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Introduction

• API-level modeling engine access is almost 
ubiquitous in CAD & other CAE tools
– Parasolids (Unigraphics, PATRAN)
– SolidWorks API (SolidWorks)
– Pro/Toolkit, Granite One (Pro/Engineer)

• Continued difficulty translating models between 
formats

• Solution: port applications, not data



CAD Functionality

• Two important concepts:
– BREP object model: topological objects 
– API: functions for accessing topology, geometry

• Two types of model access:

• Useful to separate the two
– Smaller applications
– Query-only interfaces typically simpler

Modify

Transforms (scale, rotate, etc)
Booleans, imprint

Geometry construction
General funcs (overlaps, healing, etc)

Query-only

Model import/export
Topological traversal

Geometry/shape queries



Wrapping Geometry Interfaces

• Goal: wrap geometry engine APIs with a common inter face, so 
that applications work with various geometry formats 
unchanged

• HOW this is done strongly influences portability

Parasolids ACIS
Pro E,

Granite
Facet . . .

Geometry Interface

App1 App2 ...



Wrapping Geometry Interfaces
Option 1: Pure, Stateless Interface

• Replicate modeler API, objects in common syntax
• No implementation in interface except for 

translating function arguments, return values
• Deliver either a subset of functions which are 

always implemented or a superset, some of which 
aren’t available
– Most commonly used functions usually available

• Topology traversal
• Closest point, normal, forward & reverse parameter 

evaluations

• Constrained to what modeler gives you
• Subtle differences in objects, functions



Model Variations Across
Various Engines
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CoFace
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X = modeler does not support (directly)



Why Is Object Model Important?
• Algorithm constraints on object model can induce 

model changes…

With
periodics

Without
periodics

Tiny
Edges

Curve or 
no curve?

Same edge,
different coedges?

… some of which 
can be quite 
nasty!



Why Is Object Model Important?

• Algorithms, meshability also depend on object model

“Side”-type
vertex

X

“Corner”-type
vertex

Maybe 
vertices 
are useful
after all…

Disjoint face èèèè no mesh!



Wrapping Geometry Interfaces
Option 1: Pure, Stateless Interface

• Object model, API might have common syntax ,
but model symantics are different

• Applications you’re porting depend on those 
symantics too

• Model symantic differences m easier to deal with 
once *m, in geometry wrapper, than N*m times, 
once in each application/algorithm ( N) in each 
modeler ( m)



Wrapping Geometry Interfaces
Option 2: Local Copy

• Read geometry & copy into local representation
• Not much different than translation

• Hierarchical model, e.g. LOD, desirable, as long 
as it’s not the reference



Wrapping Geometry Interfaces
Option 3: Wrapper + State

• Reference geometry in its native format
• Use state to hide object model differences

– Add vertices (ProE)
– Separate disjoint faces (ProE)
– Add (zero-length) edges/loops to hard points

• This state also enables advanced, modeler-independe nt 
features
– Merged/non-manifold topology
– Virtual topology
– Mixed-engine models

• Minimize state, esp. in geometry (shape) evaluation



The Common Geometry Module (CGM)
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CGM - The Geometry Bus

• CGM is a set of libraries that provide non-
manifold, solid model-based geometry modeling 
for analysis applications

CUBIT GOMA ALEGRASIERRA ...
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Advanced Tools: Merged & 
Non-Manifold Topology

• Contiguous mesh commonly required in structural mec hanics
– Most easily accomplished using shared interfaces be tween 

solids
• Representation of shared surfaces between distinct parts/bodies 

not supported by most modelers
• Shared surfaces between disparate engines not possi ble without 

state in wrapper
• Detection is more difficult than representation

– Porting detection algorithms easier than translatin g geometry

�

Must handle different transforms between bodies sha ring a surface

Timothy J. Tautges, “The Common Geometry Module (CGM ): A Generic, Extensible 
Geometry Interface”, Proc. 9th Int. Meshing Roundtab le, 2000 

T. D. Blacker et al., 'CUBIT mesh generation enviro nment, Vol. 1: User's manual', Sandia 
National Laboratories, 1994.



Advanced Tools: Virtual Geometry

• Requires topology separate from modeler
• Not translating geometry (that’s the hard part!)
• Meshing algorithms work as before
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J. Kraftcheck, “Virtual 
Geometry…”,  UW-
Madison, 2000.

T. J. Tautges, “Automatic 
Detail Reduction …”, 
IMR 2001.



Advanced Tools: Facet-Based Models

• Can treat scanned models the same as solid geometry -
based models

• Combined with VG, can act like solid model-based 
geometry in all other ways

• Can be combined with solid model-based geometry:
– Query only-based decomposition
– Solid model & deformed geometry in same session

Steven J. Owen, David R. White, 
“Mesh-Based Geometry: …”, IMR 
2001



However…

• Wrapper+state NOT for the faint of heart
• Bifurcation of application needs

– High: mesh generation, parametric studies
– Low: geometry-conforming h-refinement

App1

CAD

Wrapper

Geometry
Component

App1
(Wrapper)

Mesh alg 1

App1
(Data)

Mesh alg 2
…

(Re)meshing Component

Component wraps data,
App accesses through interface

App wraps data,
Component accesses through interface



A Minimal Geometry Wrapper
(Or: How Small Can You Go?)

• Load geometry
load_geom(string_ident)

• Topology queries: 
get_adjacencies(from_entity, to_dimension, adj_enti ties)

relative_sense(child, parent)

• Geometric evaluations
– Closest point

closest_point(entity, const from_xyz[ ], close_xyz[  ])

• Derived quantities:
– Derivatives? (FD on local patch)
– Normal? (cross product of derivatives)
– Measure (integration of discretization)



Summary

• Simple wrappers on CAD put you at the mercy of 
provided interface
– Subtle variations can inhibit portability of alg’s

• Wrappers with (minimal) state greatly enhances 
portability
– Also enables more advanced features & 

implementation in modeler-independent manner
• Bare-minimum interface would be sufficient for 

an important subset of applications
– Gets us quickly to the more interesting question of  

interoperability between disparate data, e.g. 
• mesh-geometry
• geometry-materials
• geometry-mesh partition


