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1 Theli bxm 2-D Rasterization Library

Thisisthedocumentatioffor version2.0of theGNU libxmi  2-D rasterizationibrary, whichis
usedby C andC++ programmerslt corverts2-D geometricabbjects,suchaspolylines,polygons,
andarcs,to rasterpatterns.Thereis supportfor settingdraving attributes,includingline width, join
style,capstyle,anda multicoloreddashpattern. The objectsmaybe unfilled or filled. If thelatter,
thefilling may be a solid color, astipple pattern,or atexture. Thereis supportfor sophisticated
colormemging betweerseparatelgravn objects.

1.1 An overview of libxmi

With theaidof theGNU libxmi  library, aC or C++ programmemayrasterizéwo-dimensional
geometrimbjectsthatis, drav themonatwo-dimensionahrrayof pixels. Thesupportesbjectsare
points,polylines, filled polylines(i.e., polygons) rectanglesfilled rectanglesand‘arcs’: sggments
of ellipseswhoseprincipalaxesarealignedwith thecoordinateaxes. Like polylinesandrectangles,
arcsmay beunfilled or filled.

The correspondingrendering functions in the libxmi APl (application programming
interface) are miDrawPoints , miDrawLines , miFillPolygon , miDrawRectangl es,
miFillRectangle s, miDrawArcs , andmiFillArcs . Eachof thesetakesan array rather
thana single object,asanargument. For example,oneof the amgumentsof miDrawLines is an
arrayof points,interpretedasthe verticesof a polyline. The polygonfilled by miFillPolygon
is specifiedsimilarly. And thefinal four functionsrenderlists of objects ratherthansingleobjects.

Actually, libxmi  providesa two-stagegraphicspipeline. In thefirst stage,an opaqueobject
calleda miPaintedSet is dravn onto. Eachof the eight draving functionstakesa pointerto
amiPaintedSet  asits first agument. Conceptuallya miPaintedSet  is anunorderedsetof
pointswith integer coordinatespartitionedby pixel value. The datatyperepresenting pixel value
ismiPixel ,whichisnormallytypedefd asunsigned int . Eachof thedrawing functionstakes
apointerto amiGC, or graphicscontext, asits secondagument. ThemiGC specifiessuchdraving
attributesasline width, join style,capstyle,anddashingstyle,andalsothepixel value(s}to beused
in the paintingoperation.

In the first stageof the pipeline the Painters Algorithm is used,so that a repeatedly-painte
point in a miPaintedSet acquires the pixel value applied toit in the final drawing
operation. In the secondstage, more sophisticatedchixel-meging algorithmsmay be applied.
In this stage, a miPaintedSet is copied (‘merged’) onto a miCanvas , by invoking
miCopyPaintedSe tT oCanvas. A miCanvas is a structurethatincludesa miPixmap : a
two-dimensionahrray of miPixel sthatmay be initialized by the user andread,pixel by pixel,
afterthe meming is performed. By default, miCopyPaintedS et ToCanvas usesthe Painters
Algorithm too, sothatthe sourcepixel in themiPaintedSet  replaceghedestinatiorpixel in the
miCanvas . Butthemeiging processnaybecontrolledin muchfinerdetail. A stipplebitmapand
atexture pixmap,andbinary andternarypixel-meging functions,maybe specified.

The interpretation of pixel valuesis left upto the user A miPixel could be anindex into
a color table. It could alsobe an encodingof a color accordingto the RGB schemethe RGBA
schemepr someotherscheme EventhoughamiPixel isnormallyanunsigned int ,thismay
bealtered,f desiredatthetimelibxmi s installed.Any scalartype or nonscalatype,including
astructureor aunion,couldbe substituted.
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libxmi is intendedfor useboth asa standalondibrary andasa renderingmodulethat may
be incorporatedn other packages.To facilitate its usein other packagesit may be extensvely
customizedat installationtime. Besidescustomizingthe definition of miPixel , it is possibleto
customizehedefinitionof themiPixmap datatypewhichby defaultis anarrayof pointersto rows
of miPixel s. The default memging algorithmusedby miCopyPaintedS et ToCanvas may
alsobe altered: it neednot be the Painters Algorithm. For instructionson customizationseethe
commentsn thelibxmi  headefile ‘xmi.h ’

1.2 A samplelibxmi  program

Thefollowing C programusedibxmi  to createa miPaintedSet , drawvs adashedolyline
andadashectlliptic arconthemiPaintedSet , andtransferghe paintedpixelsto amiCanvas
thatincludesa pixmapof specifiedsize. Finally, it writesthe pixmapto standardbutput.

#include <stdio.h>
#include <stdlib.h>

#include  <xmi.h> f* public libxmi  header file */

int main ()

{
miPoint  points[4]; f* 3 line segments in the polyline */
miArc arc; /* 1 arc to be drawn */
miPixel  pixels[4]; /* pixel values for drawing and dashing */
unsigned int dashes[2]; /* length of ‘on” and ‘off dashes */
miGC *pGC,; [* graphics context */
miPaintedSet  *paintedSet; [* opaque object to be painted *
miCanvas *canvas; /* drawing canvas (including pixmap) */
miPoint  offset; /* for miPaintedSet -> miCanvas transfer *

int i, J;
[* define polyline: vertices are (25,5 (5,5), (5,25), (35,22) */

points[0].x = 25; points[0].y = 5;

points[1].x = 5; points[1].y = 5;

points[2].x = 5; points[2].y = 25;

points[3].x = 35; points[3].y = 22;

[* define elliptic arc *

arcx = 20; arcy = 15; [* upper left corner of bounding box */
arc.width = 30; /* x range of box: 20.50 *

arc.height = 16; /* y range of box: 15.31 ¥/

arc.anglel =0 * 64 [* starting angle (1/64'ths of a degree) *
arc.angle2 = 270 * 64, /* angle range (1/64'ths of a degree) *

[* create and modify graphics context */

pixels[0] = 1; f* pixel value for ‘off dashes, if drawn */
pixels[1] = 2; [* default pixel for drawing */

pixels[2] = 3; [* another pixel, for multicolored dashes */
pixels[3] = 4, [* another pixel, for multicolored dashes */
dashes[0] = 4; /* length of ‘on’ dashes */

dashes[l] = 2; /* length of ‘off dashes */
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pGC = miNewGC (4, pixels);
miSetGCAttrib (pGC, MI_GC_LINE_STYLE, MI_LINE_ON_OFF_DASH);
miSetGCDashes (pGC, 2, dashes, 0);

miSetGCAttrib (pGC, MI_GC_LINE_WIDTH, 0); /* Bresenham algorithm

[* create empty painted set */
paintedSet = miNewPaintedSet  ();

[* paint dashed polyline and dashed arc onto painted set *
miDrawLines  (paintedSet, pGC, MI_COORD_MODE_QRIN, 4, points);
miDrawArcs (paintedSet, pGC, 1, &arc);

[* create 60x35 canvas (initPixel=0); merge painted set onto
canvas = miNewCanvas (60, 35, 0);
offset.x = 0; offsety = 0;
miCopyPaintedSe T oCanvas (paintedSet, canvas, oOffset);
[* write canvas’s pixmap (a 60x35 array of miPixels) to stdout
for (j = 0; ] < canvas->drawab le- >hei ght; j++)

{

for (i = 0; | < canvas->drawabl e->wid th; i++)

/* note: column index precedes row index */
printf ("%d", canvas->drawabl e->pix map]j 1[ i );
printf ("\n");
}

[* clean up *
miDeleteCanvas  (canvas);
miDeleteGC (pGC);

miClearPaintedS et (paintedSet); /* not necessary */
miDeletePainted  Set (paintedSet);
return  0O;

}

This programillustrateshow miPaintedSet , miGC, andmiCanvas objectsarecreatedand
destrged, aswell asmanipulated.Eachof thesetypeshasa constructoranda destructarnamed
miNew. . . andmiDelete ..., respectiely.

When creatinga miGC with miNewGGC an array of miPixel s of length at least2 mustbe
passe@sthesecondagument.Thefirstagumentnpixels , isthelengthof thearray Thedefault
colorfor drawving operationswill be pixel numberl in thearray Theotherpixel colorsin thearray
will only beusedwhendashing.In normal(on/of) dashingthecolorsof the‘on’ dashewill cycle
throughthe colorsnumberedL,2,. . . ,npixels-1in thearray In so-calleddoubledashingthe ‘off’
dashewill bedravn too,in color number0.

In the program thefirst call to miGCSetAttrib  setstheline modeto MI_LINE_ON_OFF_
DASHratherthan MI_DOUBLE_DASH This replaceshe default, which is MI_LINE_SOLID ,
meaningno dashing(only color numberl in the pixel arrayis used). An array of dashlengthsis
thenspecifiedby calling miSetGCDashes . (The default dashlengtharray which is replacedjs
{4,4} ). Whendashingthe specifieddashlengtharraywill becyclically used.Thefirst dashwill
be‘on’, thesecondoff’, andsoforth. Thethird aumentto miSetGCDashes specifieaaninitial
offsetinto this cyclic pattern.Currently the offsetmustbe nonngatve.

it

*/

*/

*/
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Theseconctallto miGCSetAttrib  setstheline width in thegraphicscontet. If thespecified
line width is positive, linesandarcswill be dravn with a circularbrushwhosediametetis equalto
theline width. All pixelswithin the brushedegionwill bepainted.If theline width is zero,asit is
here,aso-calledBresenhanalgorithmwill beused.Bresenhantinesandarcsaredravn with fewer
pixelsthanis the casefor linesandarcswith width 1, andmary peoplepreferthem.

miDrawLines andmiDrawArc do theactualdraving. They are passed polyline (i.e., an
array of miPoint s) anda miArc , respecttely. The definitionsof the miPoint and miArc
structuresappearin the headerfile ‘xmi.h ’, which is worth examining. The third algumentof
miDrawLines , MI_COORD_MODE_@RIN, specifiesthatthe pointsof the polyline, after the
first, areexpressedn absoluteratherthanrelative coordinates.

Finally, the programtransferghe paintedpixelsto a miCanvas , andcopiesthe pixelsfrom it
to standardutput. A miCanvas , unlike amiPaintedSet andamiGC, is hotanopaqueobject,
soits elementsanay be read(andwritten). In fact a miCanvas may be constructedy handand
passedo the miCopyPaintedSe tT oCanvas function. However, it is usually easiesto use
the constructomiNewCanvas andthedestructomiDeleteCanvas . Any miCanvas created
with miNewCanvas is allocatedon the heap,with malloc . It includesa pixmap (anarray of
miPixel s,of specifiedsize)thatis itself allocatedon the heap.

It is only whenthe paintedpixels aretransferredrom miPaintedSet  to miCanvas that
clipping to a pixmaptakes place. Drawing to a miPaintedSet is entirely unclipped: atleast
in principle, the miPaintedSet  is of potentially infinite extent. However, the pixmapin the
miCanvas createdby miNewCanvas (60, 35, 0) hasupperleft corner(0,0) andlower
rightcorner(59,34) . Out-of-boundpaintedpixels,if any, will notbetransferred.

Thethird agumentof miNewCanvas is its initPixel amgument: the pixel valueto which
eachmiPixel inthepixmapisinitialized. Sincethisvalueis ‘0’ , thepixmapthatis sentto standard
outputwill displaythe dashedpolyline andarcin the‘2’, ‘3’, and‘4’ colors,on a backgroundof
zeroes.

1.3 Thelibxmi  API

1.3.1 Opaquedatastructures

The drawing functionsusedin thefirst stageof thelibxmi  graphicspipeline paint pixels on
amiPaintedSet . A miPaintedSet shouldbethoughtof asanunorderedsetof pointswith
integer coordinatespartitionedaccordingto pixel value. Any pixel valueis amiPixel , whichin
mostlibxmi installationds typedefd asanunsigned int .

A miPaintedSet is anopaqueobjectthatmustbe accessethrougha pointer Thefunctions

miPaintedSet  * miNewPaintedSet  (void);
void miDeletePainte  dSet (miPaintedSet *paintedSet);

arethe constructomanddestructorfor themiPaintedSet  type. Thefunction
void miClearPainted Set (miPaintedSet *paintedSet);
clearsall pixelsfrom amiPaintedSet ,i.e., makesit theemptyset.

All drawing functionsthat paint pixels on a miPaintedSet  take a pointerto a graphics
contt as an argument. A graphicscontect is an opaqueobiject, called a miGC, that contains
draving parametersThefunctions
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miGC * miNewGC (int  npixels, const miPixel  *pixels);

void miDeleteGC (miGC *pGCQC);

miGC * miCopyGC (const miGC *pGC);
aretheconstructgrdestructarandcopy constructofor themiGCtype. Theargumentf miNewGC
specifyanarrayof miPixel s, which musthave lengthat least2. The default color for drawing
operationwill bepixel numberl in thearray Theotherpixel colorsin thearraywill only beused
whendashing.In normal(on/off) dashingthecolorsof the‘on’ dashewill cyclethroughthecolors
numberedl,2. . .,npixels-1. In so-calleddoubledashing,the ‘off’ dasheswill be dravn too, in
color numberO.

The array of pixel colors may be modified at ary later time, by invoking the function
miSetGCPixels

void miSetGCPixels (miGC *pGC, int npixels, const miPixel  *pixels);
is the declaratiorof this function.

The lengthsof dasheswhen dashing,may be set by invoking miSetGCDashes . It has
declaration

void miSetGCDashes (miGC *pGC, int ndashes, const unsigned int *dashes,
int  offset);

Heredashes is anarrayof lengthndashes . Thearrayis cyclically used. The first dashin a
polyline or arc will be an‘on’ dashof lengthdashes[0] ; the next dashwill be an‘off’ dash
of lengthdashes[1] ; andsoforth. The default dashlengtharrayin any miGCis {4,4} . The
dashlengtharrayneednot have the samelengthasthe pixel color array andit neednot have even
length. offset , if nonzero,is aninitial offsetinto the dashpattern. For example,if it equals
dashes[0] thenthefirst dashwill bean‘off’ dashof lengthdashes[1] . Currently offset
mustbe nonngative.

Besidesthe array of pixel colors and the array of dashlengths,ary miGC containsseveral
attributeswhosevaluesareenums,andanintegervaluedline width attribute. Any oneof thesemay
be setby invoking miSetGCAttrib  , andary list of themby invoking miSetGCAttribs . The
declaration®f thesefunctionsare:
typedef enum { MI_GC_FILL_RULE, MI_GC_JOIN_STYLE, MI_GC_CAP_STYLE
MI_GC_LINE_STYLE, MI_GC_ARC_MODE MI_GC_LINE_WIDTH
} miGCAttribute;
void miSetGCAttrib (miGC *pGC, mIiGCAttribute attribute, int  value);
void miSetGCAttribs (miGC *pGC, int nattributes,
const mIiGCAttribute *attributes,
const int *values);
Theseattributesare similar to the drawing attributesusedin the X Window System. The allowed
valuesfor the attribute MI_GC_FILL_RULE, which specifieghe rule usedwhenfilling polygons
andarcs,are:
enum { MI_EVEN_ODD_RLUE, MI_WINDING_RULE };
ThedefaultisMI_EVEN_ODD_RULETheallowedvaluedor theattributeMl_GC_JOIN_STYLE,
which specifiegherule usedwhenjoining polylinesandpolyarcsare:

enum { MI_JOIN_MITER, MI_JOIN_ROUND, MI_JOIN_BEVEL,
MI_JOIN_TRIANGULAR };

The default is MI_JOIN_MITER . The allowed valuesfor the attribute MI_GC_CAP_STYLE
which specifieghe rule usedwhencappingthe endsof polylinesandarcs,are:
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enum { MI_CAP_NOT_LAS, MI_CAP_BUTT, MI_CAP_ROUND, MI_CAP_PROJECTNG,
MI_CAP_TRIANGULR I;

Thedefaultis MI_CAP_BUTT. Theallowedvaluesfor theattribute MI_GC_LINE_STYLE, which
specifiesvhetheror not dashingshouldtake placewhendrawing polylinesandarcs,are:

enum { MI_LINE_SOLID, MI_LINE_ON_OFF DASH MI_LINE_DOUBLE_DASH };

ThedefaultisMI_LINE_SOLID . Theallowedvaluesfor theattribute MlI_GC_ARC_MODRhich
specifieshow arcsshouldbefilled, are:

enum { MI_ARC_CHORD,MI_ARC_PIE_SLICE };
Thedefaultis MI_ARC_PIE_SLI CE

Finally, the valuefor theline width, i.e., for the Ml_GC_LINE_WIDTH attribute, may be ary
nonngatve integer. The defaultis 0, which hasa specialmeaning.Zero-widthlinesandarcsare
notinvisible. Insteadthey aredravn with a Bresenhanalgorithm,which paintsfewer pixelsthan
is the casefor lineswith width 1.

Any miGC alsocontainsa miterlimit attribute, which, if thejoin modeattribute hasvalueMI_
JOIN_MITER andtheline width is atleastl, will affectthe drawing of the joinsin polylinesand
polyarcs.At ary join point,the‘miter length’is thedistancebetweertheinnercornerandthe outer
corner Themiterlimit is the maximumvaluethatcanbe toleratedfor the miter lengthdivided by
the line width. If this valueis exceededthe miter will be ‘cut off’: the MI_JOIN_BEVEL join
modewill beusedinstead.

Thefunction
void miSetGCMiterLi mit (miGC *pGC, double miter_limit);

setsthe value of this attribute. The specifiedvalue mustbe greaterthanor equalto 1.0. Thatis
becaus¢hemiterlimit is thecosecanof one-halfof theminimumjoin anglefor mitering,sovalues
lessthanl.0 are meaningless.The default valuefor the miter limit is 10.43,asin the X Window
System.10.43is thecosecanof 5.5 degreessoby default, miterswill becutoff if thejoin angleis
lessthanll degrees

1.3.2 Thefirst stageof the graphicspipeline

In the first stageof thelibxmi  graphicspipeline,oneor moreof the coredrawing functions
is invoked. Eachdrawing function takes pointersto a miPaintedSet  anda miGC (agraphics
contet) asits first andsecondarguments.It will paintpixelsin themiPaintedSet , accordingo
thedrawing parameter#n the graphicscontext.

The drawing functionsfall into threegroups: (1) functionsthat drav points, polylines, and
polygons(2) functionsthatdraw rectanglesand(3) functionsthatdraw ‘arcs’ (sgmentsof ellipses
whoseprincipalaxesarealignedwith the coordinateaxes). We discusghesethreegroupsin turn.

The point/polyline/polgon groupincludes:

void miDrawPoints  (miPaintedSet *paintedSet, const miGC *pGC,
miCoordMode mode, int npts, const miPoint *pPts);
void miDrawlLines (miPaintedSet *paintedSet, const miGC *pGC,
miCoordMode mode, int npts, const miPoint *pPts);
void miFillPolygon (miPaintedSet *paintedSet, const miGC *pGC,

miPolygonShape  shape,
miCoordMode mode, int npts, const miPoint *pPts);
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The final threeargumentsof eachare a coordinatemode, a specifiednumberof points, and an
arraythat containsthatnumberof points. miDrawPoints  draws the arrayasa cloud of points,
miDrawLines draws a polyline definedby the array and miFillPolygon fills a polygon
definedby the array The mode argumentspecifiesvhetherthe pointsin the array after the first,
arein absoluteor relative coordinateslts possiblevaluesare:
typedef enum { MI_COORD_MODERDGIN,
MI_COORD_MODPREVIOWS } miCoordMode;

ThemiPoint structures definedby
typedef  struct

{
int X, y; /* integer coordinates, y goes downward */
} miPoint;
Theadditionalshape amumentof miFillPolygon is advisory Its possiblevaluesare:

typedef enum { MI_SHAPE_GENERA MI_SHAPE_CONVEX miPolygonShape ;

They indicate whetherthe polygonis (1) unconstrainedi.e., not necessarilycorvex, with self-
intersectionsallowed), or (2) corvex andnot self-intersecting.The latter casecanbe dravn more
rapidly.

Therectanglegroupincludes

void miDrawRectangl es (miPaintedSet *paintedSet, const miGC *pGC,
int  nrects, const miRectangle  *pRects);
void miFillRectangl es (miPaintedSet *paintedSet, const miGC *pGC,

int  nrects, const miRectangle  *pRects);

The final two agumentsof eachare a specifiednumberof rectanglesand an array that con-
tainsthat numberof rectangles.miDrawRectangle s draws the outline of eachrectangleand

miFillRectangle fills eachrectangle.ThemiRectangle structures definedby
typedef  struct
{
int X, v, /* upper left corner of rectangle */

unsigned int width, height; /* dimensions: width>=1,  height>=1 */
} miRectangle;
Therectanglegroupis redundantsincearectangles aspeciakortof polyline,definedby afive-point
pointarrayin whichthelastpointis the sameasthefirst.

Thearcgroupincludes

void miDrawArcs (miPaintedSet *paintedSet, const miGC *pGC,
int narcs, const miArc *parcs);

void miFillArcs (miPaintedSet *paintedSet, const miGC *pGC,
int narcs, const miArc *parcs);

Thefinal two agumentof eachareaspecifiechumberof arcsandanarraythatcontainghatnumber
of arcs.miDrawArcs drawvseacharc. It will join successie arcs,if they arecontiguousaccording
to the ‘join mode’in the graphicscontet. Similarly, miFillArcs will fill eacharcaccordingto

the‘arc mode’in thegraphicscontet. Eitherapie sliceor achordwill befilled.

ThemiArc structures definedby
typedef  struct

{
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int X, v, /* upper left corner of ellipse’s bounding box */

unsigned int width, height; /* dimensions: width>=1, height>=1 */

int anglel, angle2; /* initial angle, angle range (in 1/64 degrees) */
} miArc;

X,Y,width ,height specifyarectanglealignedwith thecoordinateaxes,andanglel ,angle2
specifyanangularrange(a ‘pie slice’) of anellipseinscribedin therectangle By corvention,they
arethe startingpolar angleand anglerangeof the circular arc that would be producedfrom the
elliptic arcby squeezingherectanglento asquare.

miDrawArcs maintainsa cacheof rasterizecellipses. This cacheis persistentandinternal
to libxmi ; accordingly miDrawArcs is not reentrant. For applicationsin which reentrang is
important,areentrantounterparts provided. It is

void miDrawArcs_r  (miPaintedSet *paintedSet, const miGC *pGC,
int narcs, const miArc *parcs,
miEllipseCache *ellipseCache) ;

The callerof miDrawArcs_r mustsupplya pointerto amiEllipseCache  objectasthefinal
argument. A pointerto suchan object,which is opaquejs returnedoy miNewEllipseCac he.
After zero or more calls to miDrawArcs_r , the object would be deleted by a call to
miDeleteEllipse Cache. Thedeclarations

miEllipseCache * miNewEllipseCac he (void);

void miDeleteEllips eCache (miEllipseCache *ellipseCache);
aresuppliedin theheadefile ‘xmi.h .

1.3.3 The secondstageof the graphicspipeline

In the secondstateof the graphicspipeline, the pixelsin a miPaintedSet  aretransferred
(‘merged’) to a miCanvas , by invoking miCopyPaintedS et ToCanvas. It is only whenthe
paintedpixelsaretransferredo amiCanvas thatclippingto a pixmaptakesplace.

A miCanvas is a structurethat includesa pixmap and several parameterghat control the
transferof pixels. Sinceit is notopaquejt may be constructecindmodifiedby hand if necessary
ThemiCanvas typehasdefinition

typedef  struct

{
miCanvasPixmap *drawable; /* the pixmap */
miBitmap  *stipple; /* a mask, if non-NULL */
miPoint  stippleOrigin; /* placement of upper left corner *
miPixmap *texture; [* a texture, if  non-NULL */
miPoint  textureOrigin; [* placement of upper left corner *
miPixelMerge2 pixelMerge2; /* binary merging function, if non-NULL */
miPixelMerge3 pixelMerge3; [* ternary  counterpart, if non-NULL */

} miCanvas;
Here,themiBitmap andmiPixmap typesaredefinedby
typedef  struct

{

int  **bitmap; [* each element is 0 or 1 *
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unsigned int  width;
unsigned int height;

}

miBitmap;

typedef  struct

{

miPixel  **pixmap; /* each element is a miPixel */
unsigned int  width;

unsigned int height;

}

miPixmap;

Thatis, eachof themcontainsanarrayof pointersto rows (of integersor pixel values,asthe case
maybe). In mostinstallationsof libxmi , miCanvasPixmap is typedefd asmiPixmap . The
typedefs

typedef miPixel  (*miPixelMerge  2) (miPixel source, miPixel destination);

typedef miPixel (*miPixelMerge  3) (miPixel texture, miPixel  source,

miPixel  destination);
definethe datatype®f the binaryandternarypixel-meging functionmembers.
Thefunctions

miCanvas * miNewCanvas (unsigned int width, wunsigned int height,
miPixel initPixel);
void miDeleteCanvas (miCanvas *pCanvas);
miCanvas * miCopyCanvas (const miCanvas *pCanvas);
are the constructar destructgr and copy constructorfor the miCanvas type. Ratherthan a
miCanvas being createdby hand miNewCanvas is usually usedinstead. The initPixel
agumentis a miPixel  value with which the newly allocatedpixmap should be filled. The
stipple  andtexture  pointersin a nevly createdmiCanvas are NULL, as are the pixel-
meiging functionmembers.Thefour corveniencefunctions
void miSetCanvasSti pple (miCanvas *pCanvas, const miBitmap *pStipple,
miPoint  stippleOrigin);
void miSetCanvasTex ture (miCanvas *pCanvas, const miPixmap *pTexture,
miPoint  textureOrigin);
void miSetPixelMerg e2 (miCanvas *pCanvas, miPixelMerge2  pixelMerge2);
void miSetPixelMerg e3 (miCanvas *pCanvas, miPixelMerge3  pixelMerge3);
may be usedto setthesemembers.

The miCopyPaintedS et ToCanvas function, which implementsthe secondstageof the
graphicspipeline,cannow bediscussedIt hasdeclaration

void miCopyPaintedS et ToCanvas (const miPaintedSet  *paintedSet,
miCanvas *canvas, miPoint  origin);

whereorigin  isthepointonthemiCanvas to whichthepoint(0,0) in themiPaintedSet
is mapped.(It couldequallywell becalledoffset .)

The semanticof miCopyPaintedSe t boil down to a singleissue: how a ‘source’ pixel in
amiPaintedSet is meilgedontothe correspondingdestination’pixel in amiCanvas to form
a new pixel. The simplestcaseis whenno texture is specified(the correspondingpointerin the
miCanvas is NULL). In thatcasejf thebinarypixel-meging functionmemberof themiCanvas
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isNULL, adefaultmemgingalgorithmwill beused.In mostlibxmi  installationghisis thePainters
Algorithm: the new pixel in themiCanvas will simply bethe sourcepixel. If, onthe otherhand,
the binary pixel-meging functionin the miCanvas is nonNULL, it will be usedto computethe
new pixel.

A texture pixmap may be specified. If so, it will be extendedperiodically so asto cover the
miCanvas , anditsvalueatthelocationof thedestination pixelwill affectthememgingprocess. If the
ternarypixel-meging function memberof the miCanvas is NULL, a default meging algorithm,
appropriatgo the casewhenatextureis presentwill beused.In mostlibxmi  installationghisis
avariantof thePainters Algorithm: thenew pixelin themiCanvas will bethetexturepixel, rather
thanthesourcepixel. If, ontheotherhand theternarypixel-meging functionin themiCanvas is
nonNULL, it will beusedto computethe new pixel.

Any miCanvas may also include a pointer to a stipple bitmap. If sg it will be extended
periodicallysoasto coverthemiCanvas , andits valueat thelocationof the destinatiorpixel will
determinewhetheror not its replacemenby a new pixel, accordingto oneof the precedingules,
will take place. If the stipplevalueis zero, it will not; otherwiseit will. Stipplebitmapsareuseful
for creatingso-calledscreendoor patternsandmoregenerallyfor protecting,or maskingoff, part
of amiCanvas .
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libxmi is basedonthe machine-independetD graphicsroutinesin the X11 samplesener
code. Thoseroutinesfill polygonsanddraw wide polygonallinesandarcs. They werewritten by
BrianKelleher JoelMcCormack, ToddNewman,Keith Packard RobertScheiflerandKenWhaley,
who worked for Digital EquipmentCorp., MIT, and/orthe X Consortium and are copyright ©
1985-8%y the X Consortium

In 1998—-99 RobertMaier (rsm@math.arizon a. edu) extractedthe graphicsroutinesfrom
the samplesener codein the X11R6distribution, corvertedthemto ANSI C, andaddedextensve
comments. He alsointroduceddatastructuresappropriatefor a two-stagegraphicspipeline, and
corvertedthegraphicgoutinesto usethem. He addedsomenew renderingieaturessuchassupport
for multicoloreddashing.

The modified code was first releasedby being incorporatedin version 2.2 of the GNU
plotutils packageas a renderingmodulefor export of PNM and pseudo-GlHiles. Seethe
plotutils homepageghttp://www .g hu.o rg/ soft ware /pl otutil s/ plo tuti Is .html).
After furthermodificationsthe codewasreleasedsthe standalondibxmi  library.



