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COYETAHHME ITPOCTPAHCTBEHHBIX T'PAMMATHUK U TEOMETPHYECKHUX
MOJIEJIEN: TEHEPAIIUSI, TIPEOBPA3OBAHUS 1 COMOCTABJIEHUE

This proposal introduces combining space grammard geometric models, a formalism for generation [em
models of rigid solid objects. Solids are repredantheir primitives with coordinate position. Labehay be associated with
any of these elements. Rules match conditionssofid or collections of solids and may modify thencreate additional
solids. A grammar uses an initial solid and a detues to produce a language of solid models.

Unary operations are introduce to ensure the vaidif the representations. These operations takdefsahat may
have self-intersections, interpret the models aterang the given geometry and face orientationsl, produce valid models.

188



TEXHIYHI HAYKU TA TEXHOJIOTIi Ne 2 (2), 2015

TECHNICAL SCIENCES AND TECHNOLOGIES

The proposed formalism has been implemented. Grasnthat have been demonstrated that generate siggdenetric
forms, more extensive grammar generate engineeiétajls.

Key words: space grammar, geometric models, engineering desig practice.

3anpononosano noeonanHs NPOCMOPOBUX epamamux i 2eoMempuyHux mooenel, PopmanbHuli onuc eemepayii CK1aoHux
Mmooerneti meepoominux enemenmis. Tina npeocmasneni ceoimu npumimueamu 3 y32000ceHum po3mauty8anuam. Iloznauenns
Mooicymb 6ymu nog’ azani 3 6yob-aKkum i3 yux enemenmis. Ilpasuna inmepnpemyioms cman enemenmy abo ix cnonyyenus i
Mooicymb ix nepemeopiogamu abo cmeoproeamu 000amKosi eiemenmu. I pamamuxa uKopucmogye nepsichull eilemenm ma
Habip npagu 01 YMEOPeHHs MOBU MEEPOOMINO20 MOOETIOBAHHS.

Yuapni onepayii 6600ssmocs ons 3abesnevennss docmogipnocmi npedcmagnens. L{i onepayii npuiimaioms moodeni, sAxi
MOACYMb NEPEMUHAMUCSL, NPEOCMABIAIMb MOOEN 3 YPAXYBAHHAM 3A0aHOI 2eeomempii 1l opienmayii ma cmeopowms npasu-
JbHi modeni. 3anpononosanuil popmanvhull onuc peanizosano. Ilpodemoncmposani epamamuxu 2eHepyions npocmi ceome-
mpuuni ghopmu, OinbUW CKIAOHI 2pAMAMUKYU 2EHEPYIOMb THHCEHEPHT 0emali.

Kniouogi cnosea: npocmopogi epamamuxu, 2eomempuyni Mooeni, injcenepre npoekmyants i NpaKmuKa.

Tlpeonooswceno covemanue NPOCMPAHCMEEHHBIX SPDAMMAMUK U 2COMEMPULECKUX Mooenell, PopmantbHoe onucanue eme-
Ppayuu cnodjcHulx Mooeneli meepoomenbHbix dnemenmos. Teaa npedcmagnensvl cGOUMU NPUMUIMUBAMU C CO2NACOBAHNHBIM PAC-
nonooicenuem. Qbos3nauenuss mocym Ovims ca3aHbl ¢ MOOBIM U3 dMUX d1emenmos. Ilpasuna unmepnpemupyiom cocmosmue
oneMeHma Uiy Ux covemanue u Moz2ym ux npeobpazoevieamuv uu co30a8amsv 0ONOAHUMenbHble dnemenmsl. I pammamuxa
UCNOIb3Yem NepeoHaYaNbHYII dNeMenm U Habop NPasul 0N NOAYHeHUs A3bIKA MEEPOOMENbHO20 MOOEIUPOBAHUS.

Yuapuwie onepayuu 6o0samca ona obecneuenuss docmoseprocmu npedcmagieHuti. dmu onepayuy NPUHUMAarom mMooeau,
KOMOopble MO2ym nepecekamucsi, NPeoCmagisAIon MoOelu C YUemom 3a0arHOl 2eoMempuy U OpUeHmMayuy u co30aiom npasu-
JbHble modenu. [Ipednoscentoe popmanvroe onucanue pearuzosano. IIpooemMoHcmpuposantvle epamMmamuri 2eHepupyiom
npocmule ceomempuueckie Qopmol, 6oiee crodicHble SPaAMMAMUKU 2eHEPUPYIOM UHIICEHePHbIE Oemal.

Kniouesvie cnoea:. npocmpancmeenmvle Spammamuri, 2eomempuieckue MoOoenu, UHICeHEePHOe NPOeKmuposaHue u
npakmuxa.

Formulation of the problem. The basic data in the training system of computaplgcs
are geometric models, because they help descripermgineering projects and construction
problems usually solved using geometric transfoionamodels. To date, not yet fully
evaluated spatial modeling capabilities in techggltraining and retraining for the design
and production engineering, and for their operaind maintenance.

The presentation of knowledge we understand a fsetethods, formal languages and
specialized tools that allow professionals subj@aa to determine a way to solve the
problem. Variants of knowledge presentation focusedhe description of the subject area
and are intended to address the problem of attgasipecialist subject area in the process of
developing automated systems. Design procedurescegated by experts specialized
knowledge representation languages and using tbks tocluded in the final software
program or turn to the defined programming language

Knowledge representation languages should be sindldahe description of the subject
area presented in reference books available foerstehding and relevant experts. In the
process the problem is solved and simplified itsmiization. Formal knowledge
accumulated in an accessible form for reuse. Knidbgderepresentation allows to isolate
application problems of development and structdreasks related to programming. Subject
area specialists and programmers can work on ngean automated system in parallel.
Simplified support ready automated system.

Thus, one could argue that the development andemmgahtation of tools for synthesis,
modifying and comparison of geometric models, idelg computerization system for
engineering education is relevant and promisingeaeh due to the trend towards
individualization of learning and efficiency of ezhtion.

Recent research and publications. Recently, much attention should spatial grammar,
languages which are set spatial figures, and netdimensional strings. In particular, Mr.
Wang and W. Hrosky [4] examined the relationshipMeen the classical structural models,
parallel spatial grammars and programmable pargieinmars that have sufficient capacity
both in theoretical and applied aspects. They wevestigated general features like the
generation of space using spatial grammars defsteactural model of parallel spatial
grammars and programmable parallel grammars. Baynsaues in this area remain open.
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The purpose of the article. Given the advantages and disadvantages of traditio
languages and languages of artificial intelligenseproposed to implement specialized
language that uses the principles of artificiaklijence declarative languages and sold in
object-oriented languages. Designed we should itatkeaccount the specific representation
of geometric models.

About Constructive Solid Geometry (CSG). A CSG model is based on the topological
notion that a physical object can be divided insetof primitives (basic elements or shapes)
that can be combined in a certain order followingetiof rules (Boolean operations) to form
the object. Each primitive is bounded by a setwfaxes; usually closed and orientable. A
CSG model is fundamentally and topologically diéier from a B-rep model in that the
former does not store explicitly the faces, edgas] vertices. Instead, it evaluates them
whenever applications’ algorithms need them, ggneration of line drawings. The concept
of primitives offers a different conceptual way tbfnking that may be extended to model
engineering processes such as design and manufigctut also appears that CSG
representations might be of considerable importdocenanufacturing automation as in the
study of process planning and rough machining diggrs

The modeling domain of a CSG scheme depends orhdlespaces that underlie its
bounded solid primitives, on the available rigidtmmo and on the available set operators. For
example, if two schemes have the same rigid madioth set operations but one has just a
block and a cylinder primitive and the other hassthtwo plus a tetrahedron, the two schemes
are considered to have the same domain. Each haplanar and cylindrical half-spaces, and
the tetrahedron primitive the other system offergist a convenience to the user and does not
extend its modeling domain. Extending the solid eliomgy domain to cover sculptured
surfaces requires representing a “sculptured” siadfee and it is supporting utilities.

Primitives themselves are considered valid “off-¢helf” solids. In addition, some
packages, especially those that support sweepieg@tpns, permit users to utilize wireframe
entities to create faces that are swept laterdatersolids.

There is a wide variety of primitives available aoercially to users. However, the four
most commonly used are the block, cylinder, cond sghere. These are based on the four
natural quadrics: planes, cylinders, cones, andrggh These quadrics are considered natural
because they represent the most commonly occustnigjices in mechanical design which
can be produced by rolling, turning, milling, cagidrilling, and other machining operations
used in industry.

From a user-input point of view and regardless spacific system syntax, a primitive
requires a set of location data, a set of geome#tia, and a set of orientation data to define it
completely. Primitives are usually translated amdratated to position and orient them
properly before applying boolean operations.

For interactive process geometric 3D-modeling b®dienvenient to use mathematical
logic operations (Fig. 1):

— Union AL B; this operation brings together two solids int@ @md removes areas that
intersect or overlap;

— IntersectionA N B; this operation creates a solid that contains timbyintersection of
two solids;

— SubtractionA \ B ; this operation allows you to remove one of thidsaand any solids
intersection.
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Fig. 1. Operations with solids:
a —position of solidg andB; b — union AlB :c — intersectionA N B; d — subtractionA \ B

Grammar modeling. Proposed language representation of geometrieredria models
described grammar{G= (E, A, x :: =y, S), where E — finite set of mlents; A — finite set of
operations; x :: =y — finite set of inference 8JI& — geometric patternsi{B).

In the simplest case, the transactions volume Bod#hdrawal rules are presented as
follows [1]:

<model> :: = <item> | <model> <operation> <item>

<operation> :: =1 | n |\

Further expansion resulted grammar is adding
special operations modeling, including ti
establishment of membranes, chamfers, fille
ribs, arrays and other elements. In gene
modeling grammar ambiguous or non-determine

Tree Grammar output simulation mod
defines a tree or wood constructions of t
product. The root object tree — model part
product. Components assembly unit — parts
assembly units — are independent model. E
leaf in this tree corresponds operand, and e
parent node — operation (Fig. 2).

The nodes of the tree is the real body and
relevant parameters.

Presentation models as binary trees (dec
not more than two) can effectively perform tr
most common operation — rebuilding model.

Fig. 2. The tree of output modelling grammar
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Figure 3 shows a typical solid and its buildingtives. This solid can be built following
the steps below:

B, =block positioned properly )
B, =block positioned properly

B, = block

B, =B, moved properly in the X direction
C, =cylinder positioned  properly

C,=C, moved properly in the X direction

> Primtives’ Mbﬂ-m- 5

5,=B, u* B,
S,=S5, u* C, Construct left half
§;=5, v* G
S,=8, us B,)
S;=C, u=* S, Construct right hdalf
S =C, v* §;]
S=8 us* S,}Model
~ . c
B: B4
y
B, | B
X
7 (a) Typical solid (b) Pomatrves

Fig. 3. A typical solid and its building primitives

A CSG tree is defined as an inverted ordered bitrag whose leaf nodes are primitives
and interior nodes are regularized set operatibne.creation of a balanced, unbalanced, or a
perfect CSG tree depends solely on the user andHedshe decomposes a solid into its
primitives. The general rule to create balancedstris to start to build the model from an
almost central position and branch out in two ojgpasirections or vice versa. Another useful
rule is that symmetric objects can lead to perteses if they are decomposed properly.
Figure 4 shows a perfect CSG tree (a) and an umbal@SG tree (b).
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Fig. 4. CSG trees: a — of a typical solid; b — ulsveed CSG tree

L anguage of moddling. Language L, based on grammar GT = (E, A, x :: S)yis designed
to create knowledge bases saturated engineeripgigsaThe author realized modeling language
means creating models interpreted in the form phegion by means of Pascal among Delphi
Borland. The basic operation of the language isvatgnt modify models.

In the unformalized form equivalent transformatitakes place, for example, in the
recording when combining commutativity law in therrh a+b=b+a. Equality of
variables is called a model and reflects the itdiset of equations, if the variables in place to
substitute an item (Fig. 5).

a b b a

Fig. 5. The set of equations when use the Union

Conclusions and suggestions. The developed formal models comparison processes of
structural transformation and geometric models,ctvlénables create dynamic knowledge
base. Created structure of the learning process@sning disciplines and developed tools for
creating graphics and control tasks.

The practical significance of the results is inateean effective information resource
formation technology computer aided teaching ereging disciplines based on the
developed methods and software. Information tedgywlimplemented in universities of
Ukraine and used in the study of engineering disep.
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