APPENDIX A: SAMPLE SHADERS

A.l. Surfaceshaders

A.1.1. Simplebrick

// R b S b o S Rk S o S O S IR S S S S b S b

11

/1 Bri ck shader.

/1

/1 Par anet er s:

/1 px_rc_co[3] - This is the output color. The val ue ranges
/1 from0.0 to 0.999

/1 px_shader texcoord[2] - The standard OpenG texture

/1 coordi nates. W expect values to vary fromO to 1
/1 brick w dth, brick height, nortar - The size of the
/1 brick pattern. These are uniform so we can have

/1 multiple sizes of brick

/1

// R b S O S R R I b o S S S S R I kS S S R o

#i ncl ude <pftypes. h>
#i ncl ude <pf man. h>
#i ncl ude <pf man_excl . h>

surface brick(
out put varying Color px_rc_co[ 3],

varying Color px_rc_cl[3],
varying transformas_vector unit Short px rc_I[3],

varying transformas_vector unit Short px_rc_eye[ 3],

varying transformas _nornmal unit Short px_naterial _normal[3],
varying transformas_texture TextureCoord px_shader texcoord[2],

/1 control for basic brick
/1 <--width--> |-- height
[/l -><- nortar V



/1 Xt----no-- +

/1 X | | - nortar
1 Xb--ommo-- + Vv

/1 ) 9.9.9,0.9.9.9,.¢.9,9.4

// NN

/1 | ]

uniformfloat width = 0.25,

uni formfloat height = 0.1,

uniformfloat nmortar = 0.01

uni formfloat brick_color[3] = {0.8,0.1, 0.1},
uniformfloat nmortar_color[3] = {0.5,0.5,0.5})

/1 figure out which row of bricks this is
ulntl row = px_shader_texcoord[1] / height;

/1 offset even rows by half a row
/1 this could potentially cause the texcoord to becone larger than 1
unsi gned fixed<l17, 16> u_texcoord = px_shader _texcoord[0];
if (row %2 < 1)
u_texcoord += w dth/?2;

/1 now safe to find colum of bricks as well
ulntl col = u_texcoord / width

/1 conpute "brick coordi nates"
TextureCoord st[2];

st[0] = u_texcoord % wi dt h;

st[1] = px_shader _texcoord[1l] % hei ght;

/1 surface color will be either brick or nortar
float surface color[3] = brick_color
if (st[0] <nortar || st[1l] < nortar)
surface_color = nortar_col or
/1 conpute vector fromsurface to eye and flip nornal to face it
float v[3] = nornalize(px_rc_eye - getPs());
if (px_material_normal * v < 0)
px_material _normal = -px_material _normal
px_material _normal = normalize(px_material _normal);

/1 accumul ate diffuse colors for each |ight
float diffuse[3] = {0,0,0};
i llum nance() {
float I[3] = normalize(px_rc_l);
varying float n_dot | = px_material _normal * |
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/1 no negative light on the back side of the object
if (n_dot_I < 0)
n_dot | = 0;

diffuse += n_dot _| * px_rc_cl;

/1 build final color fromaccunulated intensities and clanmp to 1
Short col or_out[3];

color_out[0] = diffuse[0]*surface_color[O0];

col or _out[ 1] di f fuse[ 1] *surface_col or[1];

col or _out[ 2] di f fuse[ 2] *surface_col or[2];

color_out = clanp(color_out, 0, 0.999);

px_rc_co = col or _out;

}
A.1.2. Full brick shader

// R b S b o R R kb S S S S R I kS R R b

/1
/1 More conpl ex and realistic |ooking brick shader
/1

// Rk b S S S R R kb o S S S S R S S S R I R b

#i ncl ude <pftypes. h>
#i ncl ude <pf man. h>
#i ncl ude <pf man_excl . h>

surface brick3(
/1 output color
out put varying Color px_rc_co[ 3],

/1 light color and direction inside illum nance
varying Color px_rc_cl[3],
varying transformas_vector unit Short px rc_I[3],

/'l eye position
varying transformas_vector unit Short px_rc_eye[ 3],

/1 surface normal, texture coordinates, tangent vectors &

/1 pixel coverage area in texture space

varying transformas _nornmal unit Short px_nmaterial _normal[3],
varying transformas_texture TextureCoord px_shader texcoord[?2],
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varying transformas_normal Short px_bunp grad vecs[2][3],
varyi ng TextureFSqr px_shader_f_sqr,
float mp_scale = 1,

/1 control for basic brick

uni form float brick_w dth = 0.25,

uni form float brick_height = 0.1,
uniformfloat nortar_width = 0.01,

uni formfloat nortar_height = 0.01,

uni form float brick_color[3] = {0.8,0.1,0.1},
uniformfloat nmortar_color[3] = {0.5,0.5,0.5},

/1 add symmetric high frequency noi se
uni formfloat brick hfnoise mx = 0,
uniformfloat brick hfnoise freq 20,
uni formfloat nortar_hfnoi se_mx 0,
uni formfloat nortar_hfnoise freq = 20,

/1 add | ow frequency to bricks

uniformfloat brick |fnoise scale = 0,
uniformfloat brick |fnoise u freq = 10,
uni form float brick_|Ifnoise_v_freq = 2,

/1 add inward bunp to nortar
uniformfloat nortar_bunp _scale = 0,

/1 color individual bricks differently
uniformfloat brick color_scale = 0)

/1 figure out which row of bricks this is
ulntl row = px_shader texcoord[ 1] / brick_height;

/1 offset even rows by half a row
/1 this could potentially cause the texcoord to becone |arger than
unsi gned fixed<l17, 16> u_texcoord = px_shader _texcoord[0];
if (row %2 < 1)
u_texcoord += brick w dth/2;

/1 now safe to find colum of bricks as well
ulntl col = u_texcoord / brick_wi dth;

/1 conpute "brick coordi nates"

float st[2] = {
u_texcoord % brick_wi dth,
px_shader _texcoord[ 1] % brick_hei ght
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s

/1 perturbation vector to put each brick inits own place in
/'l noi se space
ulntl brick_shift[2] = {

(ulnt1)irandom (ul nt2)row,

(ulnt1)irandon((ul nt2)col)

s

/1l surface color will be either brick or nortar
Short nortar[3] = nortar_col or
Short brick[3] = brick_color;

/1 distance in texture space between adjacent pixels for
/1 antialiasing
float duv = mip_scale * sqrt((fl oat)px_shader_f_sqr);

/1 add in high frequency noise to nortar
if (nmortar_hfnoise mx > 0) {
nortar += {1,1,1} * nortar_hfnoise_m x
* (1-snoot hstep(1/nortar_hfnoise freq,
2/ mortar_hfnoise freq, duv))
* snoise((float[2])(nortar_hfnoise freq
* px_shader _texcoord));

/1 do individual brick color variations
if (brick_color_scale > 0)
brick *= 1 + brick _color_scale
* srandom((ulnt2)(col + brick _shift[0]))
* (1-snoot hstep(brick width/2, 2*brick wi dth, duv))
* (1-snoot hstep(brick _height/2, 2*brick_height, duv));

/1 add in high frequency noise to the brick
if (brick_hfnoise_mx > 0) {
brick += {1,1,1} * brick_hfnoise_m x
* (1-snoot hstep(1/brick_hfnoise_freq,
2/ brick_hfnoise_freq, duv))
* snoi se(brick_hfnoise_freq * st + brick_shift);

/1 add | ow frequency noi se
if (brick Ifnoise scale > 0) {
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float |f_texcoord[2] = {
brick Ifnoise u freq * st[0], brick Ifnoise v freq * st[1]
} + brick_shift;

brick *= 1 + brick_|Ifnoise_scale
* (1-snoothstep(1/brick_|fnoise_u_freq,
2/ brick_|lfnoise_u_freq, duv))
* (1-snoothstep(1/brick_|fnoise v_freq,
2/ brick_|lfnoise_v_freq, duv))
* snoi se(lf_texcoord);

/1 choose nortar or brick colors based on position in
/1 brick coordinates
float colormx =
(snoot hstep(nortar_wi dth/2 - duv,
(varying)nortar_wi dth/2, st[0])
- snoot hstep((varying) (brick width - nortar_w dth/2)
brick width - nortar_width/2 + duv, st[0]))
* (smoot hstep(nortar_height/2 - duv,
(varying)nmortar_height/2, st[1])
- snoot hstep((varyi ng) (brick_hei ght - nortar_height/2),
brick_height - nortar_height/2 + duv, st[1]));
float surface color[3] = mix(nortar, brick, colormx);

[HEETELE i rrrrni
/1 bunp edges of nortar
float ndisp[2];

/'l create blend variables -- 0-1 fromcenter of nortar to brick
float left _blend = st[0] / (nortar_wi dth/2);

float right_blend = (brick_width - st[0]) / (nortar_w dth/2);
float bottomblend = st[1] / (nortar_height/2);

float top_blend = (brick_height - st[1]) / (nortar_height/2);

/1 add displacenents for each edge

float blend = I eft bl end;

if (blend > bottomblend || blend > top_blend || blend >= 1)
bl end = 0;

ndi sp[0] = mi x(0, -nortar_bunp_scal e, blend);

bl end = right_bl end;

if (blend > bottomblend || blend > top_blend || blend >= 1)
bl end = 0;
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ndi sp[0] += m x(0, nortar_bunp_scal e, blend);

bl end = bottom bl end;

if (blend > left_blend || blend > right_blend || blend >= 1)
bl end = 0;

ndi sp[1] = mix(0, -nortar_bunp_scal e, blend);

bl end = t op_bl end;

if (blend > left_blend || blend > right_blend || blend >= 1)
bl end 0;

ndi sp[1] += m x(0, nortar_bunp_scal e, blend);

/1 fade bunp away to antialias
ndi sp[0] *= (1l-snmoothstep(nortar _wi dth/2, 2*nortar_wi dth, duv));
ndi sp[1] *= (1l-snmoothstep(nortar _height/2, 2*nortar_wi dth, duv));

/1 conpute vector fromsurface to eye and flip nornal to face it
float v[3] = nornalize(px_rc_eye - getPs());
if (px_material_normal * v < 0)

px_material _normal = -px_material _normal

/1 bunp normal direction

px_material _normal = nornmalize(px_material _normal);
px_bunp_grad_vecs[0] = nornalize(px_bunp _grad vecs[O0]);
px_bunp_grad_vecs[1] = normalize(px_bunp_grad_vecs[1]);
px_material _normal += ndisp * px_bunp_grad _vecs;
px_material _normal = normalize(px_material _normal);

/1 accumul ate diffuse colors for each |ight
float diffuse[3] = {0,0,0};
i llum nance() {
float I[3] = normalize(px_rc_Il);
varying float n_dot | = px_material _normal * |

/1 no negative light on the back side of the object
if (n_dot_I < 0)

n_dot | = 0;
diffuse += n_dot _| * px_rc_cl;

/1 build final color fromaccunulated intensities and clanp to 1
Short col or_out[3];

127



col or _out[ 0]
col or_out[ 1]
col or_out[ 2]

di ffuse[ 0] *surface_col or[0];
di ffuse[1] *surface_col or[ 1];
di ffuse[ 2] *surface_col or[2];

color_out = clanp(color_out, 0, 0.999);

px_rc_co = col or _out;

}

A.1.3. Rippled reflection

/1 Water ripple shader

/1

/1 Produces water ripples fromdrips on a calmsurface, rendered as
/1 a bunmp map.

/1

/1 Handles up to MAX DROPS at a tine, drop_* paraneters control the
/1 individual features of each drop (drop location and starting tine)
/1

/1 Time is given by franme_nunber paraneter

/1

/1 Qther control paraneters control the general characteristics of the
/1l ripples (ripple_*: height, speed, wavel ength, and two ki nds of

/1 fading)

/1

/1 See comments in the declaration section of surface ripple for nore
/] details

#i ncl ude <pftypes. h>
#i ncl ude <pf man. h>
#i ncl ude <pfnman_excl . h>

#define MAX_DROPS 5

/] do texture |ookup for environnent map. Paraneters are first of 6
/1l consecutive texture ids (for the maps) and a reflection vector. The
/1 reflection vector is destroyed.
Col or[ 3] env_I ookup(
/] texture id of first environment map texture
/] texture ids should be texture_id to texture_id+5, corresponding
/1 to images in the +x, -x, +y, -y, +z, and -z directions
/1 orientation for these images:

11 X (U = +z, v = +y); -xi (Uu=-2z, v =-y)
/1 +y: (u = +x, v = +z); -y: (U =-X, VvV = -2)
/1 +z: (U = +X, v = +y); -z! (U =-X, V = -Yy)
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uniformfloat texture_id,

[/l reflection vector off of surface into environnent
varying float reflection_vector[3]);

/1 approxi mate exponential exp(-x) decay with piece of quartic
/1 decay = 1 at x=0

/1 decay and 3 derivatives = 0 at x=6

/1 decay = 0 at all x>6

varying float decay(varying float x)

{
if (x > 6)
return O;
el se {
/1 quartic approximtion: ((x-6)"4)/1296
float t = x-6, t2=t*t, t4=t2*t2
return t4/ 1296
}
}

/1 conpute normal displacenment for ripples fromone drop
float[2] ripple_displacenment (

/1 location that drop started

uni form fl oat drop_center[2],

/1 distance travel ed by wave front so far
uni form fl oat wavefront progress,

/1 position on surface
varyi ng TextureCoord texture_coordinates[?2],

/'l ripple parameters
uni form float ripple_frequency, /1 in radians/texe
uni form float ripple_height, /1 height of ripples
uniformfloat ripple_source decay, // decay at source
/1 (in texels)
uni form float ripple_front_decay /1 decay at wave front
/1 (in texels)

/1 distance of this sanple fromthe drop center
float drop vector[2] = texture_coordi nates - drop_center
float drop _distance = sqgrt(drop _vector[O]*drop_vector[0] +
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drop_vector[ 1] *drop_vector[1]);

/1 length of ripples that have passed this sanple
float ripple_progress = wavefront_progress - drop_di stance;
if (ripple_progress < 0) ripple_progress = 0;

/1 normal displacenment in direction ripple is noving
/1 basically the derivative of the ripple height function
/1 (shoul d really have sonme terns due to the derivative of each
/1 decay function, but | ignore these)
float normal displacenent = ripple_height
* decay(drop_distance * ripple_front_decay)
* decay(rippl e_progress * ripple_source_decay)
* fastsin(ripple_progress * ripple_frequency);

return(nornal _displacenent/drop_di stance * drop_vector);

surface ripple2(
/1 output color
out put varying Color px_rc_co[ 3],

/1 light color and vector to light (valid inside illumn nance)
varying Color px_rc_cl[3],
varying transformas_vector unit Short px rc_I[3],

/1l vector fromsurface to eye
varying transformas_vector unit Short px_rc_eye[ 3],

/1 surface description:

/1 normal, texture coordinates, and texture gradi ent vectors
varying transformas _nornmal unit Short px_naterial _normal[3],
varying transformas_texture TextureCoord px_shader texcoord[2],
varying transformas_normal Short px_bunp grad vecs[2][3],

/1 material paraneters
varying Color px_material _diffuse[3] ={.2,.9,.8},
uni formfloat px_material _specular[3] = {1,1, 1},

uni form fl oat px_material _shininess = 50,

/1 environnent map texture ids
uni form float environnent texture = 0,

/] current frane
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uniformfloat time = 0O,

/'l ripple parameters

uni form float ripple_height = .5 /1 anplitude of ripples

uni formfloat ripple_speed = 0.01, /1 in texels/second

uni form float ripple_wavelength = 0.05, // in texels

uni formfloat ripple_source_fade = 18, // source will be 0 when
/1l wave has travel ed x
/1 wavel engt hs

uni formfloat ripple_front_fade = 50, /1 wave front will be O
/] after it has travel ed
/1 x wavel engt hs

/1 drop locations and start tines
uni form float numdrops = 3,
uniformfloat drop_center[ MAX DROPS][2] =
{{.5,.5}, {.25,.25}, {.75,.97}, {.33,.66}, {0,0}},
uni form float drop_start[ MAX DROPS] = {10, 30, 35, 500, 510},

uniformfloat viewxforn{3][3] = {{1,0,0},{0,1,0},{0,0, 1}}
)

/1 conversion fromeasy to specify quantities to easy to use
/1 versions frequency (in radians/texel)
uniformfloat ripple_frequency = 2*Pl/ri ppl e_wavel engt h;
/1 decay at source (in 1l/texels)
/1 factor of 6 is because exp(-x) is effectively 0 by x = 6
/1 (and ny approximation is exactly 0 by x = 6)
uni formfloat ripple_source _decay
= 6/ (ripple_wavel engt h*ri ppl e_source_fade);
/1 decay at wave front with distance fromsource (in 1/texels)
uniformfloat ripple_front_decay
= 6/ (rippl e_wavel engt h*ri ppl e_front_fade);
/1 maxi mum progress of ripple
uniformfloat ripple_end
= (ripple_source fade + ripple_front _fade) * ripple_wavel ength;

float normal displacenent[2] = {0, 0}; /1 displacenent of nornma

/1 displace fromeach drop
uniformulnt4 i
for(i=0; i<numdrops; ++i) {
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/1 distance travel ed by wave front so far
uni form float wavefront _progress =
(time - drop_start[i]) * ripple_speed,

if (wavefront progress > 0 && wavefront_progress < ripple_end)
normal _di spl acenment += ri ppl e_di spl acenent (
drop_center[i], wavefront progress, px_shader_texcoord,
ri ppl e_frequency, ripple_height,
ri ppl e_source_decay, ripple front_decay);

/1 nmodify normal by bunp displacenents

px_material _normal = normalize(px_material _normal);
px_bunp_grad_vecs[0] = nornalize(px_bunp _grad vecs[O0]);
px_bunp_grad_vecs[ 1] nor mal i ze( px_bunp_grad_vecs[1]);
px_material _normal += normal _di spl acenment * px_bunp_grad _vecs;

px_material _normal = normalize(px_material _normal);

/1 conpute lighting
float v[3] = nornalize(px_rc_eye - getPs());
float two_n_dot v = 2*(px_material _normal * v);
if (two_n_dot v < 0) {

two_n_dot v = -two_n_dot _v;

px_material _normal = -px_material _normal

/1 accumul ate diffuse and specular colors for each |ight
float diffuse[3] = {0,0,0}, specular[3] = {0,0,0};
i llum nance() {

float I[3] = normalize(px_rc_Il);

float n_dot | = px_nmaterial _normal * |;

float v_dot_| v * I

/1 approximation (1 - (D.D2)(n/K))"K;, D=RL;, K=4
/1 from|[Lyon93]

float spec =1 + v_dot | - two_n_dot v * n_dot |;

spec = 1 - spec * (px_naterial_shininess / 4);

if (spec < 0) spec = 0;

spec *= spec;

spec *= spec;

/1 no negative light on the back side of the object

if (n_dot_| < 0)
n_dot | = spec = O;
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/1 accurmul ate the two intensities
diffuse += n_dot _| * px_rc_cl;
specul ar += spec * px_rc_cl;

/1 do environnment map | ookup
float reflection[3];
if (environment texture) {
reflection = view xform* (two_n _dot_v * px_nmaterial _norm
- V),

/1 add in environnent map col or
specul ar += env_| ookup(envi ronment _texture, reflection);

/1 build final color fromaccunulated intensities and clanp to 1
Short col or_out[3];
for(i =0; i < 3; i++)
color _out[i] = diffuse[i]*px_material _diffuse[i]
+ specular[i]*px_nmaterial _specular[i];

px_rc_co = clanp(color_out, 0, 0.999);
}

A.1.4. Environment map

/1 sinple environnment map shader

#i ncl ude <pftypes. h>
#i ncl ude <pf man. h>
#i ncl ude <pf man_excl . h>

/1 do texture |ookup for environnent map. Paraneters are first of 6
/1l consecutive texture ids (for the maps) and a reflection vector. The
/1 reflection vector is destroyed.
Col or[ 3] env_I ookup(
/] texture id of first environment map texture
/] texture ids should be texture_id to texture_id+5, corresponding
/1 to images in the +x, -x, +y, -y, +z, and -z directions
/1 orientation for these inages:

11 X (U = +z, v = +y); -xi (Uu=-2z, v =-y)
/1 +y: (u = +x, v = +z); -y: (U =-X, VvV = -2)
/1 +z: (U = +X, v = +y); -z! (U =-X, V = -Yy)

uniformfloat texture_id,

133



[/l reflection vector off of surface into environnent
varying float reflection_vector[3])

/1
/1l pick a cube face

/1 first figure out which direction is |argest
/1 and swap to nmake it reflection_vector[2];
float rabs[3] = reflection_vector;

rabs[ 0] = abs(rabs[0]);

rabs[ 1] abs(rabs[1]);

rabs[ 2] abs(rabs[2]);

/1 reflection_vector is already good if z is |argest
/1l set tid to first of pair of z textures
ulnt2 tid = texture_id + 4,

/1l x largest, swap to z-y-z order and fix tid
if (rabs[0] > rabs[1] && rabs[0] > rabs[2]) {
reflection_vector = {reflection_vector[2],
reflection_vector[1],
refl ection_vector[0]};

tid -= 4;

/1l y largest, swap to x-z-y order and fix tid
if (rabs[1] > rabs[0] && rabs[1l] > rabs[2]) {
reflection_vector = {reflection_vector[2],
refl ection_vector[O0],
refl ection_vector[1]};

/] also switch tid to first of y textures
tid -= 2;

/1 figure out whether + face or -
if (reflection_vector[2] <O0) tid +=1

/1 project onto face;
TextureCoord texcoord[2] = {
(1 + reflection_vector[0O]/reflection_vector[2]),
(1 + reflection_vector[1]/reflection_vector[2])
1 2;
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return texture(tid, texcoord);

surface env(
/I output color
varyi ng output Color px_rc_co[3],

/I surface normal
varying transformas_vector unit Short px_rc_eye[ 3],

/I surface normal
varying transformas _nornmal unit Short px_naterial _normal[3],

/I texture 1Ds for environment map
uniformfloat texture_id,

/I transform
uniformfloat viewxforn{3][3] = {{1,0,0},{0,1,0},{0,0, 1}}
)

{
/I compute reflection vector
float v[3] = px_rc_eye - getPs();
v [ = sqgrt(v*v);
px_material _normal = normalize(px_material _normal);
float reflection[3] = viewxform* (
2*(v*px_material _normal )*px_material _normal - v);
px_rc_co = env_|lookup(texture_id, reflection);
}

A.1.5. Mandebrot and Julia sets

/I A combined Mandelbrot/Julia set shader using high-resolution.
/I coordinates. Both Mandelbrot and Julia set work by iterating

Il z=z*z + ¢

/l with complex z and c. Points in the set never go to infinity, and
/I it's been proven that once |z| >= 2, z will go to infinity. So, we
/I can't really find points in the set, but we can iterate for a while
/I to find points we know are not in the set. We color each point by
/I how many iterations it took to leave the |z| < 2 circle.

)

/I For the Mandelbrot set, ¢ is the point on the plane and z starts
/[ at 0. For the Julia set, z is the point on the plane and c is a

/I constant (which controls the shape of the set). To allow this
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/1 function to handl e both sets, we have two potentially varying
/1 variables: mand_base, which is the initial value for z, and
/1 mand_offset, which is the value for c.

#i ncl ude <pftypes. h>

surface mandf (
out put varying Color px_rc_co[ 3],
/1 allow coordinates from-2 to 2: 2 integer bits
varyi ng fixed<61, 54> nand_of fset[ 2],
varyi ng fixed<31, 27> nand_base[ 2],
uni form float mand_col or map[ 16] [ 3],
uni form float mand_| oops,
uni formfloat mand_use fl oat)

if (mand_use float) {

uniformulnt4 iter
varying ulnt4 done = 0;

/1 real and inmaginary conponents of current iteration
varying float r = mand_base[0], i = mand_base[1];
varying float x = mand_offset[0], y = mand_offset[1];

[/ r"2 and i"2
varying float r2 =r*r, i2 = i%*i

for (iter = 1; iter <= mand_l oops; iter++) {
i = 2*r*i + mand_offset[1]; // (r,i) = (r,i)*(r,i) + (X,¥)
r=r2-i2 + mand_offset[0];
r2 =r*r;
i2 =i*i;

// if outside set, then save iteration nunber
varying float t = r2+i2
done = done ? done : (t>4 ? iter : 0);

Bit in_set = (done == 0);

/1 set color fromcolor ranp
done = done & 15;
for (iter = 0; iter < 16; iter++)
if (done == iter)
px_rc_co = mand_colormap[iter];
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/1 white inside set
if (in_set)
px_rc_co = {.999,.999,.999};

/1 fixed point version
el se {

uniformulnt4 iter
varying ulnt4 done = 0;

/1 real and inmaginary conponents of current iteration

/1 if old |r,i|] <2, new |r,i| < 10: 4 integer bits

varying fixed<31,27>r = mand_base[0], i = mand_base[ 1];
varying fixed<61,54> x = mand_offset[0], y = nand_offset[1];

[/ r"2 and i"2
/1 if r,i <10, r2,i2 < 100: 7 integer bits
varying fixed<61,54> r2 =r*r, i2 =i*i;

for (iter = 1; iter <= mand_| oops; iter++) {
i = 2*r*i + mand_offset[1]; // (r,i) = (r,i)*(r,i) + (X,¥)
r=r2-i2 + mand_offset[0];
r2 =r*r;
i2 =i*i;

// if outside set, then save iteration nunber
varying fixed<62,54>t = r2+i 2;
done = done ? done : (t>4 ? iter : 0);

Bit in_set = (done == 0);

/1 set color fromcolor ranp
done = done & 15;
for (iter = 0; iter < 16; iter++)
if (done == iter)
px_rc_co = mand_colormap[iter];

/1 white inside set

if (in_set)
px_rc_co = {.999,.999,.999};
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A.1.6.Wood

/I this shader produces a 3D wood texture.
/I based on Pixar's wood shader

#i ncl ude <pftypes. h>
#i ncl ude <pf man. h>
#i ncl ude <pf man_excl . h>

sFrac?2
sFrac?2
sFrac?2
sFrac?2
sFrac?2
sFrac?2
uFrac2
uFrac2
uFrac2

snoi se(varyi
snoi se(varyi
snoi se(varyi
snoi se(varyi
snoi se(varyi
snoi se(varyi

ng
ng
ng
ng
ng
ng

fl oat
fl oat
fl oat
fl oat
fl oat
fl oat

[ Upstill90]

t);

t[2]);

t[3]);

X);

X, varying float y);

X, varying float y, varying float z);

noi se(varying float x);
noi se(varying float x, varying float y);
noi se(varying float x, varying float y, varying float z);

surface wood(
/I output color

out put varying Col or

/'light color and direction

varyi ng Col or

px_rc_co[ 3],

px_rc_cl[3],

varying transformas_vector unit Short px rc_I[3],

/l'location of eye
varying transformas_vector unit Short px_rc_eye[ 3],

/I surface normal
varying transformas _nornmal unit Short px_naterial _normal[3],

/I parameters controlling wood itself

/I distance between growth rings (larger = closer rings)
float grain = 5,

/I amount of turbulence
float swirl = .25,

float swirlfreq = 1,

/I point and vector defining axis line of tree

float axis_point[3]

float axis_vec[3]

= {0,0, 0},

= {0,0, 1},
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/1 object space transformation
float viewxfornf3][3] = {{1,0,0},{0,1,0},{0,0, 1}},
float view xlate[3] = {0,0,0},

/1 colors (darkcolor = -1,-1,-1 neans use 30% of
/1 px_material _diffuse)

float darkcolor[3] = {-1,-1, -1},

float px_material _diffuse[3] = {.8,.7,.2},

float px_nmaterial _specular[3] = {1,1, 1},

float px_material _shininess = 10)

float P[3] = viewxform* getPs();
P += view x| ate;

/1 conpute extra offset for turbul ence
float swirlpt[3] = swirlfreq * P,

float swirl _distance = 0;

swirl _distance += snoi se( swirlpt);
swi rl _di stance snoi se( 2*swirlpt)/2;
swirl _distance snoi se( 4*swirlpt)/4,;
swirl_distance += snoise( 8*swirlpt)/8;
swirl _distance += snoi se(16*swirlpt)/16;

+ +
non

/1 conpute distance fromsurface position to tree axis
float axis[3] = axis_vec / length(axis_vec);
float distance = length(axis » (P - axis_point))

+ swirl*swirl _distance;

/1 conpute the scale factor for the grain

di stance = (grain*di stance) % 1, /1 scale distance for grain size
float al pha = distance * distance;

al pha = 2*((1 - alpha)/5 + .3 - .3*snoi se(8*di stance));

/1 finally, conmpute the wood surface col or
if (darkcolor[0] < 0) darkcolor = .3*px_material _diffuse;
float surface color[3] = mx(darkcolor, px_naterial diffuse, alpha);

/1 conpute view vector and forward-facing surface normal
Short V[3] = normalize(px_rc_eye - getPs());
Short Nf[3] = normalize(px_material _normal);
Short two_n dot v =2 * Nf * V,
if (two_n_dot v < 0) {
two_n_dot v = -two_n_dot _v;
INf - Nf;

139



/I accumulate the Phong shading
Short diffuse[3] = {0,0,0}, specular[3] = {0,0,0};

i Ilum nance() {
/l normalize light vector
Short L[3] = normalize(px_rc_l);

/l dot product of unit normal and unit light vector
Short n_dot | = Nf * L;

/l dot product of unit view vector and unit light vector
Short v _dot | =V * L;

/I specular contribution

/I approximation (1 - (D.D/2)(n/K))"K; D=R-L; K=4

/I from [ Lyon93]

float spec = 1 + v_dot_| - two_n_dot_v * n_dot_I;// D.D/2
spec = 1 - spec * (px_naterial_shininess / 4);

if (spec < 0) spec = 0;

spec *= spec;

spec *= spec;

/[ don't want negative light on the back sides of things!
if (n_dot_| < 0)
n_dot | = spec = 0;

/[ add in diffuse and specular contributions
di ffuse += px_rc_cl * n_dot_I;
specul ar += px_rc_cl * spec;

// build final color from accumulated intensities
Short col or_out[3];
uniformulnt4 i;
for(i=0; i<3; i++)
color_out[i] = diffuse[i]*surface_color[i] +
specular[i]*px_material _specular[i];

/I copy into REAL output color
px_rc_co = clanp(color_out, 0, 0.999);
}

A.2. Light
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A.2.1. Light through a window

/1 Light shader sinulating sunlight through a w ndow
/1 based on window ight.sl distributed with Render Man

#i ncl ude <pftypes. h>
#i ncl ude <pf man. h>
#i ncl ude <pf man_excl . h>

[ight win(output varying Color px_rc_cl[3],
out put varying Short px_rc_I[3],

/1 light direction

uniformtransformas_point float px_|ight _position[3]
={-1,1 2},

/1 center of w ndow

uniformtransformas_point float Center[3] = {0,0, 0},

/1 direction fromcenter into room

uniformtransformas point float In[3] = {0,0, 1},

/1 direction fromcenter to the top of the w ndow

uniformtransformas vector float Up[3] = {0, 1, 0},

/1 color of light inside and outside of each pane
uni formfloat px_light_diffuse[3] = {.999,.2,.2},
uni form float darkcolor[3] = {.3,.2,.1},

/* nunber of panes horizontally */

uni form fl oat xorder = 3,

/* nunber of panes vertically */

uni form fl oat yorder = 4,

/* horizontal size of a pane */

uni form fl oat panewidth = .7,

/* vertical size of a pane */

uni form fl oat paneheight = 1,

/* sash wi dth between panes, % of pane size */
uniformfloat framewidth = 0.07,

/* transition region between pane and sash */
uniformfloat fuzz =.01

/1 normalize Iight direction
px_rc_lI = px_light_position / length(px_light_position);

/1 conpute coordinate frame for w ndow
uniformfloat in[3] = In/length(ln);

141



uniformfloat right[3]; /1 = Up ~in
right[0] = Up[1]*in[2] - Up[2]*in[1];
right[1] Up[ 2] *i n[ O] Up[ O] *in[2];
right[2] = Up[O0]*in[1] Up[ 1] *in[O];

right /= length(right);

uni form float up[3]; /1 =1in " right
up[O] = in[1]*right[2] - in[2]*right[1];
up[ 1] inf2]*right[0] - in[0]*right[2];
up[ 2] in[O0]*right[1] in[1]*right[0];

up /= length(up);

/1 lower left corner of wall w th w ndow
uni formfloat corner[3] =
Center - right*(xorder*panew dth/2) - up*(yorder*panehei ght/2);

// vector fromsurface to corner of w ndow
float p_ to c[3] = corner - getPs();

/1 vector fromsurface to corner of windowin direction |ight
/1 is shining
float p_to f[3] = px_rc_| * ((p_to_c*in)/(px_rc_l*in));

/1 vector fromthe corner of the window to intersection point
/1 on the w ndow
float c_ to loc[3] = p_to f - p_to_c;

/1 1 =1lightcolor, 0 = darkcolor. Start out at 1
float |ightness = 1;

/1l project c_to loc onto up vector to get vertical offset
float offset = c_to loc * up;

/1 are we inside the w ndow?
if(offset>0 & & offset < yorder*panehei ght){
Short vpaneLoc=(of f set/panehei ght) % 1;

i f(vpaneLoc > .5) // exploit the symmetry in the pane
vpaneLoc = 1 - vpaneloc;

/1 include the sash fuzz

i ghtness *= snoot hstep(framew dth/2 - fuzz/2,
framewi dth/2 + fuzz/2,
vpanelLoc);
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else
lightness = 0;

/1l project c toloc onto right vector to get horizontal
offset = ¢_to_loc * right;
px_rc_lI[1] = offset;

/1 are we inside the w ndow?
if(offset > 0 && offset < xorder*panewidth){
Short hpaneLoc = (offset/panewidth) % 1;

if(hpaneLoc > .5)
hpaneLoc = 1 - hpanelLoc;

/1include the sash fuzz
lightness *= smoothstep(framewidth/2 - fuzz/2,
framewidth/2 + fuzz/2,
hpaneLoc);
}
else
lightness = 0;

px_rc_cl = mix(darkcolor,px_light_diffuse,lightness);

}

A.3. Primitives

A.3.1. Smpledirect rendered primitive
/I simple test primitive that produces a flat “wiggly square”

#include <pfman.h>
#include <pfman_excl.h>

primitive testprim(
varying uFrac2 px_shader_z,
transform_as_point float center[1][4],
float size[1])

ulnt2 x = linear_expri(center[0][3], O, -center[0][0]);
ulnt2 y = linear_expri(0, center[0][3], -center[0][1]);
ulnt4 x2 = x*x, y2 = y*y,

uniform float r = size[O]*center[0][3], r2 = r*r, r4 = r2*r2;

/1 conpare agai nst sil houette

143

of f set



if (x2*x2 + y2*y2 < r4(1 + x2 + y2)) {

/1 conpare against Z
uFrac2 z = center[0][2]/center[0][3];
if (px_shader_z > z) {

px_shader_z = z;

/1 do interpolation
i nterpolation {
/1 no built-in interpolator types for this printive

}

A.3.2. Basictrianglewithout clipping

/1l sinple triangle inplenmenting the algorithmin [ A ano97]
#i ncl ude <pf man. h>
#i ncl ude <pf man_excl . h>

primtive tri_2dh(
varyi ng unsi gned fixed<32, 32> px_shader_z,
i nterpolation_data interp_data[ 3],
transformas_point float vertex[3][4])

/1 invert matrix of 2D honobgeneous vertex coordinates (e.g. [X y W)
uni formfl oat edge[3][3];
edge[0][0] = vertex[1][1] * vertex[2][3]

edge[ 1] [ 0]
edge[ 2] [ 0]
edge[ 0] [ 1]
edge[ 1] [1]
edge[ 2] [ 1]
edge[ 0] [ 2]
edge[ 1] [ 2]

edge[ 2] [ 2]

vertex[1][3]
vertex[1][0]
vertex[1][0]
vertex[1][1]
vertex[2][1]
vertex[2][3]
vertex[2][3]
vertex[2][0]
vertex[2][0]
vertex[2][1]
vertex[0][1]
vertex[0][ 3]
vertex[0][ 3]
vertex[0][0]
vertex[0][0]
vertex[0][1]

- vertex[1][3] * vertex[2][1];

vertex[2][0]
vertex[2][3];
vertex[2][1]
vertex[2][0];
vertex[0][ 3]
vertex[0][1];
vertex[ 0][0]
vertex[0][3];
vertex[0][1]
vertex[0][0];
vertex[1][3]
vertex[1][1];
vertex[1][0]
vertex[1][3];
vertex[1][1]
vertex[1][0];
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uniformfloat det =
vertex[0][0] * edge[0][0]
+ vertex[0][1] * edge[1]][0]
+ vertex[0][3] * edge[2][0];
edge /= det;

/1 use matrix colums as coefficients for |inear edge tests
/1 scaling factors avoi d edge overfl ow
uniformfloat sO =
1/sqrtf(edge[ 0] [ 0] *edge[ O] [ O] +edge[ 1]1[ O] *edge[ 1]1[ 0] );
uniformfloat sl =
1/sqgrtf(edge[ O] [ 1] *edge[ 1] [ 1] +edge[ 1] [ 1] *edge[ 1] [ 1]);
uniformfloat s2 =
1/sqgrtf(edge[ 0] [ 2] *edge[ O] [ 2] +edge[ 1] [ 2] *edge[ 1][ 2] );
if (linear_expri(s0O*edge[0][0], sO*edge[ 1][ 0], sO*edge[2][0]) >=
linear _expri(sl*edge[0][1],sl*edge[1][1],sl*edge[2][1]) >=
linear _expri(s2*edge[0][2],s2*edge[1][2],s2*edge[2][2]) >=

/1 multiply Z at each vertex by matrix to get coefficients
/1 for linear expression for Z test
uFrac4 z = linear_exprz(

edge[ 0] [O] *vertex[0][2] +

edge[ 0] [1] *vertex[1][2] +

edge[ 0] [ 2] *vertex[ 2] [ 2],

edge[ 1] [ O] *vertex[0][2] +
edge[ 1] [ O] *vertex[1][2] +
edge[ 1] [ 2] *vertex[ 2] [ 2],

edge[ 2] [ O] *vertex[0][2] +
edge[ 2] [1] *vertex[1][2] +
edge[ 2] [ 2] *vertex[2][2]);

if (px_shader_z > z) {
px_shader_z = z;

/1 do interpolation
i nterpol ation {
/1 only option is linear interpolation
case PXlinear:
i nterpolator_return (
i near _expr(edge[ O] *i nterp_data,
edge[ 1] *i nter p_dat a,
edge[ 2] *interp_data));
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}

A.3.3. Subdivision primitive

/1 sinple subdivision prinitive

/1 input is three vertices and an offset direction

/1 subdivides triangle defined by the three vertices into four
/1 smaller triangles and offsets the new vertices

#i ncl ude <pf man. h>
#i ncl ude <pf man_excl . h>

/1 prototype for base prinitive

primtive triangle(
varyi ng unsi gned fixed<32, 32> px_shader_z,
transformas_point float vertex[3][4]);

primtive subdivision(
varyi ng unsi gned fixed<32, 32> px_shader_z,
transformas _normal float offset _direction[3],
transformas _point float vertex[3][4])

/] create three new vertices

/1 each is the average of two of the existing vertices
uni formfloat new vertex[3][4];

new vertex[0] = (vertex[1l] + vertex[2])/2;

new vertex[ 1] (vertex[2] + vertex[0])/2;

new vertex[ 2] (vertex[0] + vertex[1])/2;

/1 displace the new vertices by offset direction

new vertex[0][0] += offset _direction[0]*new vertex[0][3];
new vertex[0][1] += offset _direction[1l] *new vertex[O0][3];
new vertex[0][2] += offset _direction[2]*new vertex[0][3];

new vertex[1][0] += offset _direction[0]*new vertex[1][3];
new vertex[1][1] += offset _direction[1l] *new vertex[1]][3];
new vertex[1][2] += offset _direction[2]*new vertex[1]][3];

new vertex[2][0] += offset _direction[0]*new vertex[2][3];
new vertex[2][1] += offset _direction[1l]*new vertex[2][3];
new vertex[2][2] += offset _direction[2]*new vertex[2][3];

/1 render four new triangles
uniformfloat new tri[3][4];
new tri[0] = vertex[O0];

new tri[1l] = new vertex[1];
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new tri[2] = new_vertex[2];
triangl e(px_shader_z, new tri);

new tri[0] = vertex[1];
new tri[1l] = new_ vertex[2];
new tri[2] = new_vertex[0];

triangl e(px_shader_z, new tri);

new tri[0] = vertex[2];
new tri[1l] = new_ vertex[O0];
new tri[2] = new vertex[1];

triangl e(px_shader_z, new tri);

triangl e( px_shader_z, new vertex);
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