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Tesselation Shaders

Thanks to Mike Bailey (OSU)

Why a tesselation shader

You can perform adaptive subdivision based on a variety of criteria (size,
curvature, etc.)
Your application can provide coarser models (= geometric compression)
You can apply detailed displacement maps without supplying equally
detailed geometry
You can adapt visual quality to the required level of detail
You can create smoother silhouettes

What patterns can the Tessellation shaders produce?
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Figure 8.1: Schematic of OpenGL tessellation
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The Tessellation Evaluation Shader
(TES) evaluates the surface in uvw
coordinates. It interpolates attributes
and applies displacements. There is one
invocation per generated vertex.

There is a new “Patch” primitive - it is the face
and its neighborhood:

glBegin( GL_PATCHES )

There is no implied order — that is user-given

XyE vertices




3/31/2015

In the OpenGL Program
glBegin{ GL_PATCHES ),
giVertex3 .., )i

oVertesat .. ) These have no implied topology — It's up to

glEnd( ); how your shader interprets the order
GLuint tcs = glCreateShader| GL_TESS_CONTROL_SHADER |
GLuint tes = giCreateShader| GL_TESS_EVALUATION_SHADER |

giPatchParameteril GL_PATCH_VERTICES, num |
# vertices in sach patch

If you hove o TES, you must also hove o Vertex Shoder

vertex arrays

glGenVertexArrays(1, &vao); static const GLushort vertex_indices{] =

glBindVertexArray(vao);

glGenBuffers(1, &position_buffer);

glBindBuffer(GL_ARRAY_BUFFER, position_buffer);

glBufferData(GL_ARRAY_BUFFER,
sizeof{vertex_positions),
vertex_positions,

GL_STATIC_DRAW); ¥
gVertexattribPointer(0, 3, GL_FLOAT, GL_FALSE, 0, NULL);
ElEnableVertexattribArray(0); static const GLiloat vertex_positions[] =
(
glGenBuffers(1, &index_buffer); -0.25f, -0.25f,-0.25f,
glBindBufer(GL_ELEMENT_ARRAY_BUFFER, index_buffer); 025, 0.25f, -0.25f,
glBufferData(GL_ELEMENT_ARRAY_BUFFER, 0.25f, -0.25f, -0.25f,
sizeof{vertex_indices), 0.25f, 0.25f,-0.25f,
vertex_indices, 0,251, -0.25f, 0.25f,
GL_STATIC_DRAW); 0.25f, 0.25F, 0.25f,
. -0.25f, -0.25f, 0.25f,
glPatchParameteri(GL_PATCH_VERTICES, 4); // verts per patch TCSin | -0.25f, 0.25f, 0.25f,
giDrawElements(GL_PATCHES, 24, GL_UNSIGNED_SHORT, 0); ¥

TCS Inputs

gl_in[ ] is an array of structures containing:

gl_Position

gl_PointSize

gl_ClipDistance[ ]
gl_InvocationlID tells you which output vertex you are
working on, This must be the index into the gl_out[ ] array.

gl_PatchVerticesIn is the number of vertices in each patch
and the dimension of gl_in[ ]

gl_PrimitivelD is the number of primitives since last
glBegin( ) (the first one is #0)

barrier( ) causes all instances of TCS’s to wait here

TCS Outputs

+ gl_out[]is an array of structures containing:
gl_Position;
gl_PointSize;
gl_ClipDistance( J;

*  Allinvocations of the TCS have read-only access to all the output information. barrier()
causes all instances of TCS's to wait here

+ layout( vertices = n ) out; Used to specify the number of vertices output to the TPG
«  Defining how many vertices this patch will output:
layout( vertices = 16 ) out;

« gl_TessLevelOuter[4] is an array containing up to 4 edges of tessellation levels
« gl_TessLevellnner[2] is an array containing up to 2 edges of tessellation levels

* User-defined variables defined per-vertex are qualified as “out”
User-defined variables defined per-patch are qualified as “patch out”

Tessellation Primitive Generator

Is “fixed-function”, i.e., you can’t change its operation except by setting parameters
Consumes all vertices from the TCS and emits tessellated triangles, quads, or lines
Outputs positions (vertices) as coordinates in barycentric (u,v,w)

All three coordinates (u,v,w) are used for triangles

Just (u,v) are used for quads and isolines

Triangle Quad Isolines

TES Inputs

Reads one vertex of 0 == (uv,w) <= 1 coordinates in variable vec3 gi_TessCoord

User-defined variables defined per-vertex are qualified as “out”
User-defined variables defined per-patch are qualified as “paich ou”

gl_in] ]is an array of structures coming from the TCS containing:
gl_Position;
gl_PointSize;
gl_ClipDistance] ]

triangles equal_spacing
layout( | quads | . fractional _even_spacing
isolines | | fractional _odd_ spacing

+ point_mode | in:

ew |




TES Output Topologies: the Quad Pattern
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TES Output Topologies: the Quad Pattern
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TES Output Topologies: the Quad Pattern

glTessLevellnner[0] = 2;
glTessLevellnner[1] = 1;
glTessLevelOuter[0] = 2;
glTessLevelOuter[1] = 3;

glTessLevelOuter[2] = 2; ' AN
glTessLevelOuter[3] = 4; Ky

TES Output Topologies: the Isolines Pattern

Top line not drown
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TES Output Topologies: the Isolines Pattern

{um,v=1) fumt,v=t)

(ustysgy  OL1T {u=1.v=0)

OLD == 1 implies that you just
want to draw a single curve

TES Output Topologies: the Triangle Pattern

=0,y W=y
Gy
& %
oLt
=0, 420, w=1) s, vt wai)




3/31/2015

TES Output Topologies: the Triangle Pattern TES Output Topologies: the Triangle Pattern
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Demo tessmodes TES subdivision

* layout(triangles, equal_spacing, ccw) in;

* equal_spacing means that the triangle edges will
be subdivided into segments with equal lengths
(according to the TLs).

* fractional_even_spacing means if there is a
fractional portion based on TLs, it is evenly split
between the ends.

* fractional_odd_spacing means if there is a
fractional portion based on TLs, it is not evenly
split between the ends.

Example: A Bézier Curve

Demo tesssubdivisionmodes

P(u)y=(l —HJ'.’f.A.-?u.ri|—.lf]'\f: +3u"ll—ulf: +1u' P




Example: A Bézier Curve

Pany=(-u) B +3u(l-uy B +3u’ (1-u)P, +u’P,

1. The Tessellation Control Shader figures how much to
tesseliate the curve based on screen area, curvature, etc

Can tessellate non-uniformly if desired

| The OpenGL tessellation can also do 10 curves. Justset OLD
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Example: A Bézier Curve

2. The Tessellation Primitive Generator generates uf,v,w]
values for as many subdivisions as the TCS asked for.

Example: A Bézier Curve

Ply=(1=uy' B, +3ull -y B+ 30 (1 - u)P, + 1’ P,

3. The T Il 1 Evall 1 Shader the x.y.z
coordinates based on the TPG's u values

Piy=u'(-F,+3P-3P,

D3P, =68 +3P) +u(=3F, +38)+ P,

In the OpenGL Program

giPatchParameteri| GL_PATCH_VERTICES, 4 |

gBegin{ GL_PATCHES J;
alVertex3f %, o, 2o 1
givertex3f x,, v, 2, i
glVertex3fi xy, vs
alvertexdf xy, vy 2y )

In the TCS Shader

[0 et} [t yerf)
Sversion 200 1 g
Sansion GL_ARS_tessellabon_shader: enable ¥
uniform int uOutesd, uCuterl; I
Ioyout] vertices =4 | out; oty OL Tt vt
weid maing | —=

{

gl_owt] gl_invecationiD |.gi_Pesiton = gi_in{ gi_lnveeationD ] gi_Posticn

gl_TessLevelOuted] = Nieat| uluter |
g_TessLevelOuted 1] = fleat| uOuter! |

glEnd{ i
In the TES Shader
#uersion 400 ) Tty
Zgnsion GL_ARE_tessellation_shader: enabie e
layout| isclines, equal_spacing) in: f
|
void main{ ) v O
vecd pl = gl_in[0].gl_Pesition; |

vecd pl = gl_in[1].gl_Pesiton; L —
vecd p2 = gi_in[2].gI_Position; (u=0,v=0} oLt a0y
vecd p3 = gl_in[3].gl_Positon;

fioat u = gl_TessCoard.x

I the basis functions:

fioat b0 = (1.-u) * (1.-u) * (1.-u)

fioatb1 =3 * {1 /'\ ”
floatb2 =3 " u*u* (Ll

foatbdzu u"u

gl_Position = b0"p0 + b1"p1 + B2'p2 + b3'p3;
] L ”

Assigning the intermediate pi's is here to moke the code more
readable. We assume that the compiler will optimize this eway. |
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Example: A Bézier Curve
Bézier Surface Parametric Equations

[P Bx B By][ Q-+
B, B, B, FB;||3v@-v)

Pinvi=|(1=u)" 3u(l=u) 3u'(l=u) o §
Outert =5 - SRR A A E (R
[P BBy Bl P
Ougacl = 0
In the OpenGL Program In the TCS Shader
(et} o L]

giPatchParameteri| GL_PATCH_VERTICES, 16 )

- s
g'Begin| GL_PATCHES ); )
) Tt - | E D E

b This order is unimportent. Pick a ot
convention yourself and stick 1o it SLSL
| doesr't care as long o5 you are consistent

oiEnd )

In the TES Shader

In the TES Shader -
Computing the Position

At ]




In the TES Shader -

3/31/2015

Computing the Normal ey

o3 (a1t}
Lo

e I 1,20}
=

uOuterl2 = uOuter13= 5§

wocd dpdv = bul |

bebdommal = nor

| crossd dpdu ryz, dpdvayz )

=ulnner] =5

Example: A Bézier Surface

wOuteli2 = uOusert3 = 10
ulnnerd = ulnner! = §

WOuterl2 = uOuter13 = 10
ulnnerd =ulnner! =10

Bezier Patch

Tessellation Levels and Smooth Shading

[ Smaathing edge boundaries is one of the reasons that you
can set Outer and Inner tesseliation levels separately

Example: Wheole-Sphere Subdivision

spheresubd vert

#versaon 400 compatitity

oul vec vCas
oul float vitadis.

woid main( |
wCanlar = aVerlex Ky /
vRindess = aVoriox w,

o_Position = vecd{ 00,0, 1

thew,y. T
Fy the cente
# the sphers

05U

Example: Whole-Sphere Subdivision

spheresubdtcs

400 comgatitity

extens 5 _teasedation_shader - enatle

nfoal vRadus] |
nvecd vienler] |

paatch cut oot teRadus;
1 oot woch teCarae,

wrateren st LDl
wrwioem ot uScale

ayout] vertices = 1) eut.

9_out] gl_invocationl | i_Pession = gi_in| 0] gi_Possion.  1{0,00.1)

§_Tessleveilnner
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Whole-Sph ubdivi
p S

Whole-Sph ubdi
p S

spheresubd tes

S
tersen GL_ A

Iesekaton shaes oualie

Lesborrs st St

ch, wl_spacing, o)

Pk i ot etk

=30, Scale=1

Detai=50, Sc;

scabe * eftadun |
VeCarter

Making the Whole-Sphere Subdivision Making the Whole-Sphere Subdivision
Adapt to Screen Coverage Adapt to Screen Coverage
sphareacapt ics. |

on 200 compantsey
B_tessefiaton_shader - enatle

o an Ut

0sU -

Making the Whole-Sphere Subdivision Adapt to Screen Coverage

Making the Whole-Sphere Subdivision
Adapt to Screen Coverage

Ongral Triangles Stvuns prnm—

Motice that the number of
triangles adepts to the

sphere, and that the
the tessellated triangles
stays about the seme,
regercless of radius or
transformetion

Aot bt et

0SU. |
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Example: PN Triangles

Example: PN Triangles

wecd myz = aeriex myr,
oy *= uScale,

_Prosion = ublodefVewhatrs * veod| iz, 1 &
WHionnal = nomainel uNormaE * el |,

tes

" whioermad |
ot werd Achioerak] .
vkt )
|
ebicemasia] i_imecatonil | = viormal of_inecationtl) |
9] _WreocatontD | o_Peosison = gf_in §_mocatoni) | gf_Postion,
[ o Tessl everOutes(0] = uSicnke * BoatuOuter ),
Adex Viachos, Jorg Peters, Chas Boyd. and Jason Mitchell, "Curved PN Triangles”, Procesdings of
the 2001 Sympesium on interactive 30 Graghics. pp.159 — 166. usu ; 1
. 3 -
Example: PN Triangles Example: PN Triangles
Svermon 400 compattsity wech b2 # { 20 + g2 - WIZE )43
! . wecH b1 5 (252 # pl - w2t 13
prtriangles tes, | m'-"f"'@J“T‘*‘"-""*’ enatie pntriangles tes, I veck b2 = {272 + p3- wE¥2 )13
ol veed
aryout] Wnangles, equal_spacng, cow) B0 = 2%+ pd . Wil
e a— wchom = (B0« B120 « B2+ BOTT # BIGT + B201 )16
i weclw o (pldpldepd )i,
w1 ¥ g_infl] 8 Puositon xyz vech 11 =ee o fee - )i 2
wecd iz = g_n{1] of_Poson vz
= weckoyz s 1BN0WWW + 1D ¢ B0 -
Y= g R Pusiin g, B2 uww + DI + 3 DA Vwm +

RN + 3B + 1P
FRsritret

B 12 8 2 * col] p2-p1, T eri2 ) ot 1, 621 |

Moot v23 = 2 * dolf p3-p2, r2end )/ dok p3-p2, p3p2 &
foat w35 =2 * ot p1-p3, nden1 ). ot p1pd, ptpd K

vecdndiz =

normaikoei n1 + 2. w1Zi2p1] L
normalioel 12 + 73 - w2307 1
e n 101 = normakee] 5 © 01 - VIR0 )
Momal=  n200°WAW ¢ R0 + RODRVY ¢
A O+ 100 ety

_Posison « wecd{ mya. 1. |

Example: PN Triangles Example: PN Triangles
e 400
Famain 5,_gpe_shader wrstie
P i my_haderd. anatie

prtriangles prom (LU TLE R ) e ——

oo Boal WSk

mved  iwhomad | nfoat  gLigHinemty,
o GLgirkety ot wesd Fragolor
ot wec)  LIGHTROS = e 58910 | const vec COLOR v 1. 1.0
e VI many
ot vk man |
et Fragrokon s vecd|{ glightnensiy' COLORL 1|,
Fochaen'vistenl #4 ¢ L |
t
lightnternisy * 3t SGHTPOS -V L
§_Passon = sPrjecioniitars " veck] 0 + ohosk * (V] GG 1 1.k

) » g Prasosisgt] e
V| = g Possonte{ 3]
VIl * 9 PosningZ] sz
€0 % (VR V1« VT 112

Frosbosevenent 3 |
Produse Vel 1 |

1| —— - 08U = B
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The Cow's Tall is a Good Example of using PN Triangles

wChuten = 1, e
Hatice how much imprieement thers
i st By creasing the suter
tesseli This 15 because smooth
vk heipa ¥

2. uinewr

e = 2, i

0SU-

Demonstrating the Limits of Tessellation Shaders

The tessellatian is using 64x64 (the
maximum allewed)

The bump-mop resalution is
4096x2276

This is pretty geod-locking, but
deesr't come close to using the full
reselution availoble in the bump-map

Of course you could sub-tile the
terrain so that each tile uses the full
reselution of the bump-map in the
tessellated terrain

But, that weuld require 64x36, or
2304, tiles

Demo Displacement

The Difference Between Tessellation
Shaders and Geometry Shaders

By now, you are probably confused about when to use a Geomelry Shader
and when to use a Tessellation Shader. Both are capable of creating new
geometry from existing geometry. See if this helps.

Use a Geometry Shader when

1. You need to convert geometry topologies, such as the silhouetie and
hedgehog shaders (triangies —.lines) or the explosion shader
{triangles - -points)

M

ou need some sort of geometry processing fo come after the Tessellation
Shader {such a8 how the shrink shader was used here)

Use a Tessellation Shader when you need to generale many new vertices and ]
one of the tessellation topologies will suit your needs.

Use a Tessellation Shader when you need more than & input vertices to defing
the surface being tessellated
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