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1. Herramientas de Dibujo

1.1. Método Bresenham para rectas

Este método consiste principdmente en evauar @ error que representa la distancia entre la
rectared y un punto graficado.

La idea basca dd dgoritmo es reemplazar la pendiente red de la recta vauada por sus
componentes enteros. Es decir, no es necesario cacular la pendiente de la recta (este es d
caso de otros dgoritmos de graficacion de rectas, como € DDA), para decidir que pixeles
prender.

En padabras mas smples, s uno quiere graficar la linea de la figura 1.1, sean los pixeles P,
Dy E, s quiere saber cud es la mgor aproximacion a la
P E linea y. Se comienza con un eror inicid de 0 (e = 0),
pero luego a medida que se va avanzando en € agoritmo,
e error va cambiando. Supongamos que en d pixd P hay
un error de e, se degimos € pixe E, € nuevo error es.

e=e+tm

D mientras que 9 eegimos d pixd D, € nuevo error es.
Figura 1.1. representacion
de una linea Bresenham e=e+(1l-m)

entonces, s e+ m> 0.5 (ladistancia de medio pixd), degimos dibujar D.
El objetivo de este clculo es la rgpidez. Queremos que todas las cuentas sean con enteros,
para que las operaciones no sean Costosas.

Laideaimplementada es
Sean Xo, Yo , X1, Y1 | N; DX =X - Xo, Dy =Vy1 - Yo.

&=m-¥=2*(Dy/Dx)-1
s e0, entonces dijo € pixd D.

Pero paralograr que todas | as cuentas sean enteras, multiplicamos todo por 2* Dx.
Entonces:

S degimosE, e=e + 2Dx

S degimosD, e= e+ 2Dy - 2Dx

Este dgoritmo se divide en cuatro casos, dependiendo dd vaor de la pendiente de la recta
(en redlidad son ocho, pero lo reducimos a cuatro casos por que podemos intercambiar €
pixel de sdida con € de llegada).

El dgoritmo dd caso base es, con las entradas (X0, y0) d pixd inicid, (x1,y1) d pixd find,
color € color delalinea
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Linea (x0, yO, x1, y1, color)

fin

Dx = x1-x0
Dy - y1-y0
ix = 2*Dx
iy—l 2*Dy
ly- y0 Al |
e~ iy-Dy
| parax = x0 hasta x1 hacer A2 |
PutPixel(x, y, color)
| e- e+iy A3 |
si e >0 entonces
yo y+1 A4
e- e—ix A5
fin si
fin para

Casos: (donde m eslapendiente, ta que m=Dy/Dx)

Otros casos (deben implementarse para un agoritmo de linea completo).

1. 0O<m<1,Dx30,Dy30
Este ese caso base. No hay cambios.

2. m>1Dx3 0,Dy30

En este caso € dgoritmo sufre los Sguientes cambios.
Al:x - x0

A2: paray =y0 hasta y1 hacer

A3:e- e+ix

Ad:x—- x+1

A5:e- e—ly

3. -1<m<0,Dx30,Dy<0

En este caso los cambios en @ dgoritmo base son.
A3:e- e—-ly

Adiy- y-1

4, m>-1,Dx3 0,Dy<0

y para esta variedad, los cambios son
Al:x- x0

A2: paray =yl hasta y0 hacer
A3:e- e+ix

Ad:ix- x-1

A5 e~ e+tiy

a Dx<O0.




Organizacion del Computador 11 Libreria Gréfica

Cuando eto pasa seintercambian :
(x0,y0) con (x1,y1)
Dx con -Dx
Dy con -Dy

y se utilizauno delos casosnormadesde 1. a 4. .

b. Dx =0 (m no estadefinido).
Quiere decir que lalinea es vertical, no se necesita hacer un agoritmo complicado.

c. by=0(m=0).
Quiere decir que lalinea es horizontd, no se necesita hacer un agoritmo complicado.

1.2. Discretizacion de Poligonos

Usamos un méodo rddivamente smple para relenar tridngulos,
ya que todo poligono es representable a partir de finitos tridngul os.

Para hacer esto hay que definir 2 arreglos auxiliares

(X1,y1)

minx[0..AltoDePantdla]
maxx[0..AltoDePantalla)]

(x0.y0) (x2y?) y obtener también € minimo de y (miny) y € méximo dey (maxy),
Figura1.2. para ssber entre que puntos hay que  miny (1)
. - iterar.
poligono a dibujar Con todos estos datos, lo que se hace
es, por gemplo en la figura 1.2., obtener en & areglo minx,
en las pogciones y; a Yo, los vaores de x de larecta ((Xo, Yo),
(x1,y1)), en las posiciones yp a Yo, los vaores de x de la recta
((Xo, Vo), (X2,¥2)), Yy en & areglo maxx, en las posiciones y; a (%, o)
y2, los vaores de x de larecta ((X1, 1), (X2,y2)). Con todos
esdos datos, luego se dibujan las rectas definidas por maxy|
(minx[y],y) , (maxx[y],y), paratodo y entre minyy maxy,ta ~ Figura 1.3. Proceso de
como muestralafigura 1.3. dibujo

(¥2.¥2)

Para obtener los resultados buscados, se separan los siguientes casos, sobre los vaores
sobre las coordenadas Y de los puntos (O, y0), (x1yl), (x2,y2). Para esto se tiene una
vaiacion de la funcidn linea (Ilameémoda LineaModificada), que recibe un areglo A como
parametro, y en vez de graficar € punto (X, Y) en lapantala, escribe en A[Y] d vaor X.
1. Se definen, comparando Yo, Vi € Yo, los vaores miny y maxy, que me indican €
minimo y d maximo vaor sobrey.
2. Se procesa los valores de minx y maxx, los arreglos antes nombrados. Para esto se
ven los siguientes casos.
© Yo = Y1 = Y2. En este caso s0lo e debe dibujar una linea entre e minimo y €
méximo vaor de X.
yo=y1 U Yo' V.. Para este caso se llama d funcion se definen los areglos de la
dguiente manera
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LineaModificada(xo, Yo, X2, Y2, maxx)
LineaModificada(xs, Y1, X2, Y2, minx)
Yo=Y2UYo? yi:
LineaModificada(xo, Yo, X1, Y1, maxx)
LineaModificada(xy, Y2, X1, Y1, minx)
yi=y2UYo? yi
LineaModificada(xi, y1, Xo, Yo, maxx)
LineaModificada(xz, Y2, Xo, Yo, minx)
(y1=miny U y» = maxy) U (y2 = miny U y; = maxy):
LineaModificada(xi, y1, X2, Y2, maxx)
LineaModificada(xs, yi, Xo, Yo, minx)
LineaModificada(xo, Yo, X2, Y2, minx)
(Yo=miny Uy, =maxy) U (y2 = miny U yo = maxy):
LineaModificada(xo, Yo, X2, Y2, maxx)
LineaModificada(xi, y1, Xo, Yo, minx)
LineaModificada(xi, y1, X2, Y2, minx)
(Yo=miny U y1 = maxy) U (y1 = miny U yp = maxy)
LineaModificada(xo, Yo, X1, Y1, maxx)
LineaModificada(xs, y1, X2, Y2, minx)
LineaModificada(xz, Y2, Xo, Yo, minx)
3. Paratodo Y entre miny y maxy se hace:
Linea(minx[Y], Y, maxx[Y], Y, colorPoligono)
Donde colorPoligono es d parametro queindicad color
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2. Herramientas de Sombreado

2.1. Paletas de Colores Uniformes
El ssema de colores RGB, basado en d sstema

visud de 0jo humano, representa todos los t @
colores con ciertas proporciones del Rojo, Verde
y Azul (todos estos saturados). Al comparar las Amarillo
intensdades en una fuente de luz, percibimos d
color delaluz. Cyan -
Se dice que  RGB es un moddo aditivo ya que : R
s suman las intensdades de los colores primarios Negrol”
para producir otros colores.

De esta manera un color se puede representar de T Magenta
la sguiente manerax ﬁ/

¥

C/=rR+gG+hbB Figura 2.1. Representacién de RGB

Con este esquema es posible obtener un nimero minimo de colores. Con 3 bits por pixel se
utiliza cada una de las tres posiciones para controlar € nivel de intenddad de cada uno de

lostres colores.

Para obtener una paleta de colores que represente mejor € espectro de colores con solo 256
colores, se busca edtablecer una paleta que abarque todos los colores en una manera
ordenada. ESto es necesario debido a que S uno quiere sombrear, €S necesario tener una
progresion coherente sobre la cud iterar (al no tener una escala completa de RGB).

Para obtener este tipo de paeta se hace una particidén sobre la cantidad de colores. Se usan
generamente dos paletas diferentes para este proposito. Uha con 256 colores y otra con 252
colores.

La padeta de 256 colores utiliza 8 tondidades de Rojo, 8 tondidades de Verde y 4
tonalidades de azul, conformando un total de 8*8*4 = 256 colores. La paeta de 252 colores
es mas estable en la cantidad de tondidades, utiliza 6 tondidades de Rojo, 7 tonalidades de
Verde y 6 tonaidades de Azul. N6tese que siempre € color verde aparece mas, esto se debe
aque en este color recae la mayoria de laluminosidad (aproximadamente 60% del total).

Edas pdetas, se utiliza lo gguiente (EI gemplo se rediza sobre la segunda, la primera es
muy parecida de congtruir).

Se crean tres arreglos.

Rojo [0,50,100,150,200,255]

Verde [0,50,100,140,180,220,255]

Azul  [0,50,100,150,200,255]

Y luego se crealapaeta con € sguierte agoritmo.
parai=0 hasta5 hacer
paraj =0 hasta 6 hacer
parak =0 hasta 5 hacer
setRGBpalette(i+6*j+42*k, Rojo[i], Verde[j], Azul[K])
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donde los parametros de setRGBpal ette son:
setRGBpal ette(indice en la paeta, intensidad rojo, intensidad verde, intensidad Azul).

Con esta agoritmo la paletatoma e siguiente aspecto:

Tabla 2.1 — Resultado de |a paleta estable

indice Intensdad Rojo Intensdad Verde Intensidad Azul

0 0 0 0

1 50 0 0

5 255 0 0

6 0 50 0

7 50 50 0

8 100 50 0

41 255 255 0

42 0 0 50

43 50 0 50

a4 100 0 50

251 255 255 255

252 255 255 255 Estos colores s
253 255 255 255 repiten para no
24 255 235 255 tener colores no
255 255 255 255 definidos.

2.2. Sombreado de Gouraud
Con € méodo de sombreado suave de Gouraud no es necesario tomar una muestra de la
iluminacién locd de cada pixd ya que s rediza

una interpolecion de la intensdad (0 sea, no se -

compliguen con  moddos de iluminacidn).

Principdmente consste en cdcular @ modeo de "

iluminacion de cada vétice (0 en nuestro caso, ‘e i o © .

decidir que color hay en cada vértice), y a partir de . : Sean Line

élos interpolar d vaor de iluminacion a lo largo de 12

las aristas durante la conversién scan del poligono. ,
Y3

Sguiendo d dibujo anterior, d dgoritmo dd
método cacula la iluminacion de los vértices 11, 12,
I3. Luego, interpolando entre 11 e 12 se obtiene la, y
entre 11 e 13 se obtiene |b. Para cada linea de barrido se interpola nuevamente entre la e Ib,

obteniendo Is.

Figura 2.2. método de sombreadc

Dato: En un contexto de modelos de iluminacion, la
desventga que presenta este méodo es que rediza
aproximaciones poco precisas cuando d poligono a
sombrear es iluminado por una fuente de luz muy
_ ] cercana, ubicada en su centro. Esto se debe a que d
Figura2.3. resultados del método  tomar la iluminacion de los vértices, éstos son
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amilares y todo € poligono sera pintado de un color congtante. Como solucion a este
problema se puede subdividir € poligono en otros mas pequefios.

Otra desventgja que presenta es que se produce una distorson en € efecto de la perspectiva
(también sucede S € objeto es rotado). Esto significa que la interpolacion no es invariante
frente a transformaciones sobre un mode o de iluminacion.

Para este dgoritmo se necesitan dos arreglos tal como se necesita en & discretizacion de
poligonos. En este caso se necesita guardar, aparte de su posicion en X y los componentes
R Gy Bdesucolor.
Td como d méodo descripto en @ punto 1.2. Discretizacion de Poligonos, se dibuaun
poligono con una variante sobre los dgoritmos de linea.
Las lineas se dibujan con un incremento sobre las componentes Roja, Azul y Verde de los
colores de los puntos que definen la linea Siguiendo @ dgoritmo de Bresenham para liness
descripto en € punto 1.1. Mé&odo Bresenham para rectas, se agregan (para todas las
vaiantes detdladas), d dguiente codigo (las funciones Rojo(xy), Verdexyy) y Azul(Xy)
me devudven las componente roja, azul o verde del punto (x,y)). Se usan unas variables r,
gy b, de tipo entero, que s inicidizan con las componentes Roja, verde y azul dd punto
inicid. Los casos que hay que separar son:
Dx > Dy
o AL Dr = (Rojo(x1,y1)-Rojo(x0,y0))/ Dx
Dg = (Verde(x1,yl)-Verde(x0,y0))/ Dx
Db = (Azul(x1,y1)-Azul(x0,y0))/ Dx
o Al Dibujar € Pixd va
PutPixel (x, y, color(r, g, b))
donde color es una funcién que aproxima a color mas adecuado sobre la

paeta
o0 Al terminar € condiciond (si ... entonces... Sino ... finS) se agrega:
r- r+Dr
g- g+Dg
b- b+Db
Dy? Dx
o AL Dr = (Rojo(x1,y1)-Rojo(x0,y0))/ Dy

Dg - (Verde(x1,yl)-Verde(x0,y0))/ Dy
Db = (Azul(x1,y1)-Azul(x0,y0))/ Dy
o Al Dibujar € Pixd va
PutPixel (x, y, color(r, g, b))
donde color es una funcion que gproxima d color mas adecuado sobre la
paleta
0 Al terminar d condiciond (si ... entonces ... sino ... finS) se agrega:
r- r+Dr
g-~ g+Dg
b- b+Db

La funcidn Color hace uso de la pdeta de colores estables para gproximar de manera
rgpida e color que esta sobre la paleta con e deseado.

Entrada:r, g, b enteros
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Variables auxiliares: i, j, k enteros
Color
r- r/256
g- 0/256
b- a/256
r- re3
i- 0
Sir>0entonces
mientras (rojo[i]<r) hacer i = i+1 finMientras

Si random(rojo[i]-rojo[i-1]) > (r - rojo[i-1] ) entonces i = i-1 finSi

finSi
g- g*63
j= 0
Si g >0entonces
mientras (verde[j]<g) hacer j = j+1 finMientras

| Si random (verde[j]-verdelj-1]) > (g-verdelj-1] ) entonces j = j-1finSi

finSi
b- b*63
k- 0
Si b >0 entonces
mientras (azul[k]<b) hacer k = k+1 finMientras

Si random(azul[k]-azul[k-1]) > (b-azul[k-1] ) entonces k = k-1 finSi

finSi
devolver(i+6*j+42*Kk)
fin

Las partes marcadas corresponden a un méodo llamado dither. Esta implementacion sera
explicada en d sguiente punto.

2.3. Interpolaciéon Aleatoria (Dithering)

Este método es usado para dar mayor redismo. Es smilar d efecto usado en pinturas d
0Oleo pertenecientes ala escuela de puntillismo.

Se busca generar que a modtrar un objeto con una transicion de colores, estos estén
mezclados en cieta medida Esto se logra mezclando los colores con agudlos de sus
alrededores.

Td como se ha probado en @ punto anterior, es una técnica facil de implementar, donde se
obtienen resultados mas redlistas con menor costo. Por gemplo, en las figuras 2.3 y 2.4,
para obtener un resultado parecido d dithering sin gplicarlo, se deberia partir @ triangulo en
subtriangulos mas pequefios y utilizar d método de sombreado sobre todos elos. Cuantas
mas iteraciones se hagan sobre los triangulos, mas es la cdidad dd readismo. Esto es muy
costoso en comparacion de una funcion de random.

i |
-

Figura 2.4. Sn Dithering Figura 2.5. con Dithering

-10-
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|. Apéndice A, Implementaciones en MMX.

|.1. Algoritmo de Sombreado de Gouraud.
Este segmento fue extraido del Sitio http://devel oper.intel.conv.

Disclaimer

Information in this document is provided in connection with Intd products. No license,
express or implied, by estoppel or otherwise, to any intellectud property rights is granted
by this document. Except as provided in Inte's Terms and Conditions of Sae for such
products, Intd assumes no liability whatsoever, and Inte disclams any express or implied
warranty, redaing to sde and/or use of Inte products including liability or warranties
reaing to fitness for a particular purpose, merchantability, or infringement of any patent,
copyright or other intelectud property right. Inted products are not intended for use in
medicd, life saving, or life sudaning gpplications. Intd may make changes to
specifications and product descriptions at any time, without notice.

Copyright © Inte Corporation (1996). Third-party brands and names are the property of
their respective owners

|.1.1. Introduction

The Intd Architecture (IA) media extendons indude single-indruction, multi-data (SIMD)
indructions. This application note presents examples of code that exploit these ingtructions.
Specificdly, the Gouraud Shading agorithm presented here illustrates how to use the new
MMX™  technology ingtructions to achieve better performance in color rendering. The
performance improvement relative to traditional IA code can be atributed primarily to the
technique of processng multiple data dementsin pardld.

1.1.2. The Gouraud shading algorithm

Gouraud shading is a scan line dgorithm used to render objects smoothly in three
dimensona (3D) grephics. If a scan line dgorithm is used to render an object, a vaue for
the intengty of each pixd dong the stan line must be determined from the illumination
mode. In implementation, the object is divided into polygond sufaces Each individud
polygond surface is rendered as a sequence of scan lines. Gouraud shading first determines
the intengty at each polygond vertex, then uses a hilinear interpolation to determine the
intendty of each pixel on ascan line.

Figure A.1. Bilinear I nterpolation
la

Is Ip
le

Ic
Ib

-12 -
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Figure 1 and the formulas shown in Fgure 2 illugtrate how this is done. It is assumed tha S
and E are intersection points of a scan line and atriangle (Figure 1).

Figure A.2. Bilinear Interpolation Formulas
Is=v*la+ (1-v)*Ib0<=v<=1(1)

le=t*la+ (L-t)*lcO<=t<=1(2)

Ip=u*Is+ (1-u*le0<=u<=1

(3
Ip(i+1) = Ip@) + dli=1,2,...n-1 (4)
dl = (le - Is )/(n-1) (5)

The bilinear interpolation is performed in two seps.

1. Intensties Is, le a the pixds S and E ae detemined by linearly interpolating the
intengties of the triangle vertices. Thisis shown in Formulas 1 and 2.

2. The intengty Ip a a pixd P on the scan line is dso obtained by linearly interpolating
aong the scan line between S and E, as shown in Formula 3.

The example code in this gpplication note performs the second step of linear interpolation
as shown in formula 3. Because addition takes fewer cycles than multiplication, if addition
isthe only operation necessary, Formula 4 is used instead of Formula 3.

Where Ip(i) is the intendty of the ith pixd, n is the number of the pixd on the scan ling, d
is the incrementd intendty for each successve pixd. Formula 5 shows how this is
caculated.

1.1.3. Input and Output data representation

The intendty of a pixd is represented by a 32-bit DWORD in which RGB vaues, each
represented by eight bits, are stored in the first 24 bits. In order to reduce loss of accuracy
due to truncation resulting from Formula 5, the incrementa vaues of dR, dG, and dB are
represented as a fixed-point notation stored in a 16-bit SWORD. The fractional part is
dored in the firg eight bits and the integer part in the remaining eight bits Refer to Figure
3 for further darification,

Figure A.3. Format of I nput/Output Data

oY o2 15 7 o
Intensity | | 8 | & | r |
15 7 )
df: | oRi | dRd | dRiis integerpan, and dRd frectionsl part
a5 | a5 | d5d | d5i i integer part, and dGd frctional part
d8: | B | dBd | dBiis integerpan, and dBd frectionsl part

-13-
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We assume that the ranges of RGB vaues are from 0 to 255 and that there are at least four
pixels on the scan line. Hence the ranges of dR, dG and dB vaues are from -255/4 to 255/4.
The reaulting intendties are dored in an aray of DWORD. If there are fewer than four
pixds on the stan line there is little performance benefit from coding in assembly
language. C language code should be used ingtead.

1.1.4. Code partitioning

The procedure primarily consds of two man sections a data sstup section and an inner
loop section in which intendties are assgned to four pixels. In both sections, the code fully
exploits SIMD techniques to process four intendtiesin pardld.

[.1.4.1. Flow in Data Setup
In the data setup section, the task is to prepare data as shown in Figure 4 for the inner loop.
This datawill be stored in MMX™ registers or memory locations.

Figure A.4. Data Setup

SV I
EIE TR =" A S
Mz | Re ] Rs | me | R |
mid | 4k | 4 | 4 | adn |
med: | ads | s | asa | 4as |
mad: | a4k | R | aam | aumn |

The MMX regisers MM2, MM1 and MMO hold RGB vaues for four consecutive pixels,
whee R2 = R1L + dR... R4 = R3 + dR... eic. Rl, R2, R3, R4, each 16 hits, serve as
accumulators. Like dR color vadues of Rl, R2, R3, R4, are dso represented in fixed-point
notetion. Four times the incremental color vaues dR, dG and dB ae sored in four
consecutive memory locations and are used for accumulation of color vaues for RG and B
in the inner loop. This setup code dlows us to evduate Formula 4 for four adjacent pixds
in padld. The computation flow for R1l, R2, R3, R4 (shown in Fgure 4) is shown in
Figure 5.

-14-
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Figure A.5. Flow of Computing R1, R2, R3, R4 and Loading Into MM2
a1 0 =] 0

g1|:|‘| ||:IF|||:IF|||:IF|||:IF||

* * * *

ENENENEN

) 0 }

|F|'I|FH|F|'I|F|1| + |3|:IF||2|:IF|||:IF||O|

| R4 | Ra | Rz | R | heid in M2

APEEE 4

An dternative approach would have been to prepare registers that contain [0,B1,G1,R1]
and [0,dB,dG,dR]. This approach was regected because the inner loop would only do three
cdculdions in pardld insead of four. Hence this dternative has poor performance for scan
lines with many pixels, where performance is needed most.

Example 1 shows a sequence of MMX ingructions that extract the R color vaue (rl in
Figure 5) from RGB1, and load r1 to the higher byte of four words in MM2. Here RGBL1 is
a 32-hit input data that holds the intengity of the first pixel on the scan line,

Example A.1. Extractlng R From Rgbl and Loading R to the First Byte of MM2

novdt m6, Rgbl load RL,GL, Bl intensities to | ower three bytes of mb
punpckl bw m6, nm6 ; unpack RLR1, GlLGL, B1Bl1 to the first 3 words of m®
novq Mmv, mb ; load R1R1, GIGL, B1Bl1 to the first 3 words of mv
punpckl wd mmi7, mv ; unpack R1R1, R1R1, GLGL, GIGL to the four words of mmv
pxor g, m ; clear nm2 for use by unpack

punpckl bw m®2, mv ; unpack Rl to the higher byte of the four words of mmR

A smilar set of ingructions can be used to form [G1,G1,G1,G1] and [B1,B1,B1,B1]. Each
of these three sets of ingructions do not pair well because many of the ingtructions operate
on the result of the immediately preceding indruction. However, by interleaving these three
groups of ingructions, the resulting code pairs very well. (Seel.1.6. Implementation)

[.1.4.2. Flow in Inner Loop Section

There are two tasks to be accomplished in the inner loop: caculaing intendties for four
consecutive pixels and updating MMO, MM1, and MM2. Computation flow for the pardld
processing of data in MMO, MM1, and MM2 into four 32-bit RGB intensties is shown in
Figure 6. MM2, MM1, and MMO serve as accumulators of RGB color vaues. Their initid
vadues are caculated in the data setup section described in section 4.1. Their vaues are
updated by adding the incremental dR, dG and dB for each pass through the inner loop as
shown in Figure 7.

As mentioned in section 4.1, R1, R2, R3, and R4 are represented in fixed-point notation
with the first 8 hits representing the fractiona part and te remaining 8 hits the integer part.
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Vauesrl, r2, r3, and r4 shown in Figure 6 are the integer parts extracted from R1, R2, RS,
and R4 and amilarly for gl, g2, g3, and g4 and b1, b2, b3, and b4.

Since we process four pixels a a time, we need to handle the remainder if the number of
pixels on a scan line is not a multiple of four. One gpproach is to process the remainder
outside the inner loop. The drawback of this gpproach is that it needs four extra conditiona
jump indructions to differentiate four possible values of remainder, which would be 0,1,2,
or 3. If done this way, the total cycles needed to process the remainder outside the inner
loop would be more than 10.

A better gpproach is to handle the remainder in the inner loop. In this implementation, the
output is stored into an aray, and the cdling routine trandfers the pixels to the display.

Since the cdler can smply ignore unwanted pixes, the only cog is the extra dlocated
gpace to hold the extra pixels.

Figure A.6. Packing of RGB Into Four 32-Bit Pixel I ntensities
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Figure A.7. Updating Accumulatorsin MMO, MM1, and MM2
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The folowing MMX technology ingructions implement the flow described in Figure 6,
that is, packing RGB color vaues from MMO, MM1, and MM2 into four 32-hit intensities
R1G1B1, R2G2B2, R3G3B3 and R4G4B4. MM7 in Example 4 has been assgned OffOOH
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in its four words during the data setup section. It serves as a mask to clear the fractiond
parts of G1,G2,G3,G4 in MM4.

Example A.2. MMX™ |nstructions to Implement Figure 5

novq md, il ; copy G, &,G&3, & into four words of mm
pand myd, mv ; clear the fractional part of GL, &,G3, & in m#
novq mB8, mi ; copy RL,R2,R3,R4 into >four words of mmB
psrlw mB, 8 ; shift the integer parts of
; RL,R2,R3, R4 to |ower byte.
por mB, m# ;. conbine GLR1, @R2, B3R3, AR4 to four words of mMmB
novq m6, mB ; copy GLRl, @2R2, GBR3, AR4 to mb.
novq mb, mo ; copy B1,B2,B3,B4 into four words of nmb
psrilw mb, 8 ; shift the integer parts of
; RL,R2,R3,R4 to |ower bhyte.
punpckl wd m8, nmb ; unpack B1GLR1, B2&R2 to 2 dwords of mmB
punpckhwd m6, mmb ; unpack B3G3R3, B4GAR4 to 2 dwords of mmb

1.1.5. MMX™ technology performance

After pairing to optimize the MMX code, it takes 32 clocks in data setup and 10 clocks for
each pass through the inner loop. Each pass processes intendties for four pixes. Table 1
shows how the number of clocks needed © process one pixd varies with the number of
pixels on a scan line and shows how the number drops dramdicdly as the number of pixes
increase.

Table A.1. Number of Clocks Needed to Process a Pixdl

No. of Pixels  Total Clocks Clock Per Pixe
4 50 12.8
8 60 7.5
12 70 5.8
16 80 5.0
20 90 45
40 140 34

1.1.6. Implementation
The following code example is MMX code that implements Formula 4 for Gouraud
Shading. The code has been optimized by gppropriate pairing.

Rk Ik kR S R R R Rk R R R Rk R R Ik kR ke R Rk ok
’

; Procedure Scan_| n_RE&B_MW

Descri ption:

; Procedure Scan_|I n_RGB_MWX inplenments a R&B intensities

; interpolation on a scan line, which is a major part of the
Gour aud shadi ng al gorithm The function of Scan_| n_RGB MWk
is, knowing the R&B intensity of the starting pixel of a

; scan line and the increnental R G B values, calculating

; the RGB intensity for each pixel on the scan |line by

; linear interpolation.

; | NPUTS:

; Rgb1(DWORD): RGB intensity of the starting pixel on the scan ;line. Color
;values of RL,GL, Bl (8 bits each) are stored in first 24 ;bits.
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; dR( SWORD) : Incremental intensity of R for each successive pixel. dR
;is a 16-bit fixed point notation with the first 8 bits representing the

;fractional part and the remaining 8 bits the integer part. In the

; procedure, accunul ation of dR includes both integer part and fractional
;parts, but only the integer part is used as when assigning R&B intensity
;to a pixel.

; dQ SWORD) : refer to dR

; dB( SWORD) : refer to dR

; NunP( WORD) : nunber of pixels on the scan line.

;. QUTPUTS:

; Rgbs(PTR DWORD) : R&B intensities of all pixels on the scan |ine.
;Intensities R GB(each 8 bits)are stored in first 24 bits in a DMRD. In

;the procedure, R GB are calculated by linear interpolation, eg.

; R(i) = Rl +i*dR

; Qi) =Gl +i*dG

; B(i) =Bl + i*dB.

; i =0, ..., NunP - 1.

; Assunption: Input 'NunP' is greater than 3. The case that NunP is

:fewer than 4, is handled in C code.

rhkkhkkhkkkkkkhkkhkkhkhkkhhkhkhkhkhkhkhhkhhhhkhkhkhkhkhkhFdhhhhkhkhkhhhkhkhhhkkhkhkkhkhkhk*k
’

. 486P

. MCDEL FLAT, C

i ncl ude i amx.inc

. Data

. Code

Publ i ¢ Scan_| n_RGB_MWX

Scan_|In_RGBB MW Proc C Public USES eax ebx ecx edi,

Rgbhl: DWORD, ; R@B intensities of the start pixel.
Rgbs: PTR DWORD, ; output, RE&B intensities of all pixels.
dR SWORD, ; increment of red intensity.
dG SWORD, ; increment of green intensity.
dB1: SWWORD, ; increnent of blue intensity.
Nun: WORD ; nunber of pixels on the scan line.
:Declare | ocal vari abl es:
LOCAL dRed[ 4] : SWORD ; reserve 4 words for holding
;. increnent of red.
LOCAL dG een[4]: SWORD ; reserve 4 words for holding
; increment of green.
LOCAL dBl ue[ 4] : SWORD ; reserve 4 words for holding
; increnent of bl ue.
LOCAL factor: QADRD ; reserve 4 words for holding
; 4 factor val ues
; load dR to 4 words of mmB,
; load dGto 4 words of m,
; load dB to 4 words of mmb
; Pack R1,GL, Bl frominput Rgbl
; Load Rl, R1+dR R1+2*dR, R1+3*dR as 4 words in m®2
; Load Gl, GLl+dG Gl+2*dG GL+3*dG as 4 words in ml
; Load B1, Bl+dB, B1+2*dB, B1+3*dB as 4 words in mmD
novdt mB, [ebp + 16] ; load dRin the lowest word in m8
pxor me2, m? ;o clear m?
novdt md, [ebp + 20] ; load dGin the lowest word in nm#
punpcklwd m8, B ; unpack dR to lower 2 words in m8
novdt mb, [ebp + 24] ; load dB in the | owest word in mb
punpckl wd m, mm ; unpack dGto lower 2 words in nm#
| ea ecx, factor ; Load of fset address of dRed.
Punpckl dg mB, m8 ; unpack dRto 4 words in m8
nov eax, 010000h
punpcklwd b, mb ; unpack dB to lower 2 words in mmb
nmovdt mr6, Rgbl ; load R1,GL, Bl in |ower three bytes to mb
punpckl dq 4, mmt ; unpack dGto 4 words in mm
nov [ecx], eax ; store values 0,1(each 2 bytes) in
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nmenory | ocation 'ecx'

punpckl bw 6, b unpack R1R1, GlGL, B1Bl1 to the first 3
wor ds of mmb.

nov eax, 030002h

punpckl dg mmb, b unpack dB to 4 words in mb

novq mv, mb | oad R1R1, G1GL, B1B1 to the first
three words of mmv.

pxor mil, mmil clear mm

nov [ecx + 4], eax store values 2,3(each 2 bytes) in
nenory |ocation 'ecx + 4'

punpcklwd v, mv unpack R1R1, R1R1, GLGL, GIGL to 4
words of mmv.

Movq mO0, m8B8 unpack Rl to the higher bytes of the
4 words of mmv

punpckl bw m®2, mv unpack Rl to the higher bytes of
the 4 words of m®

prul | w m0, [ecx] multiplied by [3,2,1,0], mD
becones [ 3dR 2dR, dR 0]

punpckhbw nmmil, mv unpack GL to the higher bytes of
the 4 words of mml

| ea edi, dRed Load of fset address of dRed.

psl | w m8, 2 mulitiply each dRin 4 words of m8 by 4

paddsw mR2, mo 4 words in mm2 becones Rl, R1+dR
R1+2dR, R1+3dR

punpckhbw 6, b unpack Bl to the first 4 bytes of m®b

novq [edi], nmB store 4 dR to consecutive nenory
| ocati on: dRed[ 4]

novq mD, m# |oad dGto 4 words of MmO

prul | w mO, [ecx] multiplied by [3,2,1,0], nmD becones
[ 3dG 2dG dG 0]

psl | w md, 2 mulitiply each dGin 4 words of mm by 4

nov ebx, Rgbs Load address of *Rgbs for storing

;intensities

novq mv, mb load dB to 4 words of mv

nov eax, OffO0O0ff0O0h

paddsw ml, mo 4 words in mm2 becones Gl, GL+dG
Gl+2dG Gl+3dG

prul | w mv, [ecx] multiplied by [3,2,1,0], mv
becones [ 3dB, 2dB, dB, 0]

pxor m0, mD clear o

novq [edi - 8], mmi store 4 dG to consecutive menory
| ocati on: dG een[4]

psl | w mb, 2 mulitiply each dBin 4 words of nmb by 4

xor ecx, ecx clear ecx as a counter of j

punpckl bw 0O, b unpack Bl to the higher bytes of the
4 words of mmD

novq [edi - 16], mmb store 4 dB to consecutive menory
| ocation: dBl ue[4]

paddsw mo0, mv 4 words in nmmD becones Bl, B1+dB,
B1+2dB, B1+3dB

nmovdt my, eax | oad Of fOOffOOh to the first dword of mMmv

novq mB, rm? load R, R2, R3, R4 to 4 words of mmB

xor eax, eax cl ear eax

novq mdé, mil load G, &, &3, A to 4 words of m#

nov ax, nunP | oad nunP to eax

punpckl dqg mm¥, mv mv7 ( Of f OOf f 0Of f OOf f 00h) wi ||l serve as

; For each pass through of | oopJ,

a mask in J |oop
RGB intensities of four

;pixels will be calculated and stored to the destination
;menory | ocation of Rgbs[]. If nunP is not a nmultitple of
74, there will be up to 3 extra intensities assignnent in
;the last pass of the loop. Caller should allocate enough
;menory for holding the extra intensities.
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| oopJd:
pand m¥d, mv ; clear the fractional part of
; G, &R, B, A in mi
psrlw mB, 8 ; shift the integer parts of R, R, R3, R4
; to |l ower byte.
novq mb, mD ; copy B1,B2,B3,B4 into 4 words of mmb
por 8, mmt ; conbine GR and | oad GLRl, &R2,
. (BR3, GAR4 to 4 ;words of mmB
psrilw mb, 8 ; shift the integer parts of
; B1,B2,B3,B4 to | ower bytes
novq mr6, MB ; copy GLR1, @R2, GBR3, AR4 to mmb.
paddw m2, [edi] ; add (4dR 4dR 4dR 4dR) to
;7 (RL,R2,R3,R4) in mR.
punpcklwd m8, nmb ; unpack B1GLR1l, B2&R2 to 2 dwords of m8
paddw mml, [edi - 8] ; add (4dG 4dG 4dG 4dG to
; (G, &R, B, &) in ml
punpckhwd 6, nmb ; unpack B3GR3, B4AGAR4 to 2 dwords of mb
paddw mO, [edi - 16] ; add (4dB, 4dB, 4dB, 4dB) to
; (B1,B2,B3,B4) in mD
novq md, mril ; copy G, R, &8, A into 4 words of mmt
novq [ebx +4*ecx],m8 ; store two B1GLRl, B2&R2 to
; menory | ocation
novq mB, m2 ; copy RL,R2,R3,R4 into 4 words of mmB
novg 8 [ebx +4*ecx], M6 ; store B3G3R3, BAAR4 to nenory
: location
add ecx, 4 ; increase the J-counter by 4.
cnp ecx, eax ; conpare counter ecx with numPjl
 if ecx < nunP, continue for next four
; pi xel s
enms ; clear floating point stack
ret
Scan_| n_RG_ MW EndP
END
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