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* In the following, consider only triangle meshes

* Naive rendering:

* N triangles— 3N vertices have to be sent to the
graphics card

* Implementation in OpenGL (old-style):

glBegin( GL TRIANGLES ) ;

for ( int 1 = 0; 1 < n tris; 1 ++ )
{ =
glVertex3fv( tri[i] [0] ), %
glVertex3fv( tri[i][1] ); b ‘q
glVertex3fv( tri[i] [2] ) V
} % Ceci n'est pas un cube!
glEnd() ; .<II>‘
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Graphics cards offer a special primitive: the triangle strip

The idea:

* The graphics card always "remembers" the 2 vertices which
it received last

* With each transmission of a new vertex, the graphics card
forms a new triangle out of the new and the 2 "old" vertices

Example:

, . Transmitted vertices:
* 9 vertices — 7 triangles Vo Vi Vo Vi V4 Vs Ve V7 Vg

Advantage: only 1/3 vertex data need to be transmitted
and processed!
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U Example of a "Striped" Object
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4320 polygons
12960 vertices
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Some Concepts

Definition:
A triangle strip is a sequence of triangles in a mesh, so that two triangles
following each other have a common edge.

What about the orientation of the triangles?

What can be done in such cases? %
Solution: V2 »

* V5 has to be transmitted twice

v ~
b@

* V,is called a swap-vertex —
it creates a degenerated triangle "

* Some graphics cards
can detect that Vo V1® \/3@\/5 V4 V7 Vg Vg

W7
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* Take an octahedron; determine the midpoints of its facets; connect the
midpoints of adjacent facets — which polyhedron emerges?

e Take a cube; connect the midpoints of adjacent facets — which polyhedron
do you get?

* Take an octahedron; determine the midpoints of its edges; connect the
midpoints of adjacent edges — which polyhedron emerges?
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U The Complexity of Striping

e Questions:
1. Is it possible to create a single strip out of each mesh?

2. How can one (or more) strip(s) be created efficiently?

* Proof by reduction of the problem —, C

utilize the dual graph
* Definition of the dual graph:

Given a mesh / planar graph G = (V, E, F).
The dual graph G' = (V', E', F') is derived
from G as follows: replace each face of F
by a node in V' and connect two nodes
in V' by an edge, iff their original faces
share a common edge (i.e., are adjacent)
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* Proposition:
The problem "decide for any triangle mesh M, whether it is possible to turn it into a
single tri-strip" is NP-complete!

* Proof, part 1:

* We show: the verification of a solution "candidate" is in the class P

* Let G' be the dual graph of the original mesh M
* We have: |E'| € O(|V'|)=0OC(|F)
* For E' create an adjacency matrix (using a hash table, this costs O( |E| )
e Let a candidate strip be (v'j;, V'ip, V'i3, «oe, V'ip)
e Remember: each v'y of G' corresponds to a triangle in M

e Check each pair (v'y, v'i,1) of the candidate, whether it is contained in E’
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* Proof, part 2: reduction from a known NP-complete problem (the reduction

from the know NP-complete to our problem needs to be in P)

* Definition Hamiltonian path :

Given a graph G. A Hamiltonian path
Is a path through G, so that
each vertex is visited exactly once.

e Observations :

* A mesh/graph G has a single triangle strip ift
the dual graph G' has a Hamiltonian path

* In case all faces of a closed mesh G are triangles, then all nodes in G’ have degree 3
(= number of incident edges)
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 Theorem from graph theory:
The problem to decide, whether or not a given graph possesses a
Hamiltonian path, is NP-complete.
This is even the case, if all nodes within the graph have degree 3!

* Conclusion: "only" try to create as few strips as possible

G. Zachmann Advanced Computer Graphics SS  July 2022 Striping

10



Bremen

U Algorithms

e Stripification = striping of a mesh into triangle strips
e Optimization goals:

1. As few strips as possible, and

2. Overall as few swap-vertices as possible

* Definitions:
Free triangle := triangle that does not yet belong to a strip
Degree of a triangle := number of free neighbor triangles
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The SGI Algorithm

* Use a greedy strategy with local optimization criterion:
go to the neighboring triangle with the smallest degree

* Do alook-ahead for tie-breaking

e Pseudo-code:

while ex. still free triangles:

choose a triangle with smallest degree

start new strip with this triangle

while last triangle in current strip has free neighbors:
choose the neighbor with the lowest degree
if tie:

look one step ahead

add triangle to current strip
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Y The Fast Triangle Strip Generator (FTSG) Miangetal, 1995 Ptk

* One of the best algorithms (in the sense of rendering performance and the
running time of construction)

* Overview of the algorithm:

1. Create a spanning tree T in the dual graph of the tri-mesh

e A standard graph algorithm

2. Partition T into as few paths as possible

3. Possibly do post-processing: try to unite short strips
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* Step 2 (partition the spanning tree 7):

e Select a node vin T with degree 3 (has two
children and one parent) and a level as deep as
possible

* The sub-tree underneath v consists of a single
path from the left to the right side; store this
strip; delete the path from T

* Repeat, until no node with degree 3 remains

 Running time: O(n) (with the suitable data
structures)
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e Step 1 (construct the spanning tree T):

e Goal: try to construct a spanning tree with a minimal number of nodes that have
degree 3 or higher, i.e., with 2+ children (good for step 2)

* Typical procedures for the construction of the spanning tree:

e Breadth-first search (BFS) through the original graph

e Depth-first search (DFS)

* Experiments show:

DFS yields the best ? ‘
results in this case |\ | |
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* Additional heuristics (since we need the spanning tree for a special
purpose):

* Observation: during DFS through the graph, we have very often a free choice
which neighboring node should be visited next

>Heuristic here: choose the
neighboring triangle (= neighboring
node in spanning tree T) such
that the current triangle and
this neighboring triangle would
not produce a swap vertex, if they
were in a common triangle strip
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e Step 3 (post-processing = concatenation of short strips):

* The setup of strips (on the graphics card) costs more time than sending a swap
vertex

* Consequence: concatenate several short strips, even if that requires to insert a
swap-vertex

2 4
e Cases:
2 4
5
_ 3 1 3
3 2 1 51 OK case
1 . 2 f N
Good case 4\/3
5

And 2 more cases ... (yielding a reduction by 1 vertex)
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* Result: on average, ca. 1.23 vertices per triangle are sent during rendering
* Data structure: DCEL is a suitable candidate
* Observation: The performance depends heavily on the DS!

* With pre-implemented, generic DS (e.g., from a library), one is finished with the
job quickly, but the performance is mediocre

* With specially adapted, "hand-made" DS, the performance (hopefully!) is very
good, but the implementation takes much longer (and maintenance)

G. Zachmann Advanced Computer Graphics SS  July 2022 Striping 18



Bremen

Y A Special Data Structure for Stripification

* Utilize the fact that we only work with triangle meshes

* Store all three incident edges directly with the triangles

class Triangle

{
HalfEdge halfEdges[3]; // for faster access

uint degree; // =0, ..., 3
Triangle *child[2]; // for spanning tree
}

* For each degree din [0,1,2]: maintain a hash table containing all triangles of
that degree

* Authors report a factor 3 speedup compared to generic DCEL

* Remark: this is a mix of face-based and edge-based data structures
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* Many optimization features in modern GPU's influence effectiveness of
striping

. . Video Memory On-Chip Cache Memory
* For instance: on-chip caches B s et et
Cache (T&L) I
* Vertex caches, index caches, ... > Commands ‘
Post-T&L Cache |
o« e System Memory I
e Can ’Fhe striping alg.o be | Triangle Setup |
modified so that strips are )
as cache-friendly as possible? !
o o s Tex(t:u:e__’ Fragmiznt
« What about striping performance | dRaster

Frame Bufferl- »  Operations

in case of vertex shaders?

s striping possible in case of a geometry
shader?
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W Guidelines for Optimizing Rendering Performance

* Locating the bottleneck is half the battle in optimization

* Simple decision guidelines for determining those bottlenecks:

Vary Frame s Frame Buffer .
o +—’ v'rf'/-v—> b ) 1. Raster operations (ROP)

Vary Texture l i

Size/Filtering I’_’ » vm'e/_—' Bw 2. Texture fetch

No

Resolution VW ‘;E';;—:;/ 3. Fragment shading
F"T/——' )
Varies? Limited

s 5. Vertex/index transfer

VaryVertex | s Transfer
Size/AGP Rate ‘ _VJ ,/ Limited

Vary Vertex
Instructions

4. Vertex processing

TR

CPU

- ) 6. CPU computations

e Examples: skybox — limited by (1) or (3); skinned mesh — probably (4), (5), or (6)
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1. Raster operations

* Reading/writing z and stencil, z- and stencil comparison, reading/writing color,
alpha blending/testing

e Test: vary bit depth of color or depth buffer (e.g., from 32 to 16 bits)
2. Texture fetch

* During fragment processing/shader; needs to fetch several texels in case of
texture interpolation

e Test: change sizes of textures

 Alternative: use large positive MIPMap level bias — texture unit accesses only
coarse MIPMap levels

G. Zachmann Advanced Computer Graphics SS  July 2022 Striping 23



Bremen

3

. (& -
.@ g\x : .:.
L' -

oo s

¥, CG :-:

i VR n

3. Fragment shading

* Cost of running the fragment shader
* |n case of fixed-function pipeline: probably not the bottleneck

* Test: change window/viewport resolution
* Works because we already ruled out ROP limitation in step 1

* Alternative test: reduce length of fragment shader program
4. Vertex processing
* Transformations (vertex, normal), lighting (e.g. Phonq)

* Test: reduce length of vertex shader program

* Test in case of fixed-function: change work per vertex, e.qg., switch specular
lighting on/off, automatic texture coord generation on/offt, ..
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5. Vertex/index transfer

* Front end of pipeline: GPU fetches indices and/or vertices from GPU or CPU
memory

* Test: change vertex format size, e.qg., bytes for RGB instead of floats
6. CPU computations
e Test: underclock CPU
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