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TOWARDS A SHARABLE KNOWLEDGE BASE ON RECYCLABLE PLASTICS"

Harold Boley, Ulrich Buhrmann, Christof Kremer

DFKI
Postfach 2080
67608 Kaiserslautern
Tel.: 0631/205-3459; Fax: 0631/205-3210
Email: boley@dfki.uni-kl.de

Abstract

For economic decision processes, recycling of products and production waste is getting
more important. In the future the integration of recycling-relevant data into the
information structures of companies should be supported by knowledge-based
methods. We present the conception of a knowledge base for recycling-oriented
product and production planning (RPPP). Then we take a detailed look at the
fundamental materials module. We examine which evolution techniques are
appropriate for the maintenance of such knowledge bases. In particular, we study the
validation of existing materials and the exploration of new ones with regard to their
recyclability. An appendix includes a script of a real sample dialogue with our
knowledge base on recyclable thermoplastics (RTPLAST).

* This research was funded by the BMFT as part of the IMCOD project under contract FKZ
ITW-8902 C4.



Background

The conception of the declarative knowledge base (KB) on recycling-relevant materials
presented in this paper was elaborated for a proposed project on knowledge Validation
and Exploration by Global Analysis [3] at the DFKI (German Research Center for
Artificial Intelligence) in Kaiserslautern, Germany.

The aim of this project is to study and implement algorithms which explore (e.g. pattern
abstraction, establishment of associations) and validate (e.g. consistency/completeness
checking) knowledge in given declarative (logically formulated) KBs by global analysis
(e.g. abstract interpretation, dataflow analysis). Prototypes of these evolution
algorithms will then be tested on real-world KBs.

As part of the DFKI project IMCOD and for preparing further projects an application
KB is being built. On the one hand this KB should be a suitable testbed for various
algorithms to be developed; on the other hand it should be useful for prospective
industrial users [12].

Possible Application Areas of a Recycling Knowledge Base

When evaluating possible areas for a knowledge base on recycling, the know-how on
recycling-oriented product and production planning [1, 20] appears to be especially
suitable: production and recycling planning and control systems [8] can profit from
explicitly representing recycling-relevant knowledge that up to now is scattered in the
heads of scientists, engineers and decision makers. Not only the strong application
pressure (electronic-waste regulation, automobile recycling) or the economic-ecological
benefit, but also the prospects of assessing complex materials circulation and
computing ecological balances led us to this topic.

In accordance with knowledge sharing/reuse proposals [2, 15, 9, 13] multiple types of
application for the RPPP KB are conceivable:

* Supporting the decision-making process of product engineers in regards to raw
materials selection, product designs and production processes [18].

* An inter/intra-enterprise comparision of recycling possibilities between one or more
companies/departments.

* The environmental commissioners of a company are able to validate the systematics
of their activities (e.g. w.r.t. law fulfillment) and explore new possibilities with
support from the KB-evolution system.

* KB-exploration programs can find/maintain (qualitative/quantitative) ecological
balances for products and production processes.

* A ranking of product designs and existing products can be generated, e.g. w.r.t. the
degree of recyclability or energy consumption during the recycling process.

Further areas of application are possible, even ones that cannot be anticipated, because
of the declarative representation of the KB [18].

The Materials KB in the Context of the RPPP KB

The magnitude of required information caused by the various application areas enforces
a modularization of the RPPP KB into subKBs to decrease complexity at least locally
(Fig. 1). This modularization should, if possible, reflect the structure of already
existing data.



The module "Requirements" represents demands of customers regarding, for example,
the functionality, as well as laws, decrees and regulations that can, for example, be
concerned with environmental aspects. The module "Methods" contains production
methods which are at the company's disposal and which are determined by the product
engineer. At the same time the environmental commissioner can explore and validate a
recycling strategy with the help of the sub-module "Recycling”. The module
"Products" defines the product compositions by way of the structural components and
construction units utilized. Recycling strategies are associated either to "Structural
Components" or "Construction Units" according to their degree of disintegration after
product use. The materials required for the product construction and regained through
its recycling are represented in the module "Materials". The modules are designed in
such a way that the final phase of the product life-cycle can be taken into account during
the product planning phase.

Finished or Ongoing VEGA Work : (D
Figure 1 - The Materials KB in the Context of the RPPP KB

When constructing the RPPP KB it is sensible to begin with a well-formulated and
reuseable module. We decided to implement parts of the module "Materials", because
extensive data/knowledge exists here and both human users and several modules will
need to access it. Also, the purpose of recycling is to recover materials from old and
already used products for new ones; thus materials constitute the "substance" of
recycling and it is natural to begin a modular RPPP KB with the organization of a
"Materials" subKB. An important part of the submodule "Fundamental Materials" is
implemented by a KB on recyclable thermoplastics (RTPLAST), which draws on the
plastics database CAMPUS. The data are extended by recycling-relevant knowledge
about, e.g., material compatibility, environmental impact, and cost development. The
knowledge-intensive parts make use of Al representation techniques: instead of a tightly
formatted extensional database system, a freely formatted intensional KB system with
inference rules is used; this will permit, e.g., to generate suggestions on materials
selection, cross-reference, comparison, and substitution.

Building on the sub-module "Fundamental Materials", the sub-module "Composite
Structures” can be realized. Knowledge on the recycling-friendly composition of
products with regard to their separation into homogeneous fractions at the end of the
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life-cycle will be represented. This knowledge, taken from matrices for recycling
compatibility, diagrams (e.g. about material flows in the production process),
regulations (e.g. [20]), etc., is represented in a unified declarative form. A more
precise specification of the module "Materials" is given in the following section.

The Modul ri

Due to the abundance of materials suitable for recycling, a subdivision of the module
"Materials" into several submodules is necessary. Fig.1 shows that the module
"Materials" consists of the submodules "Composite Structures”, "Fundamental
Materials" and "Elements". This division is the usual one made by materials engineers,
where not only recycling characteristics are being considered, so that the KB can also
be used for ordinary production purposes (reuseablity).

Th module

The module "Elements"” is a small KB about the complete periodic system of the
chemical elements [19]. This basic module was implemented in the purely
relational/functional sublanguage, RELFUN, of COLAB!, starting in an earlier DFKI
project and completed in the current project.

h W Materi

The module "Fundamental Materials" is again structured into three submodules,
"Metallic Alloys", "Ceramics" and "Plastics". In our project we mainly research the
module "Plastics" [7]. This appears particularly important to us, because:

1. there is sufficient information on thermoplastics/-sets in the literature [14]
and experts are available at the IVW (Institute for Composite Materials),

2.  plastics are not easy to recycle and thus our contribution to recycling could
be quite valuable,

3. the IVW also provides users so that we are able to mould the KB
realistically and under constant user feedback,

4. plastics are of high interest to industry in our DFKI region of Rheinland-
Pfalz (Rhineland-Palatinate).

When constructing the KB, we are initially satisfied to represent a subgroup of
thermoplastics which can already be recycled in such a quality that with the recycled
plastics new comparable products2 can be constructed® The inheritance schema of, and
a sample dialogue with the implemented RTPLAST KB are shown in the appendices.

Various types of knowledge pertaining to those thermoplastics are represented in
RTPLAST, currently comprising 260 Horn clauses. The KB started off with database-
like information such as thermal, mechanical and electrical characteristics, which are
considered as numerical attributes in RELFUN. For updates and augmentations such

1 COLAB is a hybrid knowledge representation tool which was developed at the DFKI, supporting
forward/backward chaining, constraint propagation and taxonomic inheritance [2]. For the current KB
we only use the PROLOG-like part of RELFUN and its object-centered extension.

The term "comparable" means the usage of the recycled material in such a way that, say, a former box
is reconstructed into a box, and is not used as filling material in the building industry (downcycling).
But the reclaimed material is allowed to contain some percentage of new material to maintain the
desired quality.

Bernhard Nebel und Hans-Jiirgen Biirckert. Reasoning about temporal relations: A maximal
tractable subclass of Allen's interval algebra. Research Report RR-93-11, DFKI, 1993
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KB parts should be automatically translated from existing databases like CAMPUS'
[6]. The plastics are structured into an is-a/ instance-of hierarchy in a way useful for
plastics engineers (cf. appendix A)2. Similar attempts are pursued for metals [10, 11]
and ceramics [21].

The properties relevant for recycling are mostly represented as attributes with qualitative
values, e.g. the qualified recyclability of a material (planned: environmental impact such
as biodeg-radability), or structured values, e.g., matrices for stress-strain interpolation
(planned: the recycling compatibility of plastics co-occurring in products).

Principally, we wish to represent all knowledge in a homogeneous version of our
hybrid COLAB language. The design of this new knowledge representation language
is being optimized so that KBs can be easily explored and validated. The language first
extends DATALOG by constructor symbols, finite-domain constraints, and intensional
sorts; it then adds features dictated by KB application or evolution concerns [4].

Th modul jte Structur,

At present the module "Composite Structures” is in its planning phase. In a joint
project between the IVW and the DFKI some aspects of the demanding problem of
(recycling) composite materials will be examined with the help of AI methods: how to
substitute polyamid by polypropylene as part of (glass-fiber-containing) composite
materials [16]. For this module other submodules of the "Materials" module are to be
used (cf. Fig 1). '

Evolvin Materials KB

For describing how evolution techniques can be used on the "Materials" KB in different
application scenarios, we first give a brief description of the overall architecture and
then characterize our notions of validation and exploration.

11 Archi Evolution

A knowledge evolution system operates on the KB of an expert system which is
applied in an external environment. Thus, for an overall description of knowledge
evolution we distinguish two main units (Fig. 2): the knowledge-based system (KBS)
and the knowledge-evolution system (KES), used by the knowledge engineer.

The task-knowledge base T of a KBS can become the target knowledge base that is
globally analyzed by the evolution system. We assume that it is written in the
declarative KB language or can be translated to this language using an input translator.

The evolution-knowledge base E contains general techniques for evolution (e.g.,
inductive inference techniques, search strategies like hill-climbing) and domain-specific
heuristics specifying when to apply which technique and formalizing the interestingness
of patterns. The optional domain-knowledge base embodies a model of the
environment the KBS is applied in. The general domain knowledge can be used both
for the KBS and the KES, for 'understanding' the specific task knowledge. The more
knowledge there is in the task KB itself, the less important is the access to the domain
knowledge in D for the evolution process.

1 CAMPUS is a database about plastics in which most German producers present the data of their
groducts in a unique form.

The reusability of a KB, e.g. the plastics hierarchy, implies that it permits other points of view for
requests from, say, a decision maker, in contrast to a materials engineer, without changes in the KB.
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Figure 2 - The Evolution/Inference Architecture (shaded) in Context

Reasoning in the knowledge evolution system is performed by the exploration and
validation components.

» The knowledge explorer scans the target KB in search for interesting
patterns. Exploration (right part of Fig.3) can be seen as an iterative
process starting with the generation of a pattern hypothesis, proceeding
with a search for the pattern in the target KB, and resulting in a possible
interactive assimilation of the discovered pattern into the KB.

» The knowledge validator examines the target KB to detect structural or
functional defects. Validation (left part of Fig.3) can also be seen as an
iterative process starting with the generation of a defect suspicion,
proceeding with a check for a defect w.r.t. the suspicion in the KB, and
resulting in a possible defect description or repair suggestion.
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Figure 3 - The Evolution Processes

Knowledge evolution can be focussed on individual modules or guided by hypotheses
(or suspicions) concerning the kind, the semantic context, and the location of the
pattern (or defect). This evolution-space pruning is influenced by the user's interests,
previous evolution steps, and the available evolution techniques.

The iteration cycles shown in Fig.3 can be arbitrarily interleaved, permitting evolution
to consist of dual validation and exploration processes. Together they form a heuristic,
approximative process that alternates focusing and processing phases and improves the
KB any time a sufficient amount of knowledge for an update (i.e., assimilation or
repair) has been accumulated within the KES or by the user. For example, assume that



the validator has identified a rule whose premises cannot be satisfied in a given target
KB. The explorer could then, e.g., try to generalize that particular rule or to complete
the missing knowledge reachable from its premises. Conversely, after the explorer has
discovered a pattern (e.g., a new or generalized rule that considers additional
symptoms) the validator may be asked to verify the KB, focused on the assimilated
pattern.

Possibilities of Evolution on the Materials KB

In our first planned application of the "Materials" KB a construction engineer is to be
supported when selecting materials for a draft of a compound construction (with
recycling-relevant aspects being considered). In this undertaking our expertise-
providing partner is the IVW.

We are studying the possibility of using evolution techniques for this material selection
process. On one hand we look at the exploration of, e.g., properties associated with
materials, and possible substitutions of materials by functionally equivalent, but better
recyclable, materials; on the other hand we consider the validation of, e.g., composite
materials and plastics regarding environmental protection laws such as guidelines,
norms, tolerances and boundary values.

The material selection process divides into material pre-selection, where the type of
material is fixed, and into the special material selection for construction, where the most
suitable among the pre-selected materials (ca. 10-15), is pinpointed.

Material Pre-Selection: Identification of stored materials My according to given
characteristics P; (e.g. elasticity, density, ball thrust hardness, cf. appendix B).

Pl,...,Pn -> Ml,...,Mm (1)

Special Material Selection: Fine-tuning and optimizing of the material pre-selection
with regard to optimality criteria ¢ (e.g. recyclability, cost, cf. appendix B).

optimp(M1,...,.Mp) = Mg; 1<k<m 2)

Inverting (1), direct and derived characteristics can be associated with a material My
already stored.

Mg -> P1,....Pn; 1<k<m 3)

A material selection specified for a new product can be optimized with regard to non-
changing functional properties of the materials. In that case an already known but not
optimized material (M;) which is missing desirable characterisitics (Pp+1,...,Pn), €.8.
recyclability, is being checked to see whether there is a material (M3) that is identical in
its function preserving properties (Py,...,Py) and furthermore meets the additional
characteristics; the non-relevant properties (Px+1,...,Pm) and (P'k41,...,P'm) may be
different. Once such a material is identified, it will be looked upon as a substitute. In
order to locate substitutes, we first abstract, within the classification hierarchy of the
materials, from the non-relevant characteristics of the given material to be optimised. If
a substitute with better characteristics exists, it will be instantiated.

Mi1(P1,....Pk,Pk+1,.--,Pm) -> M2(P1,....,Px,P'k+1>----"P'm:Pm+15-.--Pn) 4)

Within an evolution cycle already stored material can be similarly optimized by adding
new desirable characteristics. After discovering a less optimal material, the KB will be
tested for another suitable substitute. The additional characteristics of the substitute will
be transferred to the material to be optimized. The last step will be carried out only after



an interactive confirmation by the user. To add new characteristics to some material
(M;), we first abstract again from the non-relevant and desired additional
characteristics. We then try to find another material (Mz) which fulfills the function-
preserving characteristics of M;, additionally having the desired characteristics.
Finally, M; will be hypothetically instantiated with the new characteristics, which of
course must be validated.

Mi1(P1,....Pk,Pk+15-Pm), M2(P1,....Pk,P'ks1,000sP'm:Pm+15--,Pn)
=2 MI(PI,---,Pk,Pk+1,---,Pm,Pm+1,---,Pn) (5)

Besides an existing classification hierarchy for plastics [14], which we presuppose,
further classifications or views, e.g. the classification of plastics producers, can be
generated over the stored materials. Classes of materials can be identified exploratively
using concept learning and clustering methods due to similarities and differences of the
materials properties [17]. The needed classification criteria may for instance be defined
by the user, derived from exisiting case bases, or be determined by recycling-specific
knowledge.

According to the interactive evolution cycle described in the previous section, the
findings which were explored can be fed back into the KB after having been validated.
Basically, every change to the KB, for instance the addition of a new material, must be
validated. The stored materials can be checked relative to stored patterns, schemes,
types, sorts or concepts, through unification or instance testing. Thus, for instance,
classification errors can be detected. Furthermore, materials can be tested for
consistency w.r.t. given boundary values, guidelines, norms and tolerances. Through
update processes within the materials KB integrity constraints on relations between
materials of a product or a compound can become violated. Thus, as part of the
validation process the checking of such integrity constraints after updates must be
guaranteed.

The study of evolution possibilities on materials KBs has hardly begun with the above
observations - after all this is the main theme of the planned project. For that reason
only our initial attempts, which are directed to the existing thermoplastics KB, could be
presented.

Outlook

In general, the future RPPP KB can profit methodologically and w.r.t. content from
engineering KBs created in the ARC-TEC project. For instance, we were able to reuse
a KB on the periodic system of the elements [19]. On the other hand product-oriented
materials databases like CAMPUS 2 [6] have been evaluated in view of extending them
by recycling-relevant knowledge.

By our present concentration on thermoplastics in RTPLAST several pragmatic
advantages arise: easy accessability (by way of literature, experts, and databases) and
of course the broad utilization ("knowledge-sharing-potential”) of such materials
knowledge (e.g. for production and recycling).

In addition to the IVW we are in contact with other materials experts and potential
users, e.g. with several DFKI shareholder companies (e.g. IBM, Siemens, Daimler).
We make the current versions of our elements and thermoplastics KBs available to
interested parties (as ASCII source in LISP-like or PROLOG-like syntax).

Let us come back to the modularization of Figure 1. The completion of the submodule
"Thermoplastics" (RTPLAST) is planned together with the IVW. Building on the
module "Fundamental Materials", we are currently attacking parts of the module
"Composite Structures” (Fig.1). On this basis, a prototype version of a system for

8



recycling-oriented materials selection can be constructed, enriching the prototypical
selection shown in appendix B: given a description of desired properties, it should
select one or more suitable materials. This system should be tested and expanded under
realistic DFKI/IVW-internal and, later, external industrial conditions. Building on this,
as a long-term goal we can strive for a reuseable representation of, and various
operations on specialized recycling/production knowledge within the modules
"Requirements" and "Methods" of the RPPP KB (Fig. 1).

We believe that the work invested in the KB would be justified by a single real-world
material substitution or recycling possibility discovered by its interactive validation,
exploration, or use. Already the alternative system analysis through our Al
formalization could shed new light on known facts.
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Appendix A: Implemented Inheritance Schema of RTPLAST

E::] : profotype class

| 't : declare closs

() :wavdud closs

<no box> : Individual

absc : Acrylonifrie Butadiene Styrene Copolymer

pp : Polypropylene
hostalen-ppn-1
novodur_r_5320 novoduwr 1 5322 hostalen_ppk 1060 f1  hostden_ppn_1060  host...1060_f host...1060_f1 host...1060_f3 host...2060 host...4160

Appendix B: Abridged Sample Dialogue with RTPLAST

rfi-p> exec rtplast
rfi-p> style prolog
rfi-p> %--------= - -—---
rfi-p> %Il A Declarative Knowledge Base on Recyclable Thermoplastics |
rfi-p> %l Using Attribute Terms, Sorts, and Inheritance in RELFUN |
e L e --- R et

rfi-p> % April 1994
rfi-p> % (c) Ulrich Buhrmann, Michael Sintek

rfi-p> %

rfe-p>

rfe-p>

rfe-p> % Original object-centered version of RTPLAST
Ere-p¥ R-—r—mmmmmmme—— P o o i o - -
rfe-p>

rfe-p> % Two sample instances of one sample class of recyclable novodurs
rfe-p> % (attribute-value pairs prefixed by the class name)
rfe-p> % novodur-rec-1(

rfe-p> %  identifier[novodur_r_5320],

rfe-p> % yield_stress[38],

rfe-p> % yield_elangation[2.1],

rfe-p> %  tension_module_of_elasticity[2000],

rfe-p> % dimensional_stability_hdt/a[90],

rfe-p> % dimensional_stability_hdt/b[95]).

rfe-p> % novodur-rec-1(

rfe-p> %  identifier[novodur_r_5322],

rfe-p> %  yield_stress[40],

rfe-p> %  yield_elangation[2.3],

rfe-p> %  tension_module_of_elasticity[2200],

rfe-p> % dimensional_stability_hdt/a[96],

rfe-p> % dimensional_stability_hdt/b[100]).

rfe-p>

rfe-p> % Goal retrieving the elasticity modules of both instances
rfe-p> novodur-rec-1(identifier[I], tension_module_of_elasticity[E-module])
true

I = novodur_r_»5320

E-module = 2000

rfe-p> more

true

I = novodur_r_5322

E-module = 2200

rfe-p> more

unknown

rfe-p>




rfe-p> % One sample prototype declared below novodur and above novodur-rec-1
rfe-p> % declare(proto-class[novodur-rec-i-prototype,
rfe-p> % super[novodur]]).

rfe-p> %

rfe-p> % novodur-rec-i-prototype(

rfe-p> % izod-impact_strength_23[60],

rfe-p> %  izod-impact_strength_-30[40],

rfe-p> %  izod-notched-bar_impact_strength_23[12],
rfe-p> %  izod-notched-bar_impact_strength_-30[6],
rfe-p> % ball_thrust_hardness[90],

rfe-p> % recycled[true],

rfe-p> % additives[[]]).

rfe-p> %

rfe-p> % declare(indi-class[novodur-rec-1,

rfe-p> % super [novodur-rec-1-prototypell).
rfe-p>

rfe-p> % Goal additionally inheriting the ball thrust hardness from the prototype
rfe-p> novodur-rec-1(identifier[I],
tension_module_of_elasticity[E-module],
ball_thrust_hardness[Bh])
true
Bh = 90
I = novodur_r_5320
E-module = 2000
rfe-p> more
true
Bh = 90
I = novodur_r_5322
E-module = 2200
rfe-p>
rfe-p> % Querying the same attributes for all instances below thermoplastic
rfe-p> % (the variable Indi-class will be bound to their class names)
rfe-p> instance>(thermoplastic(),

Indi-class(identifier[I],
tension_module_of_elasticity[E-module],
ball_thrust_hardness[Bh]))

true

Indi-class = hostalen-rest
Bh = 67

I = hostalen_ppk_1060_f1
E-module = 1300

rfe-p> more

rfe-p> more

true

Indi-class = novodur-rec-1

Bh = 90

I = novodur_r_5322

E-module = 2200

rfe-p>

rfe-p> % Conjunction implementing simple material pre-selection

rfe-p> % (P1="ball thrust hardness greater 85",

rfe-p> % Mi=novodur_r_5320, M2=novodur_r_5322)

rfe-p> instance>(thermoplastic(), Indi-class(identifier[I],

ball_thrust_hardness[Bh])),

nonvar(Bh), >(Bh, 85)

true

Indi-class = novodur-rec-1

I = novodur_r_5320

Bh = 90
rfe-p> more
true

Indi-class = novodur-rec-1
I = novodur_r_5322

Bh = 90

rfe-p> more

unknown

rfe-p>

rfe-p> % cost for novodur_r_5320 and novodur_r_5322 added Horn-logically
rfe-p> 1 cost
cost(novodur_r_5320, 4.3).
cost(novodur_r_5322, 4.5).
rfe-p>
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rfe-p> % Goal implementing special material selection

rfe-p> % (optimality criterion assumed to be cost minimization)
rfe-p> min-cost([novodur_r_5320, novodur_r_5322], M)

true

M = novodur_r_5320

rfi-p>

rfi-p>

rfi-p> % Translated sorted Horn-logic version of RTPLAST

e - A R s e e S Lt 5 S
rfi-p>

rfi-p> % listing of one sample class of recyclable novodurs

rfi-p> % (class name becomes unary predicate)

rfi-p> 1 novodur-rec-1

novodur-rec-1(novodur_r_5320) .

novodur-rec-1(novodur_r_5322).

rfi-p>

rfi-p> % ‘object centered’ LISTINGS of the sample instances

rfi-p> % novodur_r_5320 and novodur_r_5322

rfi-p> % (attributes become binary predicates,

rfi-p> % instances copied into first argument)

rfi-p> 1 Attribute(novodur_r_5320, Value)
yield_stress(novodur_r_5320, 38).

yield_elangation(novodur_r_5320, 2.1).
tension_module_of_elasticity(novodur_r_5320, 2000) .
dimensional_stability_hdt/a(novodur_r_5320, 90).
dimensional_stability_hdt/b(novodur_r_5320, 95).

cost(novodur_r_5320, 4.3).

rfi-p> 1 Attribute(novodur_r_5322, Value)
yield_stress(novodur_r_5322, 40).

yield_elangation(novodur_r_56322, 2.3).
tension_module_of_elasticity(novodur_r_5322, 2200).
dimensional_stability_hdt/a(novodur_r_5322, 96).
dimensional_stability_hdt/b(novodur_r_5322, 100).
cost(novodur_r_5322, 4.5).

rfi-p>

rfi-p> % ‘attribute centered’ LISTING of tension_module_of_elasticity
rfi-p> % (‘:’ associates the sort hostalen-ppn-1-prototype with the variable X)
rfi-p> 1 tension_module_of_elasticity
tension_module_of_elasticity(hostalen_ppk_1060_f1, 1300).
tension_module_of_elasticity(X : hostalen-ppn-i-prototype, 1300).
tension_module_of_elasticity(novodur_r_5320, 2000) .
tension_module_of_elasticity(novodur_r_5322, 2200).

rfi-p>

rfi-p> % meta-information about the attributes cost and dimensional_stability_hdt/a
rfi-p> 1 Attribute(cost, Value)

measurement (cost, /[dm, kgl).

rfi-p> 1 Attribute(dimensional_stability_hdt/a, Value)
method_for_test(dimensional_stability_hdt/a, [iso_75, din_53461]).
measurement (dimensional_stability_hdt/a, c).

rfi-p>

rfi-p> % listing of tension_module_of_elasticity after transformation of
rfi-p> % ¢:’ sorts to unary predicates

rfi-p> 1 tension_module_of_elasticity
tension_module_of_elasticity(hostalen_ppk_1060_f1, 1300).
tension_module_of_elasticity(X, 1300) :- hostalen-ppn-1-prototype(X).
tension_module_of_elasticity(novodur_r_5320, 2000) .
tension_module_of_elasticity(novodur_r_5322, 2200).

rfi-p>

rfi-p> % Earlier object-centered query

rfi-p> % novodur-rec-1(identifier[I], tension_module_of_elasticity[E-module])
rfi-p> % becomes equivalent Ident-conjoined Horn query

rfi-p> novodur-rec-1(Ident), tension_module_of_elasticity(Ident, E-module)
true

Ident = novodur_r_5320

E-module = 2000

rfi-p> more

true

Ident = novodur_r_5322
E-module = 2200

rfi-p> more

unknown

rfi-p>
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rfi-p> % The sample protoype Horn-rule-defined above novodur-rec-1
rfi-p> 1 novodur-rec-i-prototype
novodur-rec-1-prototype(X) :- novodur-rec-1(X).
rfi-p>
rfi-p> % ‘attribute-centered’ listing shows ball_thrust_hardness of the
rfi-p> % novodur prototype and the other plastics
rfi-p> 1 ball_thrust_hardness
ball_thrust_hardness(hostalen_ppk_1060_f1, 67).
ball_thrust_hardness(X, 68) :- hostalen-ppn-1-prototype(X).
ball_thrust_hardness(X, 90) :- novodur-rec-i-prototype(X).
rfi-p>
rfi-p> % Earlier object-centered, inheriting goal
rfi-p> % novodur-rec-1(identifier[I],
rfi-p> % tension_module_of_elasticity[E-module],
rfi-p> % ball_thrust_hardness[Bh])
rfi-p> % becomes equivalent I-conjoined Horn query, inheriting via the above rules
rfi-p> novodur-rec-1(I),
tension_module_of_elasticity(I, E-module),
ball_thrust_hardness(I, Bh)
true
I = novodur_r_5320
E-module = 2000
Bh = 90
rfi-p> more
true
I = novodur_r_5322
E-module = 2200
Bh = 90
rfi-p> more
unknown
rfi-p>
rfi-p> % Query of all instances below thermoplastic with fixed ball_thrust_hardness
rfi-p> % instance>(thermoplastic(),

rfi-p> % indi-class(identifier[i],
rfi-p> % tension_module_of_elasticity[e-module],
rfi-p> % ball_thrust_hardness[90]))

rfi-p> % becomes horn conjunction starting with thermoplastic predicate

rfi-p> % (no indi-class variable)

rfi-p> thermoplastic(i),
tension_module_of_elasticity(i, e-module),
ball_thrust_hardness(i, 90)

true

i = novodur_r_5320

e-module = 2000

rfi-p> more

true

i = novodur_r_5322

e-module = 2200

rfi-p> more

unknown

14



Deutsches
Forschungszentrum
far Kanstliche
Intelligenz GmbH

DFKI Publikationen

Die folgenden DFKI Veroffentlichungen sowie die
aktuelle Liste von allen bisher erschienenen
Publikationen kdnnen von der oben angegebenen
Adresse oder per anonymem ftp von ftp.dfki.uni-
kl.de (131.246.241.100) unter pub/Publications
bezogen werden.

Die Berichte werden, wenn nicht anders gekenn-
zeichnet, kostenlos abgegeben.

DFKI

-Bibliothek-

PF 2080

67608 Kaiserslautern
FRG

DFKI Publications

The following DFKI publications or the list of
all published papers so far are obtainable from
the above address or via anonymous ftp
from ftp.dfki.uni-kl.de (131.246.241.100) under
pub/Publications.

The reports are distributed free of charge except if
otherwise indicated.

DFKI Research Reports

RR-93-05

Franz Baader, Klaus Schulz: Combination Tech-
niques and Decision Problems for Disunification
29 pages

RR-93-06

Hans-Jiirgen Biirckert, Bernhard Hollunder, Armin
Laux: On Skolemization in Constrained Logics
40 pages

RR-93-07
Hans-Jiirgen Biirckert, Bernhard Hollunder, Armin

Laux: Concept Logics with Function Symbols
36 pages

RR-93-08

Harold Boley, Philipp Hanschke, Knut Hinkelmann,
Manfred Meyer: COLAB: A Hybrid Knowledge
Representation and Compilation Laboratory

64 pages

RR-93-09

Philipp Hanschke, Jérg Wiirtz:

Satisfiability of the Smallest Binary Program
8 pages

RR-93-10

Martin Buchheit, Francesco M. Donini, Andrea
Schaerf: Decidable Reasoning in Terminological
Knowledge Representation Systems

35 pages

RR-93-11

Bernhard Nebel, Hans-Jiirgen Biirckert:
Reasoning about Temporal Relations:

A Maximal Tractable Subclass of Allen's Interval
Algebra

28 pages

RR-93-12

Pierre Sablayrolles: A Two-Level Semantics for
French Expressions of Motion

51 pages

RR-93-13

Franz Baader, Karl Schlechta:

A Semantics for Open Normal Defaults via a
Modified Preferential Approach

25 pages

RR-93-14

Joachim Niehren, Andreas Podelski, Ralf Treinen:
Equational and Membership Constraints for Infinite
Trees

33 pages

RR-93-15

Frank Berger, Thomas Fehrle, Kristof Kléckner,
Volker Scholles, Markus A. Thies, Wolfgang
Wabhlster: PLUS - Plan-based User Support
Final Project Report

33 pages

RR-93-16
Gert Smolka, Martin Henz, Jérg Wiirtz: Object-

Oriented Concurrent Constraint Programming in Oz
17 pages

RR-93-17
Rolf Backofen:

Regular Path Expressions in Feature Logic
37 pages

RR-93-18
Klaus Schild: Terminological Cycles and the

Propositional p-Calculus
32 pages

RR-93-20
Franz Baader, Bernhard Hollunder:
Embedding Defaults into Terminological

Knowledge Representation Formalisms
34 pages



RR-93-22

Manfred Meyer, Jorg Miiller:

Weak Looking-Ahead and its Application in
Computer-Aided Process Planning

17 pages

RR-93-23

Andreas Dengel, Ottmar Lutzy:

Comparative Study of Connectionist Simulators
20 pages

RR-93-24

Rainer Hoch, Andreas Dengel:

Document Highlighting —

Message Classification in Printed Business Letters
17 pages

RR-93-25

Klaus Fischer, Norbert Kuhn: A DAI Approach to
Modeling the Transportation Domain

93 pages

RR-93-26

Jorg P. Miiller, Markus Pischel: The Agent
Architecture InteRRaP: Concept and Application
99 pages

RR-93-27

Hans-Ulrich Krieger:

Derivation Without Lexical Rules
33 pages

RR-93-28

Hans-Ulrich Krieger, John Nerbonne,
Hannes Pirker: Feature-Based Allomorphy
8 pages

RR-93-29

Armin Laux: Representing Belief in Multi-Agent
Worlds viaTerminological Logics

35 pages

RR-93-30

Stephen P. Spackman, Elizabeth A. Hinkelman.:
Corporate Agents

14 pages

RR-93-31

Elizabeth A. Hinkelman, Stephen P. Spackman:
Abductive Speech Act Recognition, Corporate
Agents and the COSMA System

34 pages

RR-93-32

David R. Traum, Elizabeth A. Hinkelman:
Conversation Acts in Task-Oriented Spoken
Dialogue

28 pages

RR-93-33

Bernhard Nebel, Jana Koehler:

Plan Reuse versus Plan Generation: A Theoretical
and Empirical Analysis

33 pages

RR-93-34

Wolfgang Wabhlster:

Verbmobil Translation of Face-To-Face Dialogs
10 pages

RR-93-35

Harold Boley, Frangois Bry, Ulrich Geske (Eds.):
Neuere Entwicklungen der deklarativen KI-
Programmierung — Proceedings

150 Seiten

Note: This document is available only for a
nominal charge of 25 DM (or 15 US-$).

RR-93-36

Michael M. Richter, Bernd Bachmann, Ansgar
Bernardi, Christoph Klauck, Ralf Legleitner,
Gabriele Schmidt: Von IDA bis IMCOD:
Expertensysteme im CIM-Umfeld

13 Seiten

RR-93-38

Stephan Baumann: Document Recognition of
Printed Scores and Transformation into MIDI
24 pages

RR-93-40

Francesco M. Donini, Maurizio Lenzerini, Daniele
Nardi, Werner Nutt, Andrea Schaerf:

Queries, Rules and Definitions as Epistemic
Statements in Concept Languages

23 pages

RR-93-41

Winfried H. Graf: LAYLAB: A Constraint-Based
Layout Manager for Multimedia Presentations

9 pages

RR-93-42

Hubert Comon, Ralf Treinen:

The First-Order Theory of Lexicographic Path
Orderings is Undecidable

9 pages

RR-93-43

M. Bauer, G. Paul: Logic-based Plan Recognition
for Intelligent Help Systems

15 pages

RR-93-44

Martin Buchheit, Manfred A. Jeusfeld, Werner Nutt,
Martin Staudt: Subsumption between Queries to
Object-Oriented Databases

36 pages

RR-93-45

Rainer Hoch: On Virtual Partitioning of Large
Dictionaries for Contextual Post-Processing to
Improve Character Recognition

21 pages

RR-93-46

Philipp Hanschke: A Declarative Integration of
Terminological, Constraint-based, Data-driven, and
Goal-directed Reasoning

81 pages



RR-93-48

Franz Baader, Martin Buchheit, Bernhard Hollunder:

Cardinality Restrictions on Conceplts
20 pages

RR-94-01

Elisabeth André, Thomas Rist:

Multimedia Presentations:

The Support of Passive and Active Viewing
15 pages

RR-94-02
Elisabeth André, Thomas Rist:
Von Textgeneratoren zu Intellimedia-

Présentationssystemen
22 Seiten

RR-94-03

Gert Smolka:

A Calculus for Higher-Order Concurrent Constraint
Programming with Deep Guards

34 pages

RR-94-05

Franz Schmalhofer,

J.Stuart Aitken, Lyle E. Bourne jr.:

Beyond the Knowledge Level: Descriptions of
Rational Behavior for Sharing and Reuse

81 pages

RR-94-06

Dietmar Dengler:

An Adaptive Deductive Planning System
17 pages

RR-94-07

Harold Boley: Finite Domains and Exclusions as
First-Class Citizens

25 pages

RR-94-08

Otto Kiihn, Bjorn Hofling: Conserving Corporate
Knowledge for Crankshaft Design

17 pages

RR-94-10

Knut Hinkelmann, Helge Hintze:

Computing Cost Estimates for Proof Strategies
22 pages

RR-94-11

Knut Hinkelmann: A Consequence Finding
Approach for Feature Recognition in CAPP
18 pages

RR-94-12

Hubert Comon, Ralf Treinen:
Ordering Constraints on Trees
34 pages

RR-94-14
Harold Boley, Ulrich Buhrmann, Christof Kremer:
Towards a Sharable Knowledge Base on Recyclable

Plastics
14 pages

DFKI Technical Memos

TM-92-04

Jiirgen Miiller, Jorg Miiller, Markus Pischel,
Ralf Scheidhauer:

On the Representation of Temporal Knowledge
61 pages

TM-92-05

Franz Schmalhofer, Christoph Globig, Jérg Thoben:
The refitting of plans by a human expert

10 pages

TM-92-06

Otto Kiihn, Franz Schmalhofer: Hierarchical
skeletal plan refinement: Task- and inference
structures

14 pages

TM-92-08

Anne Kilger: Realization of Tree Adjoining
Grammars with Unification

27 pages

TM-93-01

Otto Kiihn, Andreas Birk: Reconstructive Integrated
Explanation of Lathe Production Plans

20 pages

TM-93-02 ,

Pierre Sablayrolles, Achim Schupeta:

Conlfict Resolving Negotiation for COoperative
Schedule Management

21 pages

TM-93-03

Harold Boley, Ulrich Buhrmann, Christof Kremer:
Konzeption einer deklarativen Wissensbasis iiber
recyclingrelevante Materialien

11 pages

TM-93-04

Hans-Glinther Hein:

Propagation Techniques in WAM-based
Architectures — The FIDO-III Approach
105 pages

TM-93-05

Michael Sintek: Indexing PROLOG Procedures into
DAGs by Heuristic Classification

64 pages

TM-94-01

Rainer Bleisinger, Klaus-Peter Gores:

Text Skimming as a Part in Paper Document
Understanding

14 pages

TM-94-02

Rainer Bleisinger, Berthold Kroll:

Representation of Non-Convex Time Intervals and
Propagation of Non-Convex Relations

11 pages



DFKI Documents

D-93-07

Klaus-Peter Gores, Rainer Bleisinger:

Ein erwartungsgesteuerter Koordinator zur partiellen
Textanalyse

53 Seiten

D-93-08

Thomas Kieninger, Rainer Hoch:

Ein Generator mit Anfragesystem fiir strukturierte
Worterbiicher zur Unterstiitzung von Texterkennung

und Textanalyse
125 Seiten

D-93-09

Hans-Ulrich Krieger, Ulrich Schfer:
TDL ExtraLight User's Guide

35 pages

D-93-10

Elizabeth Hinkelman, Markus Vonerden, Christoph
Jung: Natural Language Software Registry

(Second Edition)

174 pages

D-93-11

Knut Hinkelmann, Armin Laux (Eds.):

DFKI Workshop on Knowledge Representation
Techniques — Proceedings

88 pages

D-93-12

Harold Boley, Klaus Elsbernd,

Michael Herfert, Michael Sintek, Werner Stein:
RELFUN Guide: Programming with Relations and
Functions Made Easy

86 pages

D-93-14

Manfred Meyer (Ed.): Constraint Processing —
Proceedings of the International Workshop at
CSAM'93, July 20-21, 1993

264 pages

Note: This document is available only for a
nominal charge of 25 DM (or 15 US-$).

D-93-15

Robert Laux:

Untersuchung maschineller Lemverfahren und
heuristischer Methoden im Hinblick auf deren
Kombination zur Unterstiitzung eines Chart-Parsers
86 Seiten

D-93-16
Bernd Bachmann, Ansgar Bernardi, Christoph

Klauck, Gabriele Schmidt: Design & KI
74 Seiten

D-93-20

Bernhard Herbig:

Eine homogene Implementierungsebene fiir einen
hybriden Wissensreprisentationsformalismus

97 Seiten

D-93-21

Dennis Drollinger:

Intelligentes Backtracking in Inferenzsystemen am
Beispiel Terminologischer Logiken

53 Seiten

D-93-22

Andreas Abecker:

Implementierung graphischer Benutzungsober-
flichen mit Tcl/Tk und Common Lisp

44 Seiten

D-93-24

Brigitte Krenn, Martin Volk:
DiTo-Datenbank: Datendokumentation zu
Funktionsverbgefiigen und Relativsétzen
66 Seiten

D-93-25

Hans-Jiirgen Biirckert, Werner Nutt (Eds.):
Modeling Epistemic Propositions

118 pages

Note: This document is available only for a
nominal charge of 25 DM (or 15 US-$).

D-93-26

Frank Peters: Unterstiitzung des Experten bei der
Formalisierung von Textwissen

INFOCOM:

Eine interaktive Formalisierungskomponente

58 Seiten

D-93-27

Rolf Backofen, Hans-Ulrich Krieger,

Stephen P. Spackman, Hans Uszkoreit (Eds.):
Report of theEAGLES Workshop on
Implemented Formalisms at DFKI, Saarbriicken
110 pages

D-94-01

Josua Boon (Ed.):

DFKI-Publications: The First Four Years
1990 - 1993

75 pages

D-94-02

Markus Steffens: Wissenserhebung und Analyse
zum EntwicklungsprozeB eines Druckbehilters aus
Faserverbundstoff

90 pages

D-94-06

Ulrich Buhrmann:

Erstellung einer deklarativen Wissensbasis iiber
recyclingrelevante Materialien

117 pages

D-94-08
Harald Feibel: IGLOO 1.0 - Eine grafikunterstiitzte

Beweisentwicklungsumgebung
58 Seiten












Towards a Sharable Knowledge Base on Recyclable Plastics RR-94-14
Harold Boley, Ulrich Buhrmann, Christof Kremer Research Report



