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1 The libxmi 2-D Rasterization Library

Thisis thedocumentationfor version2.0of theGNU libxmi 2-D rasterizationlibrary, whichis
usedby C andC++ programmers.It converts2-D geometricalobjects,suchaspolylines,polygons,
andarcs,to rasterpatterns.Thereis supportfor settingdrawing attributes,includingline width, join
style,capstyle,andamulticoloreddashpattern.Theobjectsmaybeunfilled or filled. If thelatter,
the filling may be a solid color, astipplepattern,or a texture. Thereis supportfor sophisticated
color-merging betweenseparatelydrawn objects.

1.1 An overview of libxmi

With theaidof theGNU libxmi library, aCorC++ programmermayrasterizetwo-dimensional
geometricobjects;thatis, draw themonatwo-dimensionalarrayof pixels. Thesupportedobjectsare
points,polylines,filled polylines(i.e.,polygons),rectangles,filled rectangles,and‘arcs’: segments
of ellipseswhoseprincipalaxesarealignedwith thecoordinateaxes.Likepolylinesandrectangles,
arcsmaybeunfilledor filled.

The correspondingrendering functions in the libxmi API (application programming
interface) are miDrawPoints , miDrawLines , miFillPolygon , miDrawRectangl es ,
miFillRectangle s , miDrawArcs , andmiFillArcs . Eachof thesetakesan array, rather
thana singleobject,asanargument.For example,oneof theargumentsof miDrawLines is an
arrayof points,interpretedastheverticesof a polyline. Thepolygonfilled by miFillPolygon
is specifiedsimilarly. And thefinal four functionsrenderlistsof objects,ratherthansingleobjects.

Actually, libxmi providesa two-stagegraphicspipeline. In thefirst stage,an opaqueobject
calleda miPaintedSet is drawn onto. Eachof the eight drawing functionstakesa pointerto
a miPaintedSet asits first argument.Conceptually, a miPaintedSet is anunorderedsetof
pointswith integercoordinates,partitionedby pixel value. Thedatatyperepresentinga pixel value
is miPixel , whichis normallytypedef’d asunsigned int . Eachof thedrawing functionstakes
apointerto amiGC, or graphicscontext, asits secondargument.ThemiGCspecifiessuchdrawing
attributesasline width, join style,capstyle,anddashingstyle,andalsothepixel value(s)to beused
in thepaintingoperation.

In the first stageof the pipeline the Painter’s Algorithm is used,so that a repeatedly-painted
point in a miPaintedSet acquires the pixel value applied to it in the final drawing
operation. In the secondstage,more sophisticatedpixel-merging algorithmsmay be applied.
In this stage, a miPaintedSet is copied (‘merged’) onto a miCanvas , by invoking
miCopyPaintedSe tT oCanvas . A miCanvas is a structurethat includesa miPixmap : a
two-dimensionalarrayof miPixel s thatmaybe initialized by theuser, andread,pixel by pixel,
after themerging is performed.By default, miCopyPaintedS et ToCanva s usesthePainter’s
Algorithm too,sothatthesourcepixel in themiPaintedSet replacesthedestinationpixel in the
miCanvas . But themerging processmaybecontrolledin muchfinerdetail. A stipplebitmapand
a texturepixmap,andbinaryandternarypixel-merging functions,maybespecified.

The interpretation of pixel valuesis left up to the user. A miPixel could be an index into
a color table. It could alsobe an encodingof a color accordingto the RGB scheme,the RGBA
scheme,or someotherscheme.EventhoughamiPixel is normallyanunsigned int , thismay
bealtered,if desired,at thetime libxmi is installed.Any scalartypeor nonscalartype,including
astructureor aunion,couldbesubstituted.
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libxmi is intendedfor useboth asa standalonelibrary andasa renderingmodulethat may
be incorporatedin otherpackages.To facilitate its usein otherpackages,it may be extensively
customizedat installationtime. Besidescustomizingthedefinition of miPixel , it is possibleto
customizethedefinitionof themiPixmap datatype,whichby default is anarrayof pointersto rows
of miPixel s. The default merging algorithmusedby miCopyPaintedS et ToCanva s may
alsobealtered: it neednot be thePainter’s Algorithm. For instructionson customization,seethe
commentsin the libxmi headerfile ‘xmi.h ’.

1.2 A samplelibxmi program

Thefollowing C programuseslibxmi to createa miPaintedSet , draws a dashedpolyline
anda dashedelliptic arcon themiPaintedSet , andtransfersthepaintedpixelsto a miCanvas
thatincludesapixmapof specifiedsize.Finally, it writesthepixmapto standardoutput.

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

int main ()
{

miPoint points[4]; /* 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 */
arc.x = 20; arc.y = 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.angle1 = 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; /* 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[1] = 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_ORIG IN , 4, points);
miDrawArcs (paintedSet, pGC, 1, &arc);

/* create 60x35 canvas (initPixel=0); merge painted set onto it */
canvas = miNewCanvas (60, 35, 0);
offset.x = 0; offset.y = 0;
miCopyPaintedSe tT oCanv as (paintedSet, canvas, offset);

/* write canvas’s pixmap (a 60x35 array of miPixels) to stdout */
for (j = 0; j < canvas->drawab le- >hei ght; j++)

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

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

printf ("\n");
}

/* clean up */
miDeleteCanvas (canvas);
miDeleteGC (pGC);
miClearPaintedS et (paintedSet); /* not necessary */
miDeletePainted Set (paintedSet);

return 0;
}

Thisprogramillustrateshow miPaintedSet , miGC, andmiCanvas objectsarecreatedand
destroyed, aswell asmanipulated.Eachof thesetypeshasa constructoranda destructor, named
miNew. . . andmiDelete . . . , respectively.

Whencreatinga miGC with miNewGC, an array of miPixel s of length at least2 must be
passedasthesecondargument.Thefirst argument,npixels , is thelengthof thearray. Thedefault
color for drawing operationswill bepixel number1 in thearray. Theotherpixel colorsin thearray
will only beusedwhendashing.In normal(on/off) dashing,thecolorsof the‘on’ dasheswill cycle
throughthecolorsnumbered1,2,. . . ,npixels-1in thearray. In so-calleddoubledashing,the ‘off ’
dasheswill bedrawn too, in color number0.

In theprogram,thefirst call to miGCSetAttrib setstheline modeto MI_LINE_ON_OFF_
DASHratherthan MI_DOUBLE_DASH. This replacesthe default, which is MI_LINE_SOLID ,
meaningno dashing(only color number1 in thepixel arrayis used). An arrayof dashlengthsis
thenspecifiedby calling miSetGCDashes . (Thedefault dashlengtharray, which is replaced,is
{4,4} ). Whendashing,thespecifieddashlengtharraywill becyclically used.Thefirst dashwill
be‘on’, thesecond‘off ’, andsoforth. Thethird argumentto miSetGCDashes specifiesaninitial
offsetinto thiscyclic pattern.Currently, theoffsetmustbenonnegative.



Chapter1: The libxmi 2-D RasterizationLibrary 4

Thesecondcall to miGCSetAttrib setstheline width in thegraphicscontext. If thespecified
line width is positive, linesandarcswill bedrawn with a circularbrushwhosediameteris equalto
theline width. All pixelswithin thebrushedregionwill bepainted.If theline width is zero,asit is
here,aso-calledBresenhamalgorithmwill beused.Bresenhamlinesandarcsaredrawn with fewer
pixelsthanis thecasefor linesandarcswith width 1, andmany peoplepreferthem.

miDrawLines andmiDrawArc do theactualdrawing. They arepasseda polyline (i.e., an
array of miPoint s) and a miArc , respectively. The definitionsof the miPoint and miArc
structuresappearin the headerfile ‘xmi.h ’, which is worth examining. The third argumentof
miDrawLines , MI_COORD_MODE_ORIG IN , specifiesthat the pointsof the polyline, after the
first, areexpressedin absoluteratherthanrelative coordinates.

Finally, theprogramtransfersthepaintedpixels to a miCanvas , andcopiesthepixels from it
to standardoutput.A miCanvas , unlike amiPaintedSet andamiGC, is notanopaqueobject,
so its elementsmayberead(andwritten). In fact, a miCanvas maybeconstructedby handand
passedto the miCopyPaintedSe tT oCanvas function. However, it is usuallyeasiestto use
theconstructormiNewCanvas andthedestructormiDeleteCanvas . Any miCanvas created
with miNewCanvas is allocatedon the heap,with malloc . It includesa pixmap(anarrayof
miPixel s,of specifiedsize)thatis itself allocatedon theheap.

It is only when the paintedpixels are transferredfrom miPaintedSet to miCanvas that
clipping to a pixmaptakes place. Drawing to a miPaintedSet is entirely unclipped: at least
in principle, the miPaintedSet is of potentially infinite extent. However, the pixmap in the
miCanvas createdby miNewCanvas (60, 35, 0) hasupper left corner (0,0) and lower
right corner(59,34) . Out-of-boundpaintedpixels,if any, will notbetransferred.

The third argumentof miNewCanvas is its initPixel argument: thepixel valueto which
eachmiPixel in thepixmapis initialized. Sincethisvalueis ‘0’ , thepixmapthatissenttostandard
outputwill displaythedashedpolyline andarc in the ‘2’, ‘3’, and‘4’ colors,on a backgroundof
zeroes.

1.3 The libxmi API

1.3.1 Opaquedatastructures

Thedrawing functionsusedin thefirst stageof the libxmi graphicspipelinepaintpixels on
a miPaintedSet . A miPaintedSet shouldbethoughtof asanunorderedsetof pointswith
integercoordinates,partitionedaccordingto pixel value. Any pixel valueis a miPixel , which in
mostlibxmi installationsis typedef’d asanunsigned int .

A miPaintedSet is anopaqueobjectthatmustbeaccessedthroughapointer. Thefunctions

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

aretheconstructoranddestructorfor themiPaintedSet type. Thefunction

void miClearPainted Set (miPaintedSet *paintedSet);

clearsall pixelsfrom amiPaintedSet , i.e.,makesit theemptyset.

All drawing functions that paint pixels on a miPaintedSet take a pointer to a graphics
context as an argument. A graphicscontext is an opaqueobject, called a miGC, that contains
drawing parameters.Thefunctions
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miGC * miNewGC (int npixels, const miPixel *pixels);
void miDeleteGC (miGC *pGC);
miGC * miCopyGC (const miGC *pGC);

aretheconstructor, destructor, andcopy constructorfor themiGCtype. Theargumentsof miNewGC
specifyan arrayof miPixel s, which musthave lengthat least2. The default color for drawing
operationswill bepixel number1 in thearray. Theotherpixel colorsin thearraywill only beused
whendashing.In normal(on/off) dashing,thecolorsof the‘on’ dasheswill cyclethroughthecolors
numbered1,2,. . . ,npixels-1. In so-calleddoubledashing,the ‘off ’ dasheswill be drawn too, in
color number0.

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

void miSetGCPixels (miGC *pGC, int npixels, const miPixel *pixels);

is thedeclarationof this function.

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

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

Heredashes is an arrayof lengthndashes . The array is 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] ; andso forth. Thedefault dashlengtharrayin any miGC is {4,4} . The
dashlengtharrayneednot have thesamelengthasthepixel color array, andit neednot have even
length. offset , if nonzero,is an initial offset into the dashpattern. For example,if it equals
dashes[0] thenthefirst dashwill bean ‘off ’ dashof lengthdashes[1] . Currently, offset
mustbenonnegative.

Besidesthe array of pixel colors and the array of dashlengths,any miGC containsseveral
attributeswhosevaluesareenums,andaninteger-valuedline width attribute. Any oneof thesemay
besetby invoking miSetGCAttrib , andany list of themby invoking miSetGCAttribs . The
declarationsof 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, miGCAttribute attribute, int value);
void miSetGCAttribs (miGC *pGC, int nattributes,

const miGCAttribute *attributes,
const int *values);

Theseattributesaresimilar to thedrawing attributesusedin theX Window System.Theallowed
valuesfor theattributeMI_GC_FILL_RULE , which specifiestherule usedwhenfilling polygons
andarcs,are:

enum { MI_EVEN_ODD_RULE, MI_WINDING_RULE };

ThedefaultisMI_EVEN_ODD_RULE. Theallowedvaluesfor theattributeMI_GC_JOIN_STYLE,
whichspecifiestheruleusedwhenjoining polylinesandpolyarcs,are:

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,
whichspecifiestheruleusedwhencappingtheendsof polylinesandarcs,are:
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enum { MI_CAP_NOT_LAST, MI_CAP_BUTT, MI_CAP_ROUND, MI_CAP_PROJECTING,
MI_CAP_TRIANGULAR };

Thedefault is MI_CAP_BUTT. Theallowedvaluesfor theattributeMI_GC_LINE_STYLE,which
specifieswhetheror notdashingshouldtake placewhendrawing polylinesandarcs,are:

enum { MI_LINE_SOLID, MI_LINE_ON_OFF_DASH, MI_LINE_DOUBLE_DASH };

Thedefault is MI_LINE_SOLID . Theallowedvaluesfor theattributeMI_GC_ARC_MODE,which
specifieshow arcsshouldbefilled, are:

enum { MI_ARC_CHORD,MI_ARC_PIE_SLICE };

Thedefault is MI_ARC_PIE_SLI CE.

Finally, thevaluefor the line width, i.e., for theMI_GC_LINE_WIDTHattribute,may beany
nonnegative integer. Thedefault is 0, which hasa specialmeaning.Zero-widthlinesandarcsare
not invisible. Instead,they aredrawn with a Bresenhamalgorithm,which paintsfewer pixels than
is thecasefor lineswith width 1.

Any miGCalsocontainsa miter-limit attribute,which, if thejoin modeattributehasvalueMI_
JOIN_MITER andthe line width is at least1, will affect thedrawing of the joins in polylinesand
polyarcs.At any join point, the‘miter length’ is thedistancebetweentheinnercornerandtheouter
corner. Themiter limit is themaximumvaluethatcanbetoleratedfor themiter lengthdividedby
the line width. If this value is exceeded,the miter will be ‘cut off’: the MI_JOIN_BEVEL join
modewill beusedinstead.

Thefunction

void miSetGCMiterLi mi t (miGC *pGC, double miter_limit);

setsthe valueof this attribute. The specifiedvaluemustbe greaterthanor equalto 1.0. That is
becausethemiter limit is thecosecantof one-halfof theminimumjoin anglefor mitering,sovalues
lessthan1.0 aremeaningless.The default valuefor the miter limit is 10.43,asin theX Window
System.10.43is thecosecantof 5.5degrees,soby default,miterswill becut off if thejoin angleis
lessthan11 degrees.

1.3.2 The first stageof the graphicspipeline

In the first stageof the libxmi graphicspipeline,oneor moreof thecoredrawing functions
is invoked. Eachdrawing function takespointersto a miPaintedSet anda miGC (agraphics
context) asits first andsecondarguments.It will paintpixelsin themiPaintedSet , accordingto
thedrawing parametersin thegraphicscontext.

The drawing functionsfall into threegroups: (1) functionsthat draw points, polylines, and
polygons,(2) functionsthatdraw rectangles,and(3) functionsthatdraw ‘arcs’ (segmentsof ellipses
whoseprincipalaxesarealignedwith thecoordinateaxes).Wediscussthesethreegroupsin turn.

Thepoint/polyline/polygon groupincludes:

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

void miDrawLines (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 thearrayasa cloud of points,
miDrawLines draws a polyline definedby the array, and miFillPolygon fills a polygon
definedby thearray. Themode argumentspecifieswhetherthepointsin thearray, after thefirst,
arein absoluteor relative coordinates.Its possiblevaluesare:

typedef enum { MI_COORD_MODE_ORI GIN,
MI_COORD_MODE_PREVI OUS } miCoordMode;

ThemiPoint structureis definedby

typedef struct
{

int x, y; /* integer coordinates, y goes downward */
} miPoint;

Theadditionalshape argumentof miFillPolygon is advisory. Its possiblevaluesare:

typedef enum { MI_SHAPE_GENERAL, MI_SHAPE_CONVEX} miPolygonShape ;

They indicatewhetherthe polygon is (1) unconstrained(i.e., not necessarilyconvex, with self-
intersectionsallowed),or (2) convex andnot self-intersecting.The lattercasecanbedrawn 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 argumentsof eachare a specifiednumberof rectanglesand an array that con-
tainsthat numberof rectangles.miDrawRectangle s draws theoutline of eachrectangle,and
miFillRectangle fills eachrectangle.ThemiRectangle structureis definedby

typedef struct
{

int x, y; /* upper left corner of rectangle */
unsigned int width, height; /* dimensions: width>=1, height>=1 */

} miRectangle;

Therectanglegroupisredundant,sincearectangleisaspecialsortof polyline,definedbyafive-point
point arrayin which thelastpoint is thesameasthefirst.

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 twoargumentsof eachareaspecifiednumberof arcsandanarraythatcontainsthatnumber
of arcs.miDrawArcs drawseacharc. It will join successivearcs,if they arecontiguous,according
to the‘join mode’ in thegraphicscontext. Similarly, miFillArcs will fill eacharcaccordingto
the‘arc mode’in thegraphicscontext. Eitherapiesliceor achordwill befilled.

ThemiArc structureis definedby

typedef struct
{
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int x, y; /* upper left corner of ellipse’s bounding box */
unsigned int width, height; /* dimensions: width>=1, height>=1 */
int angle1, angle2; /* initial angle, angle range (in 1/64 degrees) */

} miArc;

x , y , width , height specifyarectanglealignedwith thecoordinateaxes,andangle1 , angle2
specifyanangularrange(a ‘pie slice’) of anellipseinscribedin therectangle.By convention,they
are the startingpolar angleandanglerangeof the circular arc that would be producedfrom the
elliptic arcby squeezingtherectangleinto asquare.

miDrawArcs maintainsa cacheof rasterizedellipses. This cacheis persistent,and internal
to libxmi ; accordingly, miDrawArcs is not reentrant.For applicationsin which reentrancy is
important,a reentrantcounterpartis provided. It is

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

Thecallerof miDrawArcs_r mustsupplya pointerto a miEllipseCache objectasthefinal
argument. A pointerto suchanobject,which is opaque,is returnedby miNewEllipseCac he .
After zero or more calls to miDrawArcs_r , the object would be deleted by a call to
miDeleteEllipse Cach e. Thedeclarations

miEllipseCache * miNewEllipseCac he (void);
void miDeleteEllips eCach e (miEllipseCache *ellipseCache);

aresuppliedin theheaderfile ‘xmi.h ’.

1.3.3 The secondstageof the graphicspipeline

In the secondstateof the graphicspipeline, the pixels in a miPaintedSet are transferred
(‘merged’) to a miCanvas , by invoking miCopyPaintedS et ToCanva s . It is only whenthe
paintedpixelsaretransferredto amiCanvas thatclipping to apixmaptakesplace.

A miCanvas is a structurethat includesa pixmap and several parametersthat control the
transferof pixels. Sinceit is notopaque,it maybeconstructedandmodifiedby 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;

That is, eachof themcontainsanarrayof pointersto rows (of integersor pixel values,asthecase
maybe). In mostinstallationsof libxmi , miCanvasPixmap is typedef’d asmiPixmap . The
typedefs

typedef miPixel (*miPixelMerge 2) (miPixel source, miPixel destination);
typedef miPixel (*miPixelMerge 3) (miPixel texture, miPixel source,

miPixel destination);

definethedatatypesof thebinaryandternarypixel-merging functionmembers.

Thefunctions

miCanvas * miNewCanvas (unsigned int width, unsigned int height,
miPixel initPixel);

void miDeleteCanvas (miCanvas *pCanvas);
miCanvas * miCopyCanvas (const miCanvas *pCanvas);

are the constructor, destructor, and copy constructorfor the miCanvas type. Rather than a
miCanvas being createdby hand, miNewCanvas is usually usedinstead. The initPixel
argument is a miPixel value with which the newly allocatedpixmap should be filled. The
stipple and texture pointersin a newly createdmiCanvas are NULL, as are the pixel-
merging functionmembers.Thefour conveniencefunctions

void miSetCanvasSti pple (miCanvas *pCanvas, const miBitmap *pStipple,
miPoint stippleOrigin);

void miSetCanvasTex tu re (miCanvas *pCanvas, const miPixmap *pTexture,
miPoint textureOrigin);

void miSetPixelMerg e2 (miCanvas *pCanvas, miPixelMerge2 pixelMerge2);
void miSetPixelMerg e3 (miCanvas *pCanvas, miPixelMerge3 pixelMerge3);

maybeusedto setthesemembers.

The miCopyPaintedS et ToCanva s function, which implementsthe secondstageof the
graphicspipeline,cannow bediscussed.It hasdeclaration

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

whereorigin is thepoint on themiCanvas to which thepoint (0,0) in themiPaintedSet
is mapped.(It couldequallywell becalledoffset .)

Thesemanticsof miCopyPaintedSe t boil down to a singleissue:how a ‘source’ pixel in
a miPaintedSet is mergedonto thecorresponding‘destination’pixel in a miCanvas to form
a new pixel. The simplestcaseis whenno texture is specified(the correspondingpointer in the
miCanvas is NULL). In thatcase,if thebinarypixel-merging functionmemberof themiCanvas
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isNULL, adefaultmergingalgorithmwill beused.In mostlibxmi installationsthisis thePainter’s
Algorithm: thenew pixel in themiCanvas will simply bethesourcepixel. If, on theotherhand,
thebinarypixel-merging function in themiCanvas is non-NULL, it will be usedto computethe
new pixel.

A texture pixmapmay be specified. If so, it will be extendedperiodicallyso as to cover the
miCanvas ,anditsvalueatthelocationof thedestinationpixelwill affectthemergingprocess. If the
ternarypixel-merging functionmemberof themiCanvas is NULL, a default merging algorithm,
appropriateto thecasewhena textureis present,will beused.In mostlibxmi installationsthis is
avariantof thePainter’sAlgorithm: thenew pixel in themiCanvas will bethetexturepixel, rather
thanthesourcepixel. If, on theotherhand,theternarypixel-merging functionin themiCanvas is
non-NULL, it will beusedto computethenew pixel.

Any miCanvas may also include a pointer to a stipple bitmap. If so, it will be extended
periodicallysoasto cover themiCanvas , andits valueat thelocationof thedestinationpixel will
determinewhetheror not its replacementby a new pixel, accordingto oneof theprecedingrules,
will take place. If thestipplevalueis zero,it will not; otherwiseit will. Stipplebitmapsareuseful
for creatingso-calledscreendoorpatterns,andmoregenerallyfor protecting,or maskingoff, part
of a miCanvas .
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who worked for Digital EquipmentCorp., MIT, and/orthe X Consortium, and arecopyright c

�

1985–89by theX Consortium.

In 1998–99,RobertMaier (rsm@math.arizon a. edu) extractedthegraphicsroutinesfrom
thesampleserver codein theX11R6distribution, convertedthemto ANSI C, andaddedextensive
comments.He also introduceddatastructuresappropriatefor a two-stagegraphicspipeline,and
convertedthegraphicsroutinesto usethem.He addedsomenew renderingfeatures,suchassupport
for multicoloreddashing.

The modified code was first releasedby being incorporatedin version 2.2 of the GNU
plotutils package,asa renderingmodulefor export of PNM andpseudo-GIFfiles. Seethe
plotutils homepage(http://www .g nu.o rg/ so ft ware /pl ot ut il s/ plo tu ti ls .h tml ).
After furthermodifications,thecodewasreleasedasthestandalonelibxmi library.


