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Abstract—A hierarchical approach to decision rule design in prototyping methodARD+ is presented in Sect. V. Using the
the HeKatE project is introduced in the paper. Within this  algorithm presented in Sect. VI it is possible to automéitica
approach a rule prototyping method ARD+ is presented. It 1,,iiq gecision rule prototypes. A practical implementatio

offers a high-level hierarchical prototyping of decision wles. . . L . .
The method allows to identify all properties of the system of the prototyping algorithm is discussed in Sect. VII, with

being designed, and using the algorithm presented in this geer, @ design example in Sect. VIIl. The paper ends with the
it allows to automatically build rule prototypes. A practical concluding remarks and directions for future work in Sext. |
implementation of the prototyping algorithm is discussed ad

a design example is also presented. Using the rule prototype Il. RULE DESIGN

actual rules can be designed in the logical design stage. The

design process itself is supported by HaDEs, a set of of desig The basic goal of rule design is to build a rule-based

tools developed within the project. knowledge base from system specification. This process is a
case of knowledge engineering (KE) [1], [9]. In general, the
. INTRODUCTION KE process is different in many aspects to the classic softwa

i ) engineering (SE) process. The most important differenee be
ESIGNING a knowledge-base for a rule-based SyStemt{/?/een SE and KE is that the former tries to model how the

a non-trivial task. The main issues regard identification <tem works. while the latter tries to capture and reptesen
of system properties, based on which rules are subsequeﬁm ' P P

specified. This is an iterative process that needs a prort)ﬁrat is known about the system. The KE approach assumes

support from the design method being used, as well asat information about how the system works can be inferred

g automatically from what is known about the system.
computer tools supporting it. Unfortunately there are nahgn . N .
. - : S In case of rules, the design stage usually consists in \gritin
well-established tools for providing a formalized traiwsit

f : acltual rules, based on knowledge provided by an expert.
rom vague concepts provided by the user or expert, to actur%e rules can be expressed in a natural language, this is
rules [1]. Quite often regular software engineering [2] hoets P guage,

are used [3] which are subject to so-called semantic gaps L]ten the case with informal approaches such as business

. " ; les [10]. However, it is worth pointing out that using some
This paper focuses on transition from system properties IEPnd of formalization as early as possible in the design pssc
rule prototypes. In the paper ARD+ (Attribute RelaﬁonShiPmproves design quality significantly

Diagrams) [5], [6] a design method for decision rules is The next stage is the rule implementation. It is usually

discussed. The method allows for hierarchical rule prquioty o .

. targeted at specific rule engine. Some examples of such
that supports the actual gradual design process. A prhctlg% ines areCLIPS Jess andJBoss Rulegformerly Drools)
algorithm providing a transition from the ARD+ design t 9 ® y '

rule design is introduced. Using ARD+ and the algorithm(ﬁhe rule engine enforces a strict syntax on the rule language

. . . . Another aspect of the design — in a very broad sense — is
is possible to build a structured rule base, starting from a N .

e . . L a rule encoding, in a machine readable format. In most cases
general user specification. This functionality is suppabibg

the VARDA design tool implemented in Prolog [7]. A next't uses an XML-based representation. There are some well-

step is design actual rules which is aided by HO[B]. Both established standards for rule markup languages: ReligML

tools (VARDA, HQED) constitute the Base of ADEs, the an_?hno;ablyRII? Eiiee WWV\:.viVSi(;rgijZOCi)Sérultes). nd the initial
HeKatE Design Environment € focus of this paper 1S the desigh stage, a € a

The paper is organized in the following manner. In Sect. Hransmon from user-provided specification that includese

the most important aspects of rule design are Summariz(e:gnceptsto rule specification that connects rules with these

. . . ... cohcepts. This stage is often referred to asaceptual design
then in Sect_. i t_he_ hierarchical a_pp_roac_h o rule desigthin It is algo addressegd with some recent represeeltations agmch
HeKatE project is introduced. Within this approach the rul(-%he SBVR[11] in the OMG and business rules commur,lities.

The paper is supported by théeKatE Project funded from 2007-2009 The research presenteq ".1 this pgper Is a part OFIEié?.tE
resources for science as a research project. project, that aims at providing an integrated rule desigd an
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implementation method for rule-based systems. The HeKatEVARDA [7] is an ARD rule prototyping tool. It provides
approach to the design is briefly introduced in the nextsacti a basic command line interface (CLI) for design creation,
refinement and visualization. The CLI is based on the Prolog
interactive shell which allows calling application prognaing
interface (API) responsible for design manipulation. dirdes

tem modelling, input/output operations and spawning a

Sualization tool-chain.

The modelling is provided through several predicates per-

ming property and attribute manipulation, as well as the
transformations. The input/output operations regardirggor

It is worth noting that UML, the most common desig he design as a Prolog knowledge base or exporting it into

method used in the SE, does not_ support _the prOFeSSXﬂL—based format suitable for further processing, which
all. The process should not be mistaken with version Ao serves as HQE input. It also allows to spawn the

revision contr_ol. Simple cases of revision f:on_trol are und\fjcfsualization toolchain based on GraphViz and ImageMagick
features, provided by most of UML tools (which is very rarel

combined with real project versioning). More complex vensi Yunich graph|cally presents the deS|gn. .
. . VARDA is a crossplatform tool written in pure 1SO Prolog,
control is usually delegated to some other, external taothe

userspace, such as CVS, Subversion, etc. But a tool supipotE:()aat deper_1ds on_Iy on the Prolog environment and GraphViz
: T iDrary. It is available under terms of the GNU GPL from
even by a version control system is still unable to actual TR L )
i . . . . Https://ai.ia.agh.edu.pl/wiki/hekate:varda.
present and visualizechanges in the design, not mentioning
its refinement or refactoring. This is related to the facgtthA, HQEd
UML has no facilities to express the design process. HQeD [8] is a CASE tool for the XTT design. The tool

In real life thedesignsupport (as a process of building thesupports the visual design process of the XTT tables. Using

design) is much more important then just providing MeaRe rule prototypes generated from the ARD+ design with

to visualize and construct thdesign (which is a kind of VARDA, HQEd allows for the actual logical rule design
knowledge snapshot about the system). Another observation .
grouped with the XTT tables.

can be also madedesigningis a knowledge-based process, The editor allows for gradual refinement of rules, with

where thedesignis considered a structure with proceduregn online checking of attribute domains. as well as simple
needed to build it (it is often the case in the SE). g ' P

. . table properties, such as inference related dead rulesase c
In order to solve these problems, the HeKatE project aims” . o . . .
simple tables it is possible to emulate and visualize the

at providing both design method_s and tools that support tﬁﬁerence process step-by step. However, the main quality
de5|gn Process. They should be integrated, an(_Jl prowdaa h*%ature being developed is a plugin framework, that allows
archical design process that would allow for building a mpd integrating Prolog-based analysis plugins to checknfar
containing the subsequent design stages. Currently HeKa?rl% : f the XTT rule b includi |

A — properties of the rule base, including completeness,
supports theconceptual designvith the ARD+ method At redundancy. or determinism
tribute Relationships Diagramg5]. The main logical design Y. ‘

. ; HQEd is a crossplatform tool written in C++, that depends
E?rer:é);?f;]tea;\]nth the use of XTT methoeXtended Tabular only on the Qt library. It is available under terms of the GNU

gPL from https://ai.ia.agh.edu.pl/wiki/hekate:hged.

The ARD+ design method is shortly presented in th Th tout f the editor i lete ruleb ded
subsequent section. It serves as a rule prototyping methrod f € oufput from h€ editor IS a comprete rulebase encode
Prolog. It can be executed using a Prolog-based inference

rules. The ARD+ method is a supportive design method g " Th leb d the inf . be int
XTT, where the knowledge base is designed using a structu Ine. 'he ruiebase and the inference engine can be inte-
grated into a larger application as a logical core.

representation, based on the concept of tabular treesTh4).
XTT representation is based on the principle that the rusebag. xML Markup
is decomposed into a set of decision tables, grouping rule
that have the same sets of conditional and decision ameutH

It makes the knowledge base hierarchical, combining d&tisi_.

tables and decision trees approaches. While the use of AR t%:;)l?tfetgrr]?je :gg'ecrat“ f:}g;’;rfstg;busteezﬁigggﬁt'&nRéAIEml
is aimed at XTT rules,it is a much more generic solutiorf. broperty psp Mair)d

allowing for prototyping different types of decision rules rule specmf:anon (XTTML)Z - .
The attribute specification regards describing attributes

The HeKatE design process is supported by a dedicated . . .
toolchain presented in the next section. present in the system.i It includes attrlbute. names and data
types used to store attribute values. The attribute andeptpp
IV. HADES, THE HEKATE TOOLCHAIN PROTOTYPE relationship specification describes what properties yistesn
The toolchain in the HeKatE project is composed of severabnsists of and which attribute identifies these properties
elements. Currently two main design tools are availableyThFurthermore, it also stores all stages of the design process

are integrated using XML for knowledge representation.  The rule specification stores actual structured rules.

IIl. HIERARCHICAL DESIGN APPROACH

An effective design support for decision systems is
complex issue. It is related to design methods as well as
human-machine interface. Since most of the complex desi
are createdradually, and they are ofterefinedor refactored
the design method should take this process into account.
tools aiding such a process should effectively support it.

ﬁ<nowledge in the HeKatE design process is described in
ML, a machine readable XML-based format. HML con-
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These logical parts: ATTML, ARDML and XTTML can be Names of physical attributes are not capitalized, e.g.

used in different scenarios as: t heWat er Level | nTankl. By finalization, a physical at-
. pure ATTML — to describe just attributes and theitribute origins from one or more (indirectly) conceptual
domains, attributes. Physical attributes cannot be finalized, they a

« ATTML and ARDML combined — to describe the systenpresent in the final rules.
being designed in terms of properties and dependencie®efinition 4: Simple PropertyPS is a property described
among them, by asingleattribute.

« ATTML, ARDML and XTTML combined — attributes, ~ Definition 5: Complex Property.PC is a property de-

dependencies and rules combined, a complete descriptigfibed bymultiple attributes.

of the system, Definition 6: Dependency. A dependendy is an ordered
« ATTML and XTTML combined — just rules which are pair of propertiesD = (p,p2) wherep; is the independent

not designed out of properties, it could be used to modefoperty, and, is the one that dependent gn.

ad-hoc rules, or systems described by some predefinedPéefinition 7: Diagram. An ARD+ diagrang is a pairG =

rules. (P, D) where P is a set ofproperties and D is a set of

The HML, being an XML application, is formally describeddependencies o _ _
through a Document Type Definition (DTD). Its full specifica- Constraint 1: Diagram Restrictions. The diagram consti-
tion and examples are available at https:/ai.ia.aghpdieiki/  {Utes adirected graptwith certain restrictions:
hekate:hekate_markup_language. 1) In the diagram cycles are allowed.

2) Between two properties only a single dependency is
_ . . allowed.

The ARD+ method aims at capturing relations between piagram transformations are one of the core concepts in
attrlbgtesm terms ofAttributive Loglc[_15]. Attrlputesdenote the ARD+. They serve as a tool for diagram specification and
certain systemproperty A property is described by one yeyelopment. For the transformatidhsuch ast” : Dy — Ds,
or more attributes. ARD+ Cfipturefanctlonal _dependenueswhereDl and D, are both diagrams, the diagram, carries
among theseproperties A simple property is a property more knowledge, is more specific and less abstract than the
described by a singlattribute, while a complex property is ) Transformations regamroperties Some transformations
described by multiplattributes It is indicated that particular 4. required to specify additiondependenciesr introduce

system property depends functionally on other propertigg. attributes though. A transformed diagrai, constitutes
Such dependencies form a directed graph with nodes beig,,re detailedliagram level

V. INTRODUCTIONTO ARD+

properties. _ Definition 8: Finalization. The finalizatiof F' is a function
A typical atomic formula (fact) takes the ford(p) = d, ¢ the form
where A is an attributep is a property andi is the current TF:PS — P

value of A for p. More complex descriptions take usually the _ _ _

form of conjunctions of such atoms and are omnipresent fi&nsforming a simple property S described by a conceptual

the Al literature [16], [9]. attribute into a P, where the attribute describings is
Definition 1: Attribute. Let there be given the following, Substituted by one or more conceptual or physical attréoute

pairwise disjoint sets of symbolsP — a set of property describingP. It introduces more attributes (more knowledge)

symbols, A — a set of attribute name#) — a set of attribute regarding particular property.

values (thedomain. An interpretation of the substitution is, that new attrésut
An attribute (see [15], [17])4; is a function (or partial describingP are more detailed and specific than attributes
function) of the form describingPS.

Definition 9: Split. A split is a functionT'S of the form:
TS: PC — {Pl,PQ,...Pn}

Aii Pj — Dz

A generalized attributel; is a function (or partial function)
of the form A4, : P; — 2P, where2?: is the family of all the where acomplex propertyPC'is replaced by some number of
subsets ofD;. properties({ Py, P, ... P,,}), each of them described by one or

Definition 2: Conceptual Attribute. A conceptual attributemore attributes originally describing PC. This transfotiora
A is an attribute describing some general, abstract aspectirafoduces more properties and defines functional relakigrs
the system to be specified and refined. among them.

Conceptual attribute names are capitalized, e.g.:Constraint 2: Attribute Dependencies. SinceC' may de-
Wat er Level . Conceptual attributes are beinfjnalized pend on other properti€20; ... PO,,, dependencies between
during the design process, into, possibly multiple, phaisicthese properties anf; ... P, have to be stated.
attributes, see Def. 8. During the design process, upon splitting and finalization,

Definition 3: Physical Attribute. A physical attribuieis an the ARD+ model grows. This growth is expressed by con-
attribute describing an aspect of the system with its domaecutive diagram levels, making the design more and more
defined. specific. This constitutes thaerarchical model Consecutive
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Thermostat|
Time
Temperature

Examples of finalization and split

finalization
split

Fig. 1.

levels make a hierarchy of more and more detailed diagrams
describing the designed system. The implementation of auch
hierarchical model is provided through storing the lowesila
able, most detailed diagram level at any time, and additiona
information needed to recreate all of the higher levels, the
so-calledTransformation Process HistorgTPH). It captures
information about changes made to properties at consecutiv
diagram levels, carried out through the transformatiepbt or

finalization A TPH forms a tree-like structure then, denoting) (Independent Property, Dependent Property),

PROCEEDINGS OF THE IMCSIT. VOLUME 3, 2008
Fig. 2. A subgraph in the ARD+ structure, case #1

[=]

Fig. 3. A subgraph in the ARD+ structure, case #2

the

what particular property is split into or what attributes algorithm is as follows:

particular property attribute is finalized into.

In Fig. 1 the first and second ARD+ design level of the
thermostat example discussed in Sect. VI are presentedz)
These are examples of finalization and split transformation

1)

VI. RULE PROTOTYPINGALGORITHM 3)
The goal of the algorithm is to automatically build proto-
types for rules from the ARD+ design. The targeted rule base4)
is structured, grouping rulesets in decision tables withliek
inference control among the latter. It is especially sué@dbr
the XTT rule representation, however, this approach is more5)
generic, and can be applied to any forward chaining rules.
The input of the algorithm is the most detailed ARD+
diagram, that has all of the physical attributes identified ( 6)
fact, the algorithm can also be applied to higher level diatg,
generating rules for some parts of the system being designed 7)
The output is a set alule prototypesn a very general format
(at t s stands for attributes):

choose a dependendy : D(F,T),F # T, from all
dependencies present in the design,

find all propertied’, thatT depends on: lef’r = {Fr, :
D(FTiaT)aFT.; 7£ F}l

find all properties which depend of and F' alone:
let Tr = {qu D(F‘7 TFZ)’TF7 7& T’7 /HTFZ
(D(Xa TFq:)aX # F)}

if Pr#0,Tr # 0 then generate rule prototypes:

rule: F, FT1, FT2,... | T

rule: F | TF1, TF2,...
if I'r =0, Tr # 0 then generate rule prototypes:
rule: F | T, TF1, TF2,...

if I'r # 0, T = 0 then generate rule prototypes:
rule: F, FT1, FT2,... | T

if Pr =0, Tr = 0 then generate rule prototypes:
rule: F | T

8) if there are any dependencies left goto step 1.
Rule prototypes generated by the above algorithm can be

The algorithm isreversible that is having a set of rules in thefurther optimized. If there are rules with the same conditio
above format, it is possible to recreate the most detaileel le 2ttributes they can be merged. Similarly, if there are rulis
of the ARD+ diagram. the same decision attributes they can be merged as well. For

In order to formulate the algorithm some basic subgrapifStance, rules like:
in the ARD+ structure are considered. These are presente¢ il e: a, b | x ;
Figs. 2,3. Now, considering the ARD+ semantics (functional ] )
dependencies among properties), the corresponding rale gi@" be merged into a single rukeul e: a, b | x, y
totypes are as follows:

« for the case in Fig. 2rul e: e | f,

. for the case in Fig. 3rule: a, b, ¢ | d
In a general case a subgraph in Fig. 4 is considered. Such a
subgraph corresponds to the following rule prototype:

rule: condition atts | decision atts

rule: a, b | vy

g, h

rul e: al pha, beta, gamm, aa | bb

rule: aa | xx, yy, zz
Analyzing these cases a general prototyping
algorithm has been formulated. Assuming that a

Fig. 4. A subgraph in the ARD+ structure, general case

dependency between two properties is formulated as:
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ax —
ard_depend (F,T),
F\=T,
ard_xtt(F,T),
fail .

ax.

ft(F,T,FT):— ard_depend (F,T),
ard_depend (FT,T), FT \=F.

tf (F,T,TF):— ard_depend (F,T),
ard_depend (F,TF), TF \= T,
\+ ( ard_depend (X, TF), X \= F).

% generate xtt from a dependency: F,T
ard_xtt(F,T)—
ard_depend (F,T),
\+ tf(F,T,_),
\+ ft(F,T,_),
assert(xtt ([F]1.,[T])),
ard_done ([F],[T]).
ard_xtt(F,T)—
ard_depend (F,T),
\+ tf(F,T,_),
findall (FT, ft (F,T,FT),ListFT),
assert(xtt ([F| ListFT],[T])),
ard_done ([F| ListFT],[T]).
ard_xtt(F,T)—
ard_depend (F,T),
\+ft(F,T,_),
findall (TF, tf (F,T,TF),ListTF),
assert(xtt ([F],[T|ListTF])),
ard_done ([F],[T]| ListTF]).
ard_xtt(F,T)—
ard_depend (F,T),
findall (TF, tf (F,T,TF), ListTF),
findall (FT, ft(F,T,FT),ListFT),
assert(xtt ([F|ListFT],[T])),
assert(xtt ([F], ListTF)),
ard_done ([F| ListFT],[T]),
ard_done ([F],ListTF).
% retract already processed dependencies
ard_done (F,T)+
member (FM, F) ,
member (TM, T) ,
retract (ard_depend (FM,T™M)) ,
fail .
ard_done(_,_).

Fig. 5. Algorithm implementation in Prolog

Fig. 6. Factorial, ARD+

[mos Jus F = mavas [ |

Fig. 7. Factorial, XTT prototype

and visualization primitives as well. The algorithm preteen
here has been implemented as a part of VARDA.

The algorithm implementation (see Fig. 5) consists of: a
predicateax/ 0 which spawns the search process, browsing
all dependencies (implementing the first step of the allgont
ard_xtt/ 2 predicate which implements steps four through
seven, and helper predicafets/ 3, t f / 3 providing steps two
and three. Additional predicateg d_done/ 2 removes depen-
dencies which have already been processed. Dependeneies ar
given asar d_depend/ 2.

In addition to the rule prototypes some higher-level relai
ships can be visualized on the final design. If attributefiwvit
a set of XTTs share a common ARD+ property, such XTTs are
enclosed within a frame named after the property. It indisat
that particular XTTs describe fully the property. Applicat
of this feature is subject to further research, but it sedrasit
is suitable for establishing rule scope, implementing ti& X
Graphical Scopdeature proposed elsewhere.

The rule generation is reversible. Having rule prototypés i
always possible to recreate the original, most detailed ARD
level (i.e. for redesign purposes). This functionality iglyf
implemented in VARDA.

The algorithm has been successfully tested on several ex-
amples, including the classldServ Product Derby 2008ase
study from the Business Rules Forum [18]. This case study
includes over 70 rules.

The algorithm covers even more complicated dependencies
such these in Fig. 6, including self-dependencies. Thisgka
is a model for calculating factorial iteratively. Factorat «
is calculated and its value is storedijns serves as a counter.
The diagram could be read as followsdepends o ands,
in addition it also depends on itself,depends omn: and itself.

Using the above algorithm appropriate rule prototypes is

The rule prototyping algorithm has been successfully i”@'enerated:

plemented in Prolog, as presented in the next section.

VIlI. ALGORITHM IMPLEMENTATION

rule: x, vy, s |y ; rule: x, s | s

The ARD+ is a visual design method, so an appropriaféhich can be read, that a value g:f.is calculated based on
computer tool supporting it should be developed. VARDA@lues ofz, y, ands. A value of s is calculated based on
is a prototype ARD+ design tool written in Prolog. It isvalues ofz ands.

purely declarative and supports automated visualizati@ng

These prototype rules are visualized in Fig. 7. Dashed

design stage (diagram level) usiGgaphViz(graphiz.org). The arrows between XTTs indicate, in this case, that a value of
prototype consists of an API for low-level ARD+ handlings is needed in order to calculate a valueyof

primitives such as defining attributes, properties and deee-
cies, and high-level primitives supporting the transfatiores,

This algorithm can be applied to a design case which is
presented in the next section.
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Thermostat Thermostat

1y
Temperature Time

| Time |—>| Temperature |

Temperature

| Time | | Temperature
Date

Hour
Temperature
scason
operation
Date
Hour .
thermostat_settings
scason
Hour operation perd pe

season

Date Date season
Hour Temperature | Hour operation

operation

Temperature

| Hour |—>| operation |

day
month hour
day today
month —D’m
today ::l
\ Temperature

operation
[ e

| month |—>| scason |

[ ] cperion |

day
today

day
today

Fig. 9. The thermostat, TPH

Temperature

[monin |——{ Season | tual and physical attribute identification. The design stag

::IT\ consecutive ARD+ diagrams, at more and more detailed levels

[ Hour ——+] operation | are given in Fig. 8 with the most detailed diagram at the
bottom. Furthermore, the example shows rule prototypes (se

Sec. VIII-B) and finally the rules to control the temperature

(see Sec. VIII-C). Its TPH, regarding the most detailed lleve

is given in Fig. 9.
[ hour ——+{ operation |

B. Rule Prototyping

:l thermostat_settings

[Lmontn ] scason | A corresponding XTT prototype is given in Fig. 10. Higher
level relationships are visualized as labeled frames; i.e.
rul e: day | today originates from a propertyat e.
Similarly, the set of XTT rule prototypes:

Fig. 8. Thermostat design stages, ARD+

VIII. D ESIGNEXAMPLE rul e: day | today

A simple thermostat system is considered, see [19]. dul e: nonth | season
regards a temperature control system which is to be usedril e: t oday, hour | operation
an office. It controls heating and cooling which depends on ,
several time oriented aspects. These include time of the diggards Time property. All the prototypes regard
business hours, day of week, month and season. Output of " Tost at,, since it is the top most system property.
system (a decision) regards what particular temperatuze th Dashed arrows between XTT prototypes indicate functional
cooling/heating system should keep. relationships between them. If there is an XTT with a dedisio
attribute and the same attribute is subsequently used & oth
XTT as a condition one, there is a dashed arrow between such
The design process includes system property identificati®T Ts. These relationships also represent mandatory infere
and refinement including property relationships, and cpacecontrol, in terms of XTT approach.

A. Conceptual Design
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Thermostat

Time

Date

| wmonth1 | tiseasony L\

| [[day]] | [[today]] |_____.| [[today], [hour]] | [[operation]] r

[[season], [operation]] [[thermostat_settings]]
l —

Fig. 10. The thermostat, XTT prototype

C. Rule Design

prototypes generated using VARDA are visible.

IX. CONCLUDING REMARKS

In the paper the hierarchical HeKatE design process is
discussed. The process is supported by tools constituting
the HADEs environment, these are: VARDA and HQE
VARDA is be used to assist a designer with system property
identification. It can be applied as early as requirement-spe
ification, even to assist in gathering requirements. VARDA
output is subsequently used as HQEd input being a templaf@

for rules. The actual rules are formulated using HQE

The focus of the paper is on the ARD+, a hierarchical design
method for rule prototyping. The original contribution diet
paper is the introduction of the automatic rule prototyping[g]

algorithm based on the ARD+ design process.

[2] I. Sommerville, Software Engineering7th ed., ser. International Com-

The main logical rule design stage using HQEd is presentqgl]
in Fig. 11, where the actual XTT tables corresponding to the]
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twenty-first international Florida Artificial Intelligere Research Society
conference: 15-17 may 2008, Coconut Grove, Florida, UBA C.
Wilson and H. C. Lane, Eds. AAAI Press, 2008, pp. 373-374.

K. Kaczor, “Design and implementation of a unified rulesbaeditor,”
Master’s thesis, AGH Univerity of Science and Technology)g 2008,
supervisor: G. J. Nalepa.

Applying ARD+ as a design process allows to identify[9] A.A.Hopgood,intelligent Systems for Engineers and Scientiatsl ed.

attributes of the modelled system and refine them gradua
Providing the algorithm, which builds an XTT prototype ou
of ARD+ design, binds these two concepts together resultifig]
in an uniform design and implementation methodology. T'}fz]
methodology remains hierarchical and gradual, the algorit
works both ways: it generates rule prototypes and it is also
capable of recreating the most detailed ARD+ level. Combif]
ing the most detailed ARD+ level with the TPH allows to
recreate any previous ARD+ level, which provides refacigpri

capabilities to an already designed system.

Future work focuses on the formal definition of the infer-
ence process within XTT. There is an initial XTT inference
model which requires some extensions and adaptation 1
cover different use scenarios. A more tight integrationref t
tools within HADES is anticipated. Upon finishing it and

implementing a prototype run-time environment BIES will

provide a uniform environment for design and implementati
of rule-based systems. Applications being currently cbergd [16]
include business applications logic [20] as well as contrﬁln

applications for mobile robots.
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