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Abstract. Building formal domain medcels on the basis of natural language speci-
fications is an ambiticus task that has a high application potential. Howcver,
cxisting methods arc limited by several kinds of conceptual shortcontings, onc of
them being the strong ontological correspondence berween specified naturgl
language expressions and their domain model counterparts. Aiming at an ingreased
flexibility i this respect, we propose an interactive exploration of domain model
variants i owhich modifications are tnittated by user requests. Ingredients ol our
approach are an intermediale representation which covers specificities ol lansuage
and domain mode! representations, and operations that introduce stepwise modifi-
calions of domain model variants. Our method constitutes a first step lowards an
interactive, incremental, and interest-driven approach 1o building domain models
that are less tightly related (o the specified natural language expressions.

1 Introduction

Building formal domain models on the basis of natural language specilications 1s an ambi-
tious Lask that has a high apphication potential. So {ar, this aim has been pursued lor data-
base models and for some aspects of requirements engineering. However, existing methods
are linmted m several respects, one of them being the strong ontlological correspondence
beiween specified natural language expressions and their domain model counterparts.

Aiming al an mnereased lexibility i this respectl, we propose an imleractive exploration
of domain model vananis i which modilications are mitiated by user requests. Ingredients
ol our approach are an imtermediate representation which covers speailfienties of language and
domain representations, and operations {or stepwise modifications of demain model vanants.
In the current state of work, these models may differ rom given natural language specifi-
cations in certain degrees ol exphicitness and granulanty, and the model building constructs
are restricted o those for relational databases: nevertheless, we belicve that our technigques
can he extended Lo other variations and representation elements. Qur approach consiilules g
Iirst step lowards interactive, mceremental, and interesi-driven methods for building domain
models that are less tghily related o the speeified natural language expressions,

This paper 1s organized as follows. We review previous work on building domain
models [rom natural language speciBications and work 1in natural language processing that
can handle some sorts of vartations in natural language expressions. Then we introduce our
technigques lor capluring domain maodel variations that increasingly abstract from natural
language lormulations. We follow by desenibing operations that induce modifications
triggered by user requests. We conclude with & short cutlook Tor extensions.



2 Motivation

Building domain models, primarily database models, on the basis of natural language speei-

fications has been pursued for many years, including automated database design [SGY3].
semi-automated generation of entity relationship models [GS1D99] and linguistically
supported tools for requirements engineering [13u%6]. The peneral approach is that semantic
analysis yiclds logical forms or cquivalent structures built out of cvery sentenee in the
natural language specifications, and that these structures are subscquently transdueed into
construets in the target modeling language. This process may be supported by linguistic and
domain knowledge of varying depth and aceuracy, ranging from claborate linguistic theorics
and large-seale knowledge sourees [13R96] to domain-specifie preferences for interpreting
ambiguous verbs [MGO0]. Despite the considerable effort in using linguistic knowledge
beneficially, existing systems have a characteristie property which is one of the reasons for
their limited application potential: The clements in the domain models built widely reflect
the formulations of the natural language specitfications, and they are composed by simply
adjoining representations built from individual sentences without considering contextuality
and intended use. This property causes fundamental deficits for building domain models:

. Particularitics of the purpose of the target system are not reflected — be it storing
specific entitics and relations abstracted from some scgment ot the real world, as in
databases. or different states of a system, the cwrrent and the intended state, and the
hereby role of a program to be built, as in requirements engineering.

. Natural languages cannot cxpress everything in exactly the way needed for some
formal purpose: sometimes, suilable natural language expressions are more detailed
than the corresponding formal constructs, but these expressions can also appear in a
lorm that 1s less explicil than an appropriate form needed for the formal syslem,

. Even for cases where expressing the intended [unctionalily in an exact way in the
targel language is possible, relying on accurate natural language descriptions would
assume humans lo be capable ol expressing themselves perlectly.,

These observations 1llustrate that bullding domain models is more a design 1ssuc than a
translation task. Henee, an automated approach should be organized as an incremental, reli-
nement-based process rather than as a one-shot aclivity, thereby exploring poiential alter-
natives in accordance with methodologies [or building entity-realtionship diagrams by hand.

3  Related Work

The task of building a database model lrom natural language specilications bears sonie sinii-
laritics to the task ol interfacing a database with natural language. In cach case, portions of a
databasc structure are relerred (0 by natural language expressions. In the interfacing task,
however, these expressions are mapped onte a segment ol a specific database model, while
the task of building such g model on the basis of natural language specilications in some
sense presupposes a mapping onte all possible database models and choosing the most
appropriate one. According to the currently domimaling siralegy, this choice 1s in some



sense eireumvented by building a model that corresponds most diveetly to the formulation in
the given text. As opposcd to this strategy, the interfacing task forces a system to bridge
ditferenees between natural languape formulations and the data structure reterred to by them,
which existing systems are not able to do perfeetly. Some ambitious systems are THAM
[GrR7], DATENBANK-DIALOG [1r87] and DELPHI [BISS1, $t93], the latter reflecting
empirical evidenee about database inquiries in natural languape [Ma92].

One issue addressed by all these systems is the oceurrence of nominals that are forced
to take a meaning that differs from the immediately apparent one, but is somehow related to
it. This phenomenon is commonly known as metonymy and has been treated intensively in
the computational linguistics literature {c.g., [Nu95]). Typically, some sort of term
expansion 15 done by which the implieitly expressed relation is made explieit. Thus, this
phenomenon constitutes one case where reference to a domain model] requires more details
than those provided by the corresponding natural language expressions. As opposed to that,
there are compact domain model components that conflate several facts whose deseription
requires the combination of some phrases. An example for that are the propertics of being a
medical doctor and being on board of a ship, which are condensed into a logical attribute in a
military database (sce [Gr87)). Apparently. this compactification can only be justified by the
perspective adopted for meceting the interest underlying that specific database.

In order to solve similar problems in the context of machine translation, one principled
approach is to design an intermediate representation onto which source language expressions
arc mapped and from which appropriate expressions in the target language are built. The
intermediate representation is language-neutral® in the sense of Dorr [1D093], and it needs to
cover all distinctions needed for at least one of the languages addressed. These are exactly the
properties which we consider relevant lor a representation siruciure mediating between
natural language specilications and domain models. The main difference is that the reperioire
ol mapping operations 1s different, since it does not mediate between several natural langu-
ages, bul between one natural language and a domain model language.

4 A Mecethod for Handling Domain Model Variations

In order o envision more {lexibility in bullding domain models, we propose to adopt
techniques from machine translation as mentioned 1n the previous section. Adoption lor our
purposces means that the intermediate representation must be explicit in all aspects covering
distinctions in the natural language in which specilications are {formulated as well as in all
aspects covering distinctions in the domain model vanants to be built. Morcover, Lrans-

itions between elements of the domain model and corresponding clements ol the interme-

diale representation must be captured in the same way as the elements of the natural langu-

age representation are trealed. Consequently, the repertoire of mapping operations must be
modificd and enhanced according 1o the structures appearing in the domain model and their
correspondences with intermediate cepresentation clements, This modilication is the most
dillicult part. and shortcomings in the coverage of mapping operations cause limitations in
the way a domain model can be designed automatically, We will make use ol the mapping
aperations in [Ho96], which allow bi-dircctional mappings between natural language and
conceptual representations. The mapping operations provide a considerable degree ol para-



prasing capabilitics. Mapping schemata express local correspondences aeross representation
levels. They define cquivalences of the information content associated with individual
clements of the tarpet representations — natural language and domain model — and corres-
ponding construets of the intermediate representation, which may consist of a chunk of
clements for target representation clements associated with rich semanties.

There are two classes of schemata, ZOCM schemata and SUBSTHUTHON schemata. In
cach case, the semanties associated with one element of the natural language side (a lexeme,
a grammatical function, a feature or a feature value) or the domain mode] side (an entity, a
relation, an attibute, ot an attribute value) is expressed by a chain of representation clements
on the intermediate representation level, that is, coneept and role nodes and their conneeting
links in & KL-ONL [13885] representation. 'The composition of elements on cach represen-
tation level is handled according to eoherenee eriteria on the respeetive level. On the langu-
ape level, these operations are regulated by an interplay of lexical and grammatical
constraints. On the intermediate representation level, the relation and entity nodes must
appropriately connected by links, with value fillers of relations satisfving class restrietions.
Similarly, the domain model level has its speeific constraints. For example, attributes in a
database model must not bear information other than their values, which must bhe atomic.

£00M sehemata serve the purpose of bridging differences in granularity, by relating a
lexical predicate to a chunk of clements on the intermediate representation level: alternative
correspondences can be established by implementing results from lexical semanties and
insights originating from lexicography, in the degree of accuracy needed for the application
at hand. There are four subelasses of 20007 schemata: AICRO, STANDARD, AMiX and WACRO
L0043 schemata, The MICRO £00M schema, In turn, has two subclasses: A7CRO T and
MICRG-2. A MICRO-! ZOOM schema maps a lexeme or a [eature value onlo a node 1n the
mtermediate represenlation level (a concep! or a rofe node). For example, the verb 'owning!'
may be expressed by an OWNING concepl. The complementary MICR(O-2 ZOOM schema
maps an auxiliary verb or a grammatical [unclion onto a sk connecting a concept and a
role node. Unlike the basic MICRO ZOOM schema, which describes simple one-lo-one
mappings, other schemalta refer to non-alomic structures on the inlermediale represenlation
level, The STANDARD ZOOM schema maps a grammalical [unction onlo a role node and ils
adjacent links. For example, the grammatical Tunctions SUBJECT and OBJECT of the verb
‘owning' arc mapped onto the roles Agent and Theme, including both links connecting these
roles. The MIX ZOOM schema 1s dedicated 1o handling role nouns, that is, nouns derived from
an action. It maps such a noun onlo a concepl, 4 role, and the connecling link. For
example, the noun "owner’ 15 mapped onto a conceptual chain consisting ol the concept
OWNING, the role Agent, and their connecting link. Finally, there is the schema with the
largest coverage, the MACRO ZOOM schema. 1 covers a concept node, two role nodes linked
1o 1L, and all links attached to the two role nodes. For example, a MACRQ schema maps the
genitive case relating an owner 1o the object owned by him onto the concept OWNING, the
roles Agent and Theme attached 1o that concept, and all links ol the roles. Through
composing ZOOM schemata, which must yield a connected structure oul of individual
resulls without gaps and overlaps, alternative ways ol expressing relations 1n natural langu-
age can be mapped onio a uniform imtermediale representation. For example, phrasings such
as 'A owns B or 'Ais the owner of B, or a possessive genitive relating A o B are mapped
onto an OWNING concepl wilh unilorm connectlions to the owner and the thing owned,
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The intermediate representation built from these expressions is more detailed than the
version with the largest number of words. If paraphrased in all detail, which would be quite
unnaturally, this would yicld "There is an ownership relation. It has an agent, which is A,
and a theme, which is 3. The compositions of mapping schemata that are instantiated to
build this structure from three alternative expressions ave illustrated in Iig. 1. For cach
variant, the relevant frapment of the intermediate representation is depicted. with concept
nodes shown as ovals and role nodes as squares. Since the coneept (WNING bears the roles
Agent and Theme, the conneeting links are divected towards their fillers. These fillers, which
in turn may bear structures representing the deseriptions conveved by the noun phrases A
and 13, respectively, are not shown in the Figure. Below cach copy of the intermediate
representation fragment are the versions of natural language expressions related to it The
dotted arrows that link clements of the intermediate representation to lexical items indicate
the coverage of cach schema in the intermediate representation, with schema names in
between. Genitive eases are mapped context-dependently, by a AACREO A00M schema {when
related to a entity) and by a STANDARD XOOA schema (when related to the owning relation).

Hgent{x.y) owning(x) theme(x,#}

Neent e Theme OWNABLE
Agent 4 OWNING ¢ et

h Y
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Fig. 1: Compositions of Z00M schemata for mapping alternative natural language expressions
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Fig. 2: £ZCQOM schemuly used lor mapping onto domain model elements

Similarly 1o the mappings {rom natural language expressions onlo intermediale represen-
tation constructs, there exist aliernatives on the side ol the domain model. An ownership
may be merely modeled as an aticibute if just a Tew distinctions, such as the kind of owner
{c.g., privale or government} are of interest lor the application at hand. 1T more details about
both. the owner and the thing owned by him, are of interest, an ownership may be modeled
as a relation belween these two entities. Finally, an ownership may be modeled as an eotily
ol its own right, if properties attributed 10 i, such as a ime interval expressing its duration,
are ol relevance for the application. These allernalives are illustrated in Fig. 2, which are
stiructurally identical 1o two of the variants shown in Fig. 1, except to the dircction ol
mapping. To express ownership as an enlity or as a relation, a MICRO ZOOM schema is used,
and a MACRO ZOOM schema handles the altribute variant. The choice between these alierna-
tives 15 conitextually justified  in favor of the entily varant, if further alinibutes of owner-
ship are modeled. [n addition, Fig. 2 depicts suitable mappings [or the adjacent intermediate
represcnlation elements (attribules for the relation variant, relations for the entity variant).
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Fig. 3: An example of a SUBSTITUTION schema

The other class of schemata, SUBSTIVLTION schemata, serve the purpose of bridging differ-
ences in degrees of explicitness, thereby relating pieces of information expressed implicitly
on the lexical Tevel to their corresponding images on the intermediate representation level,
Similarly, representations on the domain model side may not be needed in the same Jegree
of explicitness as the representations on intermediate representation level, The functionality
of a SUBSTITLTION schema is to conflate the images of related objects on the intermediate
representation level when mapped onto the natural language domain maodel levels. The
SUBSTITUTION schema must cover the connection between the two objects conflaied. More-
over, one of the objeets must be mapped onto a 'semantically empty' objeet for the less
explicit representation variant. Conversely, when the mapping direction 1s inverted, a lexical
item 1s represented gs a structure consisiing of an objecl expressing its proper senantlics, a
suttable ‘semantically emply’ object. Through an appropniate SUASTHIC HION schema these
Lwo objects are connected by the conceplual part covered by that schema. which leads to the
insertion of @ chain of ¢lements between the two enlitics, expressing the relation left
imphicit on the other representation level. In order for this expansion 1o work, (wo
conditions must hold: there must be some reason tfor applying this operation, such as a tyvpe
incompatibility that can potentially be resolved this way, and there exists a suitable SUBRSTE-
HUHION sehema that bridges this diserepaney. Conversely, that chain is left implicit when
mapping from the intermediate representation, unifying the images of the related entities.
One kind of phenomena treated by SUBSTH U TION schemata are metonymie expressions,
with an example shown in Fig. 3. It refers to the conceptual image of the phrase "airline' in
the context of the assertion "airlines connecet citics with one another'. 8inee not the airlines
themselves, but the flights organized by them conneet eitics, these two kinds of objeets are
distinguished in the intermediate representation, linked through an appropriate schema
{(SEBS1-3 1n g, 3) which is justified by lexical semanties. The lexicon entries relevant for
this example, as expressed in terms of the Generative Lexicon [Pu31], are shown in lig. 4
— they are motivated by the regular use of companics referring to the events they organize as
their usual business. Among the four roles of cach lexeme, the TELIC and the AGENTIVE
roles are the important ones for our purposes, sinee they represent the relevant information
for term expansion. These are the events that bring something into heing (the AGENTIVL
role), and that indicate what a thing is made for (the TELIC role) — thereby, o stands for an
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airline(x) flight(x)

CONST 1planes, office, .. !} CONST i place, saurce, .. }
FORMAL organization{x) FORMAL lacation-change(x)
TELIC organize(eT,¥.,x) TELIC carr¥(eT,y,x)
AGENTIVE found(e'T,7,x) AGENTIVE organize(e'T,7,x)

Fig. 4: Quulia Structures for nouns for justifving a SUBSTITUTHON schema

event variable of type transition (7). For example, airlines have the purpose of organizing
something (that is, flights), which gives rise to building an appropriate schema.

5 Interactive Opcerations

A repertoire of schemarta covering texts in the intended domain of application enables us to
map natural language descriptions onto a uniform intermediate representation, as well as to
build limited variations of domain model fragments. Since differences in the natural langu-
age formulations indicate no preferences for choosing among domain model variants, the
intermediate representation is first mapped onto a domain model representation that most
closely corresponds to the natural language formulation. Some operations (currenty two) are
provided by which a user can express ways to modily the current representation variant:

= Anobject can be indicated as being not important (o be modeled 1n1ts own right, or the
exphicit introduction ol an objecet mstead ol a simple value can be demanded.
= A relation can be indicated as being represented oo mmphicitly or (oo exphcitly.

The first option 1s applicable to swilch between varying degrees ol granulanty, aliernaiing
difTerent compositions of 206G A schemata. The second option s applicable to switch
between varying degrees of explicitness, whieh means using an alternative to a SLBSTY-
TUTION schema or using such a sehema instead of the ones that are actually used.

I.ct us consider a short example. When the natural language speetfication "airlines serve
food between one city and another® (accomodated and abstracted from the database request
"Which airlines scrve dict food from New York to Boston?', as discussed in [St93]) is
analysed, it is transduced literally to the intermediate representation level and expressed in
the most compact domain model variant (an entity for 'airline’ with attributes "serve’, from'
and 'to'). This domain mode] excerpt corresponds to the logical form (1) in Figure 5. Since
linking source and goal cities direetly to the aitlines 15 odd. a reasonable user request would
be to make the attribute Serve more explicit. The demand induces two subscquent meto-
nyvmic extensions. The first one is based on the lexicon entry for "aivline’ (see Mg, 4), which
causes the insertion of FLIGHTS linked to AIRLINE via an ORGANIZL relation. 'The sceond
extension is based on the lexicon entry for 'flight’ (sce Fig. 4) and leads to the insertion of
PERSON related to FLIGHT via a CARRY relation. After suitable renaming of variables. it
yiclds expression (3) in Iigure 5. However, for a database about flight connections, this
version is too explicit, since airline employees need not to be modeled for this purposc.
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(SOMI: x AIRLINI

(AND (SERVIE x DIET-IFOOD) (SOML x AIRLINE
() (SOMLy CITY (SOURCL x v)) (MULTIPLE y FLIGITT
(SOMLE 7 CITY (GOAL x 7)) (AND (ORGANIZL x y)

(SOML u CITY (SOURCE y u))

(SOME x AIRLINE (SOMLE v CITY (GOAL v v))

(MULTIPLE ¥ FLIGHT

(AND (ORGANIZE x 1) 3) (MULTIPLL 7 PERSON
(SOME u CITY (SOURCE y u)) (AND Egﬁ}:{»}fl\fg 7)

(2) (SOME v CITY (GOAL y v))

(SERVE y DIET-FOOD))) DIET-FOODY)

Fig. 5: Representation variants for (he sentenee 'Adrlines serve diet food belween two citiey’

Hence, indicating the relation CARRY as too explicit leads to a contraction aperation, which
yields expression (2) in Figure 3, the best domain model representation for the given text,

In order to approach relevance for practical application, these mapping techniques need to
be extended substantially. This concerns at least the following three aspects:

+  Enriching the repertoire of representation elements. In addition to concepts, roles, and
the Tinks between them, also generalisation and cardinality information is of relevance.

+  Purpose-driven choice among domain model variants, For example, preferring to express
an m:n relation by an entity in its own right, which relies on cardinality information.

+ Processing strategy. For larger natural language descriptions, it seems to be advisable to
complement interactivity by incrementality, that is, building domain model represen-
tations ig not done in gne-shot bur in portions, interleaved with exploring the variants,

In that setting, user requests could be processed by providing hints or warnings if the modfi-
cations required lead to non-preferred variants or require provision of further specifications,

6 Conclusion

In this paper, we have argued 1n favor of an interactive exploration of domain model variants
in which modilications arce initiated by user requests. The main emphasis in our approach
lics in decoupling natural language formulations and domain model representations. Ingre-
dients of our method are an intermediate representation which covers specificitics of langu-
age and domain model representations, and operations that introduce slepwise modilications
ol domain model variants. These techniques constitule a first step lowards interaclive, incre-
mental, and interesi-driven methods for building domain models that arc less tghtly related
1o the specilied natural language expressions. The strongest requirements for setiing up a
system on that bagis lics in the availability ol lexical semanlic representations, which must
be built for a domain ol interest. Concerning processing elliciency, experience [rom gencr-
ation tells us that the composition of several schemala is reasonably [ast due to constlraint
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propagation techniques, In this respect, we are better off than matching based on Meaning-
Text Theory |[MPE7|, which provides an even richer repertoire of semantic definitions for
relating formulation variations to underlying conceptual representations, but Meaning-Text
Theory even more suffers from the need to build elaborate and large dictionaries. In the
current state of work, domain models may differ from given natural language specifications
in certain degrees of explicitness and granularity, and the model building constructs are
restricted to those for relational darabases; nevertheless, we believe that our techniques can
be extended to other kinds of variations and representation elements.
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