there
is a ver ti ht relation between  and is an elephant its bein clums
and the other thin s bein true

ext we need an axiom relatin clumsiness and race

That is if  is the condition of not bein true where is the condition of s bein
raceful then  is the condition of s bein clums
uppose we also know that ar and ohn are people

ow we are read to interpret text ts lo ical form is
e can backchain on axiom from elephant to clums  assume backchain
on axiom from clums to not raceful and assume and
e also assume Then we have a proof of usin  ax
iom with instantiated to and instantiated to This establishes

s a b product of reco ni in the coherence of the text we have interpreted the
metaphor i ure illustrates the interpretation of elephant althou h it was the re
uirement to explain the but relation that drove the interpretation
s alwa s other coherence relations are theoreticall possible in this example The
next sentence mi ht be ar can dance on his back in which case the second sentence
would not be in contrast with the first but back round for the third and ohn would be
a real rather than a metaphorical elephant

A et od for Anay n cour e

This account of the structure of discourse su ests a method for anal in discourse The
method consists of four steps each an order of ma nitude more di cult than the one
before it  will illustrate it on the followin text

a would like now to consider the so called innateness h pothesis
to identif some elements in it that are or should be controversial and
¢ to sketch some of the problems that arise as we tr to resolve the controvers
Then we ma tr to see what can be said about the nature and exercise of
the lin uistic competence that has been ac uired alon with some related
matters
homsk p



i ure nterpretation of ontrast xample

Then
laboration
a Then
b C
i ure tructure of sentences

The method is as follows
ne identifies the one or two ma or breaks in the text and cuts it there That is
one chooses the most natural wa to divide the text into two or three se ments This can
be done on a strictl intuitive basis b an one who has understood the text and amon
those who have understood it in the same wa there will be a lar e measure of a reement
This process is then repeated for each of the se ments dividin in the most natural
places The process is continued until reachin the level of sin le clauses This ields a
tree structure for the text as a whole
n text for example the ma or break comes between sentences and
ithin sentence there is a break between the first clause and the last two and of
course a final break betwen the second and third clauses of the first sentence This ields
the tree of i ure
ne labels the nonterminal nodes of the tree with coherence relations roceedin
from the bottom up one devises rou h accounts of what is asserted b each composed



se ment Thus in the homsk example we label the node linkin b and c with
the then or relation e label the node linkin the resultin se ment and
a with the relation  inall we label the node linkin and with
the then relation This process ields the labels on the nodes of the tree in 1 ure
n this step the method becomes theor specific as one must know what the relations
are and have at least rou h characteri ations of them  ne aid in this step is to determine
what con unctions or sentential adverbs it would be appropriate to insert f we can insert
then between and and the sense would be chan ed if we reversed the se ments
then the relation is an excellent candidate f we can insert because the
relation becomes a stron possibilit  Thatis or ie su ests
similarl  su ests for example su ests and but su ests
or t should be emphasi ed however that these tests are
informal The do not define the relations on unctions and sentential adverbials impose
constraints on the propositional content of the clauses the link or modif and in man
cases these constraints are almost the same as those imposed b some coherence relation
n the best of cases there is su cient overlap for the con unction to tell us what the
coherence relation is
ne makes more or less precise the knowled e or beliefs that support this assi n
ment of coherence relations to the nodes  ach of the coherence relations has been defined
in terms of the inferences that must be drawn from the listener s knowled e base in order
to reco ni e the relation hen we sa for example that a then relation occurs be
tween b and ¢ we have to specif the chan e asserted in b namel achan e
in mutual knowled e about where the controvers lies from the word identif  that is
presupposed in the event described in ¢ the e ort to resolve the controvers  Thus
we need knowled e about what chan e is e ected b the action of identif in and we
need to know the meanin s of controvers and resolution that allow us to talk about
controversies bein resolved
The precision with which we specif the knowled e reall can be more or less de
pendin on our aims e mi ht be satisfied with a careful statement in n lish or we
mi ht demand formulation in terms of some lo ical lan ua e embedded within a lar er
formal theor of the commonsense world
ne validates the h potheses made in step about what knowled e underlies the
discourse ike  ar and ar and obbs have discussed at len th how this
should proceed rie  one looks at the lar er corpus to which the text belon s a corpus
b the same speaker or from the same culture that assumes the same audience ne
attempts to construct a knowled e base or s stem of mutual beliefs that would support
the anal ses of all of the texts in the corpus fstep is a matter of minutes for a text of
para raph len th step a matter of an hour or two and step a matter of da s then
step is a matter of months or ears
n each of these steps di culties ma arise but these di culties in anal sis will usuall
reveal problematic aspects of the text n step  we mi ht find it di cult to se ment the
text in certain places but this probabl re ects a enuine area of incoherence in the text
itself e mi ht find it eas to se ment the text because the se ments are about clearl
di erent topics but be unable to think of a coherence relation that links the se ments



hen this happens it ma be that we have found two consecutive texts rather than a
sin le text t times the knowled e that underlies a composed se ment is not obvious but
this often leads us to ver interestin nonstandard assumptions about the belief s stems
of the participants inall we often cannot be sure the knowled e we have assumed to be
operative reall is operative lookin at further data forces revisions in our assumptions

There is a structural feature of some discourses especiall spoken conversation that
must be considered in se mentation discourse pivots discourse pivot is a se ment
such that in and are related to each other b virtue of one part of the
content of and and are related to each other b virtue of another part of the
content of The e ect on the overall structure of the text is that one tree subsumes

and another subsumes e ment h below is an example of a discourse
pivot

Anay ofa ra ment of on er at on

Texts of all enres can be illuminated b a coherence anal sis or the extended example
for this paper  have chosen a particular]l challen in variet a fra ment of a three
person conversation in a decision makin meetin althou h there are onl two speakers
in this fra ment The participants are collaboratin to make up a schedule for the visit
of a contractin o cer makin sure several constraints are satisfied as best as possible
The fra ment is as follows

o um if went first let s sa with for um see

a
b as said need about an hour and fifteen minutes
C could do the m reportin on the on oin pro ect ah for that first hour
d ee if we total up all the time we need
e let s see an hour for rian
f an hour and fifteen minute for me
oits
thirt five minutes
almost exactl
h it s almost exactl correct Three hours
i ut we ve ot to take into account that the re t picall late on these thin s
Il ri ht so were onna ets uee ed someplace
ka ri ht ri ht oka m
k think what d be willin to do is if we et s uee ed on the uh if o first

and if we et s uee ed 11 1l eat the ah the time that we lose

verlappin utterances are ali ned under the same number
The coherence structure is as shown in i ure
This fra ment breaks into three pieces The first includes se ments a c in
which  sa s how much time he will need and when it should occur Then in d
h he backs awa to describe the overall schedule of which his presentation would be
a part one part of this se ment f repeats the content of se ment C e ment



laboration ontrast
roblem olution

laboration ontrast

laboration
laboration
arallel arallel ause
a b ¢ d e f h i k
i ure oherence tructure of ra ment of onversation
h constitutes a discourse pivot and se ment h k discusses a problem and

its solution e will examine the fine structure of each of these three se ments in turn

To construct a schedule the participants must allocate a certain amount of time to
each activit and specif the order in which the will occur n a and b  attends
to these two parallel aspects of schedulin for his own presentation n a he sa s that
he will o first n b he sa s that he will take one hour and fifteen minutes n c
he elaborates on this b describin the activit for that first hour

t this point he pops up to a more lobal concern the total time re uired b all three

participants in which his hour and fifteen minutes will be a part e be ins b  ivin an
abstract of what he is oin to do total up the time the all need This is followed b

a breakdown into the parallel re uirements for each participant one hour for in e
an hour and fifteen minutes for in f and thirt five minutes for in This is
then summari ed or more precisel added up in h  The se ment e h then

constitutes the promised elaboration on d b providin the total time needed
has been an active participant in this se ment but onl to reinforce or otherwise
ald s development
n i ke so of h in a di erent manner uttered it as a summar of the
time needed  ut in i uestions the correctness of their havin a full three hours
ometimes visitors are late The lateness causes the available time to become smaller as
sa s in Their havin less time is in contrast to the statement in h that the
have exactl three hours
e ment h is thus a discourse pivot it functions with the se ment before it as an
elaboration and with the se ment after it as the suborinate element in a contrast
problem is a situation which is not in accord with one s oals solution to the
problem is a modification of that situation enerall throu h one s own actions that
in accord with the oals Thus the statement of a problem and its solution is a variet of
the contrast pattern ere se ment h describes the problem with the pricipal
statement of the problem bein in e ment k describes the solution fan time
is lost  will subtract that time from his own presentation



oncu on

The theor of local coherence in discourse that have sketched in this paper is part of a
lar er theor that seeks to make explicit the connection between the interpretation of a text
and the knowled e or belief s stem that underlies the text The coherence relations that
ive structure to a text are part of what an interpretation is the arereco ni ed b drawin

inferences and thus specif one connection that must exist between interpretations and
knowled e The method outlined in this paper can be used to exploit that connection in
several wa s

here as in ethno raph our interest is in the belief s stems or the culture shared
b the participants the method acts as a forcin function  t does not tell us what the
underl in beliefs are but it forces us to h pothesi e beliefs we mi ht otherwise overlook
and it places ti ht constraints on what the beliefs can be

here our interest is primaril in the interpretation of the text asin literar criticism
the method ives us a techni ue for findin the structure of the text an important aspect
of the interpretation n placin constraints on the ideal structure of a text it can point
us toward problematic areas of the text where the ideal of coherence proposed here does
not seem to be satisfied e mi ht ultimatel decide in such cases that the ideal is in fact
not satisfied but man times we will find that the attempt to satisf the ideal leads us to
interestin reinterpretions of the whole text
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