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Non-manifold topological representations can provide a single unified representation for mixed
dimensional models or cellular models and thus have a great potential to be applied in many ap-
plication areas.
in recent years.

much storage space and is hard to be manipulated. In this paper, we proposed a compact hierarch-
ical non-manifold boundary representation that is extended from the half-edge data structure for
solid models by introducing the partial topological entities to represent some non-manifold con-
ditions around a vertex, edge or face.

other existing representations and present some main procedures for querying and traversing the
representation. We have also implemented a set of the generalized Euler operators that satisfy the
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Various boundary representations for non-manifold topology have been proposed
These representations are mainly interested in describing the sufficient adjacency

relationships and too redundant as a result. A model stored in these representations occupies too

This representation allows to reduce the redundancy of the
existing schemes while full topological adjacencies are still derived without the loss of efficiency.
To verify the statement above, the storage size requirement of the representation is compared with
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Fig. 1. Examples of non-manifold model.
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(a) A cube with an inner partition

RO, R1, R2 Region PF1, PF2 : Partial Face
S0, S1, S2, S3 : Shell Fl1 : Face
(b) Region and shell () Partial face

Fig. 5. Example of regions shells and partial faces.
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Fig. 9. Data structure of non-manifold B-rep.
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Table 1. Adjacency relationship matrix for our B-rep

reference adjacent group element type
element
type vertices edges loops faces shells regions
vertex v{v} DAY, V{F} U ViR
edge E{<E>} Bi<l>t E{<F>} 85Y)  E{<R>}
loop ve555% L{<<L>>}’ L{sy’ L{R}
face F{{<<V>>}y  F{{<<E>>}Y’ F{{<<F>>}}’ F{R}
well | D U S{L) s{s}
region R{V} R{E} R{L} R{F} R{s R{R}
where { } linear group

[ ] unordered group

< > circular ordered group

[ adjacency relationship stored in our B-rep for normal case

adjacency relationship stored in our B-rep for three exceptional cases; single vertex shell, wire-

frame edge, and single vertex loop
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Fig. 10. Search algorithm for the next adjacent face-use in Vertex-based B-rep.
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Fig. 11. Search algorithm for the next adjacent partial face in our B-rep by using virtual edge-uses.
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Table 2. Average number of topological entities in
simple solid models of B-rep

Entity Average
Shells / Object 1
Number of Faces f
Loops / Face 1
Edges / Loop 6
Number of Edges 3f
Number of Vertices 2f
Edges / Vertex 3
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Table 3. Average topological field results for B-rep structures

Data Structure Number of Record Fields Model Size of Other Representatlon/
Our Representation
Winged Edge Data Structure 5+38f 0.63
Half Edge Data Structure 5+44f 0.73
ACIS's Data Structure 9+47f 0.78
Radial Edge Structure 14 + 1411 24
Vertex-bascd B-rep 18 + 206f 34
Our Representaion 8 + 60f 1.0
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Fig. 12. The first Betti number of wireframe models.
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Fig. 13. The first Betti number of surface models.
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Fig. 14. Examples of Euler-Poincare formula for non-manifold models.
Table 4. Euler operators for non-manifold models
MEV(KEV) make(kill) edge, vertex 1100000
Basic MEC(KEC) make(kill) dege, cycle 0100010
Euler MFKC(KFMC) make(kill)face, kill cycle 00100-10
Operators MFR(KFR) make(kill) face, region 0010001
P ) MVS(KVS) make(kill) vertex, shell 1000100
MVI(KVL) make(kill) vertex, loop 1001000
Additional SEMV(JEKV) splitjoin) edge, make(kill) vertex 1100000
Euler MEF(KEF) make(kill) edge, face 0100100
Oucrators KEML(MEKL) kill(make) edge, make(kill) loop 0-101000
p KEMS(MEKS) kill(make) edge, make(kill) shell 0-100100
Additional
Topological MMR(KMR) make(kill) model, region
Operators
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Fig. 15. Euler operators for non-manifold models.
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int id;
Attribute *attrib;

class Model : public Entity {
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Model *_next;

Region *_region; // list of regions in this model
Face *_face; /1 list of faces

Edge * edge: // list of edges

Vertex * vertex; // list of vertices

class Region : public Entity {

¥

Region * next; //link ficld of region list of model
Model * _model; // parent model
Shell * shell; // peripheral shell of region

class Shell : public Entity {

b

class Pface : public Entity {

Shell * next; // next void shell
Region * region; // parent region
Pface * pface; // partial face

// partial face(p-face)

Pface *_next; // next partial face

Shell *_shell; // parent shell

Entity * child; // child entity: one of face, edge or vertex
Orient _orient; // orientation flag w.r.t. face normal

Pface *_mate; // mate partial face
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class Face : public Entity {

Face
Pface
Loop

Surface

b

* next;

*_pface;
*_loop;
*_geometry;

class Loop : public Entity {

Loop
Face

Pedge

|5

* _next;

* face;
* _pedge;

class Pedge : public Entity {

Loop

Entity
Orient
Pedge
Pedge
Pedge
Pedge

I

*_loop;
*_child;
*_orient;
*_looped_prev;
*_looped_next;
*_radial_prev;
*_radial next;

class Edge : public Entity {

Edge
Entity

Pvertex

Curve

b

*_next;

* _parent;

* pvertex[2];
*_geometry;

class Pvertex : public Entity {

Pvertex

Entity

Vertex

b

*_next;
* .
_parent;

*_vertex;

class Vertex : public Entity {

Vertex

Entity
Point

B. QIFst B

* next;

* parent;
*_geomerty;

1 0| g2lE

—_

ol
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//link field of face list of model
// paripheral loop of face

// peripheral loop of face

// surface of face

// next hole loop
// parent face
// partial edge

// partial edge(p-edge)

// parent loop

// child entity: one of edge or-vertex

// orientation flag w.r.t edge direction

// previous p-edge in loop

// next p-edge in loop

// previous p-edge in radial cycle of cdge
//next p-edge in radial cycle of edge

//link field of edge list of model

// parent entity: one of p-edge or p-face
//two end partial vertices of edge

// curve of edge

// partial vertex(p-vertex)
// mext p-vertex of the same vertex
// parent entity: one of edge or p-edge

// vertex from which p-vertex is orginated

// link field of vertex list of model
// parent entity: one of p-vertex or p-face
// position of vertex

// Declare the class for virtual edge-use

*partial_edge;
orient;

/!

1

class VirtualEdgeUse {
Pedge
Orient

public:

b

/ L -

// pointer of partial edge

// orientation w.rt. partial edge

// Function: searchs for the next partial face in radial cycle
// Input: pfl - current partial face
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/ pel - current partial edge on pfl

// Output: pf3 - next adjacent partial face

// pe2 - next adjacent partial edge on next_pface

e e e

void get_radial_next_partial_face(Pface *pfl, Pedge *pel, Pface *pf3, Pedge *pe3)
* VirtualEdgeUse eu2;

I
//— — — (Step 1& 2) Set virtual edge-use(eu2) that is the mate of ‘eul’
1
* eu2. set_partial edge(pel);
» if(pf1 -> orient( ) ==SAME) // if the orientation of pfl is the same
// as that of pfl's face
eu2. set_orient(REVERSE);
« else
eu2. set_orient(SAME);
I
//— — —(Step 3) Determine the next partial edge(pe2) in radial cycle
i

« if(eu2. start_vertex( ) ==pel->edge( )->start_vertex( ))
pe2=pel->radial_prev( );

« else
pe2=pel->radial_next( );
/
//— — — (Step 4) Determine the next partial face(pf3)
I

» if(pe2->start_vertex( ) ==eu2. start_vertex( ))
@ pf3=pe2->face( )->partial_face_of same_normal( );
* else
@ pf3=pe3->face( )->partial_face_of opposite_normal( );
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MEV (Vertex *v, Entity *parent, Edge **newe, Vertex **newv, Curve *cv)
KEV (Edge *e, Vertex *v)

MEC (Shell *s, Vertex *v1, Vertex *v2, Edge **newe, Curve *cv)
KEC (Edge *e)

MFKC (Shell *s, EdgeList elist, Face **newf, Surface *sf)
KFMC (Face *f)

MFR (Shell *s, EdgeList elist, Face **newf, Region **newr, Surface *sf)
KFR (Face *f, Region *r)

MVS (Region *1, Vertex **newv, Shell **news, Point *pt)
KVS (Shell *s)

MVL (Face *f, Vertex **v, Loop **newl, Point *pt)
KVL (Loop *1)
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SEMV (Edge *e, Edge **newe, Vertex **newv, Point *pt)
JEKYV (Edge *e, Vertex *v)

MEF (Loop *1, Vertex *v1, Vertex *v2, Edge **e, Face **f, Curve *cv)
KEF (Edge *e, Face *f)

KEML (Edge *e, Loop **1)
MEKL (Loop *I1, Loop *12, Vertex *v1, Vertex *v2, Edge **newe, Curve *cv)

KEMS (Edge *e, Shell **news)
MEKS (Shell *s1, Shell *s2, Vertex *v1, Vertex *v2, Edge **newe, Curve *cv)

C3 7|E} fiet AR}
MMR (Model **newm, Region **newr)
KMR (Model *m)
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