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Mesh Data Structures



Description of a triangle surface

How should we organize  
information on a triangle mesh?



Accessing points and triangles
• Create, operate, navigate in a triangle mesh

• Two commonly used data structures:

• Point-primitive data structure

• Half-edge data structure

‣ List of points, triangles, and  
connectivities (polygon corners)

‣ Minimalistic and intuitive,  
hard to query neighbors

‣ List of points, half-edges and triangles
‣ Useful for querying neighbors, takes a bit more memory 

points

primitives

polygon  
corners (vertices)

points

primitives

half-edgespointers



Point-Primitive data structure  
and attributes

• Point-primitive data structure, attributes

• Half-edge data structure

• Abstraction of half-edges



Point–Primitive data structure
• The mesh is described by

points

primitives

polygon  
corners (vertices)

‣ a set      of pointsP
<latexit sha1_base64="WNMK4Av54B3fqSAsmEubrZjJFFo="></latexit>

‣ a set      of faces (primitives)F
<latexit sha1_base64="EfaiJSqmLnQx97GVm4wGx8sXYG8="></latexit>

‣ a set      of              - tuplesV
<latexit sha1_base64="921M+3qLgOOIApALhgpvrMYvzMA="></latexit>

F ⇥P
<latexit sha1_base64="tuPqKOTycLAePtw5iP6mk5K2D7I="></latexit>

• Each element                    is a  
polygon corner (known as a vertex  
in Houdini);

v = (f,p)
<latexit sha1_base64="1XvsLvYkWW+UyY1R3WLIbat6V1M="></latexit>

it indicates that face     is hooked to point f
<latexit sha1_base64="GdoM5FozxQKzJC1k9qJyznpZOWw="></latexit>

p
<latexit sha1_base64="t31eYydWKhlsMotwLYxdYNpZBOM="></latexit>

• These vertices are partially ordered.



Point-primitive representation
• Points

points

primitives

polygon  
corners (vertices)• Vertices (polygon corners) • Primitives

there is also  
an internal  
linear indexing  
of vertices 
that are more  
useful

0  
1  
2  
3  
4  
5  
6

prim 0th,1st or 2nd vertex of the triangle



Create triangle mesh from scratch



Create triangle mesh from scratch

Visualize primnum and ptnum



Attributes
• We can store data on the mesh.  They can be data over points,  

primitives or vertices.

• A point data is called a point attribute. 
(similar for primitives and vertices.)

• One can view a point attribute  
of type T a function:

u: P ! T
<latexit sha1_base64="p+mTDwFTwO/qoPjdyc9yhxVsUOQ="></latexit>
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Attributes



Attributes
• You can define point-attributes, vertex-attributes, prim-attributes, 

and detail attributes.

• Use prefix “@” such as @myattrib = …

• It’s better to use type-specific prefix.  Frequently used:

‣ Integer int

Type name Prefix for @ component access
i@

‣ Float float f@

‣ 2D vector vector2 u@ u@myattrib.xu@myattrib.y

‣ 3D vector vector v@ v@myattrib.x … v@myattrib.z

‣ 4D vector vector4 p@ p@myattrib.x … p@myattrib.w

‣ Array of floats float var[] f[]@ f[]@myattrib[3]

‣ Array of vectors vector var[] v[]@ v[]@myattrib[3].y



Attributes
• You can name attributes whatever you want, except

‣ You can’t name a point attribute the same name as vertex attribute

‣ The following reserved attributes have special meaning
‣ v@P: point position
‣ v@N: normal vectors
‣ v@Cd: color (RGB color data)
‣ v@uv: texture coordinate (3D not 2D due to homogeneous coordinates)
‣ f@Alpha: opacity
‣ i@ptnum: point index in pointwrangle
‣ i@vtxnum: vertex (linear) index in vertexwrangle
‣ i@primnum: primitive index in primitive wrangle



Attributes
• You can read attributes from the previous node

‣ Use the vex functions “point” “vertex” “prim” and “detail”

the type to read is inferred from  
who catches the return value 0 1 2 3



Attributes
• You can also set attributes to the current node

‣ Use the vex functions
setpointattribvalues

etc. (See documentation for more info)

• Since vex code runs in parallel, we can’t directly read what we  
just write



Half edge data structure
• Point-primitive data structure, attributes

• Half-edge data structure

• Abstraction of half-edges



Half-edge
• An edge on an oriented surface consists of 

two half-edges with opposite orientations.

• Each half-edge is incident to a unique  
face and a unique edge.

• Half edges incident to a face is oriented  
consistently (“clockwise” in Houdini)

points

primitives

half-edgespointers

• Half edges are in 1-1 correspondence with  
polygon corners (the source corner of the half edge)

• In a half-edge data structure, one stores indices of the neighboring  
hedge/point/face on hedge/point/face in a specific way.



Half-edge data structure (C++ style)
‣ Point

‣ HalfEdge

‣ Face

HalfEdge* he;

HalfEdge* next;
HalfEdge* flip;
Point* src;
Face* face;

HalfEdge* he;

arbitrary hedge  
sourcing from the point

arbitrary hedge  
in the face

h

h -> face

h -> src

h -> flip
h -> next



Half-edge data structure (C++ style)

h

h -> face

h -> src

h -> flip
h -> next

• Given a face, visit all its incident points
Face* face; // given

HalfEdge* he0 = face->he;
HalfEdge* he = he0;
do{
 

} while(he!=he0);
  he = he->next;

Visit he->src;



Half-edge data structure (C++ style)

h

h -> face

h -> src

h -> flip
h -> next

• Given a point, visit all its neighbor faces
Point* pt; // given

HalfEdge* he0 = pt->he;
HalfEdge* he = he0;
do{
 

} while(he!=he0);
  he = he->flip->next;

Visit he->face;



Hedge pointers as attributes/functions

h

face[h]

src[h]

flip[h]
next[h]

• Let                 be the list of points, hedges, 
and faces

next: H!H
<latexit sha1_base64="sp3Ebo8MVdv4C6O075W6++UtGyg="></latexit>

flip: H!H
<latexit sha1_base64="3livOF2nPh1l75mwZGy1Ohb9og4="></latexit>

src: H! P
<latexit sha1_base64="v/s0RhvKrX3ySbcP12VkOXWPK9c="></latexit>

face: H! F
<latexit sha1_base64="VTtf95FAFvNqcK+MIVnAAhS+g20="></latexit>

P,H,F
<latexit sha1_base64="sH1uL+GndlWU3BL9QLfDTdNuZG4="></latexit>

• What makes them into a hedge data  
structure is the following functions 
(a.k.a. attributes)

pt_hedge: P !H
<latexit sha1_base64="RWFLcDoqLDh7FbDvwuoRGRfYpWE="></latexit>

face_hedge: F !H
<latexit sha1_base64="amV6FWByw4m+r4weWmnbWi+7WkY="></latexit>



Hedge pointers as attributes/functions
next: H!H

<latexit sha1_base64="sp3Ebo8MVdv4C6O075W6++UtGyg="></latexit>

flip: H!H
<latexit sha1_base64="3livOF2nPh1l75mwZGy1Ohb9og4="></latexit>

src: H! P
<latexit sha1_base64="v/s0RhvKrX3ySbcP12VkOXWPK9c="></latexit>

face: H! F
<latexit sha1_base64="VTtf95FAFvNqcK+MIVnAAhS+g20="></latexit>

pt_hedge: P !H
<latexit sha1_base64="RWFLcDoqLDh7FbDvwuoRGRfYpWE="></latexit>

face_hedge: F !H
<latexit sha1_base64="amV6FWByw4m+r4weWmnbWi+7WkY="></latexit>

‣ Think of these functions as pointer, attributes of the class
• When                 are sets of instances of object classesP,H,F

<latexit sha1_base64="sH1uL+GndlWU3BL9QLfDTdNuZG4="></latexit>

• In array processing, vectorization

‣ Shader language: code snippet run per point/ per face
• Parallel computing: think of single-instruction multiple data (SIMD)

‣ Everything in spreadsheets (arrays with semantics & data flow)

‣ These hedge functions are stored data available at each pt/face

‣ These hedge functions are indices of another array cell  
(pointer within the spreadsheet).



In Houdini
• Every hedge is uniquely  

associated with a vertex  
(polygon corner)

• Store attributes on hedge  
and run over all hedges 
are equivalent to doing them 
in vertex wrangle

• Index for hedge is:

h

face[h]

src[h]

flip[h]
next[h]



In Houdini
‣ Point

‣ HalfEdge

‣ Face

h

face[h]

src[h]

flip[h]
next[h]

next: H!H
<latexit sha1_base64="sp3Ebo8MVdv4C6O075W6++UtGyg="></latexit>

flip: H!H
<latexit sha1_base64="3livOF2nPh1l75mwZGy1Ohb9og4=">AAAlv3iczZpZb+PIEce1m2vjXLPJY/LAxBESBLYhymNbBmYWI0uy5VOyDtszI2PQbLUkWryWTXmkIQgEec0XyWvybfJtUt0Uq0lKMhAgDxFgiv5VVXdV89/NS4ZnmTwolf791dc/+OGPfvyTb3669bOf/+KXv3r17a/vuDvzKetT13L9B4NwZpkO6wdmYLEHz2fENix2b0xrwn7/zHxuuk4vWHjs0SZjxxyZlASAPr363SBg8y </latexit>

src: H! P
<latexit sha1_base64="v/s0RhvKrX3ySbcP12VkOXWPK9c=">AAAlvniczZpZb+PIEce1m2vjXLPJ474wcYQEwdgQ5bEtA7uLsWXZ8ilZh+2ZkTFotloSLV7bTXnkIQgkz/kgeU0+Tr5NqptiNUlJBgLkIQJM0b+q6q5q/rt5yQocW4SVyr+/+PJHP/7JT3/21c83fvHLX/36N6++/u2t8Gecsj71HZ/fW0Qwx/ZYP7RDh90HnBHXctidNa1L+90T48L2vV74HLAHl4w9e2RTEgL6+OqbQcjmYR </latexit>

face: H! F
<latexit sha1_base64="VTtf95FAFvNqcK+MIVnAAhS+g20=">AAAlv3iczZpZb+PIEce1m2vjXLPJY/LAxBESBLYhymNbBmYWI0uy5VOyDtszI2PQbLUkWryWTXmkIQgEec0XyWvybfJtUt0Uq0lKMhAgDxFgiv5VVXdV89/NS4ZnmTwolf791dc/+OGPfvyTb3669bOf/+KXv3r17a/vuDvzKetT13L9B4NwZpkO6wdmYLEHz2fENix2b0xrwn7/zHxuuk4vWHjs0SZjxxyZlASAPr363SBg8y </latexit>

pt_hedge: P !H
<latexit sha1_base64="RWFLcDoqLDh7FbDvwuoRGRfYpWE="></latexit>

face_hedge: F !H
<latexit sha1_base64="amV6FWByw4m+r4weWmnbWi+7WkY="></latexit>



In Houdini

For more information, see  
 https://www.sidefx.com/docs/houdini/vex/halfedges

https://www.sidefx.com/docs/houdini/vex/halfedges


Example

• Given a mesh, compute the face area-normal

f
<latexit sha1_base64="ET3CziK0MG+xgF+GRm5Q3Eq05jQ="></latexit>

(AN) f
<latexit sha1_base64="r9NwkZDHZ6yk6vNWo2q2zxaaUCY="></latexit>

p0
<latexit sha1_base64="PHcvfPm31iFPADxAHZ/Jvq6N/X8="></latexit>

p1
<latexit sha1_base64="jsqQRwcfYsh4Vdq2aQxnXBUJ7Oo="></latexit>

p2
<latexit sha1_base64="v5WHEKyPxbVX6V1UDlr1tNNLHAA="></latexit>

(AN) f =
1
2
(p2 � p0)⇥ (p1 � p0)

<latexit sha1_base64="3FdJNGD/SO7KXsdp5+3osJPOyOY="></latexit>



Example
• Given a mesh, compute the face area-normal

f
<latexit sha1_base64="ET3CziK0MG+xgF+GRm5Q3Eq05jQ="></latexit>

(AN) f
<latexit sha1_base64="r9NwkZDHZ6yk6vNWo2q2zxaaUCY="></latexit>

p0
<latexit sha1_base64="PHcvfPm31iFPADxAHZ/Jvq6N/X8="></latexit>

p1
<latexit sha1_base64="jsqQRwcfYsh4Vdq2aQxnXBUJ7Oo="></latexit>

p2
<latexit sha1_base64="v5WHEKyPxbVX6V1UDlr1tNNLHAA="></latexit>

(AN) f =
1
2
(p2 � p0)⇥ (p1 � p0)

<latexit sha1_base64="3FdJNGD/SO7KXsdp5+3osJPOyOY="></latexit>

int he0 = primhedge(0,i@primnum);
int he = he0;
vector P[]; // point positions
int k = 0;
do{
  P[k] = point(0,"P",hedge_srcpoint(0,he));
  k++;
  he = hedge_next( 0 , he );
}while(he!=he0);

v@AreaNormal = 0.5*cross(P[2]-P[0], P[1]- P[0]);
f@Area = length(v@AreaNormal);
v@Normal = v@AreaNormal / f@Area;

• Run over primitives



Next example

• Define point normal by area-weighted average  
of face normals

f
<latexit sha1_base64="ET3CziK0MG+xgF+GRm5Q3Eq05jQ="></latexit>

(AN) f
<latexit sha1_base64="r9NwkZDHZ6yk6vNWo2q2zxaaUCY="></latexit>

i
<latexit sha1_base64="SH77F0JnkYovpZCKSspkKCw7NRQ="></latexit>

Ni = NORMALIZE

 X

f �i

Af Nf

!

<latexit sha1_base64="NPJSN9+TFkjOw9ZEBhQEInlWJKo="></latexit>



Next example
• Define point normal by area-weighted average  

of face normals

f
<latexit sha1_base64="ET3CziK0MG+xgF+GRm5Q3Eq05jQ="></latexit>

(AN) f
<latexit sha1_base64="r9NwkZDHZ6yk6vNWo2q2zxaaUCY="></latexit>

i
<latexit sha1_base64="SH77F0JnkYovpZCKSspkKCw7NRQ="></latexit>

Ni = NORMALIZE

 X

f �i

Af Nf

!

<latexit sha1_base64="NPJSN9+TFkjOw9ZEBhQEInlWJKo="></latexit>

int he0 = pointhedge(0,i@ptnum);
int he = he0;
vector cum_area_normal = set(0,0,0);

do{
  int face = hedge_prim(0,he);
  cum_area_normal += prim(0,"AreaNormal",face);
  he = hedge_next(0,hedge_nextequiv(0,he));
}while( he != he0 );

v@PointNormal = normalize(cum_area_normal);

• Run over points



Data processing + numerical computing
Fortran (1957)
BLAS / EISPACK / LINPACK (1970s)

MATLAB (1979)

LAPACK (1992)
Python (1991)

SciPy (2001)
NumPy (2005)

GPU (1990s)

GP-GPU (2000s)

Microsoft Excel (1980s)

APL (1960s)
Think of the entire array

Spreadsheet, data flow

Scientific computing

High-level linear algebra operators 
Dominating scientific computing

Hardwares accelerate linear algebra

General purpose  
Numeric PythonLinear algebra  

algorithms
SIMD, graphics operation

More general purpose  
parallel computing

Database/SQL (1970-80s)
Relational table.  
Think of transformation of data



Hedge built in MATLAB
V
F
2 R|V |⇥3

<latexit sha1_base64="EY1mjIo/6Bb7s6RHKnRz7IDzInM="></latexit>

2 Z|F |⇥3
<latexit sha1_base64="AexQZ2O70JnD/c30PTXwc9mNWpo="></latexit>

given  
pt-prim 
data



Compute triangle area (MATLAB)

he_srcP = V(he_src,:);
he_dstP = V(he_dst,:);
he_edgevec = he_dstP - he_srcP;
he_edgelen = sqrt( sum( he_edgevec.^2 ,2) );
face_l1 = he_edgelen(face_he);
face_l2 = he_edgelen(he_next(face_he));
face_l3 = he_edgelen(he_next(he_next(face_he)));
face_s = 0.5*(face_l1+face_l2+face_l3);
face_area = sqrt(face_s .* (face_s-face_l1) ...
    .* (face_s-face_l2) .* (face_s-face_l3));



Abstraction of Half Edges
• Point-primitive data structure, attributes

• Half-edge data structure

• Abstraction of half-edges



Oriented polygon Meshes

• Without loss of generality, every oriented polygon manifold mesh  
is closed.  (Fill up the boundary component by a polygon face.)

• These closed oriented polygon meshes can be described just 
by the collection of half edges and two operators (“next” and “flip”).



Minimalistic half edge surface

• An oriented surface mesh                                  consists of(H,next,flip)
<latexit sha1_base64="r5cOVWL/HJyIs56t4aMrfIHyH0E="></latexit>

‣ a finite set H
<latexit sha1_base64="6K4L7nS73s/d/asxYSxQdBCDgPU="></latexit>

‣ an invertible map (a.k.a. a permutation) next: H!H
<latexit sha1_base64="sp3Ebo8MVdv4C6O075W6++UtGyg="></latexit>

‣ a fixed-point-free involution flip: H!H
<latexit sha1_base64="3livOF2nPh1l75mwZGy1Ohb9og4="></latexit>

• Each face is an orbit of next<latexit sha1_base64="BaIt5em6HXVj2gJr7wCpk7PTxaA="></latexit>

F :=H/hnexti
<latexit sha1_base64="+asJClj1KRnqE2sp/8xH6uW1Lm8="></latexit>

• Each point is an orbit of next � flip
<latexit sha1_base64="GzvLImMpeAOTigWd3HfFZgnqu+o="></latexit>

P :=H/hnext � flipi
<latexit sha1_base64="WoPCF6MQf6JRXUigdMswTmgQXno="></latexit>


