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Abstract

Data exchange between CAD systems is an extremely important solid modeling concept, fundamental both for the theory of
the field and for its practical applications. The two main data exchange (DE) paradigms are geometric and parametric DE.
Geometric DE is the ordinary method, in which the boundary representation of the object is exchanged. Parametric (or feature-
based) DE is a novel method where, given a parametric history (feature) graph in a source system, the goal is to construct a
graph in the target system that results in similar geometry while preserving as much parametric information as possible. Each
method has its uses and associated problems.

In this paper, we introduce Geometry Per Feature (GPF), a method for integration of parametric and geometric data exchange
at the single part (object) level. Features can be exchanged either parametrically or geometrically, according to user guidelines
and system constraints. At the target system, the resulting model is represented using a history tree, regardless of the amount
of original parametric features that have been rewritten as geometric ones. Using this method we maximize the exchange of
overall parametric data and overcome one of the main stumbling blocks for feature-based data exchange.

Categories and Subject Descriptascording to ACM CCS) D.2.12 [Interoperability]: data mapping; 1.3.5 [Computational Ge-
ometry and Object Modeling]: Breps, CSG, solid, and object representations, geometric languages and systems; 1.3.6 [Method-
ology and Techniques]: graphics data structures and data types, languages, standards;

1. Introduction graph in a source system, the goal is to construct a graph in the
target system that results in similar geometry while preserving as
much parametric information as possible. In [Rappoport03] we
have given an overview of our UPR solution to the FBDE problem.
The STEP parametrics group has some open proposals for FBDE

Data exchange (DE) is a central problem in geometric and solid
modeling. It is important in practice because it is the major way
for achieving interoperability [Rappoport03]. It is important for the

theory of the field because it sheds light on how representations
can be well defined and because it is a representation conversion

problem.

The established approach for data exchange, both in theory andlc
in practice, is geometric DE, where the boundary representation
(Brep) of the object is transferred from a source to a target sys-
tem. The dominant way to do this today is through the STEP, IGES
and VDA standards [Bloor95]. Geometric DE is rather reliable, al-
though in many cases it results in non-solids (unstitched bound-
aries) due to geometric tolerancing problems. However, its main
drawback is the fact that it does not support today’s most com-

(parts 108 and 55).

FBDE retains design intelligence, allows modifications at the re-
eiving side, and potentially avoids the geometric tolerances prob-
em. On the other hand, it is not always technically possible to suc-
cessfully exchange every feature (see the next section for an expla-
nation of how our architecture handles this issue). Geometric DE
usually works; however, when stitched solids are desired then suc-
cess rates drop, modifications are very difficult to do, and design
intelligence is lost. It is thus desirable to integrate both methods in
the same system.

mon design paradigm, feature based design, and hence is lacking What does such an integration mean? The whole discussion in
in terms of its support for collaborative engineering. this paper is at the single part level, which is where the real chal-

All modern CAD systems are based on the feature based (FB)
design paradigm, also called parametric design and history base
design [Hoffmann93]. Feature based data exchange (FBDE) is thus
highly desirable. In FBDE, given a parametric history (feature)

T Proficiency Inc.

lenge lies. Integration at the assembly level is an architectural,
aworkflow issue. At the part level, integration means that every fea-
ture (or every feature sub-tree or sub-list) could be transferred to
the target system either as features (parametrically) or as plain ge-
ometry (non-parametrically). In Sectidhwe will give a formal
problem statement.

In this paper we present a general concept, Geometry Per Fea-

1 The Hebrew University of Jerusalem and Proficiency Ltd. ture (GPF), that achieves such an integration, along with algorithms
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for implementing it. First we give a general background of feature read data to and from the UPR. Each feature has a unified data sec-
based design and of our UPR FBDE architecture. We then give ation and a set ofewrites.A rewrite is a different way of importing
precise problem statement, present three solution alternatives: deltahe feature that creates equivalent geometry. A rewrite may be a
solids (Sectiorb), delta boundary (Sectiog) and delta faces (Sec-  function only or a function with internal data.

tion 7), and show that under normal CAD circumstances the latter

. s . : Both the unified data and all the rewrites also steegifica-
is preferable. Implementation is discussed in Seddion

tion data,in order to identify success or failure of import. Usually,
rewrites are invoked when import success level does not match the

2. Feature-based data exchange desired geometric quality.

In this section we give a brief background on the feature based de- The import module flow proceeds stepwise, adding one feature at

sign paradigm and of our UPR feature based data exchange (FBDE)a time. This is in general the only alternative, because adding a fea-

architecture [Rappoport03]. ture requires attaching it to the existing solid, and this attachment
information may be dependent upon all preceeding features. When
selecting a method for importing a specific feature, the factor that

2.1. General background influences the decision the most is the set of operations available to

In the feature based design paradigm, the model is represented af1€ User in the target CAD system. After all, in FBDE the goal is to

a graph (or tree or list) of operations called features. The tree is transfer an operation to an operation or a set of operations. ‘I_'hat is,

sometimes called the *history tree’. Operations create new geome-& SOUrce operation is emulated by one or more target operations. It

try or modify existing geometry. Feature based design is basically 1S crucial to understand thg operation fepertowe of the target systgm

an extension of constructive solid geometry (CSG). The differences N order to select the possible emulations and sort them according

are that in FB design there are more operation types; FB providesto perceived model quality. The _avallal_alllt)_/ of t_arget operations or

associativity to parameter changes through persistent naming oflack thereof are central for the discussion in this paper.

boundary entities [Kripac97; Rappoport97]; FB design heavily re-

lies on implicit constraints (usually 2-D constraints and dimensions 3. |ntegrated feature-based and geometric DE: problem

in sketches); and FB design includes surface operations and objects, gatement

and is not limited to solid objects. The terms ‘feature’ and ‘opera-

tion’ will be used in this paper interchangeably. In this section we provide a formal problem statement and describe

motivating usage scenarios and their implications on the problem
Although the main point with the FB paradigm is that operations statement.

are parametric, FB systems also provide non-parametric operations.
In our context, a non-parametric operation is an operation that in-
troduces into the model a piece of fixed geometry defined indepen-
dently of the current state of the model, and potentially uses it in The problem we are dealing with can be phrased using the termi-
order to modify the model. Examples for non-parametric operations nology of the previous section as follows: implement a rewrite of a
include the orphan and patch operations detailed in the following feature F such that the resulting target model will be geometrically
sections. equivalent to the original (as much as possible), but will be purely
The goal in FBDE is to create a target model that is feature based 980metric and will not contain any parametric, feature based infor-
as well, using features that are as similar as possible to the origi- Mation on featuré. We refer to any solution o this problem as a
nal, while keeping the geometry as similar as possible. Note that G80metry Per Feature (GPF) technique.
in general the geometry cannot be identical due to different toler-  The above statement treats GPF as an integration of features and
ancing policies. As long as the approximation is controlled, this is geometry at the single feature level. It would be a plus if the solu-
totally acceptable in practice. tion would be applicable with no substantial modifications to inte-
gration at the multiple feature level, that of a full feature sub-tree
or sub-list.

3.1. Initial problem statement and notations

As explained in [Rappoport03], FBDE is difficult due to several
reasons: inherent functional incompatibilities between CAD sys-
tems; feature semantics can in many cases be known at runtime  Architecturally, a GPF solution may in principle be implemented
only; and implementational incompatibilities between the CAD gt the import module only, but we allow it to require changes to both
systems. Any solution to the FBDE problem must: (i) design for the export and the import modules. The solutions discussed in this
the case of a system not SUppOl’ting a data item (operation) that iSpaper all require Changes to both modules.
explicitly supported by another system, (ii) design for the case of
incompatibilities and failures that can be discovered only by exam-
ining the run-time behavior of the systems involved, and (iii) be
practically feasible.

Denote byG a parametric model in a source CAD system and
by H the same model after adding a single new feakurdssume
that a FBDE application has already import@dhto a target CAD
system to create a mod@&f, whose geometry is equivalent to that
of G. We now seek a set of non- parametric operatiens F that,
2.2. The UPR architecture when applied td3', will result in a modelH’ whose geometry is

The only complete FBDE solution described so far is the one in equivalent o that oH.

[Rappoport03]. Outdniversal Product Representation (UPRi- The conceptual difference between one GPF solution and an-
chitecture is a star architecture, with data stored in a central rep- other will lie in the nature of the non-parametric operations used at
resentation called the UPR. Export and import modules create andthe target system.
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It should be stated that we are mostly interested in providing a 4. Import of full geometry
GPF solution for solid&s andH that arise in real world situations.
We would not mind that a GPF solution would pose limitations on
the geometry and/or topology & or H that are not significant in
practice.

The simplest GPF method is import of full geometry. All CAD sys-
tems support an operation that creates new geometry given a Brep
(of some sort) of that geometry. For example, in I-DEAS this op-
eration is called ‘orphan’. A simple GPF approach is to import the
full geometry of the target modél as a single unit by using such
3.2. Usage scenarios an orphan operation. Most CAD systems require that the imported

o ) ) S ] geometry be stitched to a solid if further solid features are to be
Once a GPF rewrite is available it can be used in different situa- gefined on top of it.

tions. There are two major ones:
Import of full geometry is an excellent GPF method for opera-

1. Incidental: during FBDE, when a feature’s import and none of tjons that create new geometry independently of existing geometry.
its parametric rewrites match the desired target quality, GPF can Those are typically features at the leaves of the feature tree. How-

be used as the next fallback (rewrite) to attempt. ever, it is not an attractive method for a general GPF.
2. Intentional: when it is desired to explicitly remove the paramet-

ric feature information from the target model, e.g., for business ~ With import of full geometry, the mode®' that is present in the
reasons. target system prior to the invocation of the orphan feature must be

discarded somehow. If the feature is not a leaf of its feature tree,
Our problem statement requires that any solution will have to be the pointset ofc’ is usually not the empty set. To erase the prior

practically implementable in the context of these two usage scenar-model, If the CAD system has an explicit operation that does this
ios. The second is supported by the definition of what constitutes then it could be used (an example is placing the feature history
a GPF. Supporting the first one has three major implications as de-in a special blank or no-show layer.) Otherwise its effect must be
scribed below. First, it must be practically possible to provide a emulated by a feature combination. For example, one can create a
GPF rewrite for every feature in the source model. This means that hox B completely containings’, then add a Boolean subtraction
preparation of the data needed for a GPF rewrite, either during ex- gperationG’ — B, thus transforming the represented pointset to be
port or during import, should not demand an excessive amount of the empty set.

storage and/or time. ) o ] ] o )
This solution is a valid rewrite, but it is not the most attractive

The second implication relates to the capability of performing one. There are three major problems with it:
parametric changes on the target model, which is one of the main
reasons why users want a feaure based DE rather than a purelyl- Recall that in the incidental usage scenario of GPF we want to
geometric DE. In the incidental scenario, we would like to enable  €nhable the user to manually replace the GPF operations by para-
the user to modify as many of the parameter&bfeatures (fea- metric ones having the same effect. The sequence ‘erase model;
tures preceeding the featuFerewritten using GPF) as possible. import orphan’ is very difficult to edit in such a manner, because
The reader may incorrectly think that this is impossible with GPF  the system does not represent in any explicit way the effect of
anyway because GPF is by definition non-parametric. For exam- the particular feature to be edited. This stands in contrast to the
ple, parts are usually begun with an extrude feature based on a 2-D  other GPF approaches described in the following sections.
sketch; it is difficult to think how to implement a GPF of a further 2. This method requires the full geometrytbfA naive implemen-
feature in the history tree in a way that will enable modifications of ~tation would be to export it after each and every feature opera-
the major dimensions of that sketch. However, it should be realized ~ tionin the source system. This approach is obviously wasteful in
that features rarely affect all of the geometry of the prior model.  Storage and probably in computation time. A more sophisticated
Rather, they are usually local in nature. A GPF of a feature usually ~ @Pproach would be to compute and export only the changes that
leaves much room for parameter modification of previous features. ~ occurred in the original model geometry, and reconstruct the full
For example, imagine a GPF for a round feature (even a round fea- 9eometry before importing it. We will not explain here the de-
ture that affects most of the model’s edges); it should not block the  tails of how to do this, because this is exactly the type of method
modification of the depth of a hole feature that is defined in the discussed in the next sections of this paper, where reconstruction

middle of a face and is not affected by the round feature at all. is done using the capabilities of the target CAD system.
3. Any associativity with the prior moded’ is lost. By that we

The third implication relates to the cases when users need a ean that parameters & features cannot be modified such
100% parametric model at the target system. In those cases GPF that the result will be manifested at the target madél This

is not desired; it is present at the target model only because the  contradicts one of our requirements as discussed in the previous
FBDE software could not do better. However, it may still be pos- section .

sible for a human user to do what the FBDE software could not.
Hence for such users GPF needs to be implemented in a way that
enables them to replace the GPF operations by equivalent operab. Delta solids

tions interactively. . - .
ons interactively A second GPF method is based on solid differences, or delta solids.

In this paper we focus on the GPF technique by itself and not The idea utilizes the symmetric set difference betwkleand G,
on its possible applications. Hence our problem statement does notand the formulaH = G+ (H — G) — (G — H). We compute the
cover any further applications of GPF beyond the two above, which pointset that is added @ as a result of the featufe, DA=H — G,
already provide enough motivation for dealing with the problem. and the pointset that is subtracted fr@was a result oF, DS=G—
We will briefly touch upon one such application in the last section. H. These two pointsets are transferred to the target system (using
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tion of the delta solids method are both heavy and unstable. In gen-
eral, Boolean operations are among the heaviest operations in solid
P modeling in terms of computing time. Moreover, in our specific
case most of the boundaries of the participating solids overlap each
other, which makes the operation very difficult to implement in a
robust manner. In such a case symbolic methods, such as persistent
naming, must be integrated with the general purpose Boolean oper-
ation procedure, notifying it of known overlaps. It is possible that
such methods are used by CAD systems internally (CAD systems
are aware of face and edge overlaps between feature operations due
to their persistent naming mechanisms), but it is not guaranteed.
This means that the FBDE system should probably implement ro-
bust Boolean operations by itself and not rely on the capabilities
of the CAD systems. The delta faces method we will present be-
low implements such a symbolic approach in a more elegant and
efficient manner.

@

6. Deltaboundaries

. In this section we describe a boundary based alternative to delta

(c) (d) solids, called delta boundaries. Delta boundaries forms the basis of

delta faces, which is our optimized solution presented in the next
section.

6.1. General idea

The boundary differences or delta boundaries method is similar to
the delta solids method, but handles the boundary of the model in-

stead of its solid pointset. The parts of the boundar&dhat are
l removed by the new featurfé are cut out; new parts added are
(e) \(f glued in. One way to creatd’ is as follows. First, we compute

BDA = BoundaryH) — BoundaryG) andBDS= BoundaryG) —

Figure1: Delta solids: (a) the model G; (b) the model H resuling BoundaryH). BDA andBDSare in general open surface sheets,

from an application of a round feature; (c) the subtracted solid DS; MOt SO"‘?S' We transfeBDA andBDSto the target system to cre-
(d) the added solid DA; (e) G DS: (f) G— DS+ DA. ateBDA' andBDS. We now have to cuBDSoff and glueBDAIn,

which in principle can be done in two different ways: first glue then
cut, or first cut then glue.

an orphan operation) to create the two sol¥ andDS. Using The first option assumes that the CAD system supports the rep-
these latter two pointsets, we then crebfeusing two Boolean ~ resentation of non-manifold solids. In this case,

operations, union and subtracti¢t: = G’ + DA’ — DS'. See Figure H' — SubSheetRemd@heet Ad(G', BDA'), BDS).

L The semantics of the two operations follows the selective geometric
In many cases due to the semantics of the fedfuse can know complex (SGC) framework [Rossignac88heetAd(P, Q) adds a

in advance that one of these sets will be empty, and optimize the surface shee to the SGC entities of the a solRi Crucially, even

computation accordingly. Note that it is indeed possible for a sin- if the input solidP is manifold the resulting object will be a non-

gle feature to result in both sets being non-empty, e.g, the round manifold solid, unless the she@tlies completely or’s boundary,

feature in Fig. 1 defined over convex and concave edges simulta-which usually does not happen in our caSabSheetRemd®Q)

neously. It is also possible for both sets to be empty. This is a rare, is an operation that removes a subedf the SGC entities of a

but interesting case. For example, some features modify the topol-solid P. In our case, due to the special nature of EhandQ the

ogy, but not the geometry. Recall that our only requirement was to result should actually be a manifold soki.

reconstruct the geometry, hence the result will be valid. Note that

in general, two CAD systems will represent the same solid using

different topological representations.

In the second optionH’ = CloseToSoligX) where X =
SubSheetC(&',BDS), BDA). SubSheetC (P, Q) removes a sub-
setQ of the boundary of a soli®, potentially transforming it into

Delta solids avoid the three problems with import of full geome- an non-solid surface she€loseToSoli¢P, Q) adds a surface sheet
try: the effect of the feature is represented in a localized manner atQ to a surface sheé® and verifies that the resulting surface sheet
the target system; intermediate storage is optimized; and associadefines a closed volume that can be regarded as a solid.
tivity in areas not affected by the feature is retained to a maximal

The delta boundaries method is more stable than the delta solids
degree.

method, because the Boolean operations required for computing
However, the computations involved with a direct implementa- the delta surface sheets are more stable than Boolean operations
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between solids (for example, faces that do not intersect can be sim-
ply neglected). L

The problem with the two conceptual options described aboveis . |
a very pragmatic one: the required operations are not readily avail- '
able in most CAD systems. Most CAD systems do not support non-
manifold solids at all, requiring their models to be either manifold
solids or surface sheets.

6.2. Implementation using the patch operation (a) (b)

Most CAD systems do provide an operation, patch (or sew) that Figure 2: Delta boundaries and delta faces: (a) before the patch
explicitly replaces sub-parts of a model's boundary by a given sur- operation; BDA is shown dashed: (b) after the patch operation.
face sheet, where both the input and the output model are manifold

solids. Formally, the operatioRatch(P, Q) receives a solid® and

an open directed surface shé€gfthat is,Q is a sheet having a ma-

terial side) having boundary edges that are assumed to lie on the’- Déltafaces

boundary ofP. It gluesQ to the boundary oP, and discards the  The delta faces method is an optimized variant of the delta bound-
portion of P's boundary that does not belong to the resulting solid. aries method. It uses the idea behind delta boundaries and the fact
The material side information is crucial in order to determine which that the patch operation is used when importing the GPF into the
faces are those to be removed; the surface sheet boundary must pagarget system. The difference lies in the nature of the patched sur-
tition the solid boundary into disjoint regions that can be oriented face sheet: in the delta faces method, its computation can be done

COnSiStently with the material side of the surface sheet. In addition, by pure|y Symbo”c data structure manipu'ation operations; no ge-
the interior of the surface sheet must not intersect the boundary of ometric computations are necessary.

the solid, except at the regions that are to be discarded by the patch

operation. )
7.1. Import: the patch operation

Figure2 shows an example. In (a) we see in full lines the model
G' before invocation of the patch operation. The argument to the
operation BDA, is shown in dashed lines. We can still #&8Sas
well. In (b) we see the modéll’ after the patch operatio®DS
has been removed, effectively replacedByA. BDSin this case is
exactly the part of the boundary ‘covered’ BpAin (a).

Import in the delta faces method is done exactly as in the delta
boundaries method, using the patch operation. The surface sheet
provided as input to the patch operation is different, as explained
immediately below.

. 7.2. Export: aface cover of BDA
In some CAD systems, the patching surface sheet must be con-

nected. In such systems we can apply the patch operation for eachlhe delta faces method is based on the following observation. A
connectivity component separately. This technique will fail in the face cover oBDAis a subset of the boundary bf that contains
rare cases where both surfaces must be patched simultaneouslBDA A face cover is a surface sheet. Any such face cover that is
(e.g., when a portion of a torus is cut off by two disks, a situation patched withG will produceH.

that will not arise in practice). The minimal face cover dDAIis the minimal set of faces on the

In some CAD systems, a patch operation is not provided directly, Poundary of H that contairBDA The immediate thinking is that it
but it can be emulated using a combination of other operations. For Would be optimal to use a minimal face cover. The idea in the delta
example, I-DEAS provides operations that can be used to emu|atefaces method is that a face cover that is reasonable (but not neces-
patch but which require the stitching edges to be already presentsar”y minimal) can be computed without geometric computations.

in the model. In this case those new edges should be created using Computing a face cover is sometimes a simple matter. When
Eu]er-like gperations befpre the applicatiop of the stitch operation. the CAD system provides persistent naming for its boundary en-
This is a simple and straightforward technique. tities, then computing the delta faces is a matter of calculating the
. - . . symmetric difference of two sets of face names. However, typically
BDSis not explicitly provided to the patch operation. As a re CAD systems do not provide access to persistent names. Nonethe-

sult, it must be implicitly well defined bBDAand a direction. The S .
. . . _less, all CAD systems provide information as to what new faces
patch operation cannot be used to implement the delta boundaries

method when this condition does not hold. The condition does hold /&' créated by a feature. What we need now are the identities of

in almost all practical situations. One situation in which it does not the faces that were modified by the feature.
hold is when the solid G has multiple connectivity components and  Given the new faces information, we utilize the faces adjacent to

one of them is completely deleted by the featikirén this case, all the new faces as if they were the modified faces. This is formally
of the faces of that component belongBBS but this piece of in- incorrect in two cases. The first case is if the adjacent face was
formation is impossible to reconstruct by aBipA (e.g.,BDA can not modified. This does not pose any problem to the GPF export,
be empty.) A similar situation occurs when the sd@lidhas cavities because then the face cover is only larger than the minimal one, but
and one of the cavities is completely removedrby would still produce correct results. The second case is the very rare
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case of a face being modified without being adjacent to a new face.9. Discussion

For example, a hole that is filled with material modifies the face We have raised the question of how to integrate geometric and fea-

it:ita?: tzzlec\,,é\vgssp(s)ts:rlr?r:r?grogé ?ﬁ; (:(?ren?er:(;ggree\?vtitehiﬂi rrllz\\,/vv Eglzsture based CAD data exchange, and presented several methods to
Y 9 solve it. Among them, the delta-faces GPF was shown to be the

cover to a single face. Even in this case the results of the overall data . . . .
. . most attractive for practical usage due to its reliance on purely sym-
exchange task would be correct, because our architecture include

feature verification information for every feature (see Seclioif Holic operations during export and on relatively stable geometric

the model resulting after the application of GPF fails a verification pp.eratlons on import. An implementation which gqntmuously S".’It'
o . . T - isfies real world customers has been done. In this implementation,
test, this is treated just like any other feature failure: the execution

is rolled back and a feature rewrite is invoked. GPF is m.ostly used as the ultimate single-feature rewrite in the
UPR architecture.

There is a limitation of the patch operation which may affect the

delta faces method: if the face cover is closed, then it cannot be use

x::ﬂ tg;g;tcohp(;faetrigtr'gn'eTg'sﬁhizog:i:jag:sciz\e/éwgﬁ C;Tjggcegra feature based viewer application that uses the faces exported by
In these cases, the de,lta.fe;’ce is the full geometry as discussed iﬁth.e G.PF mechanism by_ highlight_ing them, thus provi(_jin_g a vis_u-
Sections ’ alization of the geometric semantics of the feature. This is the first
' feature-based CAD viewer that is CAD system independent.
One must be careful as to what constitutes a new face and what
constitutes a modified face. We assume that any change to a fac%i

(topological) or to its carrier (geometric) implies that the face has

Another advantage of GPF is that its rewrite data can be used
y applications other than DE. For example, we have implemented

The discussion in this paper was done in terms of GPF for a
ngle feature. Note that it is a simple matter to use the same tech-

b dified. but f flio directi terial sid nigues in order to provide a GPF rewrite for several features at once
een modified, but faces may flip direction (material side) as a re- (e.g., a complete sub-tree or sub- list of the feature history). We

TSUIt of applying the fea_tl_Jre. We call the_se _mverted faces, and treatsimply take the union of the geometric entities created or affected
inverted faces as modified faces. Again, in all of these cases theby those features

worst that can happen is addition of faces to the delta faces set that
are not strictly necessary but which cause no error to the result. Since GPF is by definition an integration of geometric DE within
a FBDE environment, it suffers from the usual problems of geo-

. . ) ) metric DE. In particular, GPF can result in unstitched solids, which
tions, but can be computed as follows if desired. Start with the set of may pose a problem for the continuation of the FBDE task. In such

facgs that were created. by the feature. vaiously, these faces musEases, more radical rewrites may be needed (e.g., a global or semi-
be included in the covering. Next, add adjacent faces as needed. A lobal geometric rewrite). If desired, the unstitched GPF can be

adjacent flgce IS Eeeded ifit boundhs_ th_e created face on an edgcfa th tored in the target model as a detached set of surfaces, in order

d.o.es not lie .o.n the boquary Gf This is a necessary, but not suf- to help manual manipulation of the model. In our implementation,

ficient, condition for minimal face cover faces, because of the very

. o . i X such problems rarely occur.

rare case of a face being modified without being adjacent to a new

face. Acknowledgement. Michal Etzion actively contributed to the Pro-
ficiency GPF design and implementation. The content of this paper
is patent pending.

Computing the minimal face cover involves geometric computa-
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tive geometry representations. 19th ASME Design Conference,
Albuquerque, New Mexico, September 1993.

[Kripac97] KripPAC J., A mechanism for persistently naming
topological entities in history-based parametric solid models.

The recommended mode of operation is to export a GPF for ev-  Computer-Aided Design 29(2):113-122, 1997.

ery feature in order that the GPF data be available in the UPR in [Rappoport97] RPPOPORTA., The Generic Geometric Com-

case it is needed during import. This enables GPF import to be in- plex (GGC): a modeling scheme for families of decomposed

dependent of the source CAD system. Another option is ‘GPF on  pointsets. Solid Modeling '97, ACM Press, pp. 19-30.

export failure’, where GPF is computed in case a feature’s export [Rappoport03] RPPOPORTA., An architecture for universal
has failed for some unpredictable reason. CAD data exchange. Solid Modeling '03, ACM Press, pp. 266—
269.

[Rossignac88] RssSIGNAC J.R., O’CONNOR M.A., SGC: a
dimension-independent model for pointsets with internal struc-

tures and incomplete boundaries. In: Wozny, M., Turner, J.,
Preiss, K. (eds), Geometric Modeling for Product Engineering,
North-Holland, 1988.

Figures3-6 show a real world example of an angle bracket trans-
ferred from Unigraphics to Catia V5, ProEngineer and Catia V4.
The resulting models are completely feature-based apart from a
single ‘complex hole’ Unigraphics feature, which has been inten-
tionally transferred as GPF. When the feature is not marked as to be
transferred using GPF, the system transfers it as a fully parametric
feature like all the other features in the model.
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Figure3: The original angle bracket in Unigraphics. Note the highlighted ‘complex hole’ feature.
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Figure4: Feature-based import of angle bracket into Catia V5 with a single GPF. Note the highlighted ‘SewSurface’ feature.
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Figure6: Feature-based import of angle bracket into Catia V4 with the same GPF. Note the ‘skin’ feature on the left.
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