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the Simple Raster 
Graphics Package (SRGP) 

Andries van Dam 
and David F. Sklar 

In Chapter I • we saw that vector and raster displays arc two substantially different hardware 
tcclmologies for creating images on the screen. Raster displays are now the dominant 
hardware technology, because they support several features that arc essential to the majority 
of modem applications. First, raster displays can fill areas with a unifonn color or a 
repeated pallcm in two or more colors; vector displays ain, at best, only simulate filled 
areas with closely spaced sequences of parallel vcctors. Second, raster displays store images 
in a way that allows manipulation at a fine level: individual pixels can be read or written, 
and arbitrary portions of the image can be copied or moved. . 

The first graphics package we discuss, SRGP (Simple Raster Graphics Paclcage), is a 
device-independent graphics package that cxploits raster capabilities. SRGP's repertoire of 
primitives (lines, rectangles, circles and ellipses, and lel(t strings) is similar to that or the 
popular Macintosh QuickDraw raster package and that or the Xlib package of the X 
Window System. Its interaction-handling features, on the other hand, arc a subset or those 
of SPHIGS, the higher-level graphics package for displaying 30 primitiYCS (covered in 
Chapt.cr 7). SPHIGS (Simple PHIGS) is a simplified dialect of the SlaJ1dard PHIGS 
graphics package (Programmer's Hierarchical Interactive Graphics Syscem) designed for 
both raster and vector hardware. Although SRGP and SPHIGS were written specifically for 
this tCllt, they arc also very much in the spirit of mainstream graphics pack.ages, and most of 
what ~u will learn here is immediately applicable to commercial packages. In this book, 
we introduce both packages; for a more oomple(e description, ~u should consult the 
reference manuals distributed with the software packages. 

We start our discussion of SRGP by ewn.ining the operations that applications perform 
in order to draw on the screen: the specification of primitiYCS and of the attribute$ that affect 
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28 Programming In the Slmple Raater Graphic• Package (SRGP) 

their image. (Since graphics printer, display information ~scntially a'i raster displays do, 
we need not concern our1Clves with them until we look more closely at hardware in Chapter 
4.) Next we learn how to make applications interactive using SRGP's input procedures. 
Then we cover the utility of pixel manipulation, available only in raster displays. We 
conclude by discus.,;ing some limitations of integer raster graphics packages such as SRGP. 

Although our discussion or SRGP assumes that it controls the entire screen. the 
package has been designed to run in window environmenL'i (sec Chapter 10), in which case 
it controls the interior of a window as though it were a virtual screen. The application 
programmer therefore does not need to be concerned about the details of running under 
control of a window manager. 

2.1 DRAWING WITH SRGP 

2. 1 . 1 Specification of Graphics Pri'mitives 

Drawing in integer raster graphics packages such as SRGP is like plotting graphs on graph 
paper with a very fine grid. The grid varies from 80 to 120 points per inch on conventional 
displays to 300 or more on high-resolution displays. The higher the resolution, the better the 
appearance of fine detail. Figure 2.1 shows a display screen (or the surface of a printer's 
paper or film) ruled in SRGP's integer Cartesian coordinate system. Note that pixels in 
SRGP lie al the intersection of grid lines. 

The origin (0, 0) is at the bottom left of the screen: positive .x increases toward the right 
and positive y increases toward the top. The pixel at the upper-right comer is (width-I, 
height-I ), where width and height are the device-dependent dimensions of the screen. 

On graph paper, we can draw a continuous line between two points located anywhere 
on the paper; on raster displays, however, we can draw lines only between grid points. and 
the line must be approx imated by intensifying the grid-point pi,;els lying on it or nearest to 
it. Similarly. solid figures such as filled polygons or circles are crea1ed hy intensifying lhe 
pixels in their interiors arid on their boundaries. Since specifying each pixel of a line or 
closed figure would be far too onerous. graphics packages let the prngrammer ~pecify 
primitives such as lines and polygons via their vertices; the packaic lh~·n fill, in the dclail~ 
using scan-conversion algorithms. discussed in Chapter J . 
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Fig. 2.1 Cartesian coordinate system of a screen 1024 pixels wide by 800 pixels high. 
Pixel (7. 3) is shown. 
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2.1 Drawing whh SRGP 27 

SRGP supports a hasic collection of primitives: lines, polygons, circles and ellipses, 
and text.1 To specify a primitive, the application sends the coordinates defining the 
primitive's shape to the appropri11e SRGP primitive-generator procedure. ll is legaJ for 1 
specified point to lie ou&side the screen's bouodc:d 'rectangular area; of c:oune, only thole 
portions or a primi1ive that lie inside the scn:en bounds will be vilible. 

• ' .. ' • • i j 

Lines and polylines. The following SRGP procedure draws a line from (:d. y/) to 
(x2, y2): 

procedure SRGP _ lineCoord (.1/. y/. xl. y2 : Integer);' 

Thus, to plot a line from (0, 0) to ( 100, 300), ~ simply call 

SRGP_ lineCoon.l <O. 0, 100, 300); 

Because it is often more natural to think in terms of endpoints rather than of individual x 
and y coordinates. SRGP provid~ an alternate line-drawing procedw-e: 

procedure SRGP _ line (pt/. ptZ : point): 

Here "point" is a defined type, a record or two integers holding the point's x and y values: 

type 
point = record 

.i. y : Integer 
ead; 

A sequence of lines connecting ~ccessivc vertices is called a poly/in~. Although polylines 
can be created by repeated calls to the line-drawing procedures. SRGP includes them as a 
~ial case. There arc two polyline procedures, analogous to the coordinate and point 
forms of the line-drawing procedures. 'These take arrays as parameterS: 

procedure SRGP _polyLineCoord ( 
1·,m0Coun1 : integer. xArmy. yMray : YCrtcllCoonlinateLisl): 

procedure SRG? _polyline (,Y'r1t.1Coun1 : Integer: ,y,rticn : \'Cr1exList); 

whc:rc · · ,l'nc,Coon.linaleLisl ··and · · vertei,;Lisl'' arc types defined by the SRGP package
arr~y~ or intq:1:r~ anc.J points. respectively. 

The fir..1 paramclrr in hoth of these polyline calls tells SRGP how many vertices to 
expect. In the fir.;i call. the second and third parameter, are integer arrays of paired .x and y 
values. and the polyline is drawn from vertCA (xArmy(OI, yArroy101). to vertex (xArroy( 11, 
yAmlyl I l), to vertex (xArrayl2J, yArroy12)), and so on. This fonn is convenient, for 
instance. when plotting data on a standard set of .ues. where ..tArroy is a prcdecermined set 

1Specialized proccdun::s that draw a single pixel Of an array or pbr.els are described in the SRGP 
rcrercm:c manual. 
1We use P.scal with the following ty~tting conventions. Pascal keywords and built-in types are in 
boldface and user-defined types are in normal face. Symbolic conswits are in uppen:a1e type, and 
variables are il.aliciz.ed. Commenu are in tnces, and pseodoa>de is italiciz.cd. For brevity, 
,~,.,.<k>M of ........ ,nd ..... ,~ ... ,m;no(.... ........ / 
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28 Programming In the Simple Raster Graphics Package (SRGP) 

of values of the independent variable and yArray Is the set of data being computed or input 
by the user. As an ~pie, let ua plot the output of an economic analysis program that 
computes month-by-month trade ftgure1 and stores them in the 12-entry integer data arrr, 
baianaO/frode. We wUI start,our plot at (200, 200). To be able to see the differences 
between succ:essive points, we will graph them 10 piu.ls apart oo the x axis. Thus, we will 
create an integer amy, months, lo represent the 12 months, and will set the entries to the 

. dcsircdx values. 200,210, ... , 310. Similarly, we must increment each value in the data 
!lfr&Y by 200 to put the 12 y coordinates in the right place. Then, the graph in Fig. 2.2 is 
plotted with the following code: 

{Plot the axes} 
SRGP _ lineCoord (50, 200, 350, 200); 
SRGP _ lineCoord (200, SO, 200, 350); 

{Plot the data} 
SRGP ..polyLineCoord (12, months, bolanc~fT'rode); 

We can use the second polyline fonn to draw shapes by specifying pajrs of x and y values 
together as points, passing an array of such points to SRGP. We create the bowtie in Fig. 
2.3 by calling 

SRGP ..polyline (7, bowtitArray); 

The table in Fig. 2.3 shows how bowtieArray was defined. 

Markers and polymarkers. It is often convenient to place markers (e.g .• dots, 
asterisks, or circles) at the data points on graphs. SROP therefore offers companions to the 
line and polyline procedures. The following procedures will create a marker symbol 
ceniered at (x, y): 

procedure SRGP _markerCoord (x, y : integer): 
procedure SRGP _marker (pt ; point); 

The marker's style and size can be changed as well, as eitplaincd in Section 2. 1. 2. lo create 
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Fig. 2.2 Graphing a data array. 
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Fig. 2.3 Drawing a polyline. 
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2.1 Dnwing with SRGP 29 

a sequence of identical markers at a set of points, v,,e call either of 

procedure SRGP ..polyMarlcffl:oord ( 
~ : lat.teer. ..IAnaJ, yN'IU1 : ¥CSte&Coocdim&eLllt); 

procedan SRGP _polyMarm (llm~ : latepr. wmttJ : ~); .. 

Thus, the following additional call will add maiun to the graph of f'ig. 2.2 to produce f'ig. 
2.4 . 

SRGP _polyMarkct<:oord (12, mon1hs, bolan«()/Tradt); 

Polygons and r~gles. To draw an outline polygon, we can either specify a polyline 
tha1 closes on itself by making the first and last YCrtices identical (as v,,e did to draw the 
bowtie in Fig. 2.3), or we can use the following specialii.ed SRGP call: 

procedure SRGP _polygon (vmexCoWII : lotecer; vmlcn : YCtWtLiSl); 

This call autom~tically closes the figure by drawing a line from the last~ to the first. To 
draw the bowtie in Fig. 2.3 as a polygon, v,,e use the following call, whcle bowtieAmiy is 
now an array of only siit points: 

SRGP _polygon (6, bowtitArray); 

Any rectangle can be specified as a polygon having four vertices, but an upright rectangle 
(one whose edges are parallel to the screen's edges) can also be specified with the SRQP 
' 'rectangle" primitive using only two vertices (the lower-left and the uppe.r-right corocn), 

procedure SRGP_n:clallgleCoord (left)(, botiomY, rightX, topY: iDtqer); 
proce41&1e SRGP flCWl&lePI (bottOff!U/t, topRight: point); 
procedure SRGP ..rccwigle (m:t: rectangle); 

The "rectangle" record stores the bottom-left and top-right comers: 

type 
n:ctar)ilc - reconl 

botton,Left. 1opRi&hl : point 
ead; 

Fig. 2.4 Graphing the data array using marlcers. 
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Fig. 2.5 Ellipse arcs. 

Thus the following call draws an upright rectangle IOI pixels wide and 151 pixels high: 

SRGP_reclangleCoord (50, 25, 150, 175); 

SRGP provides the following utilities for creating rectangles and points from coordinate 
data. 

procedure SRGP _derPoint (x, y : Integer; ,ar pt : point); 
procedure SRGP _defRectangle ( 

/eftX, bottomY. rig/11X. topY: Integer; var rect: rectangle): 

Our example rectangle could thus have been drawn by 

SRGP_defRectangle (50, 25, 150. 175, rtct): 
SRGP _rectangle (rect); 

Circles and ellipses. Figure 2.5 shows circular and elliptical arcs drawn by SRGP. Since 
circles are a special case of ellipses, we use the tenn ellipse arc for all these fonns, whether 
circular or elliptical , closed or partial arcs. SRGP can draw only standard ellipses. those 
whose major and minor axes are parallel 10 the coordinate axes. 

Although there are many mathematically equivalent methods for specifying ellipse 
arcs. it is convenient for the programmer to specify arcs via the upright rectangles in which 
they are inscribed (see Fig. 2.6): these upright rectangle~ arc called l>n1mdi11t hoxr.1 or 
extents. 

The width and height of the extent determine the shape of the: dlif"I.' Wht·thcr or not 
the arc is closed depends on a pair or angles that specify v.herc the: arr ,1ar1' and cnd, h1r 
convenience, each angle is measured in rectangular degrees th,1t run ~ountcn:hx:kv.1~. w11h 
0° corresponding to lhe positive portion of the .x axis. 90° to the po~itive p0rti<lll of the y 
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Fig. 2 .6 Specifying ellipse arcs. 
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Drawing with SRGP 
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Fig. 2. 7 Lines of various widths and styles. 
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axis, and 45° to the "diagonal" extending from the origin to the top-right co~ of the 
rectangle. Clearly. only if the extent is a square are rectangular degrees equivalent to 
circular degrees. 

The general ellipse procedure is 

pro«dure SRGP _ellipscArc (extentR«t : rectangle; startlongle, endlongle : real); 

2.1 .2 Attributes 

Line style and line width. The appearance of a primiti": can be. controlled by 
specification of its attribute.t. ~ The SRGP attributes that apply to hoes. polylmes, polygons, 
rectangles, and ellipse arcs are lim· style, line width, color. ~d pen style. . . 

Altributes are sci modally; that is, they are global state variables that retam their values 
until they are changed explicitly. Primitives are drawn with the attributes in effect at the 
time the primitives arc specified; therefore, changing an atlribule's value in no way affec~ 
previously created primitivcs--it affects only those that are specified after the change in 

auribute value . Modal attributes are convenient because they spa,c programmers from 
having 10 \pccify a long parameter list of attributes for each primitive, since there !"3Y be 
dO'LCnS of different auributes in a production system. 

Line style and lin.: width are set by calls to 

procedure SRGP _se1LincS1yle h'Olue : CON11Nl.lOUS I °"5HED I DOTTED I ... l:' 
procedure SRGP _se1LineWid1h (,-alue : integer); 

The width of a line is measured in screen units-that is. in pixels. Each attribute has a 
default: line style is CONTINUOUS, and width is I. Figure 2. 7 shows lines in a variety or 
widths and styles; the. code that generated the figure is shown in Fig. 2.8. 

'The descriptions here of SRGP's allributes of1en lack fine detail, particularly. on in!eractions. be1wc~ 
different auributes. The detail is omitted because the euct effec:1 or an attnbute 1s a funct10? of its 
implemen1a1ion. and. for per(ormanc~ reasons. ~ill'crcnl. implementation.\ are u!ied on different 
syiaems: for thc~e details. ce>n~uh the 1mplemcntat1on,spec1fic reference manuals. . 
'Herc and in the following text, we use a shorthand notalion. In SRGP, these symbolic constants are 
actually values of an enumerated data type "lineStyle." 

I 
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SROP _MILlneWidth (5): 
SROP _lineCoord (55, 5, 55, 295): I Line a I 

SROP _setLineStyle (DASHED); 
SROP _1elUneWidth ( I 0); i 
SROP_lineCoord (105, 5, 155, 295); (Line bl 

SROP _setLineWidth (15); 
SROP _setLlneStyle (D01TEO); 
SROP _lineCoord ( I 55 , 5, 285, 25.S ): t Line c I 

l . • . . . 
Fig. 2.8 Code used to generate Fig. 2 .7. 

. 'V!_e ~ think of the line style as a bit mask used to write pixels selec1ively as the 
pnm1~tve 1s scan-converted br SRGP. A zero in the mask indicates that this pixel should not 
be written and thus preserves the original value of this pixel in the frame buffer. One can 
think of this pixel of the line as transparent, in that it lets the pixel "underneath" show 
through. cqNTIJ'{UOUS thus corresponds to the string of all Is. and DASHED 10 the string 
ll 11001111001111 ... , the dash being twice as long as the transparent intcrdash 
segments. 

.Each .a.tu-.i~ute has a default; for example, the default for line style is CONTINUOUS, that 
for h~e width 1s I, and so on. In the early code examples, we did not set the line style for the 
first lane.we drew; thus, we made use of the line-style default. In practice, however, making 
assumptions about the current state of attribute$ is not safe, and in the code examples that 
follow we set attributes explicitly in each procedure, so as to make the procedures modular 
3;1:1~ thus to facilitale debugging and maintenance. In Section 2. I .4, we sec that it is CYCn 
safer for. lhe programmer to save and restore attributes explicitly for each procedure. 

Attributes that can be set for the marker primitive arc 

procedure SROP _se1MarkcrSize (va/"~ : Integer); 
procedure SROP_setMarkcrStylc (1-a/"e : MARKER _CIRCLE / MARKl(R_S()I IAR F. / •. ) ; 

Marker size specifies the length in pixels of the sides of 1he s4uare e~1en1 or rn:h mark.er. 
The complete set of marker ~lyle~ is presenlcd in 1he reference manual: 1hc rin. lc \I \ It' i, the 
default ~hown in Fig. 2.4. · 

Color . . Each of the attributes presented so far affects only some t•I the SRGP primitives. 
but the integer-valued color attribute affects all primitives . Obviously, the color allribute's 
meaning is heavily dependent on the underlying hardware: the two color values found on 
eve~ system are ? and I. On bilevel systems, these colors' appearances arc easy to 
pred1ct-<:olor-l pixels arc black and color-0 pixels arc white for black-on-white devices 
green is I and black is O for green-on-black devices, and so on. ' 

. The Integer color attribute does nol specify a color directly; rather, it is an index into 
SRGP's color table, each entry of which defines a color or gray-scale value in a manner that 
the SRGP programmer does not need to know-about. There are 24 entries in the color table 
r-~re.d is "1e depf/1 (number of bits stprcd for each pixel) of the frame buffer. On bilevei 
tmplementations, the, color table is hardwired; on most color implementations, however, 
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SRGP allows the application to modify the &able. Some of the many uses for the i:. 

indirectness provided by color tables arc ~plorcd in Chapten 4, 17, and 21. . . fi 
There are two methods that applications can use to specify colors. An ifPhcat,~ f?' 

which machine indepcndcncc is import.ant should use the integers O and I du-ectly; 11 w1!l 
then nm on all bilCYCI and color displays. If the application &$SUl1lC$ color support or 11 \: I 
written for a pa11icular display device, then it can use the implemeoUllion-dependent co"!' . : 
names supported by SRGP. These names arc symbolic constants that ~ where. certain 
standard colors have been placed within the default color table for that display device. For 
instance, a black-on-white implementation provides the'""° color names ~B~K ( ~) 
and COLOR_WHITE (O); we use these two values in the sample code fragmen&s ID this 
chapter. Note that color names are not useful to applications tbal modify the color table,: " . 

We select a color by calling ,' : ,· . 
promlure SRGP _se(Color (col.or/ndu : loteger); 

2.1 .3 Filled Primitives and Their Attributes 

Primitives that enclose areas (the so-called area-defining primitives) can be drawn in two · • 
ways: outlined or filled. The procedures described in the p~ious section generate ~e .. 
fonner style: closed outlines with unfilled interiors. SRGP's filled YCrSioos of area-defiruog . 
primitives draw the interior pixels with no outline. Figure 2.9 shows SRGP's repertoire of · 
filled primitives, including the filled ellipse arc, or pit slice. 

NQ\e 1hat SRGP does not draw a contrasting outline. such as a I -pix.el-thick solid 
boundary, around the interior, applications wanting such an outline musl draw. it exp!ic~t~y. . 
1llCfC is also a subtle issue of whether pixels on the border or an area-defiomg prumUYO . 
should actually be drawn or whether only puels that lie strictly in the interior should. This 
problem is discussed in detail in Sections 3.5 and 3.6. 

To generate a filled polygon, we use SRGP _fillPolygon or SRGP JillPolygonCoord, 
with the same parameter lists used in the unfilled versions of these calls. We define the~ 
area-fi lling primitives in the same way, by prefixing "fill" to their names. Since polygons 

(d) 

(c) 

Fig. 2.9 Filled primitives. (a-ol Bitmap pattern opaque. (di Bitmap pattern transpar
ent. (e) Solid. 
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may be concave or even self-intersecting, we need a rule for specifying what regions are 
interior and thus should be filled, and what regions are exterior. SRGP polygons follow the 
odd-parity rule. To determine whether a region lies inside or outside a given polygon, 
~oose 11:5 a test point any point inside the particular region. Next, choose a ray thal swu at 

the test point and extends infinitely in any direction, and that does not pass through any 
vertices. lf this ray intersects the polygon outline an odd number of times, the region is 
considered to be interior (see Fig. 2. IO). 

SRGP does not actually pcrfonn this test for each pixel while drawing; rather, it uses 
the optimized polygon scan-conversion techniques described in Chapter 3, in which the 
odd-parity rule is efficiently applied to an entire row of adjacent pixels that lie cilhcr inside 
or outside. Also, the odd-parity ray-intersection test is used in a process called pick 
correlation to determine the object a user is selecting with the cursor, as described in 
Chapler 7. , 

Fill style and fill pattern for areas. The fill-style attribute can be used to control 1he 
appearance of a filled primitive's interior in four different ways, using 

. p~~ SRGP Jetfi11Style ( . : , 
mode: SOUO I &n'MAP .J'A'lTl!JltU>PAQUI! I BFTMAP ..PATTERN_TRANSPARENT / 

PIXMAP _PATTERN); 

The first option, SOLID, produces a primitive uniformly filled with the current value of the 
color attribute (Fig. 2 .9e, with color set lo COUMLWHITE). The second l'M> options, 
BITMAP _PATTERN_OPAQUE and B(TMAP ..PATT'ERN_ TRANSPARENT. fill primitives with a 
regular, nonsolid pattern, the former rewriting all pixels underneath in either the current 
color, or another color Wig. 2.9c), the latter rewriting some pixels underneath the primitive 
in the current color. but letting others show through (Fig. 2.9d). The last option, 
PlXMAP ..PATTERN, writes patterns containing an arbitrary number or colors . always in 
opaque mode. 

Bitmap fill paltems are bilmap arrays of Is and Os chosen from a table or available 

v2 
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. . .._, • k..0.5i};;4' ., 2 Exte11or 
~ __,... poinls have an 
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v t v3 
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Fig. 2.10 Odd-parity rule for determining interior of a polygon. 
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patterns by specifying 

procedare SRGP _setfillBitmapPaucm ~ndu: latese,); ;1 

• . (i • ~ ·A 
Each ent,y in the pattern table stores a unique pattcm; the ones provided with SRGP. ~ : . !; \ 
in the reference manual, include gray-sc:ale tones (ranging from nemy black to nearly · 
white) and various regular and random patterns. In transparent mode, lhcse patcems an: 
generated as follows. Consider any pattern in the pattern table as a small bitmap-say, 8 by 
s--to be repeated as needed (tikd) to fill the primitive. On a bileYCI system, the cWTCQt 
color (in effect. the foreground color) is written where there are Is in the pattern; where 
there are ~he ··holes·· -4he conesponding pixels of the original image are no( written, 
and thus " show through" .. the partially transparent primitive written on top. Thus. the 
bitmap pattern acts as a "memory write-enable mask" for patterns in transparent mode, 
much as the line-style bit mask did for lines and outline primitives. 

In the more commonly used BITMAP Y,.T11:.RN_Of'MlUE mode, the Is are wriuen in thq 
current color. bul the Os are written in another color. the background col<>r, previously set 
by 

procedure SRGP _setBackgroundColor (colorlndu : Integer); 

On bil~ displays. each bitmap pattern in OPAQUE mode can generate only two ~istinctive 
fill patterns. For example. a bitmap pattern or mostly Is can be used on a black-and-white 
display to generate a dark-gray fill pattern ir the current color is sel to black (and the 
background to white), and a light~gray fill pattern if the current color is set to white (and the 
background to black). On a color display, any combination of a foreground and a 
background color may be used for a variety or t'M>-lone effects. A typical application on a 
bilevel display always sets the background color whenever it sets the foreground color, since 
opaque bitmap patterns are not visible if the t'M> are equal; an application could create.~ 
SetColor procedure to set lhe background color automatically to contrast with the 
foreground whenever the foreground color is set c::xplicilly. , 

Figure 2. 9 was created by the code fragment shown in Fig. 2.1 I. 1lle advantage of 

SRGP _ <.c tl-'illS1ylc (BITMAP _PA'TTERN_OPAQUE): 
SRGP _~tFi11BitmapPauem (BRICK_BIT . PA'TTERN): I Brick panem I 
SRGI' _lilll'"'! gon 0. 1norttlr _cnnrdJ ): (al 

SRGP _setFillBiunapPallem (MEOIUM_ORA Y_BrT_PATIER.N); 
SRGP _fillEll ipseArc (tllipstArcRw. 60.0, 290.0): (bl 

150 percent gray) 

SRGP _setFillBitmapPauem (D1AOONA1,J3IT _PA Tll!RN); 
SRGP _fillReclangle (opaqueFilltdRtct); le) 

• I \ 

SRGP _setf'il1Style (BITMAP _PA Tll:.RN_ TRANSPAJU:.N11; 
SRGP _fillRec1angle (transpartntFilltdRtct); Id) 

SRGP _setFillStyle (SOLID): 
SRGP _setColor (COLOR_WHITE); 

1 SRGP _fittEllipse (circleRtct); lel 
~) 

' t- ' 

Fig. 2.11 Code used to generate F'tg. 2.9. 
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having two-tc;>ne bitmap pancms is that the colors are not specified explicitly, but rather are 
detcrmin~ by the color attribulcs in effect, . and I.bus can be generated in any color 
combination. The disadvantage, and the reason I.hat SRGP also supports pbtmap panems. is 
·that only two colors can be generated. Often, we would like to fill an area of a display with 
multiple colors, in an explicitly specified pattern. In the same way that a bitmap pattern is a 
small bitmap used to tile the primitiYC, a small pixmap can be used to tile the primitive, 
where the pixmap is a pattern array of color-table indices. Since each pixel is explicitly set 
in the pixmap, there is no concept of holes, and therefore there is no distinction between 
transparent and opaque filling modes. To fill an area with a color pattern, we select a fill 
style of PIXMAP ..PAlTERN and use the comsponding pixmap pattern-selection procedure: 

I'. I • • 

procedure SRGP _setFillPiitmapPattem (pa11ern/nda : Integer); 

Since both bitmap and pixmap patterns generate pixels with color values that are indices 
into the current color table, the appearance of filled primitives changes if the programmer 
modifies the color-table entries. The SRGP reference manual discusses how to change or 
add to both the bitmap and pixmap pattern tables. Also, although SRGP provides default 
entries in the bitmap pattern table, it does not ,&ive a default pixmap pattern table, since 
there is an indefinite number of color pixmap patterns that might be useful. 

Pen pattern for outlines. The advantages of patterning are not restricted to the use of 
this technique in ma-defining primitives; P,atterning can also be used to affoct the 
appearance of lines and outline primitives, via the pen-style anribute. Using the line-width, 
line-style, and pen-style attributes, it is possible, for example, to create a 5-pixe.1-thick, 
dot-dashed ellipse whose thick dashes are patterned. Examples of solid and dashed thick 
lines with various patterns in transparent and opaque mode and their interactions with 
previously drawn primitives are shown in Fig. 2.12; the code that generated the image is in 
F,ig . . 2.13. The use of a pen pauern for extremely narrow lines ( I or 2 piitels wide) is not 
recorrunended, because the pattern is not discernible in such cases. 

The interaction between line style and pen style i~ simple:. Os in the line-style mask 

Fig. 2.12 Interaction between pen style and line style. (a) Continuous solid. 
(bl Dashed solid. (c) Dashed bitmap pattern opaque. (d) Dashed bitmap pattern 
transparent. 
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!We show only the drawing of the lines, not the background rectangle. 
We draw the lines in order mxn left IO right) 

SRGP _setLineWidth ( I 5); (Tbiek lines show the lni.cnc,ioa bc«er,J ' I,, : · 

SRGP _sctLincStyle (a:>NTINUOUS); 
SRGP _sctPenS1yle (SOLID); 
SRGP _line (ptal. pta1); la: Solid, continuous I 

SRGP _setLineStyle (DASHED); 
SRGP _line (pthl, ptb2): (b: Soli~. dashed} 

SRGP _setPenBitmapPaaem (DIAGONAL...BIT _PATTERN); 
SRGP _setPenStyle (BITMAP _PA Tl"ERN_OPAQUE); 

.. ,' 

SRGP _line (ptc I, ptc2): ( c: Dashed, bitmap pattern opaque I 

SRGP _setPcnStyle (BITMAP _PATT'f.JlN_TRANSPARF.NT): 
SRGP_linc (ptdl,ptd2); (d: Dashed, bitmap pattern transparent} 

Fig. 2.13 Code used to generate Fig . 2.12 . 

fully protect the pixels on which they fall, so the pen.style influences only those pixels for 
which the line-style mask is I. 

Pen style is selected wilh the same four options and the same patterns as fill style. The 
sa,nc bitmap and pixmap pattern tables are also used, but scparale indices are maiotaii,ed 
so that reselling a pen style's pattern indeit will not affect the fill style's pattern iooex:: ., 

procedure SRGP _setPenStyle (mode: souo / em,w, ..PATTERN_~ I ... ); 
procedure SRGP ..,sctPcnBitmapPau.em (palremlnda: lDCqer); 
procedure SRGP _setPcnPixmapPlttem (pa11emlnde.c : Integer); 

.. 
I: 

Application screeo backgrouod. We have defined "background color" as the color of 
the O bits in bitmap patterns used in opaque mode, but the term background is used in 
another, unrelated W'dY. Typically. the user expects the screen to display primitives on some 
unifonn application screen background pattern that cc,.ers an opaque window or the entire 
screen. The application screen background panem is often solid color 0, since SRGP 
initializes the scn,en to that color upon initializ.at.ion. However, the background pattern is 
sometimes nonsolid, or solid of some other color; in these: cases, the application is 
responsible for setting up the application screen background by drawing a full-seteien 
rectangle of the desired pattern, before drawing any other primitives. 

A common technique to "erase" primitives is to redraw them in the application screen 
background pattern, rather than redrawing the entuc image each time a primitiYC is deleted. 
However, this "quick and dirty" updating technique yields a damaged image when the 
erased primitive overlaps with other primitives. For example, assume that the screen 
background pattern in Fig. 2.9 is solid white and that we erase the rectangle marked (c) by 
redrawing it using solid COLOR_WHITE. This v.ould leave a white gap in the filled cJlipse arc 
(b) underneath. "Damage repair" involYCS going back to the application database and 
respecifying primitives (see ~ 2.9). .. ·' 

' ! 
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2. ~ .4 Saving anJ Re~to~lng Attributes 

As you can see, SRGP supports a variety of attributes for its various primitives. Individual 
attributes can be saved Jor later ratoration; this feature is especially useful in designing 
application procedures that pcrfonn their func~ons without side effects-that is, without 
affecting .the global attribute state. For each attribute-seuing SRGP procedure, there is a 
corresponding inquiry procedure that can be used to detennine the current value; for 
example •• 

~~~ed~e SRGP _inquircLineStyle (var value : CONTINUOUS / IMSHED I ... ); 

For convenience, SRGP allows the inquiry and restoration of the entire set of attributes
called the 011,ibute grou~via 

~fOj:edure S~P JncjuircAttribu_ta (var group: auribuleOroup); 
procedure SRGP _rcstorcAttributes (group : attributcGroup); 

The application -prog.ram I does not. have access to the fields of the SRGP-<Jefined 
" attributeGroup' • record; the record returned by the inquiry procedure can be used only for 
later restoration. 

I ' 
2.1.5 Text 

$pecify[11g aqd .. implementing tt:lll drawing is always complt:ll in a graphics package, 
because of the large num~r of optio~ and attributes text can have. Among these are the 
style or fo'ni of the characters (Times Roman, Helvetica. Clarinda, etc.), their 
appearance ("Roman," bold, italic, underlined, etc.), their siz.e (typically measured in 
poinli') and widths, the intercharacter spacing, the spacing between consecutive lines, the 
angle at which characters are drawn (horizontal, vertical, or at a specified angle), and so on. 

The most rudimentary facility, typically found in simple hardware and software, is 
fixed-width, monospace character spacing, in which all characters occupy the same width, 
and the spacing between them is constant. At the other end of the $pec1rurn . pr<>portional 
spacing varies both the width of characters and the spacing belW"Ccn them to ma~e the tell.I 
as legible and aesthetically pleasing as posi;ible. Bo(.)ks. rnagalinc~ . anJ ncwi,papcr, all u....
proportional spacing, as do most raster graphics displays and laser printer.- SIKiP prnv1Jc~ 
in-between functionality: Tt:llt is horizontally aligned. character widths vary, but ~pace 
between characters is constant. With this simple form of proportional spacing, the 
application can annotate graphics diagrams, interact with the user via tel'.tual menus and 
fill-in forms, and even implement simple word processors. Text-intensive applications, 
however, such as desktop-publishing programs for high-quality documents, need special· 
jzed paclcagC§ that .offer more control o~ text specification and attributes than d~ SRGP. 
PostScript lAPQ~~7J..ofters ~. such oo,vanced f~atures and has become an. industry 
s~cl.qd . for describing text and other primitives with a large variety or opttons and 
attributes. 

t ,· . 

'A point is a unit commonly used in the publishing industry; ii is equal 10 appro1.i matcly ½1 inch. 
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T~t is generated by a call to : 1 • • · , 1• 

proce1Sure SRGP _!al (ori,in : point; tut : itring); . 

The location of a te1t primitiYC is controUed by specification of its ori&ln, also~ as its ·A·~ 
anchor point. The x coordinate of the origin nwb the left edge of the first dw1lcter, and · ~ 
they coordinate specifies where the baseline of the string should appear. (The baseline is 1: ; 
the hypothetical line on which cbaractas rest, as shown in the IQtua1 meou ~ of F1&., · 
2.14. Some characters, such as .. y'' and .. q," ~ a tail, called the tlesttndn, that goes . 1 

below the baseline.) ; 
A tellt primitive's appearance is dctcnnined by only™> auributes, the current color f. ~ 

and the font, which is an indct into an implementalion-depe table of foo&s in various ,, , 
. ! 

siz.es and styles: : · . 

proce1Sure SRGP _selfool (val~ : Integer); 
' \ ' 

Each character in a font is defined as a rectangular bitmap, and SRGP d~ a character by · )i 
filling a rectangle using the character's bitmap as a pattern, in bitrnap-paltcm•transparcnt 
mode. The Is in the bitmap define the character's interior, and the Os specify the 
surrounding space and gaps such as the hole in "o." (Some more sophisticated packages 
define characters in pil'.maps, allowing a character's interior to be patterned .) 

Formatting text. Because SRGP implementations offer a resuicted rq,ca10ire of fonts 
and siz.es, and because implementations on diffm:nt hardware rareJy offer equivalent 

,· ('. 
repertoires, an application has limi~ control OVCI' the height and width of text strings. : , ,. 
~ince text-e:l'.tent infonnatio~ is~~ in order lo produce well-balanccd.compositions (_for . . :\J 
instance, to center a lclll stnng wathio a rectangular ftame), ~RGP provides the followmg , ·· 
~un: for querying the CltenC or • gi\lffl string using the current', value or the font, ; l 
attribute: " ' : ' ·•ti • •fi • ' 

procedu~ SRGP joquircT~IE.lllell( ( . 
ttxr : string: ,., .,.,idJh , ~iglu. des«nl : lateger); 

Although SRGP does not support bitmap opaque mode for writing characten, suda a~ 
can be simulated ea~ily . As an ct.ample, the procedure in Fag. 2.15 shows how Clltent 

Computed Computed c:enlel' 
text origin ol bullon's Ulent 

Height 

'---+--L-~ :'• ·: . ti 

. ; . , :, : .,,. 
'---' ___ _.., _ __, Desc;ent 

Fig. 2.14 Dimensions of text centered within a rect.angular button and points comput
ed from these dimensions for centering purposes. 

·:·i 
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procedure MakcQui1Bu11on (hu11011Rut : rectangle); 
var 

ctnttrO/Bullon, ttxtOrigin : point; 
. : . widrh, height, descent: lnte1er: 
be1ln 

SRGP _sctFillStylc (SOLID); 
SRGP _sctColor (COLOR_ WHITE); 
SRGP _fillRcctanglc (bu11onRect); 
SRGP _sctColor (COLOR_BLACK); 
SRGP _setLineWidth (2); 
SRGP _Rectangle (hu11n11Rerr); 

SRGP _inquircTeitlExtent ('quit', widrlr. heiglrr. dtscent ): 

cen1erO/Bu11on . .r :,. (butronRect.bortomltft .x + but1onRec1.1opRigh1.x) div 2: 
c:e111erO/Bu11on.y := (h111t1111Rec1.ho11omlrf1 .y + hut1onRec1.111pRigh1.y) div 2; 

textOrigin.x := centerOfBullon.x - (width div 2); • 
textOrigin.y := centerOfBurton.y - (height div 2); 

SRGP _se1Color (COLOR_BLACK); 
SRGP _text (1ex10riRin. 'quit') 

end; 

Fig. 2. 15 Code used to create Fig. 2.14. 

information and text-specific attributes can be used to produce black text. in the current 
font, centered within a white enclosing rectangle, as shown in Fig. 2. 14. The procedurt: 
first creates the background button rt:etangle of the specified size, with a separate border, 
and then centers the text within it. Exercise 2.10 is a variation on this theme. 

2.2 BASIC INTERACTION HANDLING 

Now thal we know how to draw basic shapes and text, the nc:11t step i~ to learn how 10 write 
interactive programs that communicate effe<·tivcly with the u~cr. u,ini: 111put ,k, 1n·, ~u1 h 3, 
the keyboard and the mouse. First, we look at r,eneral r,uidclinc, fur 11,a~in~ clkr11"'-' ariJ 
pleasant-lo-use interactive progr.1ms: thi.:n, we discuss the lun<.lainental nution of logical 
(abstract) input devices. Finally. we look at SRGP's mechanism~ C11r dealing .,. i1h various 
aspects of interaction handling. 

2.2.1 Human Factors 

The designer of an interactive program must deal with many matters that do not arise in a 
noninteractive, batch program. These are the so-called human factnr.f or a program, such as 
its interaction style (often called "look and feel") and its case of learning and of use, and 
they are as important as its functional completeness and correctness. Techniques for 
user-computer interaction that exhibit good human factors are studied in mort: detail in 
Chapters 8 and 9. The guidelines discussed thert: include these: 

I 
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••• (a) (b) (C) (d) 

···~ Fig. 2.23 Aubber•echo scenarios. 

reset to the center of the screen whenever the locator is deactivated. Unless the programmer 
explicitly resets it, the measure (and feedback position, ir the echo is active) is initialized to 
that same position when the device is reactivated. Al any time, whether the device is active 
or inactive, the programmer can reset the locator's measure (the position portion, not the 
fields concerning the buttons) using 

procedure SRGP _setLocatorMeasure (position : point); 

Reselling the measure while the locator is inactive has no immediate effect on the 
screen, but resetting it white the locator is active changes the echo (if any) accordingly. 
Thus, if the program wants the cursor to appear initially at a position other than the center 
when the locator is activated, a call to SRGP _setLocatorMeasure with that initial position· 
must precede the call to SRGP _setlnputMode. This technique is commonly used to achieve 
continuity of cursor position: The last mea~ure before the locator was deactivated is stored, 
and the cursor is returned to that position when it is reactivated. 

Keyboard attributes and measure control. Unlike the locator. who~~ e,ho is posi
tioned to reflect movements of a physical devi,c, there is no ohvious s..·rc.:n po!>ition for a 
keyboard device's echo. The position is thus an attribute (with an implcmrntation·\p('Cifi( 
default value) of the keyboard device thal. can be set via 

procedure SRGP_setKeyboardEchoOrigin (origin : point); 

The default measure for the keyboard is automatically reset to the null suing when the 
keyboard is deactivated. Setting the measure explicitly to a nonnull initial value just before 
activating the keyboard is a convenient way to present a default input string (displayed by 
SRGP as soon as echoing begins) lhat the user can accept as is or modify before pressing the 
Return key, tliereby minimizing typing. The keyboard's measure is set via 

procedure SRGP _setKeyboardMeasure (measure : string); 

. ~ ' ,, . . 
2.3 RASTER GRAPHICS FEATURES 

By now, we have introduced most of the features of SRGP. This section discusses the 
remaining facilities that take particular advantage of raster hardware. especially the ability 
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to save and restore pieces of the screen as they are overlaid by o<her images, such as 
windows or temporary menus. Such image manipulations an: done under control of 
window· and menu-manager application programs. ~ also introduce o0"$CR!CU bitmaps 
(called canw.ua) for storing windows and menus •. and we discuss the use of clipping 
rectangles. 

2.3. 1 Canvases 

The hest way 10 make complex icons or menus appear and disappear quickly is to create 
them once in memory and then to copy them onto the screen as needed. Raster graphics 
packages do this by generating the primitives in invisible, offscreen biunaps or pixmaps of 
the requisite size. called canvases in SRGP, and then copying the canvas;es to and from 
display memory. This technique is, in effect, a type of buffering. Moving blocks of pixds 
back and forth is faster. in general, than is regenerating the infonnation, given the e:xislence 
of the fast SRGP _copy Pixel operation that we shall discuss soon. 

An SRGP cam·a.i is a data structure thal slores an image as a 2D array of pixels. It also 
stores some control information concerning the size and attributes of the image. Each 
canvas represents its image in its own Cartesian coordinate system, which is identical to that 
of the screen shown in Fig. 2.1; in ract, the screen is itself a canvas, special solely in that it 
is the only canvas that is displayed. To make an image stored in an off-screen canvas visible, 
the application musl copy it onto the screen canvas. Beforehand, the portion of the screen 
image where the new image-for example, a menu-will appear can be saYed by copying 
the pixels in that region to an offscreen canvas. When the menu selection has la.ken place, 
the screen image is restored by copying bad these pixels. 

Al any given time, there is one curmuly active canvas; the canvas into which. new 
primilives are drawn and lo which new attribute settings apply. This canvas may be the 
screen canva~ (1he default we have been using) or an offscreen canvas. The coordinates 
passed to 1he primitive procedures are expressed in terms or the local coordinate space of 
the currently active canvas. Each canvas also has its own complete set or SRGP atlributes, 
which affect all drawing on that canvas and are set to the standard default values when the 
canvas is created. Calls to attribute-setting procedures modify only the attributes in the 
,urrcntly active ,anva\ . It is convenient to think of a canvas as a virtual screen of 
pruiram-spccilicd dimensions, having its own associated pixmap, coordinate system, and 
attribute gmup. These propcr1i~ of the canvas are sometimes called the slate or conlext of 
the canva~ . 

When SRGP is initialized. the screen canvas is automatically created and made active. 
All our programs lhus far have generated primitives into only that canvas. It is the only 
canvas visible on the screen, and its ID is SCREEN_CANVAS, an SRGP coostanl. A new 
offscreen canvas is created by calling the following procedure, which returns the ID 
allocated for lhe new canvas: 

procedure SRGP _createCanvas (width, htighl: Integer; Y&r ronvos/D : Integer); 

Like the screen. lhe new canvas's local coordinale system origin (0, 0) is at the bottom-left 
comer and the top-right comer is at (width-I, Might-I). A I by I canvas is therefore 
defined by width and height or I, and its bottom-left and top-right comers an: both (0, 0)1 
This is con.sistent with our treatment of pixels as being at grid intersections: 1be single pixel 
in a I by I canvas is at (0, 0). 
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A newly created canvas is automatically made active and its pixels arc initialized to 
color O (as is also done for the screen canvas before any primitives arc displayed). Once a 
canvas is created, its size cannot be changed. Also, the programmer cannot control the 
number of bits per pixel in a canvas, since SRGP uses as many bits per pixel as the hardware 
allows. The attributes of a canvas are kept as part of its "local" state information; thus, the 
program does not need to save the currently active canvas·s allributes ellplicitly before 
creating a new active canvas. 

The application selects a previously created canvas to be the currently active canvas via 

procedure SRGP_useCanvas (canvculD : Integer): 

A canvas being activated in no way implies that that canvas is made visible; an image in an 
off screen canvas must be copied onto the screen canvas (using the SGRP _copy Pixel 
procedure described shortly) in order to be seen. 

Canvases are deleted by the following procedure, which may not be used to delete the 
screen canvas or the currently active canvas. 

procedure SRGP _deletcCanvas (cam·as/D : integer): 

The following procedures allow inquiry of the size of a canvas; one returns the rectangle 
which defines the canvas coordinate system (lhe bottom-left point always being (0, 0)), and 
the other returns the width and height as separate quantities. 

pr!>(edure SRGP _inquireCanvasExtent (cam·as/D : Integer: var went : rectangle); 
procedure SRGPJnquireCanvasSiu ( 

cam•as/D : integer; var width, height : integer): 

Let us examine the way canvases can be used for the implementation of Perforrn
PulldownMenulnteraction. the procedure called by the high-level interaction handler 
presented in Fig.. 2.22 and Section 2.2.6. The procedure is implemented by the pscudocode 
of Fig. 2.24, and its sequence of actions is illustrated in Fig. 2. 2.'i . Each menu has a unique 

function PcrfonnPulldownMcnuln1eraction (mtnu /D : Integer) : inlej?er: 
IThc saving/copying of rcccangular regions of canvases i< 1kscrihcu in Scc111, n ~ ., ., I 
begin 

highlight the menu headrr in the mtn11 har: 
menuBodyScrunE:xtent := ,fCrttn•arro r('r.tu1111lt ,11 wliic h 111r1111 hod, <11111,ld "l'f''"': 
save the current pixels nf the menu8odyScrun£.rt<'llt 111 tJ telll/'"' "' .' , ,m, as: 

l See Fig. 2.2Sa. I 
mpy menu body ima11t from hody ca111·,1s tn me1111BodyScree11£.tte11t: 

(Sec Fig. 2.2Sb and Pascal code in Fig. 2.28.} 
wait for button-up signalling the u.ftr made a stleClion, then 11e1 locator measurt: 
copy saved ima1111 from temporary cam·as back to men118odyScru11£xten1: 

I Sec Fig. 2.2Sc I 
if GEOM_poin1lnRcct (measureOJLocator.position, menuBndyScru11E.t1ent) then 

calculate and return index of chosen item, using y coord nf mtasurt po.fition 
else 

return 0 
end; 

Fig. 2.24 Pseudocode for PerformPulldownMenulnteraction. 
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Menu body I ~ ~ ii canvases 

File Edit Pen Shape Pattem 
menu menu menu menu 

Fig. 2.25 Saving and restoring area covered by menu body. 

10 (returned by the CorrelateMenuBar function) that can be used to locate a database record 
containing the following infonnation about the appearance of the menu body: 

• The ID of the canvas storing the menu's body 

• The rectangular area (called menuBodyScrunE.xunt in the pseudocodc), specified in 
screen-canvas coooiinatcs, in which the menu's body should appear when the user 
pulls down the menu by clicking in its header 

2.3.2 Clipping Rectangles 

9ften, i1 is desirable to restrict the effect of graphics primitives to a subregion of the active 
canvas, 10 protect other portions of the canvas. To facilitate this, SRGP maintains a clip 
rectn11gl( a11rihu1e. All primiti\.'CS are clipped to the boundaries of this rectangle; that is, 
prirni1i~ (or ponions of primitives) lying outside the clip rectangle arc not drawn. Like any 
auribute, the clip rectangle can be changed at any time, and its most recent sening is stored 
with the canvas's attribute group. 1ne default clipping rectangle (what we have used so far) 
is the full canvas; it can be changed to be smaller liwl the canvas, but it cannol extend 
beyond the canvas boundaries. 1ne relevant set and inquiry calls for the clip rectangle are 

procedure SRGP JCtClipR.cctangk (dipR«t : rectangle); 
procedure SRGP_inquircClipRect.anglc <•ar clipR«t: Integer): 

A painting application like that presented in Section 2.2.4 'M)Uld use the clip rectangle to 
restrict lhc placement of paint to the drawing region of the screen, ensuring that the 
surrounding menu areas are not damaged. Although SRGP offers only a single upright 
rectangle clipping boundary, some more sophisticated software such as P'osTScRIPT offer 
multiple, arbitrarily shaped clipping regions. 
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2.3.3 The SRGP _copyPlxel Operation 

The powerful SRGP_copyPixcl command is a typical raster command that is often called 
bitBlt (bit block transfer) or pixBlt (pixel Bit) when implemented directly in hardwan:; it 
first became available in microcode on the pioneering ALTO bitmap workstation at Xerox 
Palo Alto Reseaich Center in the early 1970s [INGA8 I).-This command is used to copy an 
array of pixels from a rectangular region of a canvas, the source region, to a des1i1wtic111 
region in the currently active canvas (see Fig. 2.26). The SRGP facil ity provides only 
restricted functionality in that the destination rectangle must be of the same sile as the 
source. In more powerful versions, the source can be copied to a destination region of a 
different size, being automatically scaled to fit (see Chapter 19). Also, additional features 
may be available, such as ma.sics to selectively shield desired source or destination pixels 
from copying (see Chapter 19), and halftone pa/terns that can be used to "screen" (i.e . . 
shade) the destinalion region. 

SRGP_copyPixel can copy between any two canvases and is specified as follows: 

procedure SRGP _oopyPilltl ( 
sourctCanvaslD : Integer; sourceRect : rectangle; dwCorner : point); 

The sourceRect specifies the source region in an arbitrary canvas, and dcstCorner specifics 
the bottom-left corner of the destination rectangle inside th.e currently active canvas. each in 
their own coordinate systems. The copy operation is subject to the same clip rectangle that 
prevents primitives from generating pixels into protected regions of a canvas. Thus, the 
region into which pixels are ultimately copied is the intersection of the extent of the 
destination canvas, the destination region, and the clip rectangle, shown as the striped 
region in Fig. 2.27, 

To show the use of copyPixel in handling pull-down menus, let us implement the fourth 
statement of pseudocode-"copy menu body image"-from the PerformPulldownMenu
Interaction function (Fig. 2.24). In the third statement of' the p~udocode. we saved in an 

off screen canvas the screen region where the menu hody i~ to go: nnw. we wi~h to copy the 
menu body to the screen. 

The Pa.seal code is shown in Fig. 2.28. We mu~t be ~urc to d1,1111i:11 "h hi:t.,.\·\·n 1he t'"" 
rectangles that arc of identical siz.e but that arc ell pressed in dilfcrl'lll \ o,•r<lin:atc 'Y'l<'rn' 

Destination 
rectangle , ·o : .·.:.:-, • 

Source 

Destination}. ~ rect~/\ 
origin ·} 

@ :, 
····~ 

Currently active canvas 
Source canvas 

Fig. 2.26 SRGP _copyPixel. 
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SoUfce canvas 

Fig. 2.27 Clipping during copyPixel. 

The first rectangle. which~ caJI ~nuBodyExunt in the code, is simply the extent of the 
menu body's canvas in its own coordinate system. This extent is used as the source 
rectangle in the SRGP _copy Pixel operation that puts the menu on the screen. The 
~nuBodyScrw,E.xtent is a rectangle of the same size that specifies in screen coordinates 
the position in which the menu body should appear; that extent's bouom-lefl comer is 
horizontally aligned with the left side of the menu header, and its top-right comer abuts the 
bottom of the menu bar. (Figure 2.25 symbolizes the Edit menu's screen extent as a dotted 
outline, and its body extent as a solid outline.) The ~n11BodyScreenE.x1en1's bottom-left 
po!nt is used to specify the destination for the SROP_copyPixel that copies the menu body, 
It IS also the source rectangle for the initial save of the screen area to be OYCriaid by the 
menu body and the destination or lhe final restore. 

I This code fragmen1 copies I menu-body image onto screen, 
al the <rn:en rmi1inn s1ored in the body's record. I 

I Save 1hc ID or 1he curn-n1ly ac1ive canvas. I 
1111 rCc1111111//> " SK(;p _inquireAc1h·eCanvas: 

I Save lhc s<.:recn canvas· clip-reel angle attribute value. J 
SRGP _uscCanva.~ (SCllEEN_CANV AS); 
SRGP _inquireClipRe<.:langlc (sa,·tClipRutanglt): 

I Temporarily sci screen clip rcccangJc to allow writing to all of 1he screen. I 
SRGP _sc1CtipRwanl?lc ISC:REEN_EXTENT); . 

(Copy menu body from its canvas to ilS proper a,ca below lhc hc.tdu in lhc menu bar.) 
SRGP _copyPi~cl (mtr111Canras1D, menuBodyExttnt, menuBodyScretnExttnt.lowtru/1); 

I Res«orc screen attribu1es a.nd ac«ive canvas.) 
SRGP _sctClipRectangle (sai·eC/ipRectanglt); 
SROP _uscCan\'a.s Csu,·,Cam·as/D); 

Fig. 2.28 Code for copying the menu body to the screen. 
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Notic:c that the application's state is saved and l'C$torcd to eliminate side effects. We set 
the sc~.<;lip rectangle to SCIU!2N..EXTENT before copying; alternatively. we c:ould set it to 
the exact menuBodyScrtenExtent. 

2.3.4 Write Mod~ or RasterOp 

SRGP _copy Pixel can do more than just ·move an array of pixels from a source region t? a 
destination . It can also execute a logical (bitwise) operation between each com:spondmg 
pair of pixels in the source and ~cstination regions, then place the result in the destination 
region. This operation can be symbolized ai; 

D +-Sop D 

where op, frequently called the RasttrOp or write mode, consists in general of the 16 
Boolean operators. Only the most common of these-nplace. or, xor. and and-are 
supported by SRGP; these are shown for a I-bit-per-pixel image in Fig. 2.29. 

Write mode affects not only SRGP _copy Pixel, but also any new primitives written onto 
a canvas. As each pixel (either of a source rectangle of a SRGP _copy Pixel or of a primitive) 
is stored in its memory location, either it is written in destructive replace mode or its value 
is logically combined with the previously stored value of the pixel. (This bitwise 
combination of source and destination values is similar to the way a CPU's hardware 
performs arithmetic or logical operations on the contents of a memory location during a 
read-modify-write memory cycle.) Although replace is by far the most common mode, 
xor ls quite useful for generating dynamic objects, such as cursors and rubberband echoes, 
as we discuss shortly. 

0 • White 

1 • Black [I"·'·" 
Source 

[I 
o,., • .,., ~ • 

o,D.CII 
- ILJxor 

c.·~ 
Fig. 2.29 Write modes for combining source and destination pixels. 
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We set the write-mode auribut.e with: 

procechart SRGP ~WriceMode ( 
rnodr : WRITILREPUCl! / WRlll!.)(OR I WRITl!...Oll f WRITl!_,\NO); 

Since all primitives arc generated according to the current writ.e mode, the SRGP 
programmer must he sure to set this mode citpticitly and not to rely on the default setting of 
WR!TE_REPLACE. 

To sec how RasterOp -M>rks, wc look at how the package actually stores and 
manipulates pixels: this is the only place where hardware and implementation considera
tions intrude on the abstract view of raster graphics that wc ·have maintained so far. 

RasterOps are performed on the pixel values, which are indices into the color table, not 
on the hardware color specifications stored as entries in the color table. Thus, for a bilcvel, 
I ,bit-per-pixel system, lhe RasterOp is done on t-M> indices of I bit each. For an 
8-bit-per-pixel color system, the RasterOp is done as a bitwise logical operation on two 
8-bit indices. 

Although the interpretation of the four basic operations on I-bit-per-pixel monochrome 
images shown in Fig. 2.29 is natural enough. the results of all but replace mode are not 
nearly so natural for n-bit-per-pixel images (n > I), since a bitwise logical operation on the 
source and des1ination indices yields a third indcit whose color value may be wholly 
unrelated to the source and destination colors. 

The replace mode involves writing over what is already on the screen (or canvas). Thls 
destructive write operation is lhe normal mode for drawing primitives, and is customarily 
used 10 move and pop windows. It can also be used to "erase" old primitives by drawing 
over them in the application screen background pattern. 

The or mode on bilevel displays makes a nondestructive addition to what is already on 
the canvas . With color Oas white background and color I as black foreground. oring a gray 
fill pallem onto a white background changes the underlying bits to show the gray pattern. 
But oring the gray pallem over a black area ha~ no effect on the screen. Thus, oring a 
light -gray paint ~wJth ewer a polygon filled with a brick pattern merely fills in the brick, 
with the t>ru,h pattern: it doc~ nol erase the black edges of the bricks. as replace. mode 
,muld . l'a1n1 1ng i~ olten done in or mode for th is reason (see Exercise 2.7). 

The xor mode nn t,ilevel displays invert.~ a destination region. For example, lo highlight 
a hu11on scle,tcd hy the u,;er, we set xor mode and !?encrate a filled rectangle primitive with 
color I, 1hereby wggling all pixels of the button: 0 xorl = I. I xor I = 0. To restore the 
button ·s original status. we simply leave xor mode, set and draw the rectangle a second 
time, thereby toggling the bits back to their original state. This technique is also used 
internally by SRGP to provide the locator's rubber-line and rubber-rectangle echo modes 
(see Exercise 2.4). . 

On many bilcvcl graphics displays, the xor technique is used by the underlying 
hardware (or in some cases software) to display the locator's cursor image in a 
nondestructive manner. There arc some disadvantages to this simple technique; when the 
cursor is on top of a background with a fine patt.em that is almost 50 percent blacl: and 50 
percent white. it is possible for the cursor to be only barely noticeable. Therefore, many 
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bilevel displays and most color displays use replace mode for the cursor echo; this 
technique complicates the echo hardware or software (see Exercise 2.5). 

The and mode can be used, for example, to reset pixels selectively in the destination 
region to color 0. 

' i · ~ ,. 

2-.4 LIMITATIONS OF SRGP 

Although SRGP is a powerful package supporting a large clas.~ of applications, inherent 
limitations make ·it less than optimal for some applications. Most obviously, SRGP provides 
no support for applications displaying 30 geometry. There are also more subtle limitations 
that affect even many 20 applications: 

• The machine-dependent integer coordinate system of SRGP is too inflexible for those 
applications that require the greater precision, range, and convenience of floating· 
point. 

• SRGP stores an image in a canvas in a semantics-free manner as a matrix of 
unconnected pixel values rather than as a collection of graphics objects (primitives), 
and thus does not support object-level operations, such as "delete," "move," 
"change color." Because SRGP keeps no record of the actions that produced the 
current screen image, it also cannot refresh a screen if the image is damaged by other 
software, nor can it re-scan-convert the primitives to produce an image for display on a 
device with a different resolution. 

t i ' ,; I : 1 ' * ' 

2.4.1 Application Coordinate Systems 

In the previous chapter, we introduced the notion that, for most applications, drawings are 
only a means to an end, and.that the primary role of the.application database is to support 
such processes as analysis, simulation. verification. and manufacturing. The datahase must 
therefore store geometric information llsing the range anti preci\ion miuircd hy these 
processes. independent of the coordinate system anti resolution of the tli~play tlcvicc. For 
example, a VLSI CAO/CAM program may need to represent circuit~ that arc I to 2 
centimeters (cm) long at a precision of half a micron . whcrca~ an ;i~trnno111y pn1p am may 
need a range of I to 109 light-years with a precision of a n11llion 111,lc,. h,r 111l.,im11111 
ft_exibil ity and range, many appl ications use no.i1ing-point ,.,,,Jtf 11,,.,.tf111,11n 1111 '"'' "'!! 
geometry in their database. 

Such an application could do the mapping from world to device coordinates itself; 
however, considering the complexity of this mapping (which we shall discuss in Chapter 6), 
it is convenient to use a graphics package that accepts primitives specified in world 
coordinates and maps them to the display device in a machine-independent manner. The 
recent availability of inexpensive floating-point chips offering. roughly the performance of 
integer arithmetic has significantly reduced the time penalty associated with the use of 
floating-point-the flexibility makes it well worth its cost to the applications that need it. 

For 20 graphics, the most common software that provides floating-point coordinates is 
Adobe's PqstScript (see Chapter 19), used both as the standard page-description language 
for driving hardcopy printers and (in an extension called Display PostScripl) as the graphics 
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Exercises 135 

Fig. 3.38 Complete raster-display system. 

A raster-display instruction set usually includes points, lines, conic sections, 
solid areas, and text. Various attributes of these output primitives can be controlled, 
such as color or intensity, line style (solid, dashed, dotted, etc.), and text spacing, 
orientation, font, and size. Coordinates are usually given in the coordinate system of 
the refresh buffer itself: if the buffer is S 12 x S 12, then the coordinates range from 0 
to SI I in each dimension. 

The image creation system is also typically able to accept images which already 
exist in pixel form, such as images of real objects or images or synthetic objects that 
have already been scan converted. Often a rectangular area of the image storage can 
be moved around in the buffer. The image creation system can usually load the 
video look-up table, start and stop image refresh, and deal with interaction devices 
in much the same way as vector displays. 

While there are certainly nontrivial differences between raster and vector dis
plays (discussed further in Chapters 10 and 12), our discussion in the next few chap
ters considers them as essentially equivalent from the user's and application pro
grammer's points of view. Thus for the time being we wiU not deal with t he ability of 
a raster display to show solid areas. 

EXERCISES 

J. I Modify the line-drawing algorithm in Fig. J.22 to draw lines with all slopes. Implement 
the algorithm and test it, observing the visual results for lines with different slopes. 

J.2 Design a DPU instruction set in which each opcode (move, point, line) includes both an x 
and y coordinate, perhaps using multiple words. Do this for a 16-bit and 24-bit instruction 
length. 

J.3 Extend the DPU instruction set from Section 3.3.6 to include two line styles (such as solid 
and dolled) and four intensity levels. Do this in two different ways: (i) include the style and 
intensity with each line, point, or text string display instruction; (ii) design instruction(s) to 
load style and intensity registers. The register values affect all following output primitives 
until the values are changed. 

3.4 Make a list of the advantages and disadvantages of random refresh displays, random 
DVST displays, and raster refresh displays. 

J.S In some raster systems the image storage is part of the image creation system's memory 
address space, while in others the image storage and the image creation system's memory are 
separate. Describe the possible advantages and disadvantages of each arrangemenl. 
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3.5.1 Color and Grey-Level Raster-Display Systems 

per scan 
peat-field dis

times mean that 
have very high band-

Two-intensity images are fine for some applications but grossly unsatisfactory for 
others. Additional control over the intensity of each pixel is obtained by storing mul
tiple bits for each pixel: two bits yield four intensities, etc. The bits can be used to 
control not only intensity, but color as well. 

How many bits per pixel are needed for a stored image to be perceived as having 
continuous shades of grey? Five or six bits are often enough, but up to eight bits can 
be needed. Thus for color displays, a somewhat simplified analysis suggests that 
three times as many bits would be needed; eight bits for each of the three additive 
primary coll>rs red, blue, and green (see Chapter 17). 

Systems with 24 bits per pixel are still relatively expensive, despite the dramatic 
decreases in cost of random-access solid-state memory. Furthermore, many color 
applications don't require up to 21

• different colors in a single pict ure (which typical
ly has only 2" to 2' 0 pixels) . On the other hand, there is frequent need for both a 
relatively small rwmber of colors in any one picture or application and the ability to 
change colors from picture to picture or from application to application . Also, in 
many image analysis and enhancement applications, it is desirable to change the 
visual appearance of an image without changing the underlying data defining the 
image; for example, one might want to display all pixels with values below some 
threshold as black, to expand an intensity range, or to create a pseudo-color display 
of a monochromatic image. 

For these various reasons the image refresh system of raster displays often 
includes a so-called video look-up table (also called a color table or color map). A 
pixel's value is not routed directly to the intensity digital-to-analog converter, but is 
instead used as an index into this look-up table. The table entry's value is used to 
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control the intensity or color on the CRT. A pixel value of 67 would cause the con
tents of table location 67 to be accessed and used to control the CRT beam. This 
look-up operation is done for each pixel on each display cycle, so the table must be 
accessible quickly; for a 512 x 512 image, about 100 nanoseconds is available 10 

process each pixel. The associated computer must be able to load and change the 
look-up table on program command. The look-up table has as many entries as there 
are pixel values. 

We can diagram systems with n bits per pixel and a look-up table w bits wide as 
shown in Fig. 3.37. For a monochromatic CRT, 2w intensity levels are therefore 
defined. With color, thew bits are typically divided into three equal groups, one for 
each of the red, blue, and green electron guns of the shadow-mask CRT. Sometimes 
other color representations with more intuitive appeal (such as intensity and chromi
nance) are used in the application program and are stored in the refresh buffer. Th is 
representation is then converted into red, green, and blue control signals by a fixed
content intensity/chrominance to red/green/blue look-up table. These and other 
color representations are discussed further in Chapter I 7. 

3.5.2 Image Creation 

How is an image created in the first place? The images of real ob,iects come directly 
or indirectly from a scanning device of some sort: film scanner, TV scanner, ultra
sound scanner, etc. Here, however, we concentrate instead on the creation of syn
thetic images: images of objects which exist as abstract collections of lines, points, 
curves, areas, etc. in the computer's memory. This is the usual domain of interactive 
computer graphics. 

There is a fundamental mismatch between the two-dimensional array of pixel 
values used to drive a raster system and the line, point, and area representation of 
objects stored and manipulated by the application program. We first saw this mis
match in our discussion of printers as hardcopy raster-scan devices (Section 3. I. I). 
The process of converting a line, point, and area representation to the pixel array of 
the image storage is called scan conversion. Figure 3.22 is a simple scan-conversion 
algorithm. Other algorithms for scan-converting lines, as well as areas and circles, 
are discussed in Chapter 11. For now it is sufficient to say that the algorithms exist 
and must be executed each time some or all of the displayed image changes. Scan 
conversion can therefore be a major bottleneck in updating the picture. 

Because the scan-conversion algorithms are universally needed in raster-scan 
systems for interactive graphics, they are often incorporated into the raster-display 
system as another functional unit, the image creation system shown in Fig. 3 .38 . The 
entire raster system now loosely corresponds to a random-display DPU. The system 
accepts a DPU program having the general form of the one discussed in Section 
3.3.6. Instead of driving a vector CRT directly, the instructions are converted into a 
simpler representation-the refresh buffer. Of course, the image creation system 
need not reprocess its input commands each 1/30 of a second. 


