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Overview of Graphics
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Figure 2-1
A comp phi ok ion. (Courtesy of Tektromix, Inc.)
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Figure 2-2
Basic design of a magnetic-deflection CRT.
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Figure 2-4
Electrostatic deflection of the electron beam in a CRT.
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Raster-scan display
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Figure 2-7
A raster-scan system displays an object as a sef of discrete points across
each scan line
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RANDOM-SCAN DISPLA
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Figure 2-8
A random-scan system draws the component lines of an object in any
order specified.
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Chapter 2

Owerview of Graphics Systems
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Basic design of a thin-film
electroluminescent display device
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Figure 2-17

Operation of a three-dimensional display system using a
vibrating mirror that changes focal length to match the depth of
points in a scene.
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Stereoscopic and Virtual-Reality Systems
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Figure 2-23

Interacting with a virtual-reality environment. (Courtesy of the
National Center for Supercormputing Applications, University of [liinois at
Urbana-Champaign.)
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Figure 2-32
Architecture of a simple random-scan system.
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Figure 2-35
A very high-resolution (2560 by
2HMR) rolor manitor (Courtear of
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#include =device.h”
#define ROUND(a) ((int) (a+0.5))

void 1ineDDA (int xa, int va, int xb, int yb)
{

int dw = xb - xa, dy = yb - ya, steps, k; |
float xIncrement, vIncrement, X = ¥Xa, y = ¥ya;

abs (dx);

if (abs (d®) > abs (dy]) steps
else steps = abs dy);

xIncrement = dx . (float) steps; |
yIncrement dy / (float) steps;

setPixel (ROUNDIx), ROUND(yl);:
for (k=0:; ke<steps; k&+} |
% vz xincrement;
¥ += yIncrement;
setPixel (ROUND x), ROUNDI(vy});
}
}
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H #include “device.n-

voild lineBres {int xa, int ya, int xb, int yb}
{
int dx = abs (xa - #bl, dy = abs (ya - yb}:
int p = 2 * dy - dx;
int twolry = 2 * dy, twoDyDx = 2 * (dy i) :
int %, vy, xEnd; :

/* Determine which point to use as start, which as end =/
if xa = xb) |

x = xb;:

y = yb;

*End = x=a;
}
else |

X = Xa;

Y = ya;

¥End = xb;
}

setPixel (x, v):

while (x < xEnd) |

X+
if (p < 0)

P += twolny;
else

Y+

p += twolyDx;
1
setPixel (x, vy);
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Xy = xp + kAX, (3-161
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ﬁ_i,rp = mﬁ.xp {(3-17)
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¥ = yp + round(kdy,) (3-18)

sl oo s s B F12 uit s e s o8I sl as) (sl el

pr = (kAx,)(2Ay) — round(kAy,)(2Ax) + 24y ~ Ax (3-19
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¢include "device.h®

volid circleMidpoint (int %Center, int yCenter, int radius)
{

int % = Q;
int y = radius;
int p = 1 - radius;

wvoid circlePlotPoints (int. int, int, int);

/* Plot first set of points */
circlePlotPoints (xCenter, yCenter, x, ¥):

while (x < y) |

K+
if (p < O}

P o= 2 * x4+ Ll:
else |

Y=--i

pt= 2 " (2 - ¥) + 1;
}
circleFlotPoints (xCenter, yCenter, X, ¥);
}
)

void circlePletPointis {int xCenter, int yCenter, int x, int v
{

setPixel (xCenter + x, yCenter + y);
setPixel (xCenter - x, yCenter + y):
setPixel (xCenter + %, yCenter - y):
setPixel (xCenter - =, yCenter - y};
setPixel (xCenter + ¥y, yCenter + X};:
setPixel (xCenter - vy, yCenter + x);
serPixel (xCenter + vy, yCenter - x};

- ¥, ylCenter - x};

setPixel (xCenter
‘ }
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d, + d, = constant (3-32)

Figure 3-17
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Vix=xP +(y —y)? + V(x — x2* + (y — y,)* = constant (3-33)
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<0,  if(x,y)is inside the ellipse boundary
faipsel¥, W) § =0, if (x,y) is on the ellipse boundary (3-38)
>0,  if(x,y) is outside the ellipse boundary
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finclude "device.h"

typedef struct tEdge |
int yUpper:
floar xlntersect, dxPerScan;
struct tEdge * next;

! Edge:

* Inserts edge inte list in corder of increas.ng xlntersect field
vold insertEdge (Edge * list, Edge * edge)

Edge * p * g = list; |

i P 7 g-enext; |
| while (p !'= NULL) {
! (edge-»xlntersect « p-sxlntersect ‘
P = NULL
else

1g »next 1 ex
g=>next e
* For an index, return y-coordinate of next nonhorizontal liae =/

it yNext int k int ent, dePt * pts)

else




jesg
recurn (pes(j).yl;
1

/* Srare Lower-y coordinave and inwverse slope for each edge. Adjust
and store upper-y coordinate for edges that are the lower member
of a monotonicallv iacreasing or decreasing pair of edges */

void makeEdgeRec
|dePt lrwer. dcPr upper. int yComp, Edge * edge, Edge * edges[]]}

[
edge- rdxPerican =

iloat) (upper.x - lower.x| / (upper.y - lower.yls
edge->xintersect = lower.u;
if lupper.y < yCompl
ede -2 yUpper = upper.y - 1;
alse
edge->ylppsr = upper.y:
ingarcRdge (edges[lower.y]. edge);
|

void buildEdgelist limc cmt, dePt * prs, Edge * edges[])
{

Edge * edge:

dePe vl, v

int i, yPrev = ptalent - 2].y;

vi.¥ = ptaleat-1).x;7 vl.¥ = ptelcne-1] .y:
for (i=0; i<enb: ies) [

w2 = ptalil;
il iwvl.y 's wd.yl /* nonhorizental lime *4
edge = (Edge *) malloc (sizeof (Edgel):
i ivl.y < vi.y) £ up-going edge L
makeEdgeRec (vl, v2, yMNext (i, ont, pes), edge, edges);
alse /¥ down-going edge .y

makeEdgeRec (v2, wvl, yPrev, esdge, edges);
1
yerev = wvl.y;
wl = wid;
1
I

vold bulldhetivelise (int scan, Edge * active, Edge * edges[)}
[
Edge * p, * Q@

B = esdges|scan) ==naxc;
while (p) |
g = pP-EneAMt;
insertEdge lactive, pl;
P= o

]

void AllScan (int scan, Edge * active)
[

Edge * pl, * pdy

int i

pl = active-»next;
while (pl) |
pd = pl-rnest;
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vold boundaryFill4d (int x, int vy, int fill, int boundary)

{
int current;

current = getPixel (x, y): i
if {{current '= boundary) && (current != fill)) { |

saetColor (RLl);

setPixel (x, y);

boundaryFilld (x+1, vy, fill, boundary);

boundaryFill4 (x-1. y. fill, boundary) ;

boundaryFilld (x. v¥+1l. fill., boundary):

boundaryFilld4 (x, y-1, fill, boundary):
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{
Ll igetPixel (x. y} = oldfelory
setColor (AllColor);
setPimel (%, yl:
fMocdFilld Ix+1, ¥, BllCeler. eldColer);
floodFilld (=-1, y. fillColor, oldColer);
ficodFilld (x, y+1, fAllCeler, oldCaoler);

void BoedFill4 1imt =. int y, int BllColer, int eldCeler) 5‘
fleodFilld ix, y-1. fillCalor, aldCelar); r
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#include zstdio.h>
#include =graphica.h”

fdefine MARGIN_WIDTH 0.05 * WINDOW_WIDTH

int readbata (char * inFile, focat * data)
[

int AleError = FALSE;

FILE * fp:

int month;

if {(ifp = fopen [(inFile, *r*j} == NULL]
fAleError = TRUE:

eloe |
for imonth=0;: manth<l2; moathe+)

fecant (fp, =%E", edacaimonch]);

fclose (fph;

H

returnm {AleError):

1

void chartDaca (float * data., plinéType lineType)

I
L

woPLd ptsid];
fivar monthWwideh = (WINDOW_WIDTHE 2 * MARGIMN_WIDTH) 12
int i;

for (a=0; i<l2Z; i++) [
prts]i] .x = HARGIH WIDTH + 1 * monthWidih « 9.5 * monthWidth;
ptali] .y data[i];

j.':.qm LineType {lineType):
pPolyline (l1d. pTEl;

int maim {(int argc. char ** argv)

long windowID = openfiraphics [(*argv. WINDOW_WIDTH, WITNDOW_HWEDGET)
ficat davalll]:

serBackground (WHITE] ;

setlolor (BLUE}

readData * data/datal960". dacal;
chartData {dara DLID) ;

readlaca " datca/datal970", data):
chartData (daca. DASHED)

readbata (*._/dacta/daral%80*, dara)l;
chartData {data. DOTTED) :

aleen [10):

closeGraphics (windowlD) ;
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Figure 10-26

A piecewise continuous cubic-spline interpolation of n + 1 control
.points.
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#include <math.h>
#include "graphics.h”

void computeCoefficients (int n, int * <)
(

int k, 1i;

for (k=0; k<=n; k++) {
/* Compute n!/(k!({n-k)!) */
C[k] = 1;
for (i=n; 1i>=k+1l; 1--)
clkl *= 1i;
for {(i=n-k; 1>=2; 1i--)
clk] 7= 1;

)
ﬂ void computePoint

(float u, wcPtd * pt, int nControls, wcPt? * controls, int * ¢)
¢

! int k, n = nJontrols - 1;
| float blend;

i pt-»>x = 0.0; pt->y = 0.0; pt-»>z = 0.0;

/* Add in influence of each control point */
for (k=0; k<anControls; k++} {

| blend = clk] * powf (u,k) * powf (l-u,n-k};

| pt->x += controls{k).x * blend:

pt->y += controls(k].y * blend;

| pt->z += controls[k).z * blend:;

i }

)

void bezier (wcPt3d * controls, int nControls, int m, wcPtd * curve)
{

/* Allocate space for the coefficients */

int * ¢ = {int ") malloc (nControls * sizeof (int});

int 1;

computeCoefficients (nContrclis-1, ¢);

for (i=0; i<=m; i++)

i computePoint (1 / (flocat} m, %curveli), nControls, controls, c);
free (c):
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