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KNOWLEDGE REPRESENTATION AND THEIR APPLYING
TO FIXTURE DESIGN

The aim is to develop an integrated design spac€A® of technological equipments. The model of design
environment is represented as a two-level hieraathilecision-making system. The proposed environmen
provides support for creating and manipulating 3bdeis of technological equipment and their comptsen
calculating functional and structural propertiesl dhe evaluation criteria, and for determining tides to
control the design process for optimizing the mitf of interdependent projects of technologicalipqents.
As examples the design of workholder is considefde computer aided workholder design system iatece
on Case Based Reasoning, in which the attributebeofvorkpiece and structure of workholder as é¢adex
code are designed for the retrieve of the simitees, and the structure and hierarchical relatiaase library
are stored. The structure of case storage (databvas&nowledge base) for general workholders sedeats an
object for mining and sampling of the developedwsafe are worked out. It is offered to apply a roethof
neural networks to realization procedure of foréngsof decisions. The considered algorithms of wiealge
extraction are realized by development of invariantleus design space.

1. INTRODUCTION

There are two ways of products’ engineering:

» to realize engineering only using CAD system resesir Such of designing is imple
mented for original designs, required much time great qualification of a designer;

» to realize engineering using the resources of rpredrily created environment of engi
neering for this CAD system. In this case the hgghlification of a designer is required
at the stage of designing the object-orientedrenment, when is defined structure of a
product, its geometrical characteristics and abfiagrules. It takes less time and en
ergy to execute the designing of specific partgisf group. It may be used methodology
when creating environment of designing.

The Design Space (DS) model is based on the udecoimposition and categorization
methods which represent for the given product farbiieakdown structure in terms of
product functions (abstraction hierarchy) and retet between product components.

The DS model consists of:

» A feature-based representation (database - DBwoifponents of work-holders (WH)
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(primitive and complex) which have its own syntax description and semantic

explanations and are described by geometric, dilbeals material etc. properties;

* Indexing method for retrieving from DB of WH's atideir components, to stream line
the matching process between new design taskxasithg solutions on the DB;

* A similarity metric to measure the similarity besvea new desired work-holder or
components and the existing in DB representatioorevious designs and used compo
nents.

The case base reasoning approach (CBR-tool) foluéien of problems is applied [1].
A CBR system solves new problem by adapting salutitat were used to solve previous
similar problems.

The DB of the DS holds for the given product fanalyumber of cases each of which
represents a problem description together withcdeesponding solution. Once a new
problem arises, a possible solution to it is oladiby retrieving similar cases from the DB
according to the specification of the new desigsktand studying and if necessary
modifying recorded solutions. Every time that a neéesign is solved a new experience
could be retained and made available for future Tike process of retaining is controlled
by the supervisor of the system. A very importaatfire of CBR is its coupling to learning.
It denotes the use of a new computer-learning pgmadh design process. To divide the
responsibilities and manage the CBR process foesigd environment, the two level
decomposition of DS was proposed in [2] and is usedevelop a DS. The tasks of DB
management and activities of learning from previdesign are tasks of an upper or
supervisory level.

The design task of a work-holder starts with aglegiroblem description and includes
the specification of the main features of new degigpblem. In the first step the previous
design solutions similar to the new problem speatfon are searched from DB. If in DB
exist no suitable WH model, the problem descriptisndecomposed according to the
abstraction hierarchies and the models of suitablaponents are retrieved. In praxis for
most cases of WH design there are always some siedgéble for use. In some cases new
model must be designed using the capabilities sici@AD system.

To show how the proposed technique might be usefd, describe a specific
instantiation of this approach, in a prototype sgstfor design of technological equipment
(work-holders). The problems of work-holder desaga a complex and highly experience-
dependent tasks. A design environment for CAD ofkAmlders is characterized with the
following features:

* A large solution space.

» A variety of input data for many knowledge sources.

* A multiple of company-specific standards, classiticn schemes etc exist.

2. MAIN PRINCIPLES OF MODELING OF AN INTEGRATED DHSN
SPACE FOR CAD

CAD process can be viewed as automated search ifoDfRose solutions that satisfy
the requirements and are in some sense best aneas@le alternatives. The ability to
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efficiently save, index, and retrieve alternativedals has become critical in a wide range

of applications, including CAD systems, indexin@pemes for large component inventories,

access methods for “smart catalogues,” and foropaihg searches through databases and
on the Internet.

In solving the referred tasks we are interestedsatving the following related
problems:

* Given is a collection of models of WH and their gmments, it is necessary to estimate
which ones are similar to each other and how amaite they?

* Given is a set of characteristics of new desigk, tathat kinds of WH and/or its compo
nents we are interested in, how to retrieve slétaiodels from a system DB?

During last years, a number of efforts have beemlent» develop algorithms to
examine CAD designs and extract features that spored to functionalities of designed
product. Many classification schemes have beenldesd based on the idea, to capture
critical features of a product in an alphanumetimg, for example the GT codes [5]. GT
coding was intended to be human interpretable asdchused some difficulties in use these
codes in CAD.

There are two main difficulties to solve the progbstask: dealing with the
combinatorial explosion of the design space anddiman large amount of domain
dependent knowledge. To solve the proposed taskemarbhic classification schema
of features is proposed.

The top node in the hierarchy is the descriptiocladracteristics of a product family.
The bottom level entities are the multitude of mMiedd components that could be used to
construct the WH.

The components of a WH can be primitive (non-decasaple) or they may complex,
consisting different subcomponents and correspgnshiructure.

The total classification tree for a product familguld be represented by composing
the general classification scheme for main funetities of a product family and hierarchic
classification schemas (abstraction hierarchies)components. The structure of the
functional hierarchy for WH consists [6]: clampiegmponents, supporting components,
fastening components, guiding elements, accessettegAccording to this approach a two
levels of abstraction is used: the functional higmg and for each functional group
of components the hierarchy of geometrical and dsmal information (abstraction
hierarchy).

Abstraction hierarchies contain two types of relationships:

The ‘“type-of’ (is-a) relationships that specify whether a calla special case
of another class. Abstraction hierarchy is an ingoarissue of modeling the CAD domain
data and knowledge. The main purpose of use th&aaben hierarchies, is to generate
small groups of components that demonstrate simdaaracteristics. The type-of
relationships help to decompose the DS into thdaskb and to estimate the similarity
of components, to determine what data and knowlstigald be applied.

Decomposition hierarchies described by thepart-of” (consist) a relationship that
specifies what components or parts are assembledamassembly (component of higher
level). Fig. 1. shows example of the substructdrevark-holder domain withAbstraction
and Decomposition hierarchies.
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An important difference between these two hieraghs that abstraction hierarchies
do not change if the product family and class ofkalwolders (manufacturing operation) is
not changed, whereas decomposition hierarchieswilythe changes in the situation of in
the purchase of the components from different sappl(related to the management
of inventories)
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Fig. 1. The generic structure of the WH’s compoaentd their functional groups

To represent the problem domain we try to avoidubke of multiple inheritances to
eliminate the problems of ambiguity related to theaning of the attribute in a specialized
class since it inherits the same attribute fromtiplel parents.

The most critical factor to measure the similaiitythe work-holder design is the
locating method. If the locating methods of two kwbiolder designs are the same, there is
a basis for comparing their similarity.

Supporting access to the similar components thralifjerent classification schemas
raises a number of issues. The classification sakesme specialized, and therefore a new
user may not be familiar with the schema or tefmas are employed. To solve this problem
the corresponding computer support is needed.

The main guidelines for representing the informatimontent of the DB are the
following:

* Small number of product families is recommendedde, in order to generate DS model
with consistent number of components.

» Assignment to each class of components a few sognif features and attributes.

* Adding capability to visualize the component 3D mlgd to have an immediate idea
of its usefulness.

* The of flexible classification structures, to ad&ptcontinuous changes of the situation
in a company.
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3. CBR IN CAD

The cases are usually stored in databases inunsé&uctured format, and they can be
even distributed among many databases. The steucfuepresentation can be dynamically
changed in CBR process and may involve differet& darmat for representation of the
value of the features. Use of the proposed gemsaralarity concept creates the possibility
to compare cases that have different structureesgpitation in the case base. Moreover this
representation can be even built dynamically befeteeval.

CBR system is dynamic in the sense that, casegsepting new problem together
with their solutions are added to the case baskeneant cases are eliminated and others are
modified by combining existing cases. CBR is amrenwental learning approach because
every time that a problem is solved a new expegaran be retained and made immediately
available for future retrievals. Design knowledgwmulation and storage in case base
of the system is critical in design activities.

Much time and effort is spent on applying the mdtof information systems
technology and knowledge engineering effectivelytha projects of implementing CAD
systems.

To enhance the effectiveness of methods for eactealf CAD project we need to
adapt knowledge representation and extraction mdstloo construct the new ones so that
they can fit to the real product development emunent in enterprises.

In the design space development the problem ahsesto decompose the design
process so that individual design tasks are comeating only over the supervisory
subsystem [2].

Wizard is the main element of environment, suppgrto design objects of this group.

This report shows us the possibility of creating wWizard master, which is invariant to
designing objects. The scheme of wizard master'skwie corresponded with CBR
methodology - description of a problem, 4-RE cyoformance (retrieve, reuse, revise,
retain) [1], with the need of the problem’s decosipon with its specification performance
and etc. Creating environment of designing witmgswizard master is implemented on
supervisor- level.

Tooling wizard master to the given group of toslsriade with the help of worked out
language of high level as well as CAD system me#&nghe latter case a designer puts
together goals from parts, pointing out conditimisimpurities or a dialogue’s call for
choosing the properly element of a design. In Wy the script of a designing process is
created. This script is and/or a graph. There avequlures at the top of a graph which is
necessary for designing of this type of parts; éhare terms of procedures’ choosing on
arches. It is determined, that the least develapéte problem of construction of procedure
of forecasting of decisions invariant to objectslesigning. It is offered to apply a method
of neural networks to its realization.

The “Design Reuse” aims to maximize the use of esgftl past designs in part design
and in whole for new design.

CAD process can be viewed as automated searchsigndepace (DS) for those
solutions that satisfy the requirements and aresome sense best among feasible
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alternatives. The model of design space is ratbemptex, it reflects the complicated inner
links in domain knowledge.

The ability to efficiently save, index, and retewmodels of typical solutions,
components etc in DS has become critical in a watgge of CAD systems applications,
including indexing schemes for large component meges, access methods for “smart
catalogues,” and for performing searches throughbdeses and on the Internet.

In solving the referred tasks we are interestedsatving the following related
problems:

» given a set of characteristics for what kinds afducts and components we are inter
ested in, how to retrieve suitable models frongsdesn database;

» given a collection of models of products and congmig, it is necessary to estimate
which ones are similar to each other and how amaite they;

* management of the content of the case-base tactaki uncontrollable increase of the
case base.

To show how the proposed technique might be usefid, describe a specific
instantiation of proposed approach in a prototygstesn for design of technological
equipment. Technological equipment design is a ¢exngnd highly experience-dependent
task.

Nowadays, it is necessary to integrate differeftixare tools that are used during the
design process in order to efficiently support geseams.

CAD systems require in many cases dynamic solutsors learning and adaptation
mechanisms. A CBR system can be used by itsels @nabedded part of a CAD system.
CBR systems are especially appropriate when thesrtilat define a design knowledge
domain are difficult to obtain or the number and tomplexity of the rules affecting the
design problem solution are too large.

Computer aided design of technological equipmeatpsomising application field for
case-based reasoning. The fact is that much opewnt (fixture, die, etc) designs are not
very different from what has been done in the past.

CBR does not require the obvious model of a dataaile. The given model is shaped
in process of accumulation of knowledge of the giwata domain, that largely easies
process of eliciting of knowledge being extremenplementation of model and requiring
of high proficiency of the implementations and qugng many years. The process
of definition of a similar decision is reduced ¢®ntifying present arguments.

But for a successful operation first of all it isa@ssary to determine:

* an indispensable and sufficient list of the attr@sudescribing the given process which is
capable to determine from a present knowledge dlagecisions - a similar decision.

» to elaborate dynamically modified classifiers ofadaf arguments,

» to use methods of the database for a storage aimaition,

» to foresee a process of self training with acgisiof new knowledge.

One of the major stages of applying CBR is develapinthe architecture of case
library. The difference of the data base of thevimgs solutions from case library is
indexation of these solutions.

A case library can be organized in various formshsas a linear list of cases, a
hierarchy of classes of cases and other form$idrésign of a case library, three important
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issues must be addressed before any implemeniatattempted; they are case index, case
representation, and retrieval strategy.

The case library consists of a number of predefcesks. Case representation is one
of the most important issues in case-based reagoiny case in the case library is
composed of design feature description and thegdespace model. The building
a qualitative DS model is very important.

The DS model is based on the product decompositioich represents the product
family breakdown structure in terms of product fiime and entities (product components).
Such a model must provide a representation of thdygts in a variety of forms to satisfy
the needs of different users.

The next step is to create the 3D parametric modélsproducts and their
standardization components using instruments auail@he kernel system — SolidEdge and
MechSoft). The example of description of variableshown in Fig. 4. All the external
variables are represented and stored in Exceldabléferent types of 3D models of parts
are realized using the abilities of SolidEdge tppess features and to store new types
of models in the library.

When 3D models products are created and includéldeidatabase, it is necessary to
use “Group manager” of MechSoft system to join ¢heemponents in the functional
groups. It is necessary to make a link betweerdilnension difference modules (parts) as
shown in Fig. 2, in which we can also see the wéea G-clamp assembling and
decomposition of this clamp unit.
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Fig. 2.3D parametric module (G-clamp) generalimdyroup of similar components and Force calcatati

The knowledge base contains different informatibawu products (such as for fixture
- basic locating methods (datum), clamping methemis et), programs of engineering and
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economic calculations, all production data comptmemd units of work-holder, such as
product cost, quantity, unit, supplier, availalilifrequency, and etc.

To solve the task of description a DShierarchic decision tree (schema) of feature-
based component representation is proposed. The root node represents the initialblpm
definition, a general description of a product fiznA child node can be obtained from its
parent node (functional or geometric feature) tgioa specifying the additional properties
or functions. The bottom level entities are thetitude of components that could be used to
construct the product.

The components of a product can be primitive (necednposable) or they may
consist different subcomponents and correspondragtsre.

To avoid the explosion of the number of decisione® (states) occurring when we
specify the DS of a complicated CAD system, twoetypf structuring techniques for are
adopted: one is calledAND decompositionfor concurrency, and other one @R
decompositiorfor clustering of alternative solutions (see Fig. 3
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4. CASE INDEXING

The choice of attributes for feature descriptioroie the most critical phases. The
representation of design cases requires variouselsideecause design content involves
topological, geometric, and physical properties agldtions between them. The eliciting
of an indispensable and sufficient list of theiltites and also their classification is the
most laborious problem which required high profiog of the designer in the given data
domain. With problems, bound with designing partl aheir manufacturing by most
relevant on our view are: classification of pams @assemblies, a material of parts, fidelity
of fabrication, critical dimensions, the cost, Hupplier etc.

Many classification schemes have been developeztibasthe idea, to capture critical
features of a product in an alphanumeric string, d&die. GT coding was intended to be
human interpretable and has caused some diffisuti@se these codes in CAD.

Some systems [3] used from 6 up to 16 digits tommse the index code that included
workpiece shape, machine portion, bushing, locatiegce, clamping device, material and
etc. But this system cannot be used for other tybpgsart. The total classification tree for
a family of products could be represented in stggtbp manner by composing the general
classification scheme for main functionalities gfraduct family and trees of components.

Two levels of abstraction are proposed: tlvactional hierarchy and for each
functional group of components thenstructional hierarchy of geometrical information.

The case index should be composed of all featurésegparts from different domain
area and dynamically changed. Therefore, we prapfml®wing structure of index.

We propose to use index separately for each attrilaccording to its structure.
1/3/1/...12

Where: / is a separator of levels of structure, digtt - number of a set in the given
level. These index are connected to file of pad anonce are filter by operation CBR for
selection of similar case. For the assemble usesea list of all parts.

Besides, an administrator of a system has capalwditthange structure of attribute
(add new alternatives of a set). On the bottomll¢ve list of specification statement
parametric data of a part is introduced, which @meconnected to the data table for
constructing family part in CAD.

5. NEURAL NETWORKS

Neural networks is the group of analytical methdmsed on (hypothetical) principles
of teaching intellectual beings and brain functingniand premising to forecast values
of some variables in new observations accordingthier data of observations after passing
the teaching stage according to existing data [8].

Neural networks are one of methods of so-callethetibn of the data.

Last years huge databases in which the informatfascientific, economic, business
and political character is stored are created. jBbr with similar bases the computer
technologies are developed, allowing keeping, aod visualizing the data, to provide fast
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access to them, to carry out their statistical @ssing. Considerably achievements in
development of methods and the programs, capalfied@ut in the data important, but the
latent information is smaller, however. Similaot trivial extractionimplicit, before the
unknown person and potentially the helpful information from the big databases also are
called as Data Mining or Knowledge Discovery. Walbklise further for the description
of this area of computer science term - knowleddemaetion.

Knowledge extraction uses the concepts developsdah areas as Machine Learning,
Database Technology, statistics and others. Jdbweity big databases demands efficiency
of algorithms, and discrepancy and, frequently,ompleteness of the data generate
additional problems for extraction of knowledgdlifrg of misses in databases is one of the
problems solved by neural networks. However, thenmakaim to neural networks always
was absence of an explanation. Extraction of rditesn neural networks means their
preliminary training. This procedure demands afdime for the big databases.

Let's consider one of methods of extraction ofsdtem the neural networks, trained
to the decision of a problem of classification [fis method refers thNeuroRule.

The problem will consist in classification of sordata set with the multilayered
perseptron and the subsequent analysis of theveztaietwork with the purpose of a
finding
of the classifying rules describing each class.

6. ALGORITHM OF KNOWLEDGE EXTRACTION

Let A designates a set from N properties,,...,4,,, and {a}- set of possible values
which can accept propertys.We shall designate through C set of clagses.,...,c,.

For training sample the associated pairs vectorsemfance and target values
(ag,...,amci), wherec; € C.

The algorithm of extraction of classifying ruleslides three stages:

* Training of a neural network.

On this first step two-layer perseptron trains orraning set down to reception
of sufficient accuracy of classification. We shabsume that the training data set is
necessary for classifying on two classes A anchBhis case the network should contain N
the entrance and 2 days off neurons. To each e$etathere will correspond the following
of activity of the days off neurons (1,0) and (0,The suitable quantity neurons in an
intermediate layer, generally speaking, cannotdiaed beforehand - their too big number
conducts to conversion training while small doesprovide sufficient accuracy of training.
All methods of adaptive search of humber neuronanrnntermediate layer share on two
classes, according to that, from small or big numim¢ermediate neurons will start
algorithm. In the first case, in process of tragnin a network are added additional neurons,
in opposite - after training there is a destructiexcessive neurons and connections.
NeuroRule uses last approach so the number intéateedgeurons get out big enough. We
shall notice that NeuroRule destroys as well slpeus entrance neurons which influence
on classification is not enough. As function of ihaaiion intermediate neurons the
hyperbolic tangent so their conditions change iméarval [-1, 1] is used. At the same time,
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function of activation of the days off neurons erai's function (conditions in an interval
[0, 1]).
* Filtration of a neural network.

The trained neural network contains all possibleneetions between entrance neurons
and neurons on the latent layer, and also betwastrahd target neurons. The full number
of these connections is usually so great, that fitweranalysis of their values it is impossible
to take foreseeable for the user classifying rufd#ation consists at a distance excessive
connections and neurons, not resulting to increase@ mistake of classification by
a network. The resulting network usually contairlgtie neurons and connections between
them and its functioning gives in to research.

* Extraction of rules.

Even if the parameters describing attributes o$sifaed objects represent continuous
sizes, for their representation it is possible $e binary neurons and a principle of coding
such as the thermometer. At such way of codingatka of change of parameter shares on
final number of M of intervals and for represerdatiof all values lying irm interval the
following condition of M binary neurons is used

At this stage from a neural network the rules akem having the form

if {a100:} andu (a,00,) and ...and (a, @ q,) theng;. ,

where dy,..-,gn, CONStants,

O - the operator of the relation (=> <,> <)

It is supposed, that these rules are obvious enatigheck and are easily applied to
the big databases.
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Fig. 4. Extraction of rules

Let's mention even one procedure which is carrigdab extraction of knowledge from
neural networks - correction. Similar operation b@sn offered Weigend and colleagues and as a
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matter of fact is used in parallel with training. [Blybrid use of training and correction of the
data carries nam€LEANING (CLEARING+LEARNING). The given procedure includes
ascending process of training at which the datagldaonnections in a neural network and
descending process in which the neural networkggsathe data on which training is made.
The offered technique allows to form ,if then”esldynamically (Fig. 4).

7. CONCLUSION

The proposed approach is intended to be genethéisense that the same basic ideas
and could be used in different engineering despgplieation domains. The purpose of this
approach is to construct a reasoning model, whi@pplied to the evaluation of mechanical
designs. General mechanical design systems alwdgpt & design-evaluation-redesign
procedure. Analysis and evaluation are requiredaioclude whether a design concept is
satisfying or not, so evaluation is an indispensaglalrt in intelligent CAD systems.

However, the information represented for designyels as the criteria for judging the
similarity of design is heavily domain-specific. A& example of a particular application
domain, we have focused on fixture design.

In the development of design space for fixture gietiie greatest difficulties arise at
a formulation of conditions of a choice of decigonThe information received from
gualified experts, should be written down diregtiyprograms. In this case it is static and
does not take into account accepted decisions exatpn design space for fixture design.
Application a neural network allows not only to ghet the accepted decision, but also to
take knowledge from databases.

The offered technique allows to form ,if then” esl dynamically. The considered
algorithms of knowledge extraction are realizeddbyelopment of invariant nucleus design
space for fixture design. The neural network isagkbbox to which can ask questions and to
receive from it answers and explanations.
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