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Abstract used as an interface in several natural language
processing systems. It is also suitable as an inter-

. _ lingua for machine translation systems.
Multilayered Extended Semantic Networks (ab- J y

breviated: MultiNet) are one of the few knowl-

edge representation paradigms along the line bf |ntroduction

Semantic Networks (abbreviated: SN) with a

comprehensive, systematic, and publicly avalrrior to the design of a knowledge representation
able documentation. In contrast to logically orisystem (abbreviated: KRS) which is to be broadly
ented meaning representation systems with thagceptable, one should have a collection of cri-
extensional interpretation, MultiNet is based ontaria such a KRS must fulfill. This claim is es-
use-theoretic operational semantics. MultiNet pecially important, if the planned KRS is to be
distinguished from the afore-mentioned systerased as an interlingua for the meaning represen-
by fulfilling the criteria of homogeneity and cog+ation of natural language information, which can
nitive adequacy. The paper describes the mdia employed in different NLP systems. Unfor-
features of MultiNet and the standard repertoitanately, there is no general consensus with re-
of representational means provided by this sygard to the criteria such a system has to meet.
tem. Besides of the structural information, whicNevertheless, designing the knowledge represen-
is manifested in the relational and functional conation language of Multilayered Extended Seman-
nections between nodes of the semantic netwotik, Networks (the so-called MultiNet paradigm
the conceptual representatives of MultiNet afelelbig, 2001)), which has been developed along
characterized by embedding the nodes of the ntite line of tradition of the well known Seman-
work into a multidimensional space of layer atic Networks going back to the work of Quillian
tributes. To warrant cognitive adequacy and unQuillian, 1968), we started with a predefined set
versality of the knowledge representation systewf, criteria. To the best of our knowledge, there is
every node of the SN uniquely represents a cam KRS satisfying these criteria in every respect.
cept, while the relations between them have to Beit — as we believe — MultiNet comes very close
expressed by a predefined set of about 110 semtanthese requirements. The most important of the
tic primitive relations and functions. The knowlabove mentioned criteria to be met by the repre-
edge representation language MultiNet has besgntational means of a KRS or of an interlingua



are the following: e Stratification: It must be possible to repre-

Global requirements sent the different semantic aspects (like in-
tensional vs. extensional aspects, or imma-
nent vs. situational aspects) in different lay-

ers of the KRS.

e Universality: The representational means
are applicable in every domain (i.e. they are
not adapted to a special field of discourse).

They have also to be independent of & spe-q | ocal interpretability: Each elementary con-
cific natural language. struct (especially nodes and links in a net-

e Cognitive adequacy: They put the concept WOrk representation) must have its own
into the center of the semantic representation CoNntext-independent interpretation and must
where every concept has a unique represen- P& connected with special logical devices
tative. All other expressional means, espe- (Inference rules, inheritance principles, etc.)

cially the relations between them, have to t}\(?IultiNet is distinguished from other semantic

atwork representations like KL-ONE (Brach-
man, 1978) and its successors (e.g. (Allgayer and
o Homogeneity: They can be used to descrifiReddig, 1990), (Peltason, 1991)) as well as from
the semantics of lexemes as well as the degically oriented knowledge representations like
mantics of sentences or texts. DRT (Kamp and Reyle, 1993) or Description
- _ Logic (Baader et al., 1998) by the criteria of
e Interoperability: They are the_ carrers OEognitive adequacy and homogeneity. All these
all NLP processes (be it lexical searctyrs have a model-theoretic extensional foun-

syntactic-semantic analysis, logical answgbtion which can not be upheld for many con-
finding, natural language generation, or ”Leepts (like *

translation into a foreign language).

with regard to the concept level.

intension”, “charm”) or even for com-
mon properties (like “tall”, “happy”). It is not
e Automatability: They must allow for anknown that the above cited systems have been
automatic (or at least computer assisted§€d for the semantic description of large stocks
knowledge acquisition. of lexical information, while MultiNet has been
the base for the full syntactic-semantic descrip-
e Practicability: They should be technicallftion of more then 14000 lexemes ((Schulz, 1999),
treatable without inappropriate effort anghis work is being continued). From all seman-
also be easily communicable in a certaific network paradigms, MultiNet comes closest
community or in a team. to SNePS (Shapiro, 1999) but is essentially dis-
Internal structural requirements tinguished from this system by its multilayered

structure and the encapsulation of concepts.
e Completeness: There should be no meaning

of a natural language construct which can _ o
not be represented properly. 2 The Main Characteristic of the

e Optimal granularity: On the one hand, the MultiNet Paradlgm
system should be fine-grained enough to al- h oth . K
low for the representation of all essential dii’—AS with other semantic networks, concepts are

ferences in meaning. On the other hand t'[ﬁ;)presented in MultiNet by nodes, and relations
system need not mi.rror the tiniest nuan’cgsetween concepts are represented as arcs between

of meaning, otherwise it will not be managet-hese nodes (see Figure 1_). _Aside of that, Multi-
able on a computer, Net has several characteristic features, the most
important of them are:
e Consistency: Contradictions must not be
derivable from the basic definitions of the 1. Every node is classified according to a pre-

representational means. defined conceptual ontology forming a hier-
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Figure 1: The representation of concepts in MultiNet

archy of sorts (see Figure 2). From that hier-
archy, a sort is assigned to every node of the
SN.

. The nodes have a well-defined inner struc-
ture which is essentially given by the assign-
ment of the nodes to certain layers of the net-5,
work specified by the attribute-value struc-
ture of special features (see Section 5).

. The arcs may only be labeled by members of
a fixed set of relations and functions, which
belong to a metalanguage with regard to the
conceptual level. The relations and func-
tions are exemplarily described in Section 4
and summarized in Appendix A (their full
specification can be found in Part Il of (Hel-
big, 2001)).

. MultiNet distinguishes amtensional layer
from apreextensional layerwhere the lat-
ter is modelling the extension of the first (if
the concepts involved can be extensionally
interpreted at all). It should be emphasized
that certain aspects of the extensional mean-

knowledge representation itself (not entirely
outside of it as it is the case with logically
oriented KRS) to deal properly with such ex-
pressions like the one ...and the othérs
“three of therfy etc.

The whole knowledge about a certain con-
cept C represented by a hode ¢ enclosed

in a conceptual capsule which is divided into
three parts described by the layer feature
K-TYPE with the valuescateg proto, and
situa respectively (see Figure 1):

e Component K: This part comprises all
arcs connected to N which repre-
sent categorical knowledge about C.
This knowledge, which is marked by
the feature value [K-TYPEzated, is
valid without any exceptions and is
connected with monotonic methods of
reasoning.

Example: ‘Every house has a robis
categorical knowledge with respect to
the concepthousé.!

ing of concepts have to be modeled in the it should be remarked that the relation POSS starting
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e Component D: This component char-  over a MultiNet knowledge base. The sig-
acterizes the prototypical knowledge, natures (i.e. the domains and value restric-
which has to be considered as a col- tions) of relations and functions are defined
lection of default assumptions about by means of the sorts mentioned in point 2.
C. This type of knowledge is charac-
terized by the value [K-TYPHEgroto] MultiNet has been used and is being used as
and is connected with methods of nora meaning representation formalism in several

monotonic reasoning. projects (one example is the “Virtual Knowledge
Example: ‘A house (typically) has sev+actory” (Knoll et al., 1998)). The most impor-
eral windows. tant application at the moment is its use as an in-

« Component S: Arcs of the SN startinéer"ngua for_rep_resenting the semaqtic structure
or ending in a node N which have _of user queries in nat_ural language interfaces 'to
no influence on the basic meaning dpformatlon providers in the I_nternet and to dedi-
the corresponding concept C constf':ated local data bases (Helbig et al., 2000), (Hel-
ig etal., 1996). For that purpose, transformation

tute the situational knowledge about C,b :
They indicate the participation of Con_modules have been developed which translate the
cept C in certain situations. This typec,emantic structure of these queries formulated by
of knowledge is characterized by means of the MultiNet language into the Internet

[K-TYPE=situd. protocol Z39.50 and into SQL, respectively.

Example: ‘John’s house had been
damaged by an earthquake. 3 Sorts and Features of concepts

E:;SV?SSC:I t:ngmﬁd?cgrmarlﬂ err? ;?;?gglcﬁhe classification of nodes, i.e. of the semantic
9 9 representatives of concepts, into sorts is an im-

knowledge which — in contrast to the Slt'ﬁ_ortant basis for the definition of the domains and

uational knowledge — characterizes a co . . .
. o ._value restrictions of relations and functions es-
cept inherently. The distinction betweenim-_, .~ . . . .
S ) .tablishing the interconnections between nodes in
manent and situational knowledge in Multi- . .
a semantic network (see Section 4). The upper

Net roughly _C(_J_rresponds to th? distinction art of the conceptual ontology used in MultiNet
between definitional and assertional knowl- - .
. . IS shown in Figure 2. The sorts being character-
edge met in other papers (e.g. in (AIIgayeIEed by this ontology are not only crucial for the
and Reddig, 1990)). y 9y y

formal definition of the representational means,

6. The relations and functions (which are labe{g€Y are also an important source for the semantic
of the arcs at the concept level) are theniterpretation of natural language constructs (e.g.
selves nodes at a metalevel. They are iRrepositional phrases). This especially holds for
terconnected by means of axiomatic ruldbe semantic disambiguation of relations underly-
(meaning postulates), which are the fouidg a natural language construct, since not all re-
dation for the inference processes workin'&tions may connect a certain pair of conceptual

nodes. This decision is supported by the specifi-

from the concept Johri' on the left-hand side in Figure 1C&;[i0n of the signatures of the relations involved

has to be characterized as categorical with regard to the no h . . f th N
“John’s housé Even if in general the possession of things i the semantic representation of the natural lan-

changing situationally, a house which is not owned by Joigtage construct that has to be interpreted (see Ap-
can not be characterized a¥ohn’s housé An individual pendix A).

concept like John’s houségenerally does not have a de-

fault part of knowledge. This can be pnly the case, if it is Example: In the phraseThe holidays in the
mher‘lted from general (_:o_ncepts (in this case from Fhe con- spring, the preposition Ih” must be inter-

cept ‘housé from which it is known that a house (typically) .
has several windows: but there are also storehouses without Preted by the temporal relation TEMP (and
any windows). not for instance by a local relation), since the




semantic representative of the phrasethe
spring’ bears the sort t (a temporal interval).

From the point of view of the syntactic-semantic e
analysis of natural language expressions the sorts
described above are not sufficient to specify the
selectional restrictions or valencies connected®
with certain words (especially with verbs). For
that we need additional features, like being an- |
imated (feature: [ANIM +]), being an artifact
(feature: [ARTIF +]), having a distinguished axis o
(feature: [AXIAL +]), being a geographical ob-
ject (feature: [GEOGR +]), being movable (fea-
ture: [MOVABLE +]), and others. Actually, these
features can be described by other expressional

function leaning on the MultiNet hierarchy
of sorts

A verbal characterization of the relation or
function

A mnemonic hint supporting the communi-
cability

Patterns of queries aiming at the relation

A detailed description showing how to use
the relation or function and what logical
axioms define the inferential properties of
them.

means of MultiNet too (like the subordination ofiultiNet provides about 110 semantic primitive
concepts or the assignment of properties to ofglations and functions which can roughly be
jects). However, because of their importance fefassified into the following groups:

the description of valencies in a computer lexi-
con and their prominent role in finding the proper
constituents filling the valencies during syntactic- ®
semantic analysis the semantic features have been
given a special status. As representational means
of the lexicon, they are at the same time mark-
ing the interface between lexical knowledge and
world knowledge. A complete description of
the system of sorts and features connected with
MultiNet can be found in (Helbig, 2001). The re-
strictions imposed by them on the specification of
relations and functions or on the valency frames
of verbs, nouns, and adjectives are automatically
observed in the workbenches for the knowledge
engineer and for the computer lexicographer, re-
spectively (see Section 6).

4 Relations and Functions of
MultiNet

The formal devices for interlinking the concep-
tual nodes of a semantic network are relations and
functions which are properly described in Multi-
Net by means of the following characteristic com-
ponents (for a typical example see Figure 3):

e A short caption with a name as expressive as®
possible

e The algebraic signature of the relation or

5

Relations and functions of the intensional
level. They are used to describe concep-
tual objects and situations with their inner
structure and their relationships to other en-
tities. Typically for the description of ob-
jects are the characterization of their mate-
rial structure (by the part-whole relationship,
relation PARS, or by their material origin,
relation ORIGM) or their qualitative charac-
terization (by means of properties, relation
PROP, or attribute value specifications, re-
lations ATTR, VALR, VAL) and others. It

is typical for the description of situations to
characterize them by means of the roles the
participants in these situations are playing
(expressed by deep case relations like agent,
relation AGT, or experiencer, relation EXP,
etc.) Additionally, they are characterized by
their spatio-temporal embedding (by means
of local relations, like LOC or DIRCL, or
by the temporal relations like TEMP or
ANTE). The representational means of the
intensional level are briefly described in an
overview shown in Appendix A.

Lexical relations. They describe connec-
tions between generic concepts and play an
important role in the specification of lexical
entries (whence their name). To this group
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Figure 2: The Upper Part of the Hierarchy of MultiNet Sorts

belong the relations specifying synonyms dions). In that, we discern two types of axioms:

antonyms, converse concepts and comple-
mentary concepts, etc.). To this group also ®
belong the relations characterizing a change
of sorts from one concept to a related con-
cept (like the relation CHEA between an
event, e.g. “produce”, with [SORT=dy], and
an abstract situation, e.g. “production”, with
[SORT=ab]).

Relations and functions of the preexten-
sional level. They characterize the neces-
sary modelling of sets and extensional repre- e
sentatives, which have to be included in the
knowledge representation itself to deal prop-
erly with the meanings of constructs involv-
ing sets (like “most of them”).

Relations and functions connecting nodes at the
conceptual level can themselves be seen as nodaoverview of the different types of axioms used
of a metalevel, which are connected by axiomis MultiNet for the formal specification of rela-
written in the form of predicate calculus expregions and functions can be found in appendix E of
sions (to be more exact, in the form of implicaHelbig, 2001).

6

B-axioms: They connect relations and func-
tions with representatives of natural lan-
guage concepts. As an example, we give the
axiom stating that the part has a weight mi-
nor to that of the whole:

(ky PARS k) A (ko ATTR my)

A (mg SUBweight) A (me VAL g2) —

Imy da;: [(ky ATTR my) A (m; VAL q4)

A (m; SUBweight) A (g; MIN g2)]

R-axioms: They connect relations and func-
tions with each other and do not contain nat-
ural language concepts. Example:
Inheritance of the part-whole relationship:
(d1 SUB d2)A (d3 PARS d2)y—

Jd4 [(d4 SUB d3)A (d4 PARS d1)]



Title: Causality, Relation between Cause and Effect
Signature: [si’ U abs] x [si U abs] (for sorts, see Figure 2)

Verbal Description: The relation (§ CAUS $) indicates that the real situation & the cause
for the real situationss (The value [FACT =real] is symbolized by a prime at the correspondin
symbol.) s is the effect which is actually brought about by $he relation CAUS is transitive,
asymmetric, and not reflexive.

Mnemonics: (x CAUS y) — [Xx is the cause of y]

Query patterns: {Why/How is it that (s;)?
{Of what/From which(s; )} {[die]/[suffer]/[fall ill}/... } (d)?
By what [being caused]s,)?
What is the cause fos;)?
Which effect{does/dig (s;) have?
{Thanks to/Because pfWH) (s;) {[happen]/[occur]/..} (s;)?

Commentary: The causal relationship is closely connected to the temporal successor re
ANTE, since the effect can not take place before the cause:

— (x CAUS y) — —(y ANTE x)
There exists also a connection between the relations CSTR and CAUS:
— (51 CSTRA)— ds ([(s2o AGT d) Vv (s, INSTR d)] A (s, CAUS §))

The following example sentences are typical for the causal relation. The third of them s
clearly that the relation CAUS — in contrast to COND and IMPL — always connects real
hypothetical) situations, which are characterized by the attribute value [FA€al=

[The excitemen@AUSw2 about [the strange eveﬁt‘f\uswl.
[Peter sufferstAUSare: [from gastritisFAUSarer
Because [Peter went carelessly across the st?é“éi’,?wgl

[he had been run over by a cgﬁ‘usaw?.

g0 <run over>
careless

MANNR
SUBS SUBS

CAUS

[FACT = real]

[FACT = real

ation

hows
(not

Figure 3: Description of the causal relationship



5 The Stratification of the Seman- « QUANT: The intensionakuantification rep-

tic Network

One aim of the MultiNet design has been to dis-

tance oneself from those network paradigms that

press qualitatively entirely different aspects of

meaning into one flat structure.
pose, the nodes and arcs of MultiNet are embed-

For this pur-

ded in a multidimensional space of so-called layer
attributes. The layer specifications for arcs are
comprised into an attribute K-TYPE (see point
5, Section 2) and for nodes into another attribute
LAY (see Figure 4).

The values of K-TYPE help to distinguish the im-

specifications for the attribute LAY are organized

along several dimensions, which can itself be de-

scribed by special attributes having their own val-
ues :

e GENER: The degree of generality indi-

cates whether a conceptual entity is generic
(value: ge) or specific (valuesp).

Example: (A car) [GENER=gq is a useful
means of transport.

“(This car)[GENER=sq is a useful means
of transport’

e FACT: This attribute describes tHacticity of

an entity, i.e. whether it is really exist-
ing (value: real), not existing (value:non-
real), or only hypothetically assumed (value:
hypo.

Example: ‘John [FACT=real] thought that
(he was ill)[FACT=hypd.

“John [FACT=real] remembered that (he
was ill) [FACT=real].”

e REFER: This attribute specifies thietermi-

nation of reference i.e. whether there is a
determined object of reference (valuee
or not (value:inde)). This type of character-

istic plays an important part in natural lane VARIA: The variability

resents the quantitative aspect of a concep-
tual entity (whether it is a singleton (value:
ong or a multitude (valuesiwo, three ...
severa) many ... most all)). Within the
set of values characterizing multitudes, we
discern between fuzzy quantifiers lilsev-
eral, many ... mostwith value [QUANT

= fguan] and non-fuzzy quantifiers like
two, threg ... , all with value [QUANT =
nfquant.

Example: (Some house)QUANT = ond
had been destroyed.

manent from the situational knowledge in the sé- ETYPE: This attnbute characterizes tiype

mantic network, as discussed in Section 2. The

of extensionality of an entity with values:
nil — no extension,

0 — individual with an extension that is not a
set (e.g.Elizabeth 1),

1 — entity with a set of elements from type
[ETYPE=0] as extension

(e.g{many houses), (the family)),

2 — entity with a set of elements from type
[ETYPE=1] as extension

(e.g. (many families)), etc.

e CARD: Thecardinality as characterization of

a multitude at the preextensional level is
the counterpart of the attribute QUANT at
the intensional level. Thus, the intensional
characterizationseveral members of the
crew) sometimes can be made more precise
by specifying a concrete cardinality (maybe
[CARD=4]) or at least an interval (lets say
[CARD=(5, 7)]) for the underlying exten-
sion on the basis of additional knowledge or
on the basis of a referring expression (e.g.
“six of them ..”).

Example: ‘(A group)[CARD=1] of four ar-
chaeologistsdiscovered (many tablets)

Six of(them[CARD>6]); had been spoiled
by the transport.

finally describes

guage processing in the phase of knowledge whether an object is conceptually varying

assimilation and especially for the resolution
of references.

Example: ‘(The passenger)REFER=ef
observed (an accident)REFER=indef.”

(value: var) —i.e. it is a so-called parame-
terized object — or not (valueon).

Example: (This policeman]VARIA= con
checked (every passpoft)ARIA=var].
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Figure 4: The multidimensional space of layer attributes

The idea of layers is motivated by an analogy tm the basis of this knowledge representation
the mathematics of an n-dimensional space. péradigm, MultiNet has been provided with sev-
one fixes a value along one of the axes of an eral software tools (a guided tour through these
dimensional coordinate system, one gets a (n-19els can be found on the CD attached to (Helbig,
dimensional hyperplane. In the same way, if org901) or at the Internet site

is fixing one value of a layer attribute (let us adittp://pi7.fernuni-hagen.de/researgh/

sume [GEN!ERgd or [FACT=hyp(_:]), then one I!ylultinet/WR: A workbench for the knowledge
gets a special layer or stratum (in this case the endineer suoborting the araphical represen
layer of all generic concepts or the layer of all ¢ t'gl dupp ! ? i 9 pr' ItiN tp ¢ i
hypothetical entities, respectively). Analogously, alokn an Tam?#alon ° | ty ' edne-
fixing the value [K-TYPEi#mmarj yields the im- works as well as the accumuation and man-
agement of MultiNet knowledge bases. This

t knowled bout all tual entiti :
rsT':caJlrneednin tﬂz\,\liﬁo?v(leej gls)aze conceptual entities tool has been developed by Carstero@ich
g ' (Gnérlich, 2000).

NatLink: An interpreter which translates natu-
6 The Software Tools connected ral language sentences into MultiNet seman-
with the MultiNet paradigm tic networks by means of a word-class con-
trolled syntactic-semantic analysis. NatLink
To support the effective work with MultiNet and has been developed by Sven Hartrumpf
the generation of large stocks of information (Helbig and Hartrumpf, 1997).
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Figure 5: The manipulation and representation of semantic networks with MultiNet/WR

LIA: Aninteractive workbench for the computeing the sentence presented in the field to the left of
lexicographer which is used to create larghis button as input. The result of the analysis is
semantically oriented computer lexica baseditomatically written back on the main working
on the expressional means of MultiNet. Theanel of MultiNet/WR. Thus, the basic structure
workbench LIA was initially developed byof the network had been automatically created by
Marion Schulz (Schulz, 1999) and is nowneans of NatLink on the basis of the sentence (S-
being redesigned and newly developed Ify). (The English translation (S-E) of the sentence
Rainer Osswald. has the same semantic structure as it can be seen

from Figure 5. Since NatLink is working at the

Figure 5 presents a snapshot of the work with thg,ment for German only, the labels at the termi-

software tool MultiNetWR showing the semang 5| nodes have been added manually by means of

tic representation of the sentences: MultiNet/WR.)

(S-G) German: John schreibt im Januar einérpe nepworks shown at the working panel of

Diplomarbeit iber die Benutzung spezieller ReyuliiNet/WR can be further edited and manip-

dewendungen im Internét. _ ulated by carrying out several operations:
(S-E) English: tn January, John writes a

diploma thesis about the use of special phrases. Changing the topology of the network by in-

in the Internet. serting and deleting nodes and arcs
NatLink can be activated directly from Multi-

Net/WR (button on the top, right-hand side) tak- - Changing the layout by moving the nodes
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and edges, or changing the labels of nod&s being used as an interlingua in natural lan-
and arcs, or accessing additional informatiaguage processing systems, which has been proven
like viewing and editing the sort or layer in-by the successful application of MultiNet in the
formation of an activated node (see the popbove mentioned projects.

up menu at the left side in Figure 5 for the

activated node c16 showing its layer specheferences

fication). Additionally, a complex help sys-

tem provides the documentation for most el-
ements shown in the working panel, includ-
ing the explanation of the relations or func-
tions labelling an activated arc (cf. Figure
3 showing the explanation coming up if the
help system is activated for an arc labelled
by the relation CAUS).

llgayer, J. and Reddig, C. (1990). What KL-
ONE lookalikes need to cope with natural
language — scope and aspect of plural noun
phrases. Iisorts and Types in Artificial Intelli-
gence(edited by Bésius, K.; Hedstck, U.; and
Rollinger, C.-R.), pp. 240-285. Berlin, Ger-
many: Springer.

There are also more complicated operatior]gat,ider F.: Molitor, R.: and Tobies, S. (1998)
which can be evoked by means of the buttons atOn the relation between conceptual graphs and

the top bar. They include among others: description logics. Technical Report LTCS-
Report 98-11, Aachen University of Technol-
ogy, Aachen, Germany.

- Concatenation of different networks to as-
similate them into one knowledge base

- Checking the formal consistency of the negrachman, R. (1978). Structured inheritance net-
works. Technical Report No. 3742, Bolt Be-

ranek & Newman, Cambridge, Massachusetts.

work

- Initiating pattern matching processes and in- . . : .
ference processes over the semantic netwg'?Eor"Ch’ C. .(2009)' MuItNet/WR. A Knowl-
edge Engineering Toolkit for Natural Lan-

- Transforming the deep structure of natural guage Information. Technical Report 278, Uni-
language queries into the retrieval language Versity Hagen, Hagen, Germany.
of a data base management system (e.g. irp_}g

sQL). Ibig, H. (2001). Die semantische Struktur

natirlicher Sprache: Wissensrejsentation
mit MultiNet Berlin: Springer.

7 Conclusion Helbig, H.; Grorlich, C.; and Leveling, J.

(2000). Natirlichsprachlicher Zugang zu In-
formationsanbietern im Internet und zu lokalen
Datenbanken. InSprachtechnologie Uf
eine dynamische Wirtschaft im Medienzeitalter

MultiNet is one of the few knowledge representa-
tion systems along the line of semantic networks
with a comprehensive, systematic and publicly
available description (Helbig, 2001). It has been X i !
practically applied in several projects like natural (edited by Schmitz, K.-D.), pp. 79-94. Wien:
language access to digital libraries in the Inter- TermNet.

net or as a conceptual interface for informatio,qemig’ H
retrieval in multimedia data bases (Knoll et al., (1996). Realization of a user-friendly ac-

1998). This knowledge representation paradigMcess to networked information retrieval sys-
is connected with a collection of software t00lS o5 |nformatik-Bericht 196, FernUniversit”

supporting its use in different application do- Hagen, Hagen, Germany.

mains. Since MultiNet has been designed as a

system for the semantic representation of natukdélbig, H. and Hartrumpf, S. (1997). Word class
language information, it is especially appropriate functions for syntactic-semantic analysis. In

.. Grorlich, C.; and Menke, D.

11



Proceedings of the 2nd International Confer-
ence on Recent Advances in Natural Language
Processing (RANLP'97pp. 312-317. Tzigov
Chark, Bulgaria.

Kamp, H. and Reyle, U. (1993)rom Discourse
to Logic: Introduction to Modeltheoretic Se-
mantics of Natural Language, Formal Logic
and Discourse Representation Theodum-
ber 42 in Studies in Linguistics and Philosophy.
Dordrecht: Kluwer Academic Publishers.

Knoll, A.; Altenschmidt, C.; Biskup, J.;
Bluthgen, H.-M.; Géickner, 1.; Hartrumpf, S.;
Helbig, H.; Henning, C.; Karabulut, Y.;Wling,

R.; Monien, B.; Noll, T.; and Sensen, N.
(1998). An integrated approach to seman-
tic evaluation and content-based retrieval of
multimedia documents. IfProceedings of
the 2nd European Conference on Digital Li-
braries (ECDL'98) (edited by Nikolaou, C.
and Stephanidis, C.), number 1513 in Lec-
ture Notes in Computer Science, pp. 409-428.
Berlin: Springer.

Peltason, C. (1991). The BACK system —An
overview. SIGART Bulletin2(3):114-119.

Quillian, M. R. (1968). Semantic memory. In
Semantic Information Processin@dited by
Minsky, M.), pp. 227-270. Cambridge, Mas-
sachusetts: MIT Press.

Schulz, M. (1999). Eine Werkbank zur interak-
tiven Erstellung semantikbasierter Computer-
lexika Ph.D. thesis, FernUniverait'Hagen,
Hagen, Germany.

Shapiro, S. C. (1999). SnePS: A logic for
natural language understanding and common-
sens reasoning. INatural Language Process-
ing and Knowledge Representation: Language
for Knowledge und Knowledge for Language
(edited by lwanska, L. and Shapiro, S.). Cam-
bridge, Mass.: The MIT Press.

12



Appendix A: Specification of the Relations and Functions of MultiNet
and their Signatures

(This table does not include the lexical relations, the metarelations, and the representational means
of the preextensional level. The complete hierarchy of sorts can be found in (Helbig, 2001).)

Relation | Signature | Short Characteristics
AFF [si U abs] X [oU st] C-Role — Affected object
AGT [si U abs] x o C-Role — Agent
ANLG (s Ud] x at Similarity relation
ANTE tp X tp Temporal succession
ANTO sort X sort Antonymy relation
ASSOC ent X ent Relation of association
ATTCH [0\ at] x [0\ at] Attachment of objects
ATTR [oUlUt] x at Specification of an attribute
AVRT [dy Uad] X o C-Role: Turning away
BENF [si U abs] x [0\ abs] C-Role — Beneficiary
CAUS [si' Uabs'] x [si’ Uabs] Relation between cause
and effect (Causality)
CIRC si X [ab U si] Relation between situation
and circumstance
CONC [si U abs] x [si U ab] Concessive relation
COND si X si Conditional relation
CONF st X [ab U si] External frame, to which a situa-
tion conforms
CORR sort X sort Relation of qualitative or
gquantitative correspondence
CSTR [si U abs] x o C-Role — Causator
CTXT [si U abs] x [oU si] Relation specifying
a restricting context
DIRCL [siUo] x [lUO0] Relation specifying a
local aim or a direction
DISTG [si U 8] x at Distinction between entities
DUR [siUo] x [tUsiUabsUtnUgn| | Relation specifying a duration
EQU sort X sort Equality/equivalence relation
EXP [si U abs] x o C-Role — Experiencer
FIN [tUsiUo] x [tUtaUabsUsi| | Relation specifying
the temporal end
GOAL [siUo] x [siUoUt] Generalized goal
IMPL [si U abs] x [si U abs] Implication between
situations
INIT [dy U ad] x [oU si] Relation specifying an
initial state
INSTR [si U abs] x co C-Role — Instrument
JUST [si U abs] x [si U abs] Relation specifying
a justification
LEXT [si Uo] x [l Um)] Relation specifying a
local extension

13



LOC

MAJ{E}
MANNR

MCONT

METH
MEXP

MIN {E}
MODE

MODL
NAME

OBJ
OPPOS

ORIG
ORIGL
ORIGM
ORNT
PARS
POSS
PRED
PROP
PROPR
PURP
QMOD
REAS
RPRS
RSLT
SCAR
SOURC
SSPE

STRT

[oU si] x 1

qn x qn
si % [ql U st U as]

[siU o] x [6U si]

[si Uabs| x [dy U ad U io]
[st Uabs] x d

qn x qn
[si U abs] x [oU siU ql]

si x md
ent X fe

si X [o U si]
[si U abs] x [si U o]

o % [dU1i0]

[oU si] x [l U o]

co X co

[si U abs] x o

[co X co]U[io X io] U [t x t]U

[l x ]

6\ abs] x [\ abs]
0xp
6% rq
Eiuuc_g] ~ n[lsz U ab)
[

si U abs| x [si U abs]
0Xo0

[si U abs] x [0 U si]
[st U as] x

[si U o] x [szUoUl]
[

stUas| x ent

[siUoUt] x [tUtaUabsU si]
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Relation specifying the location
of a situation

Greater-then-[or equal]
Relation specifying the manner
of existence of a situation
C-Role — Relation between

a mental process and content
C-Role — Method

C-Role — Mental carrier

of a state

Smaller-then-[or equal]
Generalized mode of

an occurrence

Relation specifying a

restricting modality

Relation specifying the name

of an object

C-Role — Neutral object

C-Role — Entity being opposed
by a situation

Relation specifying an informa-
tional source

Local origin

Material origin

C-Role — Orientation towards
something
Part-whole-relationship

Relation between possessor
and possession

Predicative concept characteriz-
ing a plurality

Relation between object

and property

Relation between a plurality
and a semantic relational quality
Relation specifying a purpose
Quantitative specification
Generalized reason

Relation specifying a
manifestation of an object
C-Role — Result

C-Role — Carrier of a state
Generalized source

C-Role — Entity specifying

a state

Relation specifying a

temporal begin



SUB [0\{absUre}]x[0\{absUre}] | Relation of conceptual
subordination (for objects)

SUBS [si U abs] x [si U abs] Relation of conceptual
subordination (for situations)

SUBST [0 x o] U [si X si] Relation specifying a
representative

SUPPL [si U abs] x o Supplement relation

TEMP [siUtUo] x [tUsiUabsUta] | Temporal embedding of a situa-
tion

VAL at x oUgnUpU feUt] Relation between attribute
and its value

VALR at x o Relation between attribute
and its value restriction

VIA [dUdyUad] x [l Ud] Relation specifying a path

Function | Signature | Short Characteristics

*COMP gq X 0 — tq Function describing the
comparison of properties

*FLP dxl Family of functions generating
locations

*ITMS pel™ x ... xpe™ — pe®t1) | Function enumerating a set

*MODP [pUmUlg] xp—gq Modification of properties

*MODQ ng X qf —qf Function modifying quantities

*MODS [gr Um] x dy — dy Function modifying actions

*NON md — md Metafunction for representing
negation

*OP; qn® — gn Arithmetic and other
mathematical operations

*ORD nu — oq Function specifying
ordinal numbers

*PMOD agx o—o Modifcation of objects
with properties

*QUANT qf xme - m Generation of quantities

*SUPL gq X [oU o] — tq Function describing the
superlative

*TUPL sort X ... x sort — sort Function generating a tuple from

its components

The sort symbols can be marked by the following signs:
o — hypothetical entity with [FACThypd;
0 — generic concept with [GENERd;

6 — individual concept with [GENER(.
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