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4.1 Interpretation

Whenever the user types some input (and hits the return key) the Discourse
Model is updated by inserting facts of the following form (where N is some
number and String is the verbatim form of the user input):

(9) contribution(N,user).
verbatim_form(N, String).

Since there are no rules in the Discourse Model which allows the system to
prove such facts, they will simply be asserted into the Discourse Model.
(In other words, user contributions and their verbatim form can only be
observed, they can never be inferred, neither deductively nor abductively.)

Asserting these facts into the Discourse Model will make the knowledge
base inconsistent, because of the following constraints (cf. section 3.3):

(6) inconsistent « contribution(N,Agent),
—gram_structure (N, Structure) .

(7) inconsistent <« contribution(N, Agent),
—prop_content (N, P) .

(8) inconsistent « contribution(N,Agent),
—comm_function(N,CF).

In order to make the Discourse Model consistent again, the system must
prove that the Nth contribution from the user has a certain grammatical
structure Structure, a certain propostitional content P, and a certain
communicative function CF. In a PLUS-like system, the first goal will be
resolved by calling the parser, which will instantiate the variable
Structure to a grammatical feature structure containing, among other
things, a compositional semantic analysis of the input. From this semantic
analysis, together with contextual information already stored in the
Discourse Model, the system will then attempt to derive a propositional
content P for the contribution in question.

Let us now consider in a little more detail how the analysis of
communicative function can proceed. In order to make the Discourse
Model consistent again, the system must prove the goal
comm_function (N, CF), for some CF. As noted above, the Discourse
Model contains rules relating to communicative function, such as the
following (cf. section 3.3):
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The core of our knowledge system is a (fictitious) database VIRKBAS,
which registers the relevant information about a firm, its employees,
products and customers, etc. Apart from explicit information on staff,
orders, complaints and the like, the database has a lot of implicit
information concerning various relations between the registered entities.

In order to make this information accessible to users of the knowledge
system it must be represented in a domain model which allows a
representation that combines domain specific knowledge with an
appropriate amount of world knowledge.

A prerequisite for the analysis of natural language questions is specific
knowledge of the domain plus a certain amount of knowledge of the
world referred to by the questions. An important function of the domain
model is to serve as a filter that allows an acceptable user question such as
'Who are the colleagues of NN?' to be converted into a query in a formal
database query language like SQL. The model must also be able to reject
meaningless questions such as "What is the salary of a TVset?

2. The database

The specific knowledge of the domain is explicitly present in our
(relational) company database VIRKBAS. The tables of the database have
been structured on the basis of the Entity/Relationship diagram shown in
figure 1.

The Entity/Relationship diagram shows the entity types of the domain.
The database registers information about employees, customers, products,
complaints etc. Each box in the diagram represents a type of entity. Each
entity type is characterized by a number of attributes. Thus the entity
employee, for instance, is characterized by attributes like crnumber (civil
registration number), name, address and departmental attachment, among
others.

The entity types of the diagram are related to each other: an employee,
for instance, is employed in a department. Employees have salaries,
positions, sell products, etc. Relationships as these are expressed by
rhombs in the diagram. For practical reasons, the rhombs have no names
in the diagram, as we are not going to focus on these relationships in the
present context.

The degree of the various relations between entity types: one-to-one, one-

to-many or many-to-many is important, however, since it determines the
database structure. One department for instance, can have attached to it a
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the role relation "sell" between the concepts "firm" and "product” as ako
"physical object". In this way we make implicit information explicit: in
our domain firms can sell only physical objects such as radios and
television sets. Consequently, inappropriate questions concerning a sale
involving arguments other than firms and physical objects will be
rejected.

mmging\ area

secreta

= ' akiod of ( Ty direccor / manager
- : & part of //

FIG 5: Generic and part-whole relations in one net.

The role relations are shown with double lines between nodes in the net.
They are not directed. We consider an explicit marking of the direction
redundant as the role relations are defined by the types of the concepts
involved combined with the types of thematic roles associated with the
concepts in a given relation. The thematic roles will be discussed in the
description of the frames below.

The (identification and) choice of role relations is determined by our
expectations of the questions that the end users will typically ask about
this specific domain: What does the firm sell to customer NN? Who does
the firm do business with? Who are the colleagues of NN?

When we introduce the role relations in this combined net the result,
however, is a net which contains no less than three different types of links
representing 2 types of conceptual relations, the ako and the apo links,
and the role relation links. This presents certain problems concerning the
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representation of role relatjons in the net, as, the t f conceptual
rePatlon% etween two nodes determmes the Inheritance }cl)l? ro?e re?ano S,

AN

=)
/ ) \ -
person >

N
\'\
a
abstract physical\ r
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"/ physical
person
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FIG 6: The combined net with role relations.
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act that a managing director does not work iri a department
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The frame name, which identifies the frame, is the name of a node in
the net or the name of a role relation, cf. the following 2 examples:

frame : EMPLOYEE
frame : WORK

The relational description, relations, may contain 2 types of relations,
conc: the conceptual relations: ako or apo, and role, the role relations
defined by a name for the specific type of relation, "work", "be colleague
of", etc.

Role relations, which appear only in frames that describe concepts, are
further defined by rolestruct, which contains a specification of the
thematic role structure of the relation. The thematic structure is defined
by a specification of role type, role type, and the name, frame name,
of the frame that represents the value of a possible filler for the role type
slot.

The frame for EMPLOYEE contains the following relational description:

relations : ( ( conc : (ako : PHYSICAL PERSON ),
( apo : DEPARTMENT ) )
( role : ( WORK ),
( BE COLLEAGUE OF ) )

An employee is a kind of physical person and a part of a department and,
an employee works somewhere and is a colleague of somebody.
Identification of the relevant somewhere or somebody takes place via the
frames for the respective role relations.

The first value specified for role above is the name of the frame for the
role relation WORK, which contains the following specification of the
thematic role structure of the relation:

rolestruct: (( (actor : EMPLOYEE )
(locus : FIRM )),
( (actor : SUBORDINATE )
(locus : DEPARTMENT )),
( (actor : AREA MANAGER)
(locus : DEPARTMENT )))

The relation WORK implies 2 participants associated with 2 types of
thematic roles: actor and locus. In our domain the respective participants
of a working relation can be: an employee and a firm, or a subordinate
and a department, or an area manager and a department.
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Translation is based on semantic analysis; however, a central principle is
to exploit structural similarities between languages in cases where in-
formation about the syntactic structure of the source sentence can be used
directly in target sentence generation. As a consequence of this, the PONS
system has three different modes of operation: they vary with respect to the
level of analysis at which translation is done. Interlingual translation is
carried out only in the mode where translation is based on semantic
representation. Linguistic descriptions in PONS are implemented in an
extended version of D-PATR (Karttunen 1986). All grammatical and
semantic information is coded as feature structures or directed graphs. The
feature structure in fig. 5 is a graph representation of a sample lexical
entry. All linguistic information in PONS is declarative; there are no
procedures contained in the data base.

Before starting the translation process, different kinds of pointers are
established between rules and word stems in source and target grammars.
This is done automatically by a routine built into the system. The pointers
describe a set of correspondences between representations of linguistic un-
its in the two languages. These correspondences are exploited in cases
where structural similarities between source and target language allow
translation to be based on syntactic representation. The input sentence
must be parsed before mode of translation can be chosen. Parsing yields
one or more constituent trees. Attached to the topmost node in the tree is a
feature structure representing the whole sentence; an example is given in
fig. 6. Substructures of this structure are associated with individual nodes
in the parse tree. A feature structure in PONS has essentially two
components: syntax contains syntactic information, whereas trans is a
semantic representation. Links between syntactic functions and semantic
roles are expressed by giving shared values to specific attributes of the two
substructures. E.g., trans of the syntactic subject is unified with arg2 of the
semantic relation burn'.

The parse tree also contains pointers to corresponding rules and word
stems in the target grammar. The complexity of translation is automatically
determined by the kinds of pointers that are contained in the parse tree.
Mode 1 performs word-for-word translation. It is necessary that the source
and target stems express the same semantic relations and that the target
pointers at each node show that source and target sentences are identical in
syntactic structure. During translation terminal nodes in the parse tree are
substituted with corresponding target word stems (fig. 7a). Inflected word
forms must be found which are compatible with the feature structures
associated with terminal nodes. However, if there are any word order
differences between source and target expression, mode 1 will be
insufficient, and mode 2 may be employed. Mode 2 exploits corresponden-
ces between syntactic rules in source and target grammar. Differences in
constituent order are allowed, but it is required that there is direct corres-
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("side” N NOM PL (@NH)))
("<of>"
("of' PREP (@N<)))
("<the>"
(“the" <Def> DET CENTRAL ART SG/PL (@>N)))
("<cylinder>"
("cylinder” N NOM SG (@>N)))
("<head>"
("head” N NOM SG/PL (@NH)))
("<$.>")

Here inlet remains ambiguous due to the modifier and head functions
because of a coordination ambiguity.

3. About the parsing grammar

The syntactic grammar contains some 120 syntactic constraints, some 50
of which are heuristic. Like the morphological disambiguation
constraints; these constraints are essentially negative partial linear-
precedence definitions of the syntactic categories. The present grammar
is a partial expression of four general grammar statements:

1. Part of speech determines the order of determiners and modifiers.
2. Only likes coordinate.

3. A determiner or a modifier has a head.

4. An auxiliary is followed by a main verb.

We will give only one illustration of how these general statements can be
expressed as constraints. A partial paraphrase of the statement Part of
speech determines the order of determiners and modifiers: 'A
premodifying noun occurs closest to its head'. In other words,
premodifiers from other parts of speech do not immediately follow a
premodifying noun. Therefore, a noun in the nominative immediately
followed by an adjective is not a premodifier.Thus a constraint would
discard the @>N tag of Harry in the following sample sentence, where
Harry is directly followed by an unambiguous adjective:

('l< *iS> n

("be" <SVC/N> <SVC/A> V PRES SG3 (@V)))
("<*harry>"

("harry” <Proper> N NOM SG (@NH @>N)))
("<foolish>"

("foolish” A ABS (@AH)))
(H<$?> n)
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addressed quite satisfactorily: disambiguation and syntactic analysis
together can be carried out at a speed of more than 1,000 words per
second.

The system will become available. Contact the author for further details,
e.g. by email to Atro.Voutilainen@Helsinki.FI.
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All rules have this common form: The left-hand side of the translation
symbol, =, is a structural description. The right-hand side is a PFO
formula. The brackets ”<” and ”>” mark phrase structure (in order to
avoid confusion with the PFO operators), with an index on the right
specifying the syntactic category. Symbols in capital letters stand for
phrase-structure variables, i.e. any part of the phrase-structure tree that
has the category specified by its index. (As can be seen, the variable
symbols and their indices coincide, so to simplify the notation we will
abbreviate <W>y as W in the following). The structural description part
always contains reference to some “logical word” such every, if, or etc.
or to a pronoun, while the PFO formula has PFQO-variables of syntactic
category NP; the significance of this will be seen in a moment. (The
marking of a PFO-variable with <...>pp will also be omitted for
abbreviation.)

Notice also that the structural description requires that the input to a
translation rule be of syntactic category S, which is also the category of
the two subformulas on the right-hand side. Rules can operate on the
subformulas produced by other rules. They can apply in all possible
orders and when we have reached a PFO formula on which no other rule
can apply, we have a PFO formalization of the initial English sentence.

One (negative) consequence of the fact that rules apply on whole
sentences is that rules that refer to a noun phrase in their structural
description need to come in pairs: one for when this noun phrase is
”subject” as in (R1) and one when it is “object”, such as (R2).

(R2) <NP <Vtr <every CN>npq>vp>s = [<CN x>, <NP <Vtr X>vp>s]

These are the rules of universal quantification. The rules of existence
quantification, (R3) and (R4), introduce one more complication: U and W
are anonymous phrase-structure variables, they can be instantiated by any
part of the phrase-structure that otherwise fulfils the structural
description.

(R3) <<U <a CN>pps W>pp VP>5 = (<CN x>5, <<U x W>pp VP>s)
(R4) <NP <U <a CN>nps W>yp>s = (<CN x>5, <NP <U x W>vp>s)

The purpose of these variables is to allow the existential quantifier of an
(indefinitly) embedded indefinite noun phrase to have a wider scope than
a linearly preceding universal quantifier. If (R1) applies to (5) first (after
the sentence is syntactically analysed) it will produce the PFO formula

(5pF0°)-

(5) Every man who owns a donkey sleeps
(SPFO’) [<<man who <owns <a donkey>nps>vp>cn X>g, <X <SleepS>vp>s]
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The. first cop trarng 15 enforced throu%h e76EN feature, mentioned in
section 3.1 The sunject pronoun rule

(RL7) <<Pron:GE'A™>nps> VP>s => 0- VP>S
. VIPFF <<N:GE'N>cn *>s
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[all,
[s, [nps, [[dets,a], [cn, (n, farmer,masc]]]],
[vp, [vtr,owns], [nps, [ [dets,a],n, (n,donkey,neutr]]]]l],
[s, [nps, [pron,he,masc]], [vp, [vtr,beats],
[nps, [pron,it,neutr]]]]]

Then the existence quantification rule for subject-NP’s (R3) applies to the
first subformula of the above:

[all,
[exist, [s, [cn, [n, farmer,masc]], [np,x1]],
[s, [np,x1], [vp, [vtr,owns], [nps, [ [dets,a],
[en, [n,donkey,neutr]]}]l111]],
[s, [nps, [pron,he,masc]], (vp, (vtr,beats], [nps, [pron,it,neutr]]]]]

Then the existence quantification rule for object-NP’s (R4) applies to the
second subformula of the first subformula of the above to produce:

[all,
[exist, [s, (cn, [n, farmer,masc]], [np,x1]1,
[exist, [s, [cn, [n,donkey,neutrl], (np,x3]1,
{s, [np,x1], {vp, [vtr,owns], [np,x3]]]1]1],
[s, [nps, [pron, he, masc]], [vp, [vtr,beats], [nps, [pron,it,neutr]}]]l]

The subject pronoun interpretation rule (R17) applies to the italicized
subformula, finds a possible anaphor, [cn, [n, farmer,masc]], with the
right GEN feature and substitutes [nps, [pron, he, masc]] with the
corresponding variable.

[all,
[exist, (s, [cn, [n, farmer,masc]], [np,x1]],
[exist, [s, [cn, [n,donkey,neutr]], [np,x3]],
(s, [np,x1], [vp, [vtr,owns], [np,x3]]]11,
[s, [np,x1], [vp, [vtr,beats], [nps, [pron,it,neutr]]]]]

Finally we come to the last pronoun, which according to an object
pronoun rule (R18) can be substituted with an ”old” variable, [np,x3],
to yield an anaphoric interpretation, or with a "new” variable, [np,x5],
to yield a deictic interpretation.

Apart from some cosmetic details added here for perspicuity, this
derivation illustrates the performance of the parser (which also yields a
large number of equivalent formalizations).

5. PFO and natural language processing

The project of formalizing and implementing the translation procedure
English-to-PFO has lended some support to the claim that PFO is well-
suited for formalizing natural language semantics. The rules required for
carrying out the formalization procedure are quite simple, yet efficient.
The toy implementation” showed that the translation rules do not involve
unpredictable interactions. There is no need for any restrictions on the

326

FF






+ / )

) %# 0: *-}2: # >
? "H 94y & i "#0:]:
U # :*D=*
! b TH#2 - (# }

> #ooox-1 ) §3

2 ! #o1 t4  F

#) - ( $
A # D Westerstshl. 1003 | # i
B Fa- 4

<9 Vol 2: pp. 89-129, Kluwer.

Pereira, F. and D. Warren. 1980. $ ) &

ARTIHCIAL INTELLIGENCE, 13.

« ek ) - I
G#FOTBiw Hopytt B

34D

o
g
2 -

;

#









