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for the given attribute (mesh, boundary condition, et.);
1 INTRODUCTION “simple attribute”, which communicates that data to the
modeling engine in terms of integers, doubles and strings;

During mesh generation, a mesh is generated from aand a class for writing the data in the modeling engine-

geometric model, which usually originates in some CAD specific format. Several important design features improve

system. Mesh generation requires a great deal of useFhe usab_lllty and robustnes_s of the_ _frameyvork; theseudecl
referencing other topological entities without the use of

interaction, where mesh sizes and schemes, boundary~. ; ) ; . .
' ' %omters, putting attributes on “virtual” entities (whiare not

conditions, and other input is specified. Mesh germmati . . : )
often occurs in the context of simulation-based desigeyavh normally stpred with the solid quel), _and automatic storing
and restoring of attributes during file save and restore

multiple iterations of a design-mesh-analyze sequemee a ;

used to optimize a design. These iterations are diffiault operations.

part because data often gets left behind in one or more stepshe GA framework described in this paper is used in the
For example, boundary condition data, assigned during mestCUBIT code for storing various kinds of meshing-related
generation and applied in the analysis step, do not propagatgata directly with the geometric model. Various types of
back to the design step in the next iteration. This ladatd  attributes in CUBIT are described to illustrate the éssthat
propagation hinders the “design to analysis” process, and is a&rise when using attributes in this way. The appticaof
significant part of what is often considered the meshing this attributes framework to real design to analysis proble
bottleneck. is also discussed, specifically as it applies to pararmétgri

“Geometry attributes” are data associated directly with _the meshing process to respond to small parametric changes

topological entities in a geometric model. These data are'” design models.

application-specific, but are associated with geometric This paper is arranged as follows. Section 2 gives some
entities. These data are usually stored apart from thepbackground information, including a description of the
geometry, and must be re-applied to their geometricientit geometric model used by CUBIT, and the various data used
before they are reused. We assert that these datacaee  during the meshing process (including the mesh itself).
appropriately stored directly on the geometric model, using Section 3 describes the software design of the general GA
functionality already existing in most geometry engines. A capability. Section 4 describes specific issues arigiog f
Geometry Attributes (GA) framework which uses CAD- the design of various specific attributes in CUBIT .ct&a 5
based attributes functionality has been designed andgives information about the use of attributes in real
implemented in the Common Geometry Module (CGM) [1] applications, including some performance information.
and in the CUBIT Mesh Generation Toolkit [2]. Section 6 describes future work to further integrateutieeof

CGM is an interface for geometric functionality and attributes in the meshing process.

representation [1]. CGM allows the use of various typies
representations, including solid model-based (e.g. ACIS or

SolidWorks), facet-based, or Vvirtual topology-based 2 BACKGROUND
representations, through a common interface. CGM is

extensible both below (to the various geometry

representations) as well as above by various appligation 2.1 ~ Geometry Model

CGM is used for geometry functionality in CUBIT [2], with
extensions which allow storage of mesh and other meshing
related data directly on geometry objects.

The geometry model used in CGM and CUBIT is as follows.
The primary geometric entities interacted with byrssare

Vertex, Edge, Face and Volume, corresponding to entities of
Our GA framework is implemented in three levels; an topological dimension 0, 1, 2 and 3, respectively. CGM also
application-specific set of attribute classes, whichesttata ~ Uses a Body entity, which is comprised of one or more
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Volumes. These entities are related to one another througt2.2 ~ CUBIT Design

topological relationships, such that each entity of dsien . . . .

d is bounded by one or more entities of dimension d-1, d>= 1.CGM is designed to encapsulate geometric behavior for
These relationships are illustrated in Figure 1, top. several types of geometric representations behind a common

interface [1]. It is also designed to be extensible, s th
applications can add application-specific behavior to
geometric entities without implementing that behavior in

Vertex Volume CGM itself. This is the method used to add meshing-specific
behavior to geometry in CUBIT.

CUBIT extends each of the BasicTopologyEntity classes
Edge shown in Figure 1 by deriving a corresponding entity,
denoted MRefxxx, as shown in Figure 2. A common
MRefEntity class is used to decorate these derived emntiti
with application-specific behavior. For example, the apbilit
to store mesh on a geometric entity is added by the
P MeshContainer class; associating a meshing tool, along with
Face that tool's data, to a geometric entity is added using the
MeshToolUser class. Although mesh and meshing tool data
are application-specific, they are also associated Qireith
a geometric entity. For example, an MRefFace igyasd a
| CubitAttribUser | |TooIDataUset specific meshing scheme, for example Paving, along with a
target mesh size. After meshing has been completed, the
ModelEntity : MRefFace is_ given a handle (using the MeshContaioet)e
RefEntity mesh associated with that Face.

For more details of the design of CUBIT on top of CGM; se
| TopologyEntity Ref. [1].

\ | MeshToolUse
|GroupingEntit3{ |SenseEntit)r |BasicTopologyEntit}/

| MeshContaine

(Refxxx)

il

_-I Body | _.ICoVqume| _IRef\/o|ume| MRefEntity

_I Shell | _I CoFace| _I RefFace|

_I Loop | _I CoEdge| _I RefEdge|

Chain CoVertex RefVertex ‘
_I | _I | _I | — MRefEdge
Figure 1: Topological relationships (top); refentity

class hierarchy (bottom).

Also included in the topological model is the notion of a Figure 2: Extension of Refxxx classes in CGM by
Group; Groups can include entities of arbitrary dimension derivation of MRefxxx classes.
including other Groups.

The topological entities described above are implemented in 3
a series of C++ classes in CGM; the derivation hiésarc

used in CGM is shown in Figure 1, bottom. Note that the . )
topological entities derive from a common parent, Refgntit FOr geometry as well as geometry applications likeU)

and that RefEntity is itself derived from a class ndme there are data which are most naturally associated Iglirect
CubitAttribUser. This class hierarchy is similar te tivell- with geometric entities. Maintaining this associatiotween
known decorator design pattern [3], and is used to add S€ssions of CGM or CUBIT is easiest when the dastoied
attributes capability to classes derived from RefEntibjley  directly with the geometry, that is in the actualidsonodel
isolating the implementation of this behavior to a distinc file. The attributes mechanism described here provideya wa

class. For more details of the class hierarchy in CGaé, to do that, without making the actual geometry represient
Ref. [1]. depend on CUBIT. This association is also convenient for

GENERAL ATTRIBUTES DESIGN



tracking application data through changes to the solid mode
The code design which enables storing application-specific

data with the geometry is described in this sectiorydtsto
implement specific types of data, or attributes, isudised in

the following section.
data through changes to geometry is discussed in a lai

section.

3.1

Our GA framework is implemented in three layers: an
application-specific set of attribute classes,

Extension of this capability tack

Three Implementation Layers

attribute” layer, and a modeling engine-specific layer.

a “@mp

|.Vertex type Used to define mesh topology at vertex
for mapping/submapping [6]
Virtual vg Used to store virtual geometry entity(ies)
defined on an entity [4]
er

Each application-specific attribute has a set of funstio
common to any attribute, which in CGM are implemented i
a common base class named CubitAttrib. CubitAttrib keeps
pointer to a CubitAttribUser, which is considered its
“owner”. Encapsulating attributes behavior in CubitAsttri
and CubitAttribUser reduces the complexity of impletimen
specific attributes like those in Table 1, and also redthees

The topmost layer is used to implement application-sjgecif complexity in geometric entities.

attributes.

specific to the application.

Here, data about the specific attribute
represented in a form most convenient for the application;
this may include abstract data types or classes whieh ar
For example, a mesh génera

application could define a mesh attribute, which would

contain either the mesh for a given entity or a harulléhé

mesh data. The specific types of attributes implendeinte

CGM and CUBIT to this point are listed in Table 1.

Table 1: Specific types of attributes implemented in
CGM or CUBIT, along with usage descriptions.

Attribute Name | Description

Color Entity color

Composite vg Used to restore composite virt
topology [4]

Deferred

Used to store attributes on virt
topology (see section 4.x)

Genesis entity

Membership in boundary conditi
(block, sideset, nodeset) [5]

Group Membership in RefGroup(s)
Id Entity Id
Interval Mesh interval and/or size

Merge partner

Entity with which to merge to form nd
manifold topology

Mesh container

Handle to mesh defined for the owner

Mesh scheme

Meshing scheme (e.g. paving, swee
etc.)

'S The middle implementation layer is referred to as afig
attribute”. Simple attributes, implemented in the
CubitSimpleAttrib class in CGM, store application-spiecif
information from CubitAttrib classes in the form ofrgle
data types integer, double and string; this data can then be
communicated to modeling engines without the use of
application-specific abstract data types. Support for reading
data from and writing data to specific modeling engines for
each application-specific attribute is obtained simply by
supporting the consumption and  production  of
CubitSimpleAttrib objects which hold that attribute’stala
CubitAttribUser and CubitAttrib are implemented to handl
data in the form of CubitSimpleAttrib, which allows them
be independent of specific attributes. Storing attribute
information in terms of simple data types also ensures
ual portability to most solid modeling engines which implement
some form of attribute.

al The lowest layer of our attributes implementationthe
modeler-dependent layer. Each modeler implementation
under CGM has a corresponding attribute implementation,

NS which attribute data is written to the geometry model in
whatever form required by the modeler. Since
CubitSimpleAttrib objects are used to communicate this data,
the modeler need only implement functions to store integer,
double and string data with the model. This capability is
available in most modeling engines, including ACIS [7],
SolidWorks [8], Parasolids [9], and others.

>
T

3.2

There are several specific functions which are requiced t
bingsupport updating, actuating, writing and reading attributes
information. These functions move data between theethr

layers of attributes classes, to facilitate storing datand

Common Attribute Behavior

Name

Entity name

retrieving data from solid model entities. Specificatligfore

Partition vg

Used to restore partition virtual topolo

(4]

a solid model is exported to a file, thupdate function is
called to transfer attribute information from a CGMign
(MRefFace, MRefVolume, etc.) to a CubitAttrib object,rthe

ay

Relative length

Relative mesh size compared to Inte
definition

rvalwrite is called to generate a CubitSimpleAttrib object and
write the data in that object to the solid model. Aftesold
model file is imported, its attribute information is coneert

Smooth scheme

Smoothing scheme
Condition Number)

(e.g. Lapla

tian,io  CubitSimpleAttrib  objects and used to instantiate
CubitAttrib objects in theead function; that data is written

Unique id

Unique entity id, used to cross-refere
other entities

hce back to the CGM model in thactuate function. These
processes are depicted in Figure 3.




—— update() Update Take data from CGM
CubitAttrib CubitAttribUser entity and represent in
application-specific
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updal
CAXxx RefEntity
actuate_(i I
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Geom *cubit_simple_attrib() CubitSimpleAttrib
Engine holding the data from
an application-specific
(Engine-specific attribute
Attribute)

Figure 3: Graphical depiction of the movement of
attributes information between CGM geometric
entities and corresponding entities in the solid
model representation.

Any specific attribute derived from CubitAttrib is requreo
implement four functions which support the behavior
described above. These functions are listed in Table 2g alo
with the type of behavior they support. Since these ifumet
are relatively straightforward to implement, they casodie
implemented for some of the CGM-specific representation
including mesh-based geometry and virtual geometry.

Three other functions are defined which can extend the
usefulness of attributes; these are split_owner, mergeerw
and transf_owner. These functions are used to notify
geometric entities of an impending split, merge, and
transformation, respectively. In the case of a sglit,

There are various classes of attributes, distinguishethdy
locality of the data which the attributes store. Fanregle,

one class of attributes stores data about the corresponding
entity only, while another class of attributes stores
information about that entity and possibly related entitiks
some cases, attribute data cannot be processed when a given
entity is being constructed, because the data depend on other
entities, some of which may not have been created yet.
Therefore, we define several points in the entity tranton
process when attributes can be “actuated”, that isnwie

data can be transferred from the attribute to the quoresng
geometric entities. These times are:

e In constructor: data applies only to that entity,
e.g. Id, Name.

e While geometry is changing: these attributes
have the potential of changing geometry, e.g.
Merge Partner.

e After geometry changes. attribute depends on

argument is passed which represents the new entity to be other entities, and should be actuated only after all

produced from the split; in the case of a merge, a §agint
denoting whether the entity is the one which will suniive
merge. The transform being applied to an entity is phsse
the transf_owner function. These functions can be used t
update the entity(ies) in advance of the actual fundbieing
performed, after which one or more of the entities natybe

in a state which allows recovery of the attribute infation
defined before the operation. The application of these
functions to specific attribute types is discussed ilatar
section.

Table 2: Functions required to support attributes
behavior. Each application-specific attribute must
define these functions.

Function Behavior Description
supported

geometry change attributes have been actuated,
e.g. Mesh Scheme, Vertex Type.

Note that fault tolerance is needed in the implememadf
the actuate function, because geometry may be imported
from multiple files, and attributes in one file may degen
entities in another file. For example, the Merge riart
attribute, which denotes that one entity is to be mergéd wi
one or more other entities to form non-manifold topology,
may be defined on a pair of entities stored in diffefées;
this could happen in the case of an interface surface eetwe
parts stored separately. In this case, when the firsgdve
Partner attribute is actuated, it would not find thetgntith
which it was to merge. When the second merge attrisute
actuated, both entities are there, and the merge iessftl.
Our implementation of the Merge Partner attribated(other
types of cross-referencing attributes) handles situatiite
this.



3.3 General Attributes Functionality situations, they are implemented as their own ateibut
) . ) . When a Unique Id attribute is actuated, the unique itbied

Using the functions described above, atiributes arejn g |ist in a TDUniqueld class, where the list istsdrby id

implemented in CGM and CUBIT. We describe here a few tq fast retrieval of unique id to entity mapping.

of the commonly-used attributes capabilities here; fimoae

detailed description, see [1] and [2]. Using a unique id, an entity can reference another entity,
) ) . even one stored in a different solid model file. The

The most common of attributes usage in CUBIT is @est  tpyniqueld class is used to retrieve a CGM entity gigan

and retrieve all defined attributes to and from the solidel 4. this function tests for whether the entity list ésted, and

file. The functionality to actuate or update all atités for a sorts it if necessary. If an entity with a givenhials not yet

given set of geometric entities is implemented N peen defined, the attribute needing that entity faitsctoate:;
CubitAttribUser and called from CGM functions to export powever, the attribute is retained, allowing it to beiatetd at

and import a solid model file. The autoXxxFlag member 5 |ater time.

variables (Xxx = Read, Write, Update, Actuate) are used

determine whether a given attribute type is used. Cross references are also necessary for implementag th
. . . attributes Merge Partner, where all entities to begeubr

Individual attribute types can be enabled or disabled byiygether are defined with a common unique id; Partition VG

setting the autoXxxFlag variables then importing or \yhere the entity doing the partitioning is referenced fthen

exporting geometry.  Similarly, a geometry model with entity peing partitioned; and Vertex Type, where a Face

attributes can be imported without actuating the ate®on  efines vertex types on some or all of its contained &ésti
that model. This can be useful for examining which

attributes are defined for a given model before deciding to
actuate them. 4.2  Defining Across Multiple Entities: Group

Associating an attribute with a specific entity in the
4 ISSUES geometric model makes it easy to associate multiple pafces
data with a single object. However, what about associating
multiple entities with a single piece of data? Thisiaibn
arises when storing a Group (see Section 2) defined en th

restored with the geometry. This can be done with almmst ~9eometric model. Since we do not consider a group part of
modification to the underlying attributes implementation i the standard geometric model, this entity will not exisel
CGM or CUBITZ. The implementation of some of the object in the solid model file. Instead, we store the
attributes listed in Table 1, for example Name and valer ~ Membership of a given entity in one or more groups. In other
are quite straightforward, since they simply retrievevam ~ WOrds, we store the Group as an attribute on all theiesntit
data from their owner and assign those data back to the ownghcluded in that group. When the first of those erttiie
when it gets instantiated. However, experience hasvish instantiated during model import, and the Group attribsite i
that there are other kinds of attributes that ar¢ sm actuated, the Group is created and the entity added to it.

straightforward, for a variety of reasons. Some ofi$888S  gince a model can be stored in multiple pieces, thosespiece
that arise are discussed below, with examples from f8peci an also be restored in arbitrary order or in subsetsnlyf
attributes in Table 1for illustration. group membership were stored, it is likely that the order of
entities in a group could be different after restorattman it
. . . was when the model was stored. In some cases, theadrder
4.1  Entity Cross Referencing: Unique Id entities in a RefGroup is significant; for exampleCBIT,
Attributes are defined as data which are associated with &RefGroups are used to store volume meshing order for groups
specific entity in the geometric model. However, stmes of dependent swept volumes [11]. For this reason, the Group
an attribute also references other entities in the moBer attribute for a given entity stores both the group and the
example, the Mesh Scheme attribute, when represeating sequence number of that entity within the group. The order
sweep scheme, must store not only the scheme designatio@f entities in a group can then be restored properly, even
but also a list of source and target Faces for sweep-ngeshi When only some of the entities in a given group are regtor
ta?[?rik\)/l?tlgsm(e)n[ltg]e. gi%cn?gfrfl Vr\;]%:;;a ;I?;prl]%tdgt)as?i/&isigsstgr Other attributes which apply across several entiisbutes

: are Composite VG, which tags entities which are to be

Lheesir:g;?éegggsssuzg%hpr?éntterzs(fg:ttge:nrgzgér“;'s k\:y:ﬁﬂc?onno omposited into a single entity [4][12]; Genesis Entity, which
P ine typ whi groups entities for definition of boundary conditions [5];

allow the storage of pointers in attributes). Merge Partner; and Mesh Container, where mesh ditipte
We implement entity cross references using a Unique Identities is stored in a common file, which gets refeeel by
attribute.  Unique ids are generated for entities using athe Mesh Container attributes on the corresponding entities
random number generator seeded with the time (measured in

# seconds since 1970). Since unique ids are useful in many
4.3 Cross Reference to Other Data Sources:

Mesh Container

Using the functionality described in the previous section,
application can define specific attributes which areedeand

2 Slight modification is required to define the

autoXxxFlags for the new attribute, and for creating ~ There are many types of domain representations used in
attributes of the new type. computational simulation. Geometry data and meshatata



two common examples; others are material specifications Implementing Deferred attributes in a manner independent of
boundary condition types, or domain decompositions for the specific attributes being deferred guarantees that any
parallel processing. Storing these data together in a singleattributes developed later will also be supported. Deferred
file would add too many unnecessary dependencies betweeattributes can be stored with any entity; in practicey tre

the data. Rather, each type of data should be stored in itstored on the entity which serves as host to virtual topology
own best representation, with cross references between th . . .
data where appropriate. For example, this is the methad useDefe".ed attrll?utes have been an mportant part Of. savni)g an
to store mesh generated by CUBIT. The Mesh Container'€storing attributed geometry which also contains virtual
attribute is used in CUBIT to refer to that mesh filenf the topology.

geometry. Since this reference is independent of thelac
format of the mesh data, the two representations can va 4.5 Virtual Topology Attributes
independently.

. o . In order to faithfully restore geometry to the state isvia
Since avery Ipose assouaﬂpn IS ma{lntqlned. betwgaen B Mesbefore the geometry export, virtual topology must be regtore
Container attribute anc_i the file to_whlch it points, aeﬁQA_ as well. However, this presents a problem, since by
datal are embeddeq in the attribute and the mesh. file Wdefinition virtual topology does not change the solid model,
facilitate authentmatnon. In our case, we embed _tbemmle and we are storing attributes with the solid model. & g
name, the data and time the mesh file was writted, the around this problem using a combination of Deferred

CUBIT version used to write the file. This same infotioa attributes and knowledge about the virtual topology itself.

is stored in the mesh file (as string data), and can bepgeant methods are used to store composite and partition
compared to the information in the Mesh Container atgibu virtual topology

for authentication.
. . Storing composite virtual topology information in an attrébut
Currently there are no oth.er examplgs of attrlt?utem:hv. . is relgtivelypstraightforwarz; o%ye need simply store the
reference data s_tored OUtS'de. the So.l'd model file. This ISunique id of a composite entity into each entity forming tha
discussed more in a later section of this paper. composite. However, for robustness, we choose to store the
unique ids of all the entities forming the composite \eiich

; entity; the composite entity is not restored until atbst
44 Deferred Attributes entities can be located. This prevents unrealistic tgin
Storing attributes in a solid model file restricts asstoring virtual topology, for example combining two non-adjacent
attributes only on topological entities in that file. &Yh entities to form a composite. After a composite enty
happens when we create entities which are not storedyin a restored (and the unique id for that entity assigned), a
solid model file? An example of this is virtual topology, a function is called to associate any Deferred attributéls the
technique for varying geometric topology without changing corresponding unique id to the new entity. A list of new
the underlying solid model topology; this technique has entities is kept, and if automatic actuation is being done,
proven powerful for facilitating meshing algorithms [4][12]. attributes on those entities are actuated until no nfaaages
By definition, virtual topology does not have a represematio occur in the list of new entities. Composite virtual fogy
in the solid model file. We need to store both the datais stored in the Composite VG attribute.
pertaining to the virtual topology construction themselvss, a
well as the attributes on the virtual entities. Towemer are
stored using virtual topology attributes, discussed in thé ne
section; the latter are stored using Deferred attributes.

Partition virtual topology is slightly more complicated,
because of the entities doing the partitioning. Thes&eant
may be virtual themselves, or may already exist in the
underlying geometry modeler. In the latter case, the
Recall the Unique Id attribute described in Section drtj partitioning entity is labeled with a unique id, and this id is
the storage of attribute data as simple data types inused to instantiate a Partition VG attribute. Alsoexdowith
CubitSimpleAttrib (Section 3.1). We combine theseceqmts that attribute are the unique ids of the (usually tweces

to form a Deferred attribute, which is simply an attdbut resulting from the partition. These are assigned tondve
assigned to an entity which has not yet been created. Aentities after partitioning, and are useful for restoring
Deferred attribute consists of two parts: a unique id, which attributes on the new topological entities.

identifies the entity to which the attribute corresporads] a

list of simple attribute data representing one or more
attributes for the referenced entity. It is assumed ang

Virtual geometry can be used to partition entities.virtual

entity is defined using the geometric representation fafsa

attribute which creates new entities in the model wigba ™Y and one or more lower orde_r boundlng entities. For
e\ﬁxample, a virtual curve can be defined as a line Betw&o

assign a pre-assigned unique id to those entities; these n " " d rained t host f W
unique ids can be used to assign pending Deferred attributes; <> Vertices and constrained to a host face. VVeause

in effect converting them to “normal” attributes. Simery separate attrlbute,_ denote_q _Vlrtual VG, for  storing
child class of CubitAttrib is required to define methods for information abqut virtual entities; thefse at.trlbutee stored .
producing and consuming CubitSimpleAttrib objects (Table on _the host entity, _and refer to the unique ids of tl_we_ bagndi
2), every attribute can be converted to the information entities. - Again, Virual VG attributes store a uréqia for
necessary for their storage in a Deferred attribltefact, a the entity they represent.

Deferred attribute itself can be stored in nested form in Actuating a Partition VG attribute is complicated by rieed
another Deferred attribute; this is useful in casesrevhe for other, often virtual entities; often, those virteatities do
multiple, layered virtual topology is defined for a model [4]. not yet exist, because the entities on which they resise



not had their attributes processed. The following seaquehc

steps is used to actuate a Partition VG attribute: R
P For example, the model shown in Figure 4 was saved and

1. Actuate Partition VG attributes on bounding restored in CUBIT using attributes. To benchmark the
topology performance of attributes, Table 3 lists the file sizgave,
and restore times for this geometry with and without

This often generates entities used in the definitiomiéial attributes.

entities in the next step.
2. Actuate Virtual VG entities on the current entity

Partition virtual topology often uses the partitionetitgrio
host the virtual entity(ies) doing the partitioning.

3. Partition the actual entity

In CGM, a single partition operation can generate multiple
pieces; it is important to assign the correct unique id ¢h ea
new entity, so that they can be assigned Deferred wttsb
correctly. This process is not discussed here.

5 APPLICATION, PERFORMANCE v

The attributes mechanism described in Sections 2 and 3 has
been implemented in CGM [1] and in CUBIT [2]; specific Figure 4: Model used to benchmark attribute save
attribute types in CUBIT are listed in Table 2. This and restoretimes and geometry file sizes.
mechanism is used to implement save/restore functignalit
CUBIT.
6 FUTURE WORK
Table 3: Geometry file sizes, save and restore

execution times, for a substantial problem with and The goals of this effort are two-fold: first, to provide a
without attributes. geometry  engine-independent means for  assigning
application-specific data to model entities; and second, to use
# # File Save Restore this capability to improve the flow of information throudse t
Bodies | Attribs | Size Time Time (s) mesh generation process. The future work described below is
(kb) (s) meant to pursue the second goal.
With 31 2545 477kb 5.75s 3.94s Currently, there are several attributes which saf@rination
attribs about a variety of algorithms in a single attribute; thst be
; example is the Mesh Scheme attribute, which stores
Without | 31 96 275kb | 4.82s | 2.04s information about each meshing algorithm implemented in
attribs CUBIT. Since new meshing algorithm are being developed

all the time, it is currently difficult to ensure thédite Mesh
Scheme attribute can fully reproduce data for new algost
The best way to prevent this problem is to force meshing
algorithms to define functions which save and restore
important  algorithm-specific data to and from a
CubitSimpleAttrib object. In this way, the attributes
framework does not need to know about specific meshing
algorithms, while still being able to support saving and
restoring of those algorithms’ data.

CGM supports a facet-based representation for geometry
[13]; however, the storage of this representation in disk f

is not currently supported directly. Future plans include
implementing a storage capability for facet-based geometry
Note that since much of this geometry comes in the fofra
mesh, there would be advantages to using a mesh storage
format like Exodusll [5]. Attributes would have to bevesa

as part of this capability.

So far, attributes have been used in CGM and CUBIT te stor
CUBIT-based data to the geometry. Another potential
application is to use attributes to access the parasnesed



to define feature-based models, for example coming fromearlier on geometry. This can be used to implement new
Pro/Engineer or SolidWorks. There is some question as tocapability, like associating a mesh back to curved gegmetr
how well these parameters could be mapped onto objectfor the purposes of adaptive mesh refinement, and fomfged
specific attributes as described in this paper, and how thosénformation back to the meshing process, for example data
parameters could be used to further automate the meshingsed to refine mesh based on analysis results. We hope to

process. This is an important question, given the widedprea pursue research in these areas in the future.

use of parametric modeling systems for product design, and
the potential for further automation of meshing.

Finally, the current use of attributes in CUBIT agsstore and
retrieve information to and from the geometry only when [1]
exporting or importing geometry to/from a disk file. Thire

also potential to use attributes to encode behavior resulting
from geometry modifications. For example, application- 2]
specific attributes could define their own behavior resulting
from a split or merge operation on the entity to whictythe
are associated. This could be useful for many things,
including adjusting meshing schemes, splitting or combining [3]
mesh to avoid remeshing, and propagating boundary
conditions through geometry modifications. This will be t
focus of future work.

[4]
7  CONCLUSIONS

Mesh generation often occurs in the context of sirarat [5]
based design, where multiple iterations of a design-mesh-
analyze sequence are used to optimize a design. These
iterations are difficult in part because data often defs
behind in one or more steps. The geometry attributes[6]
framework described in this paper provides a means of
storing and propagating these data through the geometry
decomposition and meshing process.

The three-layered class design described above allows
encapsulation above and below the attributes framework.[7]
Encapsulation above means that application-specifibattti
behavior can be defined without embedding application
knowledge inside the attributes framework. Encapsulation
below means that applications can implement attribintes
manner which is independent of how specific geometry [g]
engines store and manipulate attributes.  This layered
approach improves the extensibility and portability of
applications built using the framework.

(8]
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