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The rough information system is applied in order to structuralize knowledge about casting defects and their reasons,
which are faults or lacks of precision in the course of technological processes. The system is fed up with information ex-
tracting from Polish, French and Czech standards. The query language and algorithms of the rough sets theory make the
knowledge a reach and easy to use source supporting technical assessments and educational activities of various kinds.
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1. INTRODUCTION

Research at Foundry Research Institute in Cracow
dealing with development of Information System for
Foundry Industry — INIFOCAST [1, 4] embraces,
among others, enriching the palette of representation
methods of knowledge stored in the system. As a con-
sequence, new ways of application of the knowledge
arises that make stronger the system supporting power
in the field ol assessments and educational activilies.

Although rough sets theory was invented over 20
years ago [5], it has not caused such avalanche of ap-
plication attempts and rcal applications as c.g. fuzzy
scts theory or artificial neural networks. Nevertheless,
it can be noticed that the rough sets create a sound
hase for acquisition, processing and interpretation of
incomplete and rough knowledge. So called engineer-
ing knowledge, dealing with engineering practice es-
pecially, has such characteristic very often.

The presented article reports an idea how to struc-
turalize knowledge about casting defects and their
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reasons, which are faulls or lacks of precision in the
coursc of technological processes. Original sources of
the knowledge are ohservations and analyses of gen-
erations of technologists gathered and published in
the form of national or European standards. Because
the standards in the subject are in fact generalization
of experience, it occurs that an attempt towards for-
malization points at the rough information system as
a means.

The article is organized as follows. The next sce-
tion provides a reader with some definitions and ideas
of tough sets theory necessary to show (in section
3) how knowledge included in the standards can be
translated into a rough information system. As such
system is armed with a powerful query language,
the knowledge structuralized this way can be flexible
viewed, whal can produce semi-products for various
kinds ol the experts’ aclivities. Section 4 illustrates
with examples how he queries are [ormulated, calcu-
lated and evalualed (query resulis are obviously rough
and the “roughness” can be calculated also).
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2. ELEMENTS OF ROUGH SETS THEORY

The [irst articles aboul rough scls were issucd as
carly as at the beginning of cightics of the last century
[5], but wider interest in this theory crowned with the
varicty of applications can be observed only during
the last decade. Notions and definitions of the theory
quoted bencath are chosen as necessary to present ap-
plication of it in formal representation of knowledge
aboul casting defects. Such the idea is not reported
vel in the available lileralure.

As a point of departure the well-known, in various
ficlds of computer science now, structure of informa-
tion deseription is taken: O — A — V' (objecr-attribute-
value). Interpretation of the above formula is as fol-
lows. Having set of objects () and describing them sel
ol altributes A, some value 13 is ascribed (o each pair
(0. a;) of Cartesian product O x A. Possible values
2; € V; lorm a set for attribute a; and the union for
all attributes gives sel V.

About thirty years ago, this information description
allowed for delining information system S as an ag-
gregale

S={0, AV, f:0xA—V}) (1)

where all sets are finite and f is a complete function
called an information one. Due to this, f can be given
in the form of a table.

A considered feature of information systems is
ahility to classify. Rules of the classification are for-
mally introduced by an equivalence relation or, which
occurs to be more precise here, indifference relation
of objects,

Inditference relation R is defined as follows

o; R o, = [0, Ctj): o, Ct.j)

i 2
05,0 €0, a; € A )

Two objects are indifferent (are in relation A), if val-
ues of all their attributes are equal respectively. The
indifference relation can he defined also with respect
to a restricted subset of attributes or even single one.

Among others, the indifference relation given by
{2) is used to define the so-called representation of an
information system, which is formulated with respect
to the equivalence classes of K, not to objects them-
selves.

In relation to an information system a little beat
more complicated situation is considered also. It is
assumed that some objects are represented in the sys-
tem ambiguously. Although in the reality they are

fully characterized by exact valucs of their attributes,
information lunction J is able o produce just sets of
values, which form a kind of approximation. It is cer-
tain that each sel comprises the appropriate single real
value.

In that casc an information system becomes rough
one and the difference with respect (o (1) consist in
the definition of an information function, which turng
to be

(0j.a5) e O x A Hp(VI) > {r}, LS. 3
DU U €V

Summarizing, rough information system S is defined
as

S=(0, A V. [) ()

where f is a rough information function (or attribute
table).

As the conscquence of acceptance of rough de-
scriptions, S loses its ability to classify real objects
in the sense of (2). The essence of rough scts the-
ory dcals with the above situation. The cxact clas-
sification, which is carried out with respect to the
well-defined sct of attribute values for cach class, 1s
replaced with special inference that is based on the
lower and upper approximations of the equivalence
classes. The problem of formulaling and calculaling
queries in rough information systems, which is cen-
tral for the application reported in the paper, is of this
kind.

An appropriate query language is defined for sys-
tem S. Do not going into derails, the following terms
are introduced syntactically and semantically: de-
scriptors of the form (a0, U7), 17 C V), classic logical
operalors, constant terms lor true and false and spe-
cial operators of lower and upper approximation of a
term — C, (', respectively. Compound terms are con-
structed from descriptors joined with operators in a
usual way. Processing of terms can be done based on
the definiticons and axioms ol the language.

One can notice that the use of a descriptor with a
rough atiribute of more then one elementary values
relates to objects in the system (rough descriptions, in
fact) not in the reality. The reality is not rough.

‘Two key definitions show what can be derived from
information stored in S. The lower approximation of
term C'(a, {7) has the following interpretation

as{Cla, U))={oe O

- 5
D flo,a) CUCV, ), acA ®)
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It is a sct of objects that have the given attribute de-
scribed in the system exactly, thus they are such “for
sure”.

The upper approximation of term C'(a, {7} is inter-
preted as follows

os(Cla,UY) —{oc O ®)
C floayNU £, UCV,}, acd

It is a sel ol objects that have (he given alribule de-
scribed in the system roughly, thus it is only possible
that they are such.

It can be easily checked that og(C{a,lUV)} C
as(C(a,U7}), thus a following ratio called preci-
sion ol the described above approximation is defined
soundly as long as o5 (C(a, 7)) £ @

card(os(C{a. U)})
ig{{a, 7)) = — 7
uslla:17)) card{ag{C{a, 1)) ()
The sketched above approach shows how to calcu-

late queries in a rough information system together

with cvaluation of their accuracy (0 < pg((a, 7} <
1).

In the [rame of rough sels theory a plenty of inter-
esting notions and features are defined and analyzed
also. All that stuff is neglected in this short introduc-
tion, becausce it occurs to be unnccessary for an appli-
cation that is presented next,

3. ROUGH SETS AND KNOWLEDGE ABOUT
CASTING DEFECTS

In order (o construcl an informatlion syslem
that will process knowledge about casting defects,
domain-oriented definitions of the elements of aggre-
gate (1) or its rough counterpart is needed.

Objects in the reported approach arc casting defects
represented by their names. A part of the setlooks like

O — {crack, serateh, crevice, wrinkles, ...} (8)

Definition of an attribute set, which in this case
represents features of the considered casting defects,
is donc to some cxtent arbitrary, but accordingly to
knowledge, which engineers could gather in the past
and, which can be found in published standardizations
and catalogues now. As typical ones the following
features can be enamerated here

A — {type, location, severity, shape, ...} @)

Some problems had to be overcome with respect o
valuation of these attributes. As reasons the following
can he pointed out:
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s assignment of numerical values for majority of
attributes is impossible (the above cxamples il-
lustrate that);

e cven if it is theoretically possible to give a num-
ber (e.g. number of damages), engineers preler
to use linguistic characterization (e.g. single, not
RUINEroUs),;

e use of too wide spectrum of linguistic descrip-
tions can cause ambiguities and misunderstand-
ings (there is lack of standardization of such de-
scriptions).

In characlerized above cases sets ol values for at-
tributes have been conslructed somewhat arbitrary.
Linguistic values are partly proposed by the authors
and can be seen also as a kind of experiment lead-
ing to common terminology in the field. For attribute
shape the following valucs arc taken

Vs — {regular, narrow, zigzagged, oval, ...} (10)

Starting from the already presented assumptions, a
rough attributc table 1 (and, in turn, the rough infor-
mation system ;;‘) which puls Logether inlormation
aboul casting delects is constructed. The table con-
sists of several dozens of objects {casting defects) de-
scribed by 18 atiributes. l'or the sake of editorial rea-
sons, just a part of the table is reproduced in the paper
(see table 1),

It 1s worth to mention that the table, besides infor-
mation obtaincd from the Polish standards (PL) [6].
comprises description of casting defects based on the
L'rench (19 [3] and Czech (CZ) [2] sources. Combi-
nation of these three descriptions allows for analyz-
ing their mutual conformity and, in consequence, in-
tegrating them with respect to some defects or their
groups (e.g. imernal or external defects, defects of
shape) in order to create the common ontology. The
ontology could not only produce possibility of trans-
lation among these sources but point out issues inpor-
lant for more complete and coherent casting knowl-
edge as well.

From the point of view of the rough sets theory the
table can be regarded as the representation of a virtual
(non-existing but possible) rough information system
that gathers all possible cascs of casting defects. The
representation has been obtained as an cffect of anal-
yses carried out by boards ol experts preparing the
standards, not in the way of the formal procedure de-
fined by the theory.
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Table 1. Rough atrribuie table about casting defects (a part)

‘ Name | H a1 - type | @y - spread ‘ aq - location | @y - severity an - shape &g - process stage
Cold cracks PL 2} vy - crack oy - local gy - surface 247 - single w51 - regular vg1 - (ransport
w1 - scratch wgo - interior V5o - NAITOW vgn - knocking out
vgs - fettling
Cold cracks CZ | o9 w11 - crack v21 - local g - surface ©q1 - single £51 - regular vp3 - fettling
v - walls 54 - Zigzagged w54 - casting cooling
Cold ¢racks I’ oy v11 - crack wuq - local w1 - surface ¢41 - single w51 - regular s - transport
van - extended 050 - NAITOW vg2 - knocking out
Hot cracks PL 04 v11 - crack vay - local vay - surface a1 - single 059 - DAITOW vg2 - knocking out
Ty - CTevice vyo - interior w4y - ramified w33 - vigrageed g4 - Casling cooling
vgg - walls vgy - designing
Hot cracks CZ oF vl - crack vag - clustered | wgo - interior ¢4] - single v, - regular v - transport

g2 - knocking out
vsa - fettling

Hot cracks F 0g 013 - crevice vq - local wgy - surface ¢41 - single vy - regular vga - knocking out
wyo - INCrior vps - desioning
Folds PL o7 v13 - CICVICE vy - local vy - surface v4] - single v5y - NAITOW vps - desioning
v5.4 - rounded edges 5 - pouring
Folds /. [ ©1.4 - wrinkles vay - local w31 - surface Y43 - NUMErous | wvso - Darmrow 54 - casting cooling
v15 - washes wag - walls v54 - rounded edges gy - designing
#gp - pOUTING
l'olds ¥ 0g v13 - CTevive w0 - exlended vy - surface Va3 - NUMErOUS | 39 - NATOW g5 - designing
w34 - subsurf. v54 - rounded edges | wvgg - pouring
Surtace 010 vl - [ECEss vy - local vy - surface vq] - single vy - oval vge - pouring
blowholes PI. wyr - cavity 43 - NUMETOUS | 54 - spherical g+ - sund preparation

vss - metal degassing

Analyzing from the wider perspective possibilities, observed thal the system under consideration is big
which rough sets theory application opens, one can enough (0 make unsupporting inference impractical,
conclude that obtained knowledge representation has while some (mainly logical) calculations imposed by
interesting expression power. In details, it allows for: the proposed approach can be done even “by hand”.

In order Lo give some illustration here, two exem-
e spccifying similaritics and differences between
descriptions of defects that makes casier recog-

plary queries are calculated and discussed below.
Query 1. Which objccts (delects) are of type
crevice and arc causcd by improper pouring or a fault
in the process stage of designing?
In terms of the system the query is translated into
compound term t1 of the appropriate language

nition of them;

e grouping defects according o causcs of their
arising that helps diagnosis of defects and point-
ing at critical operations of a technological pro-
cess; f1— (ar, {vis}) - ((as, {vsa}) + (as, {vest))

- . s . . N — U, 13 y) - (s, 1Pe5, Vie
e inlegraling domain information coming [rom (ax, {fona}) - (a5, {vs, Vo)
different sources: Because the system is rough, all what can be calcu-
lated are the lower and upper approximations of #;.

(11)

s constructing a computer tool, which could carry
out a dialog with a user in the framework of tech-

Using axioms of the language, the approximations
are, respeclively

as{C(t1)) ={0s, 07,00} N {or,00} = {07,00}
4. ADVANTAGES OF THE STRUCTURALIZA- 7s(C (1)) ={04, 06, 07, 00}
TION M{04, 0s, 07, 0%, 00, 010} (12)
—{04,08,07,00}
Structuralization of knowledge aboul casling de- sty — %
feets in the shape of the rough information system
described in the previous section (sce table 1) has

nical assessments or educational aclivities.

The results (12) can be annotated in the following
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way:
interesting advantages.  They consist in possibility y

to formulate even very complicated queries that an- o defects folds PIL and folds F have certainly fea-
swer to important practical problems. It ought to be tures described by the query, while these features
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can be possessed at most by defects fot cracks
PL and hor cracks F; the rest of the objects do
not shar¢ these features surcly;

e conformity between the Polish and I'rench stan-
dards with respect (o the delects under consid-
gration can be observed, while Czech ones com-
prise a bit dilferent descriptions ol them.

Some information about contormity hetween the stan-
dards represented in the system have been obtained
“as a byproduct” here. The conformity can be an-
alyzed with a help ol especially [ormulated queries
like: Which delects have the same values ol atlribules
in the Polish, French and Czech standards?

Query 2. Which defects located at the surface are
caused by improper pouring or a fault in the process
stage of designing?

Query s corresponds to the previous one, is a mod-
ification obtained by exchanging attribute ¢ with a3

lo — (s, {va1}) - (as. {vss, Ves }) (13)

Calculations for this case are as follows

as{C(t2)} ={or} N{or,00} = {or}

os{City)) —{o1, 09,03, 01,05, 07,08, 09,010}
N{04, 04, 07,08, 09,010} (14)

={04, 05,07, 08, 09,010}

psitz) = §

Comparing results (12) and (14), a more general con-

clusion can he derived. The defects are better charac-

terized by auribute ¢q than as. Values ol pg show it

distincly.

The above exemplary querics do not cover all pos-
sibilities of the proposcd application of rough scts the-
ory. But, it scems that a reader may feel convineed
that:

e knowledge base in the form of a rough auribute
table is a reliable and operational representalion
of knowledge aboul casling defects included in
appropriate standards, here Polish, French and
Czcech;

e algorithms of the theory make the knowledge a
reach and easy (o use source supporting technical
assessments ol various kinds.

5. CONCLUDING REMARKS

The idca of rough scts theory as a means for struce-
turalization of knowledge about casting defects has

been presented in rather concise form. The authors
have tried to show that such application creates differ-
ent, but equally interesting possihilities in comparison
with rule-hased systems, which are widely regarded to
be a “natural” way of reusing of the experts” knowl-
edge.

As a key factor in the subject, expression power of
the query language, which is available for such struc-
turalization, must be underlined. In conscquence, it
can supports a rcach bunch of assessments with re-
spect to not only single issues of the field — as it
has been illustrated with the examples — but subsets
of defects, (heir attribules and reasons as well, Tt is
foreseen thal, among others, the second approach can
lead to the specific kind of synergy, which can arise as
an effect of integration of knowledge covering similar
domains but coming from different scurces.

Closer identification of the second thread leads to
the following indications for the future. It would be
valuable to embrace, possible all, sources of informa-
tion (at least available standards) and to computerized
the proposed approach becausc the system will casily
cross the border of manually realized calculation.
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STRUKTURALIZACJA WIEDZY O DIAGNOSTYCE
WAD ODLEWNICZYCH OPARTA NA TEORII
ZBIOROW PRZYBLI'ZONYCH

Streszczenie

Koncepcja przyblizonego systemu informacyjnego zostala
zastosowana do strukturalizacji wiedzy o wadach odlewow i ich
przyczynach, ktérymi sa najczesciej biedy lub niedoktadnosci
popelniane w trakcie procesu technologicznego. System zata-
dowany jest informacjami pochodzacymi z polskich, francu-
skich i czeskich norm. Jezyk zapytan i algorytmy teorii zbioréw
przyblizonych udostgpniaja t¢ wiedzg stanowiac bogate i tatwe
w uzyciu zrodto wspomagajace ekspertyzy techniczne i dziatal-
no$¢ dydaktyczna roznych rodzajow.
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