






































































































































































































































































































































































































































































































































































































































































Pascal Reference Manual QuiCkDraw 

Procerure �F�i�l�l�~�t� (r: Root; �o�v�a�l�'�i�d�t�h�,�o�v�a�l�H�e�i�~�t�:� integer; pat: 
Pattern); 

Fll1RoundRect fIlls the specified rounded-corner rectangle with the gIven 
pattern (1n patcopy �m�o�d�e�~� OIalWidth and �o�v�a�l�H�e�l�~�t� specify the diameters of 
curvature for the comers. The grafPort's prPat, prt-'kXJe, and bkPat are all 
ignored; the pen location is not changed. 

E.9.10 Graphic (l)eratlons on Arcs ald WedgeS 
These procedures perform graphIc operations on arcs ana weage-shaped 
sections of ovals. See also PtToAngle in Section E.9.6, Calculations wIth 
Rectangles. 

ProceWre FICIIEArc (r: Rect; startArJJle, arcAngle: integer); 

FrameArc draws an arc of the oval that fits InsIde the specIfied rectangle, 
using the current grafPort's pen pattern, mode, and size. StartArgle indicates 
Where the arc begIns ana Is treated mod 360. ArCAngle aeflnes the extent of 
the arc. The angles are gIven In posItIve or negative degrees; a positive angle 
goes ClOCkwIse, while a negative angle goes counterclockwise. Zero aegrees is 
at 12 o'clock high, 90° (or -270°) Is at 3 o'clOCk, 180° (or -180°) is at 6 
O'clOCk, ana 2700 (or -900

) is at 9 o·clock. Other angles are measurea relat1ve 
to the enclosIng rectangle: a Une from the center of the rectangle through its 
top right corner Is at 45 aegrees, even If the rectangle Is not square; a Une 
through the bottom rIght comer is at 135 degrees, and so on (see Figure �E�-�2�0�~� 

FrameArc 

stertAngle = 0 

1 arcAngle = 45 
: .... 

FrameArc 

startAngle = 0 

\arcAngle = 45 

.. ""T""" 
PaintArc 

Figure E-20 
qleratlons on Arcs ald WedgeS 
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The arc Is as wIde as the pen wIdth and as tall as the pen heIght It Is drawn 
wIth the prPat, accordIng to the pattern transfer mode specIfIed by ~. 
The pen location Is not Changed Oy thIs prOCedUre. 

WARNIr-.K3 

FrameArc dIffers from other QulckDraw procedures that frame shapes 
in that the arc is not mathematically added to the boundary of a 
regIon that is open and being formed. 

ProceWre PaintArc (r: Root; startAngle, arcAngle: integer); 

PaintArc paints a wedge of the oval just inside the speCified rectangle with 
the current grafPort's pen pattern ana moae. st.artPllgle and arcAngle defIne 
the arc of the wedge as in FrameArc. The wedge on the bitmap is filled with 
the prPat, accordIng to the pattern transfer mode specIfied by pnI'1Ode. The 
pen location is not changed by this procedUre. 

ProceOJre EraseArc (r: Rect; startAngle, arcAngle: integer); 

EraseArc paints a wedge of the oval just inside the speCified rectangle with 
the current grafPort's baCkground pattern bkPat (1n patcopy mOde~ 
st.artPllgle and aJ'CJVlgle define the arc of the wedge as in FrameArc. The 
grafPort's pnPat and ~ are Ignored; the pen locat1on Is not changea. 

ProceWre InvertArc (r: Root; startAngle, arcAngle: integer); 

InvertArc Inverts the pIxelS enclosed by a wedge of the oval just InsIde the 
speci fied rectangle: every white pIxel becomes black and every black pixel 
becomes whIte. st.artPllgle and arcAngle deflne the arc of the wedge as In 
FrameArc. The grafPort's prPat, ~, and bkPat are all Ignored; the pen 
location Is not Changed. 

ProceWre fillArc (r: Rect; startAngle, arcAngle: integer; pat: 
Pattern); 

FillArc fills a wedge of the oval just inside the specified rectangle with the 
gIven pattern (In patCopy mOde~ st.artPllgle and aJ'CJVlgle deflne the arc of 
the wedge as in FrameArc. The grafPort's pnPat, ~, and bkPat are all 
Ignored; the pen location Is not Changed. 
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E.9.11 caIculaUoos with Regloos 

Rememt>er that if the parameters to one of the calculation routines 
were defined In different grafPorts, you must first adjust them to be In 
the same coordinate system. If you dO not adjust them, the result 
returned by the routine may be different from what you see on the 
screen. To adjust to a common coordinate system, see LocalToGlobal 
and GlobalToLocal In Section E.9.17, Calculations wlttl Points. 

FtrlCtl00 Ne~ : ~le; 

NewRgn allocates space for a new, dynamic, variable-size region, initiallzes it 
to the empty region (0,0,0,0), and returns a handle to the new region. O1ly 
this function creates new regions; all other procedures just alter the size and 
shape of regions you create. QJenPort calls NewRgn to allocate space for the 
port's vlsRgl and cllpR~ 

WAANINGS 

Except when using vlsRgl or clipRgl, you must call NewRgn before 
specIfyIng a regIon's handle In any drawIng or calculation procedure. 
Never refer to a region without using Its handle. 

Procedure DisposeR!Jl (rg-t: ~le); 

DisposeRgn deallocates space for the region whose handle is suppUed, and 
returns the memory used by the region to the free memory pool. Use thIs 
onl y after you are completely through with a temporary region. 

WARNING 

Never use a region once you have deallocated it, or you will risk being 
hung by cJangl1ng pointers! 

Procewre COpyRgl (srcRgl, dstRgl: ~le); 

CopyRgn copies the mathematical structure of srcRg1 into dstRg1; that is, it 
makes a duplicate copy of srcR~ O1ce this is done, srcRgl may be altered 
(or even cJisposed of) without affecting dstRg1. COpyRgn does not create the 
destJnation [eglon: you must use NewRgn to create the mtRgl before you 
call CopyRgn. 
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Procedure setEnptyRgl (l1Jl: ~le); 

SetEmptyRgn destroys the prevIous structure of the gIven regIon, then sets the 
new structure to the empty regIon {o,o,o,o~ 

Procedure setRectRg'l (l'f1l: ~le; left, top,ri~t,bottom: integer); 

SetRectRgn destroys the previous structure of the given region, then sets the 
new structure to the rectangle specIfIed by left, top, r1~t, and bOttom. 
If the specified rectangle Is empty (I.e., left>-r1~t or top>-bOttom), the regIon 
Is set to the empty regIon (0,0,0,0). 

ProcedUre RectRgl (rgl: ~le; r: Rect); 

RectRgn destroys the previous structure of the given regIon, then sets the new 
structure to the rectangle specified by r. This is operationally synonymous 
wIth setRectRgn, except the input rectangle Is defined by a rectangle rather 
than by four boundary coordinates. 

Procedure ~; 

(llenRgn tells QuickOraw to allocate temporary space and start saving lines 
and framed Shapes for later processing as a region deflnIt1on. Whlle a region 
Is open, all calls to Line, LineTo, and the proceaures that araw framed Shapes 
(except arcs) affect the outl1ne of the regIon. OIly the line endpoints and 
shape boundaries affect the region definition; the pen mode, pattern, and size 
dO not affect It. In fact, ~enRgn calls HldePen, so no drawing occurs on the 
screen while the region is open (unless you called ShowPen just after ~enRgn, 
or you called ShowPen prevIously without balancing it by a call to HidePen~ 
Since the pen hangs below and to the right of the pen location, drawing lines 
with even the smallest pen w1ll Change bIts that 11e outside the regIon you 
define. 
The outline of a region is mathematically defined and infinitely thin, and 
separates the bitmap into two groups Of bits: those within the regIon and 
those outside it. A region should consist of one or more closed loops. Each 
framed Shape itself constitutes a loop. My lines drawn with Line or LineTo 
should connect with each other or with a framed shape. Even though the 
on-screen presentation of a region is clipped, the definition of a region is not; 
you can define a regIon anywhere on the coordinate plane with complete 
disregard for the location of various grafPort entities on that plane. 
When a region Is open, the current grafPort's rgnSave field contains a handle 
to Information related to the regIon defInIt1on. If you want to temporarily 
disable the collection of lines and shapes, you can save the current value of 
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thIs f1eld, set the fIeld to nIL and later restore the saved value to resume the 
region definition. 

WAANII'G 

Do not call (l)enRgn while another region Is already open. All open 
regions but the most recent wUl behave strangely. 

Procecilre CloseRgl (dst~: ~le); 
CloseRgn stops the collection of lines and framed shapes, organizes them into 
a regIon defInItion, and saves the result1ng regIon Into the regIon IndIcated by 
dStRgl. You should perform one and only one closeRgn for every (l)enRgn. 
CloseRgn calls ShowPen, balancIng the HidePen call made by GpenRgn. 
Here's an example of how to create and open a regIon, define a barbell Shape, 
close the region, and draw It: 

barbell := NeMql; {fOOke a new reglm} 
~; {begin collecting stUff} 

setRect(tetl{)Rect,20,20,30,50); {form the left wel~t} 
Frameoval{tempRect); 
setRect(tempRect,30,30,80,40); {form the Dar} 
FrameReot(tempReot); 
setRect(tempRect, 80, 20, 90, 50); {form the rl~t wel!1lt} 
Frameoval{tempRect); 

ClOseRgl(barbell); 
FillRgn(barbell,black); 
01sposeRgl(barbell) ; 

{we're dale; save in barbell} 
{draw it on the screen} 
{we don't nero yru a'lynDre. .. } 

Proceoore OffsetRgl (rgl: ~le; 1Il,dV: integer); 

OffsetRgn moves the regIon on the coordInate plane, a dIstance of til 
horizontally and ctv vertically. This does not affect the screen unless you 
sUbsequently call a routine to draw the regIon. If (Jl and dV are posItive, the 
movement is to the right and down; if either Is negative, the corresponding 
movement Is In the opposite cllrectlon. The regIon retaIns Its sIze and Shape. 

NJTE 

OffsetRgn 1s an especially efficient operation, because most of the data 
defining a region is stored relative to Igffiox and so isn't actually 
Changed by OffsetRgn. 
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Procerure InsetRgl (l1Jl: Rgilandle; CIl, dV: integer); 

InsetRgn shrinKs or expands the region. All points on the region boundary are 
moved inwards a distance of dV vertically and CIl horizontally; If CIl or dV Is 
negative, the points are moved outwards in that dIrection. InsetRgn leaves 
the region "centered" at the same position, but moves the outl1ne in (for 
positive values of <Il and dV) or out (for negative values of ell and dV~. 
InsetRgn of a rectangular region works just Ilke InsetRecL 

ProcedUre 8ectRgl (srcRglA, srcRglB, dstRgl: Rgilandle); 

SectRgn calculates the intersection of two regions and places the intersection 
in a third regIon. TlJis doe~" !Jot CllJate tile destination l-egJon: you must use 
NewRgn to create dstRgl before you call SectRgn. The dstRgn can be one of 
the source regIons, if desired. 
If the regions dO not intersect, or one of the regions Is empty, the destination 
is set to the empty region (O,O,O,O~ 

ProceWre lt1i~ (srcRglA, srcRglB, dS~: Rgilandle); 

unlonRgn calculates the unIon Of two regIons and places the unIon In a thIrd 
region. TlJ./s does not create /IJe desl/nal/on region: you must use NewRgn to 
create dstR(Jl before you call unlonRgn. The dstR(Jl can be one of the 
source regions, If desired. 
If both regions are empty, the destination is set to the empty region (O,O,o,o~ 

Procewre 01 ffRgl (srcRglA, srcRg1B, ds~: Rgilandle); 

OiffRgn subtracts sroR~ from srcRgnA and places the difference in a third 
reglon. Tllis dOes not create tile destination region: you must use NewRgn to 
create dstRgn before you call OiffRgn. The dstRgl can be one of the source 
regions, if desired. 
If the first source region Is empty, the destination Is set to the empty region 
(O,O~O,O~ 

ProceWre XorRgn (srcRglA, srcRg1B, dstfql: ~1dle); 

XOrRgn calculates the difference between the union and the Intersection of 
two regions and places the result In a third region. Tllis does not create /IJe 
desl/natJon region: you must use NewRgn to create dstR(Jl before you call 
XorRgn. The dstRgl can be one of the source regIons, If desired. 
If the regIons are coIncident, the destination Is set to the empty regIon 
(O,o~~~ 
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Ft.IlCt100 ptlrflgl (pt: Po1nt; IVI: Rgt-fanCJle) : lJOOlecrl; 

PtInRgn checks whether the pixel Oelow and to the right of the given 
coordinate point is within the specified region" and returns true if so or false 
if not 

FlIlCt100 RectI~ (r: Rect; IVI: Rgt-fanCJle) : tlOOlea1; 

RectInRgn checks whether the given rectangle intersects the speCified region" 
and returns true if the intersection encloses at least one Oit or false if not. 

Fln}tioo Equal~ (rglA, 1Vl8: ~le) : boolE9l; 

EqualRgn compares the two regions and returns true if they are equal or false 
if not. The two regions must have identical sizes" shapes" and locations to Oe 
considered equal. MY two empty regions are always equal. 

Fln}tion EQ)tJR!J1 (IV': Rgt-fanCJle) : bOOleal; 

EmptyRgn returns true if the region is an empty region or false if not. Some 
of the circumstances in which an empty region can Oe created are: a NewRgn 
call; a CopyRgn of an empty region; a SetRectRgn or RectRgn with an empty 
rectangle as an argument; CloseRgn without a previous qlenRgn or with no 
drawing after an cpenRgn; OffsetRgn of an empty region; InsetRgn with an 
empty region or too large an inset; SectRgn of nonintersecting regions; 
LlnionRgn of two empty regions; and DiffRgn or xorRgn of two identical or 
nonlntersectIng regions. 

E. 9.12 Graphic qJerattons on Regions 
These routines all depend on the coordInate system of the current grafPort. If 
a region is drawn in a different grafPort than the one In which it was defined" 
it may not appear In the proper posItion InsIde the port. 

ProceWre f~ (l1Jl: Rgt-fanCJle); 

FrameRgn draws a hollow outlIne just InsIde the specIfIed regIon, usIng the 
current grafPort's pen pattern" mode" and size. The outline is as wide as the 
pen wIdth and as tall as the pen height; under no cIrcumstances wm the 
frame go outside the region boundary. The pen location Is not changed by 
th1s procedure. 
If a regIon is open and being formed, the outside outline of the region being 
framed Is mathematically added to that region's boundary. 

PrOCEDJre Paln~ (IV': Rgt-fanCJle); 

PaintRgn paints the specified region with the current grafPort's pen pattern 
and pen mOde. The region on the bitmap is filled with the pnPat" according 
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to the pattern transfer mode specified by pnMOOe. The pen location Is not 
changed by this procedUre. 

ProcedUre EraseRg1 (r~: Rg"tIcrllle); 

EraseRgn paInts the specified reglon with the current grafPort's background 
pattern bkPat (1n patCopy mOde~ The grafPort's pnPat and pnMOOe are 
Ignored; the pen location ls not changed. 

ProcedUre InvertRgl (~: Rg"tIcrllle); 

InvertRgn Inverts the pixels enclosed by the specified region: every white 
pIxel becomes black and every black pixel becomes white. The grafPort's 
pnPat" pnMOOe" and bkPat are all Ignored; the pen location is not changed. 

Proce<lJre Fl1~ (r~: Rg"tIcrllle; pat: pattern); 

F1l1Rgn fills the specIfied region with the given pattern (In patcopy mOde). 
The grafPort's fl"Pat... pnMOOe" and bkPat are all Ignored; the pen location Is 
not changed. 

E.9.13 Bit TrCl'lSfer qJeratims 

ProcedUre SCrollRect (r: Rect; (fl,dV: integer; updateRgn: Rg"tIcrllle); 

ScrollRect shifts C'scrolls") thOse bits inside the intersection of the specified 
rectangle" vlsRgl" cl1~gl" portRect" and portBJts.llot.I1dS. The bits are shifted 
a distance of <Il horizontally and ClV vertically. The positive directions are to 
the right and down. No other bits are affected. Bits that are shifted out of 
the scroll area are lost; they are nei ther placed outside the area nor saved. 
The grafPort's background pattern bkPat fills the space created by the scroll. 
In addition" ~teRgn is Changed to the area filled with bkPat (see Figure 
E-21~ 
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8ef oreScrollRect After ScroIlRec:t( dstRect,-1 0,5 ... ) 

st 

. ~/~pnLoc: 
QUlckDraw.1IC'"" 

dstRec:t updateAgn 

Fl~re E-21 
SCrolling 

FIgure E-21 snows mat me pen location after a scrollRect Is In a different 
position relative to wnat was scrolled in tne rectangle. Tne entire scrolled 
Item nas been moved to different coordinates. To restore it to Its coordinates 
before the ScrollRect, you can use tne Setorigin procedure. For example, 
suppose tne OStRect tlere Is me portRect Of me grafPort and its top left 
corner is at (95,120~ setOrtglr(lOS,115) wlll offset tne coordinate system to 
compensate for tne scroll. Since tne cllpRgl and pen location are not offset, 
they move down and to the left. 

ProcedUre COpyBits (srcBits, dstBits: Bi~; srcRect, dstRect: Rent; 
nooe: integer; maSl<Rgn: RglHcnjle); 

copyBlts tranSfers a bIt Image oetween any two bitmaps and cUps tne result 
to the area speCified by tne maskRgn parameter. The transfer may be 
performed in any of tne eignt source transfer mOdes. Tne· result is always 
cllpped to tne maskRgn and me boundary rectangle of tne destination bitmap; 
If the destination bItmap Is me current grafPort's portBlts, It Is also cUpped 
to the intersection Of the grafPort's ollpRgn and vlsRgn. If you do not want 
to cUp to a maskRgl, just pass nil for tne maskRgl parameter. 
The dstRect and rnaskRfIl coordinates are in terms of the dstBit.sJ:lot.nJS 
coordinate system, and the sreRect coordinates are in terms Of the 
srcBtts..bolllds coordinates. 
The bits enclosed by the source rectangle are transferred into the destination 
rectangle according to me rules Of the chosen mode. 
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The source transfer modes are as follows: 
Srccopy srcXor notSrcCopy notsrcXor 
srcor srcBlc notSrcOr notsrcBlc 

The source rectangle Is completely al1gned wIth the destinatIon rectangle; If 
the rectangles are of different sizes, the bit image is expanded or shrunk as 
necessary to fIt the destInatIon rectangle. For example, If the bIt Image Is a 
circle In a square source rectangle, and the destination rectangle is . not 
square, the bIt Image appears as an oval In the destinatIon (see FIgure E-22~ 

E.9.14 Pictures 

Source Bitmap 

Source Bitmap 

Source 
Transfer 

Mode 

Source 
Transfer 

Mode 

Destination Bitmap 

De8tination Bitmap 

Fl~re E-22 
~ratlon of COpyBlts 

Ftn:tl00 ~lcture (plCFrane: ROOt) : P1CHcJ101e; 

meskRgn 

maskP.gn 
=nil 

Q:lenPIcture returns a handle to a new picture whIch has the gIven rectangle 
as its pIcture frame, and tells QulckDraw to start saving as the picture 
definItion all calls to drawing routines and all picture comments (if any~ 
Q:lenPicture calls HidePen, so no drawing occurs on the screen whUe the 
picture is open (unless you call ShowPen just after Q:lenPicture, or you called 
ShowPen prevIously without balancing it by a call to HldePen~ 
When a picture Is open, the current grafPort's plcsave field contains a handle 
to information related to the picture definition. If you want to temporarily 
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dIsable the collectlon Of routine calls and pIcture comments, you can save the 
current value of this field, set the field to nil, and later restore the saved 
value to resume the picture definitlon. 

WAANlN3 

Do not call ~Plcture while another picture is already open. 

ProcEnIre CIosePicture; 

ClosePicture tells QuickDraw to stop saving routine calls and picture 
comments as the deflnIt10n of the currently open pIcture. You should perform 
one and only one ClosePicture for every ~enPicture. ClosePicture calls 
Show Pen, balanc1ng the Hl00Pen call made by ~enPlcture. 

ProcEnIre PicccmEnt (kind,dataSize: integer; dataicJ1dle: ~le); 

PicComment Inserts tne specIfIed comment Into the definItion of the currently 
open pIcture. Kind identifies the type Of comment. Data-icnne Is a handle 
to addItional data If desIred, and dataSlze Is the sIze Of that data In bytes. If 
there is no addit10nal data for the comment, data-icnne should be nil and 
dataSlze shOuld be O. The appllcatlon that processes the comment must 
include a procedure to do the processing and store a pOinter to the procedure 
In the data structure pointed to by the grafProcs field of the grafPort (see 
SecUon E.I0, Customizing QuickDraw ~eraUons~ 

ProcedUre Dra.Plcture (myPicture: PlcHcr1dle; dstRect: Root); 

DrawPIcture draws the given picture to scale In dStRect, expanding or 
ShrinkIng It as necessary to allgn the borders of the pIcture frame wIth 
dStRect. DrawPicture passes any picture comments to the procedure accessed 
Indirectly through the grafProcs field of the grafPort (see PicComment above~ 

ProcedUre KillPlcture (myPicture: PlctBldle); 

KlllPIcture deallocates space for the pIcture whose handle Is suppl1ed .. and 
returns the memory used by the picture to the free memory pool. Use this 
Only when you are completely through with a picture. 

E.9.1S calculations with Polygons 

Fl.I1Ction ~ly : PolyHcn21e; 

~enPoly returns a handle to a new polygon and tells QuickDraw to start 
savIng the polygon definition as specifIed by calls to line-drawing routines. 
While a polygon is open, all calls to Line and LineTo affect the outline of the 
pOlygon. O'lly the line endpoints affect the polygon definition; the pen mode, 
pattern, and size do not affect it. In fact, ~enPoly calls HldePen, so no 
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drawing occurs on the screen whUe the pOlygon Is open (unless you call 
ShowPen just after q:>enPoly, .. or you called ShowPen previously without 
balancing It by a call to HIClepen~ 

A polygon should consist of a sequence of connected lines. Even though the 
on-screen presentation of a polygon Is CUpped, the definition of a polygon is 
not; you can define a polygon anYWhere on the coordinate plane with complete 
d1sregard for the location of various grafPort entities on that plane. 
When a polygon Is open, the current grafPort's poly8aVe fIeld contaIns a 
handle to information related to the polygon definition. If you want to 
temporarlly dIsable the pOlygon defInItion, you can save the current value of 
this field, set the field to n11, and later restore the saved value to resume the 
pOlygon defInItIon. 

WAANIN3 

00 not call CpenPoly while another polygon Is already open. 

ProcedUre CIOsePoly; 

ClosePoly tells QulcKDraw to stop saving the definition of the currently open 
pOlygon and computes the polyBBox rectangle. You should perform one and 
only one ClosePoly for every CpenPoly. ClosePoly calls ShowPen .. balancing 
the Hldepen call made by CllenPoly. 
Here's an example of hOw to open a polygon, define it as a triangle, close it, 
and draw it: 

triPoly := OpenPoly; {save handle and begin COllecting stUff} 
MoveTo(300,100); { move to first point and } 
lineTo( 400,200); { form } 
lineTo(200,200); { the } 
llneTo(300, 100); {triCIVJle } 

ClosePoly; { stop collecting stUff } 
FillPoly(triPoly,gray); { draw it on the screen } 
KillPoly(triPoly); { we"re all done } 

ProcedUre KillPoly (poly: PolyHandle); 

KillPoly deallocates space for the polygon whose handle Is supplied, and 
returns the memory used by the pOlygon to the free memory pool. Use thIs 
only after you are completely through with a pOlygon. 

ProcedUre OffseWoly (poly: PolyHa1dle; (Il, dV: integer); 

OffsetPoly moves the specified polygon on the coordinate plane~ a distance of 
ell horIzontally and dv vertically. Th1s does not affect the screen unless you 
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sUbsequently call a routlne to draw the polygon. If cJl and dV are posit1ve, 
the movement Is to the rIght and down; If eIther Is negative, the correspond­
Ing movement Is In the opposite direction. The pOlygon retaIns its shape and 
sIze. 

OffsetPoly is an especially efficient operation, because the data 
defining a polygon Is stored relative to polyStart and so isn't actually 
changed by OffsetPoly. 

E.9.16 Graphic qleratlons on Polygons 
Proceoore FramePoly (poly: PolyHandle); 

Framepoly plays back the line-drawing routine calls that define the gIven 
polygon, using the current grafPort"s pen pattern, mode, and size. The pen 
will hang below and to the right of each poInt on the boundary of the 
pOlygon; thus, the pOlygon drawn wlll extend beyond the right and bottom 
edges of poly" .. .polyBBox by the pen wIdth and pen height, respectively. All 
other graphiC operations occur strictly withIn the boundary of the polygon, as 
for other shapes. You can see this difference in Figure E-23, where each of 
the pOlygons is Shown with its polyBBoX. 

FramePoly PaintPoly 

Figure E-23 
Drawing Polygons 

If a pOlygon is open and being formed, FramePoly affects the outline of the 
polygon just as if the line-drawing routines themselves had been called. If a 
region is open and being formed, the outside outline of the polygon being 
framed is mathematically added to the region's boundary. 

E-61 



Pascal Reference Manual QuickDraw 

PrOceWre PalntfJoly (poly: PolyHcnlle); 

paintpoly paints the specified polygon with the current grafPort's pen pattern 
and pen mOde. The polygon on the bitmap is filled with the p-Pat, according 
to the pattern transfer mode specified by pnI'1ode. The pen location Is not 
changed by this procedUre. 

Procewre ErasePoly (poly: PolyHcnlle); 

ErasePoly paints the specified polygon with the current grafPort's background 
pattern bkPat (in patCopy mOde~ The pnPat and pnI'1ode are ignored; the pen 
location is not changed. 

ProcedUre InvertPoly (poly: PolyHcnlle); 

Invertpoly inverts the pIxels enclosed by the specifIed polygon: every white 
pixel becomes blaCk and every black pixel becomes White. The grafPort's 
~t, pnI'1ode, and bkPat are all Ignored; the pen location Is not changed. 

ProcedUre flllPoly (poly: PolyHcnjle; pat: Pattern); 

F11lPoly fills the spe.clfled polygon with the given pattern (In pa~y mOde~ 
The grafPort's pnPat, pnI'1ode, and bkPat are all ignored; the pen location is 
not changed. 

E.9.17 caIculaUons WIth PoInts 

ProcedUre AdePt (srcPt: Point; var dstPt: Point); 
AddPt adds the coordinates Of srePt to the coordinates of dst.Pt, and returns 
the resul t in dstpt 

PrOceWre SliPt (srcPt: Point; var dstPt: Point); 
SubPt subtracts the coord1nates of srePt from the coord1nates of dStJ't, and 
returns the resul t In dstpl 

ProcedUre 5etPt (var pt: Point; h,v: integer); 
SetPt assIgns two integer coordinates toa variable of type Point 

function Equalpt (ptA,ptB: Point) : boolean; 
EqualPt compares the two poInts and returns true if they are equal or false if 
not 
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Proceda'e LocalTailobal (var pt: Point); 

LocalToGlobal converts the given point from the current grafPort's local 
coordinate system into a global coordinate system with the origin (0,0) at the 
top left comer of the port's bit image (SUCh as the screen). This glObal point 
can then be compared to other glObal points, or be Changed into the local 
coordinates of another grafPort. 
Since a rectangleh defined by two points, you can convert a rectangle into 
glooal coordinates oy performIng two LocalToGloOal calls. You can also 
convert a rectangle, region, or pOlygon Into gl00al coordinates by calling 
OffsetRect, OffsetRgn, or Offsetpoly. For examples, see GloOalToLocal Oelow. 

Proceda'e Glooal ToLocal (var pt: Point); 

GlobalToLocal takes a point expressed in glObal coordinates (with the top left 
corner of the bitmap as coordinate (0,0» and converts it into the local 
coordInates of the current grafPort. The gloOal point can be obtaIned with 
the LocalToGlobal call (see above). For example, suppose a game draws a 
"ball" within a rectangle named tlallRect, defined In the grafPort named 
ganePort (as illustrated below in Figure E-24). If you want to draw that ball 
in the grafPort named selectPort, you can calculate the Dan's selectPort 
coordinates l1ke this: 

8etPort( gamePort); 
selectBall : = ballRect; 
LocaIToGlooal(selectBall.topleft); 
LocaIToGIObaI(selectBall.bOtRight); 

{ start 1n origin port } 
{ make a copy to be roved } 
{ put bOth comers into } 
{ global coordinates } 

setPort(selectPort); {. switch to destination port} 
Glooal ToLocal( selectBall. t~eft); { put both comers into } 
GlobaIToLocal(selectBall.botRight); { these local coordinates } 
Filloval(selectBall,ballCOlor); { now you haVe the ball! } 
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Figure E-24 
coovertlrYJ between COOrdlnate Systems 

You can see from Figure E-24 that LocalToGlobal and GlobalToLocal simply 
offset the coordInates of the rectangle by the coordinates of the top left 
corner of the local grafPort's boundary rectangle. You could also do this with 
OffsetRect. In fact, tne way to convert regIons and pOlygons from one 
coordinate system to another Is with OffsetRgn or OffsetPoly rather than 
LocalToGlObal and GlobalToLocal. For example, if myRgl were a regIon 
enclosed by a rectangle having the same coordinates as ballRect in gamePort, 
you could convert the region to gloDal coordinates wIth 

OffsetRg(myRgl, -20, -40); 

and then convert it to the coordinates of the selectPort grafPort wIth 
OffsetRg(myRgn, 15, -30); 

E.9.18 MiscellClleOUS utilities 

F~tlon Ramo : integer; 
Random returns an integer, uniformly distributed pseudo-random, in the range 
from -32768 througn 32767. The value returned dependS on the gloDal 
variable rcrtdSeed, which InltGraf initializes to 1; you can start tne sequence 
over agaIn from wiiere 1t oegan oy resetting rcnlSeed to 1. 
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FlI'lCt1on GetP1xel (h, V: 1nteger) : ooolea1; 

GetPixel looks at the pIxel associated with the given coordinate poInt and 
returns true if it is black or false if it Is white. The selected pixel is 
immedIately below and to the right of the point Whose coordinates are given 
in h and v, in the local coordinates of the current grafPort. There is no 
guarantee that the speCified pixel actually belongs to the port, however; it 
may have been drawn by a port overlapping the current one. To see if the 
point indeed belongs to the current port, call PtInRg(pt,thePort" .vlsRgl~ 

Procewre Stuff Hex (thingPtr: Wltr; s: Str255); 
Stuff Hex pOkes bits (expressed as a string of hexadecimal digits) into any data 
structure. This is a good way to create cursors, patterns, or bit images to be 
"stamped" onto the screen with copyBlts. For example, 

stuffHex(~strlpes, '0102040810204080') 
places a striped pattern into the pattern variable stripes. 

WAANIN3 

There 1s no range CheCking on the size of the destInation varIable. It's 
easy to overrun the variable and destroy something if you don't know 
what you're dOIng. 

Procooure scalePt (var pt: Po1nt; srcRect,(2stRect: Root); 
A width and heIght are passed in pt; the horizontal component of pt is the 
width, and the vertical component of pt is the height ScalePt scales these 
measurements as follows and returns the result In pt: It multlpl1es the given 
width by the ratio of dstRect's wIdth to srcRect's width, and mUltipI1es the 
given height by the ratio of dstRect's heIght to srcRect's he1ght In FIgure 
E-25, where dstRect's wIdth is twice SrcRect's width and its heIght Is three 
times srcRect's heIght, the pen wIdth Is scaled from 3 to 6 and the pen heIght 
is scaled from 2 to 6. 
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ScalePt scales pen size (3J2) to (6,6) 
MapF't maps point (3,2) to (18,7) 

Figure E-25 
scaIePtcm~ 

ProceWre MapPt (var pt: Point; srcRect,dstRect: Rect); 

QlIICkDraw 

Given a point within srcRect, MapPt maps it to a similarly located point 
within dstRect (that is, to where it would fall if it were part Of a drawing 
being expanded or shrunk to fl t dStRect~ The result is returned in pt A 
corner point Of srcRect would be mapped to the corresponding comer point of 
dstRect, and the center of srcRect to the center of dStRect In Figure E-25 
above, the point (32) in srcRect is mapped to (18,7) in dStRect FnrnRect and 
dstRect may overlap, and pt need not actually be within srcRect 
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WARNIN3 

Remember, If you are gOIng to draw InsIde the rectangle In mtRect, 
you will probably also want to scale the pen size accordingly with 
ScalePt. 

Procewre ~t (var r: Root; srcRect, dstRect: Rect); 

Gl ven a rectangle wi thin srcRect, MapRect maps it to a simHan y located 
rectangle withIn dstRect by callIng MapPt to map the top left and bottom 
right corners of the rectangle. The result is returned In r. 

Procewre MapRgl (r~: Rg'lHCI'ldle; srcRect,dstRect: Rect); 
Gi ven a regIon wi thIn sroRect, MapRgn maps It to a sImHarl y located region 
wIthin dStRect by call1ng Mappt to map all the poInts In the regIon. 

ProcedUre MapPOly (poly: PolyHandle; srcRect,dstRect: Rect); 
GIven a pOlygon within srcRect, MapPoly maps It to a slmllaTly located 
polygon within dStRect by calling Mappt to map all the points that define the 
pOlygon. 

E.10 CUStomizing QuickDraw q"leratlom 
For each shape that QuicKDraw Knows how to draw, there are procedures that 
perform these basic graphic operations on the Shape: frame, paint, erase, 
invert, and fill. Those procedures in turn call a low-level drawing routine for 
the shape. For example, the FrameOVal, PaintOVal, EraseOVal, InvertOVal, and 
Fill OVal procedures all call a low-level routine that draws the oval. For each 
type of Object QuicKDraw can draw, including text and lines, there is a 
pointer to such a routine. By changing these pointers, you can install your 
own routines, and either completely override the standard ones or call them 
after your routines have modified parameters as necessary. 
Other low-level routlnes that you can Install In thIs way are: 

• The procedure that does bIt transfer and Is called by copyBlts. 
• The function that measures the wIdth Of text and Is called by Char Width, 

Strlngwldth, and TextWldth. 
• The procedure that processes picture comments and Is called by 

DrawPicture. The standard such procedure ignores picture comments. 
• The procedure that saves drawIng commands as the deflnltion of a pIcture, 

and the one that retrieves them. This enables the application to draw on 
remote devIces, prInt to the dISK, get picture Input from the disK, and 
support large pIctures. 
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The grafProcs flela of a grafPort determInes whIch low-level routines are 
called; if It contains nil. the standard routines are called.. so tnat all 
operations In tnat grafPort are done In the standard ways describea In thIs 
appendix. You can set the gratProos field to poInt to a record of pointers to 
routines. The data type of grafProos Is Q[ProcsPtr: 

type tlProcsPtr = "tlProes; 
QOProcs = record 

textProc: 
lineProc: 
rectproc: 
rRec'tProe : 
ovalProc: 
arcProc: 
polyProc: 
rgr1>roc: 
bitsProc: 
cOIIIOOfltProc : 

txtleasProc : 
getPicProc : 
putPicProc : 

end; 

~r; 
~r; 
QOPtr; 
QOPtr; 
aPtr; 
QOPtr; 
~r; 
~r; 
~r; 
QOPtr; 

~r; 
aPtr; 
t.l)Ptr 

Procewre setSt®ocs (var procs: QOProcs); 

{text drawing} 
{line drawing} 
{rectangle drawing} 
{rot.I1dRect drawing} 
{oval drawing} 
{arc/wedge drawing} 
{polygon drawing} 
{region drawing} 
{bit transfer} 
{picture comment 
processing} 
{text width llEasurenent} 
{picture retrieval} 
{picture saving} 

SetStdProcs Is provided to assist you in setting up a QDProos record. It sets 
all the fields of tne given QDProcs to point to the standard low-level 
routines. You can then Change the ones you wiSh to point to your own 
routines. For example .. if your procedure that processes picture comments Is 
named MyCooments .. you will store iJIVIyCooments in the commentproc field 
of the QOProcs record. 
The routines you Install must Of course have the same callIng sequences as 
the standard routines .. which are described below. The standard drawing 
routines tell whIch graphIc operation to perform from a parameter Of type 
GrafVeIb. 

type GrafVerb = (frame, paint, erase, invert, fill); 

When the gratVem Is fill, the pattern to use when f1l11ng Is passea In the 
flllPat field of the grafPort. 

ProcedUre StdText (byteeount: integer; textBuf: QOPtr; ruoor, denom: 
Point); 

StdText Is the standard low-level routine for drawIng text. It draws text from 
the arbitrary structJ.Jre in memory specified by textBuf .. starting from the first 
byte and continuIng for byt.eColllt bytes. f\l.mer and denml specify the 
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scal1ng, If any: runer.v over uenom.v gIves the vertical scallng, and runer.h 
over denom.h gives the horizontal scal1ng. 

ProceWre SU1.ine (ne.r>t: Point); 

StdLine is the standard low-level routine for drawing a line. It draws a line 
from the current pen location to the location specIfIed (In local coordinates) 
by newPl 

Procewre ~t (verb: GrafVerb; r: Root); 

StdRect is the standard low-level routine for drawing a rectangle. It draws 
the gIven rectangle accorC1Ing to the speCIfied graMIb. 

ProceWre st~t (verb: GrafVerb; r: Root; ovalwillth, ovalHei~t: 
integer); 

StdRRect is the standard low-level routine for drawing a rounded-corner 
rectangle. It C1raws the gIven rounC1eC1-corner rectangle accorC1Ing to the 
speCified grafVerb. £NalWidth anC1 OvalHel~t specify the C1iameters of 
curvature for the corners. 

ProceWre stdOval (verb: GrafVerb; r: Root); 

StC1CNal Is the stanC1arC1 low-level routine for C1rawlng an oval. It C1raws an 
oval inside the gIven rectangle accorC1ing to the specIfied gratVeIb. 

ProcedUre StdArc (verb: GrafVerb; r: Rect; startAngle, arcAngle: 
integer); 

SWArc Is the stanC1aro low-level routlne for C1rawing an arc or a weC1ge. It 
draws an arc or weC1ge of the oval that fits inside the given rectangle. The 
grafVeltl specIfies the graphiC operation; if it's the frame operation .. an arc is 
d!awn; otherwise, a weC1ge Is drawn. 

ProceWre stcPoly (verb: GrafVerb; poly: PolyHancne); 

StdPoly Is the standard low-level routine for drawing a polygon. It draws the 
given polygon accorolng to the specifieC1 grafVerb. 

ProcedUre ~ (verb: GrafVertJ; l1J1: ~le); 

StdRgn Is the standard low-level routine for drawIng a regIon. It draws the 
given region according to the speCified grafVeIb. 
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Procec.lJre st(fJ1 ts (var srcB1 ts: B1~; var srcRect, cJstRect: Root; 
rode: 1nteger; maSkRgl: Rg'tBlcJle); 

StaBits is the standard low-level routine for doIn,9 bit transfer. It transfers a 
bIt Image between the given bItmap and thePOrt .portBits, just as if copyBits 
were called with the same parameters ana with a destination bItmap equal to 
thePort .. .portBits. 

Procerure SUDJmelt (k1nd,cJataS1ze: integer; cJataBldle: U)HanOle); 

StdComment is the standard low-level routine for processing a picture 
comment. Kim identifies the type of comment. Data-tcn11e is a handle to 
additional data, and dataSlze is the size Of that data in bytes. If there is no 
additional data for the command, cJata-tandle will be nil and cJataSlze will be 
O. StdComment simply ignores the comment. 

FlIlCtion stcJTxt1eas (byteCot.rlt: integer; text8Jf: W'tr; var ruoor, 
denOm: Point; var info: FontInfo) : integer; 

StaTxMeas is the standard low-level routine for measuring text width. It 
returns the width Of the text stored in the arbitrary structure in memory 
specified by textBuf, starting with the first byte and continuing for byteQult 
bytes. I\lmer and denom specify the scallng as In the StdText procedure; note 
that StdTxMeas may Change them. 

ProoeOJre SUl3etp1c (dataPtr: t.l)Ptr; byteCot.nt: integer); 
StdGetPic is the standard low-level routine for retrieving information from 
the definition of a picture. It retrieves the next byteCOll1t bytes from tne 
definition of the currently open picture and stores them in the data structure 
pointed to by dataPtr. 

Proceoore st(JlUtp1c (cJatcPtr: r;.o>tr; byteColl1t: integer); 

StdPutPic is the standard low-level routine for saving information as the 
definition of a picture. It saves as the definition of the currently open 
picture the drawing commands stored in the data structure pointed to by 
datc9tr, starting with the first byte and continuing for the next byteCo.nt 
bytes. 
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E.ll USing QulckDraW from Assembly Language 
All QuickDraw routines can be called from assembly-language programs as 
well as from Pascal. When you write an assembly-language program to use 
these routines ... though ... you must emulate Pascal's parameter passing and 
variable transfer protOCOlS. 
This section discusses how to use the QuickDraw constants ... global variables ... 
data types ... procedures ... and functions from assembly language. 
The prImary aId to assembly language programmers Is a flIe named 
QOIGRAFTYPES. TEXT. If you use .INCLLOE to include this flIe when you 
assemble your program, all the QuicKDraw constants, offsets to locations Of 
glObal variables, and offsets into the fields of structured types will be 
avallable In symbOl1c form. 

E.ll.l ~tants 
QulckDraw constants are stored In the QD/GRAFTYPE5. TEXT fUe, and you 
can use the constant values symbolically. For example, if you've loaded the 
effective address of the thePOrt".tXf'1Ode field tnto address register 1\2. ... you 
can set that field to the sICxor mOde with this statement: 

HOVE." ISRCXllt (A2) 

To refer to the number of bytes occupied by the QuickDraw global variables ... 
you can use the constant GRAFSIZE. When you call the Ini tGraf procedure, 
you must pass a pointer to an area at least that large. 

E.ll.2 oata Types 
Pascal's strong typing ability lets you write Pascal programs without really 
consIderIng the size Of a variable. But In assembly language, you must keep 
track of the size of every variable. The sizes of the standard Pascal data 
types are as follows: 

~ 
integer 
longint 
booleCl1 
char 
real 

Size 
Word (2 bytes) 
Long (4 bytes) 
Word (2 bytes) 
Word (2 bytes) 
Long (4 bytes) 

Integers and longlnts are In two'S complement form; booleans nave theIr 
boolean value in bit 8 of the word (the low-order bit of the byte at the same 
location); cnaTS are stored In the nign-order byte of the word; and reals are In 
the KeS standard format 
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The QuicKDraw simple data types llsted below are constructed out of these 
fundamental types. 

~ 
'lFtr 
Q[l-ICJldle 
Word 
Str255 
Pattern 
Blts16 

Size 
Long (4 byteS) 
Long (4 byteS) 
Long (4 byteS) 
page (256 bytes) 
8 bytes 
32 bytes 

Other data types are constructed as records of varIables of the above types. 
The size of such a type Is the sum of the sizes of all the fields in the record; 
the flelds appear In the variable wIth the fIrst fIeld In the lowest address. 
For example ... consider the data type BItMap ... which is defined as follows: 

type 6i t~ = record 
baseAcJdr: WPtr; 
ro.aytes : integer; 
t:xulcls: Root 

end; 

ThIs data type would be arranged In memory as seven words: a long for the 
baseAddr ... a word for the rO'WBytes ... and four words for the top ... left ... right ... and 
bottom parts of the bOlnls rectangle. To assIst you In referrIng to the fields 
inside a variable that has a structure like this" the QOIGRAFTYPES.TEXT file 
defines constants that you can use as offsets Into the fIelds of a structured 
variable. For example ... to move a bitmap's rowBytes value into 03" you would 
execute the followIng Instruction: 

MOVE.' MVBITMAP+ROW8VTES,03 
Displacements are given in the QOIGRAFTYPE8. TEXT fUe for all fields of all 
data types defIned by QulcKDraw. 
To do double indirection" you perform an LEA indirectly to obtain the 
effective address from the handle. For example ... to get at the top coordinate 
of a regIon's enclosing rectangle: 

MOVE.L MVHANDlE,Al 
MOVE.L (AI), Al 
MOVE.' RGNBBOX+TOP(Al) ... 03 
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WARNING 

For regions (and all other variable-length structures with handles)" you 
must not move the pointer into a register once and just continue to use 
that pointer; you must dO the double indirection each time. Every 
QuickDraw call you make can possibly trigger a heap compaction that 
renders all pointers to movable heap items (lIke regIons) invalld. The 
handles wIll remain valid, but pointers you've obtained through handles 
can be rendered InvalId at any subroutlne call or trap In your program. 

E.ll.3 Global variables 
Register AS always points to the sectlon of memory where glObal varIables 
are stored. The QO/GRAFTYPES. TEXT fUe defines a constant GRAFGUE 
that poInts to the beginnIng of the QuickDraw variables in thIs space, and 
other constants that point to the individual variables. To access one of the 
variables, put GRAFGUE In an address register, sum the constants, and Index 
off of that register. For example, if you want to know the horizontal 
coordinate Of the pen location for the current grafPort, Which the glObal 
variable thePort points to, you can give the following instructions: 

MOVE.L GRAFGLOB(A5),AO ; Point to QuickOraw globals 
MOVE.L THEPORT(AO),Al ; Get current grafPort 
MOVE.' PNLOC+H(Al),DO ; Get thePortA.pnLoc.h 

E.ll.4 ProcedUres CI1d Ft.I1Ct1crn 
To call a QuickDraw procedure or function, you must pUSh all parameters to it 
on the stack, then JSR to the function or procedure. When you link your 
program with QuickDraw, these JSRs are adjusted to refer to QuickOraw's 
jump table, so that a JSR lnto the table redirects you to the actual location 
of the procedure or function. 
The only difficult part about calling QulckOraw procedures and functions is 
staCking the parameters. You must follow some strIct rules: 

• Save all registers you wish to preserve before you begin pUShing 
parameters. Any QuickOraw procedure or function can destroy the 
contents of the registers AD, A1, ~O, 01, and 02, but the others are never 
alterec1. 

• Push the parameters in the order that they appear In the Pascal procedural 
interface. 

• For booleans, push a byte; for integers and characters, push a word; for 
pointers, handles, long integers, and reals, puSh a lOng. 

• For any structured variable longer than I.\. bytes, push a pointer to the 
variable. 
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• For all var parameters, regardless of sIze, pUSh a poInter to the varIable. 
• When callIng a function, fJISt puSh a null entry equal to the size of the 

function result, then PUSh all other parameters. The result will be left on 
the stack after the function returns to you. 

This makes for a lengthy interface, but it also guarantees that you can mock 
up a Pascal versIon Of your program, and later translate It Into assembly code 
that works the same. For example, the Pascal statement 

blackness := GetPixel(50,nwsePos.v); 

would be wr1tten 1n assembly language llke thIs: 
CLR.' -(SP) ; save space for boolean result 
MOVE.' ISO, -(SP) ; Push OO1stCllt 50 (decinal) 
tIlVE.I toJSEpos+v,-(SP) ; Push the value of nwsePos.v 
JSR GETPlXEL ; call routine 
tIlVE.I (SP)+, BLACI<t£SS ; Fetch result from stack 

This Is a simple example, pUShing and pulling word-long constants. Normally, 
youtH be pUShIng more p01nters, usIng the PEA (PUSh Effective Address) 
instruction: 

FilIRoundRect(~t,l,thePortA.pnSize.v,White); 

PEA 
tIlVE.' 
tIlVE.L 
I1lVE.L 
tIlVE.I 
PEA 
JSR 

MVRECT ; PUsh po1nter to myRect 
11, - (SP) ; Push consta'lt 1 
GRAfGJE(A5), AO ; Po1nt to c;.u1CkDraw glcnns 
llEPmT( AO), Al ; Get current grafPort 
PNSIZE+V(Al),-(SP); Push value of thePOrtA.pnSize.v 
WHITE (AO) ; PUsh pointer to global variable White 
FILLRflNH:CT ; Gall the stJlroutine 

To call the TextFace procedure, puSh a word in which eaCh of seven bits 
represents a stylist1c variat1on: set bit 0 for bold, bit 1 for ltaUc, bit 2 for 
t.nderllne, bit 3 for outline, bit 4 for ShadoW, bIt 5 for condenSe, and bit 6 for 
exteOO. 
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E.12 Graf3D: Tnree-DlmenslonaI Gr~cs 
Graf30 helps you map three-dimensional images onto the two-dimensional 
space used by QulcKDraw. If thIs Is your first exposure to three-dimensional 
graphics, you w111 find Graf30's standard procedures and functions a great help 
in producIng visually excltlng graphs, Charts, and drawIngs. If you are familiar 
wi th Applegraphics for the Apple II, you w111 feel right at home with Graf30's 
use Of real varIables and WOrld coordInates. 
WIth three-dImensional graphIcs you can present Objects in true perspective, 
which will evoKe for users their everyday environmenL Graf3D helps you 
represent complex business information pictorially; for example, a manager can 
see important relationships among sales, profits, and advertising dollars in a 
three-dimensional graph. 
You may be interested in a more theoretical discussion of three-dimensional 
graphics, Including an explanation Of some of the basic concepts of Graf3D, 
such as the viewing pyramid. A good, illustrated discussion appears in the 
sectlon on three-dImensIonal computer graphics In PrInciples Of InteractIve 
computer Grapnics by Willlam M. Newman and Robert F. Sproull (New York: 
MCGraw-HlIl, 1973~ 

E.12.1 HoW Graf3D Is Related to QulcI<Draw 
Graf30 Is a Pascal unit that makes the QuickOraw calls necessary to prOduce 
three-dimensional graphiCS. It provides you wIth an easy-to-use real number 
interface to QuickDraw's integer coordinates. You could, Of course, write 
your own QulckDraw calls to perform the same functions Graf3D provides for 
you, but that would be a llttle like going to the trouble of writing your own 
compiler. 

E.12.2 Features of Graf3D 
• A 1.:'8fl7elC1-eye vIew. ThIs allows you to set the point of vIew from whIch 

the observer sees the object independently from the coordinates of the 
object 1 tsel f. The camera Is set up wI th the VIewport, LOOKAt, and 
View Angle procedures. You can set the focal length of the camera as If 
you had a ChoIce Of telephOto, wide angle, or normal lenses. 

• Tnl-e8-{lln1ensional ClippilJg f.O a flUB t?Yl-an1Ja The apex of the pyramid is 
at the point Of the camera eye, and the base of the pyramid is equivalent 
to the ViewPort. When you use the Cllp3D function, Only Objects forward 
of the camera eye and wi thin the pyramid are displayed on the screen. 

• Two-dImensIonal poInt and lIne capabIlIty lIslng real coordInates. Graf3D 
provides commands corresponding to the QuickOraw commands but using 
real coordInates Instead of Integers. Wlth real coordInates you have a 
larger dynamic range for graphiCS calculations; with integer coordinates 
you get faster drawing time. For reals, the range 1s 

1.4 x 10-45 to 3.4 x 1038 
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• Two-llln]8l)J1onal OJ" thl-ee-lllntellSionall"lJtatJon. You can rotate an object 
along any or all axes sImultaneously, using the Pitch, Yaw, and Roll 
procedures. 

• T.ranslation and scaling Of ooJects in one or more axes simultaneously. 
Translation means movement anywhere in three-dimensional space. Scaling 
means shrinking or expanding. 

E.12.3 Graf3D Data Types 
Graf3D declares and uses the following data types: 
PoInt3D: A Polnt3D contains three real number coordInates: x, y, and z. 

Graf3D uses x, y, and Z for real number coordinates to distinguish 
between the h and v integer screen coordInates in QulcKDraw. 

Point2D: A Point2D is just liKe a Point3D but contains only x and y 
coordinates. 

XfMatrlx: The XfMatrlx Is a 4x4 matrix Of real values" used to hold a 
transformation equation. Each transforming routine alters this 
matrIx so that it contaIns the concatenated effects of all 
transformations applied. 

Port3DPtr: A Port3OPtr is a pointer to a Port3O. 

Port3D: A Port3D contaIns all the state variables needed to map real 
number coordinates into integer screen coordinates. They are as 
follows: 
GPort: a pointer to the grafPort associated with this Port3D. 
viewRect: the viewing rectangle within the grafPort; the base of the 

viewing pyramid. 
xLeft., yTop, xRlght., yBottom: world coordinates corresponding to 

the viewRecl 

pen: three-dImensional pen location. 
penPrime: the pen location transformed by the xFonn matrix. 
eye: three-dimensional viewpoint location established by ViewAngle. 
hSize, VSize: half-width and half-height of the viewRect in screen 

coordinates. 
hCenter, vGenter: center of the vieWRect in screen coordinates. 
XCOtal" yCotan: viewing cotangents set up by ViewAngle, used by 

Clip3D. 
ident: a boolean that allows the transformation to be Skipped when 

when xForm is an identity matrix. 
xFonn: a 4x4 matrix that holds the net result of all transformations. 
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E.12.4 Graf3D Procewres a1d FlflCtions 
The followIng procedures and functions are provided In Graf3D. 
ProcedUre ~3OPOrt(port: Port3lPtr); 
cpen3DPort Initializes all the fields of a Port3D to their defaults, and makes 
that Port3D the current one. Gport Is set to the currently open grafPort. 
The defaults established are: 

thePort30: =port; 
portA.GPort:=thePort; 
ViewPort(thePortA.portRect); 
11TH thePortA.portRect 00 LOOKAt(left,top,rlght,bottom); 
Vie~le(O); -
Identity; 
tIoveTo30(O,O,O); 

ProcedUre setport30(port: Port3OPtr); 

SetPort3D maKes port the current Port3D and calls Setport for that Port3D's 
associated grafPort. SetPort3D allows an application to use more than one 
Port3D and swItch between them. 

ProcedUre GetPort3D( var port: Port3OPtr); 
GetPort3D returns a pointer to the current Port3D. This procedure is useful 
when you are using several Port3Ds and want to save and restore the current 
one. 

ProcedUre MoveTo2O(~y: real); Procewre MoveT030(X,y,Z: real); 
ProceOure t1Ove2O(OX" oy: real); ProceOJre t1Ove30(~ oy, t1z: real); 
These procedures move the pen In two or three dImensIons without drawIng 
lines. The real number coordinates are transformed by the xForm matrix and 
projected onto flat screen coordInates; then Graf3D calls QuicKDraw's MoveTo 
procedure with the result. 

ProcedUre LlneTo2O(~y: real); Prooet1Ure LineTo30(~y,z: real); 
Proce£JUre Llne20(dX, dy: real); Proce£JUre Llne30{ID<. dy, dZ: real); 

These procedures draw two- and three-dimensional l1nes from the current pen 
location. UneTo2D and Line2D stay on the same z-plane. The real number 
coordinates are first transformed by the xForm matrix, then clipped to the 
viewing pyramid, then projected onto the flat screen coordinates and drawn by 
calling QuickOraw's LineTo procedure. 

E-77 



Pascal Reference Manual QulckDraw 

FlIlCtion Clip3D(srcl., sm2: Point3D; var dstl., dst2: Point): tlOOlean; 

Cl1p3D clips a three-dimensional line segment to the viewing pyramid and 
returns the clipped line projected onto screen coordinates. Clip3D returns 
true if any part of the line Is visible. If no part of the line is within the 
viewing pyramid, Clip3D returns false. 

ProcedUre se1Pt30(var pt30: Point30; X, y, Z: real); 

Setpt3D assIgns three real numbers to a Polnt3D. 

ProcedUre setPt20(var pt20: Point20; x,y: real); 

SetPt2D assigns two real numbers to a Polnt2D. 

E.12.4.1 setting 4> the camera (ViewPort, LookAt, <nj VleW~le) 
Procedures ViewPort, LookAt and ViewAngle position the image in the 
grafPort, aim the camera ... and choose the lens focal length in order to map 
three-dimensional coordinates onto the flat screen space. These procedures 
may be called In any order. 

ProcedUre ViewPort(r: Rect); 
ViewPort specifies where to put the image in the grafPort. The ViewPort 
rectangle Is In integer QulckDraw coordinates, and tells where to map the 
LookAt coordinates. 

ProcedUre LookAt(left, top, right, bottom: real); 

LookAt specifies the real number x and y coordinates corresponding to the 
vlewRecl 

ProcedUre ViewAngle(angle: real); 

ViewAngle controls the amount of perspective by specifying the horizontal 
angle (in degrees) subtended by the viewing pyramid. TypIcal vIewing angles 
are 0° (no perspective), 10° (telephoto lens), 25° (normal perspective of the 
human eye)., and 80° (wIde angle lens~ 

E.13.4.2 The Transfonnation Matrtx 
The transformation matrix allows you to impose a coordinate transformation 
between the coordinates you plot and the viewing coordinates. Each of the 
transformation procedures concatenates a cumulative transformation onto the 
xFonn matrix. Subsequent lines drawn are first transformed by the xFonn 
matrix, then projected onto the screen as specified by ViewPort, LookAt, and 
VieWAngle. 

Procewre Identity; 

Identity resets the transformation matrix to an identity matrix. 
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ProceWre scale(Xfactor1yFactorlZfactor: real); 
Scale modifies the transformation matrix so as to shrink or expand by xFactor, 
yFactor, and zFCK}tor. For example, 8Cale(2.02.D.2.0) wIll make everythIng 
come out twice as big when you draw. 

ProcedUre Trmslate(dX., dYI <22: real); 

Translate modifies the transformation matrix so as to displace by dx"dy,dZ. 

ProceWre Pitch(XAngle: real); 

Pitch modifies the transformation matrix so as to rotate xAngle degrees 
around the x axis. A positive angle rotates clockwise when lOOKIng at the 
origin from positive x. 

ProceWre Yaw(yArYJle: real); 

Yaw modifIes the transformation matr1x so as to rotate yAngle degrees around 
the y axis. A positive angle rotates clockwise when lOOking at the origIn 
from posItive y. 

ProcedUre Roll(ZAngle: real); 

Roll modifies the transformation matrix so as to rotate zAngle degrees around 
the z axis. A positive angle rotates clockwise when lOOking at the origin 
from positive z. 

ProcedUre SkeW(ZAngle: real); 
Skew modifies the transformation matrix so as to skew zAngle degrees 
around tne Z axIs. Skew only cnanges tne x coordInate; the result Is mUCh 
like the slant QuickDraw gives to italic characters. (Skew(lS.0) makes a 
reasonable ltaIlc.) A posIt1ve angle rotates clockwIse when lOOkIng at tne 
origin from positive z. 

ProcedUre TrmSform(src: Point30; var dst: Point30); 

Transform applies the xForm matrix to SIC and returns tne result as dSl If 
the transformation matrix is identity, dSt will be the same as SIC. 
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E.13 QulOkOraw InterfOOe 

UNIT QuiCkOraw; 

{ copyright 1983 Apple computer Inc. } 

INTERFACE 

CONST sreCOpy 
sreOr 
sreXor 
sreBie 
notsrCCOpy 
notSrcor 
notSreXor 
notSrcBie 
patCOpy 
patOr 
patxor 
patBic 
notPatcopy 
notPatOr 
notPatXor 
notPatBic 

= 0; {the 16 transfer modes } 
= 1; 
= 2; 
= 3; 
= 4; 
= S; 
= 6; 
= 7; 
= 8; 
= 9; 
= 10; 
= 11; 
= 12; 
= 13; 
= 14; 
= IS; 

{ Qu1CkDraw color separation constants } 

normalB1 t = 0; 
inverseB1t = 1; 
redBit = 4; 
greenBit = 3; 
blueBit = 2; 
eyanB1t = 8; 
magentaBi t = 7; 
yellowBit = 6; 
blacKBit = S; 

{ normal screen mapping } 
{ inverse screen mapping } 
{ RGB additive mapping } 

{ CMVBK sUbtractive mapping } 

QlIlckDraw 

blacKCOlor = 33; 
whiteCOlor = 30; 
redColor = 205; 
greenColor = 341; 

{ colors expressed in these mappings } 

blueColor = 409; 
cyanDolor = 273; 
magentacolor = 137; 
yellowcolor = 69; 

pielParen 
picRParen 

= 0; 
~ 1; 

{ standard picture comments } 
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TYPE QOByte = -128 .. 127; 
"QOByte; 

= "QOPtr; 
= String[2SS]; 

{ blind pointer } 
{ blind handle } 

= PACKED ARRAV[O .. 7] OF 0 .. 255; 
= ARRAV[O .. 15] OF INTEGER; 
= (v, tl); 

(frame, paint, erase, invert, fill); 

Qu!ckDI8W 

QOPtr 
QDt-Iarldle 
Str2SS 
Pattern 
Bits16 
VHSelect 
GrafVerb 
Styleltem = (bOld, italic,underllne, outllne, ShadOw,conoense, 

extend); 
Style = SET OF StYlelt~ 

FontInfo = RECORD 
ascent: INTEGER; 
descent: INTEGER; 
widt1aX: INTEGER; 
leading: INTEGER; 

END; 

Point = RECORD CASE INTEGER OF 

0: (v: INTEGER; 
h: INTEGER); 

1: (Vh: ARRAV[VH5electJ OF INTEGER); 

END; 

Rect = RECORD CASE INTEGER OF 

0: (top: 
left: 
bottom: 
right: 

INTEGER; 
INTEGER; 
INTEGER; 
INTEGER); 

1: (topLeft: Point; 
botRight: Point); 

END; 
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B1 tMap = RECORD 
baseAddr: QOPtr; 
ro~Bytes: INTEGER; 
bOunds: Rect; 

END; 

Cursor = RECORD 
data: Blts16; 
mask: Blts16; 
hOtSpot: Polnt; 

END; 

Penstate = RECORD 
pnLoc: 
pnS1ze: 
pnHOde: 
pnPat: 

END; 

Point; 
Polnt; 
INTEGER; 
Pattern; 

PolyHandle = APolyPtr; 
PolyPtr = "POlygon; 
POlygon = RECORD 

polySlze: INTEGER; 
pOlyBBOX: Rect; 
polyPoints: ARRAV[O .. O] OF Point; 

END; 

RgnHandle = "RgnPtr; 
RgnPtr = "Reglon; 
Region RECORD 

QulckDraw 

rgnS1ze: INTEGER; { rgnS1ze = 10 for rectangular } 
rgnBBox: Rect; 
{ plus more data 1f not rectangular } 

END; 

P1cHandle = ~p1cPtr; 
PicPtr = "Picture; 
P1cture = RECORD 

picSize: INTEGER; 
p1cFrame: Rect; 
{ plus byte codes for picture content } 

END; 
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QDProcsPtr = AQlJProcs; 
QDProcs = RECORD 

textProc: QDPtr; 
lineProc: QOPtr; 
rectProc: QDPtr; 
rReotproc: QOPtr; 
ovalProc: QDPtr; 
arcProc: QOPtr; 
polyProc: QDPtr; 
rgnProc: QOPtr; 
bltsProc: QDPtr; 
conwnentProc: QOPtr; 
tXf1easProc: QDPtr; 
getplcProc: QOPtr; 
putPlcProc: QOPtr; 

END; 

GrafPtr = AGrafPort; 
GrafPort = RECORD 

device: 
portB1ts: 
portRect: 
v1sRgn: 
CllpRgn: 
bkPat: 
flllPat: 
pnLoc: 
pnSize: 
pnt1Ode: 
pnPat: 
pnVis: 
txFont: 
txFace: 
txt1Ode: 
tXSize: 
spExtra: 
fgColor: 
bkColor: 
colrB1t: 
patStretch: 
p1csave: 
rgnsave: 

INTEGER; 
BitMap; 
Rect; 
RgnHandle; 
RgnHancIle; 
Pattern; 
Pattern; 
Point; 
Point; 
INTEGER; 
Pattern; 
INTEGER; 
INTEGER; 
Style; 
INTEGER; 
INTEGER; 
LongInt; 
LongInt; 
LongInt; 
INTEGER; 
INTEGER; 
QOHancJle; 
QOHandle; 
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polySave: QDHandle; 
grafProcs: QOProcsPtr; 

END; 

VAR thePort: GrafPtr; 
white: Pattern; 
black: Pattern; 
gray: Pattern; 
1 tGray : Pattern; 
dkGray: Pattern; 
arrow: Cursor; 
screenBi ts: 81 tHap; 
randSeed: LongInt; 

{ GrafPort Routines } 

PROCEDURE InitGraf (glObalPtr: QDPtr); 
PROCEDURE OpenPort (port: GrafPtr); 
PROCEDURE InitPort (port: GrafPtr); 
PROCEDURE ClosePort (port: GrafPtr); 
PROCEDURE SetPort (port: GrafPtr); 
PROCEDURE GetPort (VAR port: GrafPtr); 
PROCEDURE GrafDevice (device: INTEGER); 
PROCEDURE SetPortB1ts(bm: B1tMap); 
PROCEDURE PortSize (~idth,height: INTEGER); 
PROCEDURE MovePortTo (leftGlObal,topGlObal: INTEGER); 
PROCEDURE setOrlgin (h, v: INTEGER); 
PROCEDURE setC11p (rgn: RgnHandle); 
PROCEDURE GetClip (rgn: RgnHandle); 
PROCEDURE C11pRect (r: Rect); 
PROCEDURE BackPat (pat: Pattern); 

{ CUrsor Rout1nes } 

PROCEDURE In1tCUrsor; 
PROCEDURE setCUrsor(crsr: cursor); 
PROCEDURE H1deCUrsor; 
PROCEDURE ShoWCUrsor; 
PROCEDURE ObscureCUrsor; 
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{ Line Routines } 

PROCEDURE HidePen; 
PROCEDURE ShowPen; 
PROCEDURE GetPen (VAR pt: Point); 
PROCEDURE Getpen5tate(VAR pnState: PenState}; 
PROCEDURE setPenState(pnstate: pen8tate); 
PROCEDURE PenSize (width, height: INTEGER); 
PROCEDURE PenMOde (rode: INTEGER); 
PROCEDURE PenPat (pat: Pattern); 
PROCEDURE PenNormal; 
PROCEDURE NoveTo 
PROCEDURE Move 
PROCEDURE LineTo 
PROCEDURE Line 

(h, v: INTEGER); 
(dh,dV: INTEGER); 
(h, v: INTEGER); 
(dh,dV: INTEGER); 

(font: INTEGER); 
(face: Style); 
(rode: INTEGER); 
(s1ze: INTEGER); 
(extra: LongInt); 
(00: char); 
(s: Str2SS); 

QulckDraw 

{ Text Routines } 

PROCEDURE TextFont 
PROCEDURE TextFace 
PROCEDURE TextMOde 
PROCEDURE TextSize 
PROCEDURE SpaceExtra 
PROCEDURE DraWChar 
PROCEDURE DrawString 
PROCEDURE DrawText 
FUNCTION CharWidth 
FUNCTION Stringwidth 
FUNCTION TextWidth 

(textBuf: QDPtr; firstByte,byteCOunt: INTEGER); 
(ch: CHAR): INTEGER; 
(s: Str255): INTEGER; 
(textBuf: QOPtr; firstByte,byteCount: INTEGER): 

INTEGER; 
PROCEDURE GetFontInfo (VAR info: FontInfo); 

{ Point calculations } 

PROCEDURE AddPt (src: Point: VAR dst: Point): 
PROCEDURE SUbPt (src: Point; VAA dst: Point); 
PROCEDURE 5etPt (VAR pt: Point; h,v: INTEGER); 
FUNCTION Equalpt (pt1 ... pt2: Point): BOOLEAN; 
PROCEDURE SCalePt (VAR pt: Point; fromRect,toRect: Rect); 
PROCEDURE MapPt (VAR pt: Point; fromRect,toRect: Rect); 
PROCEDURE LocalToGlobal (VAR pt: point); 
PROCEDURE GlObalToLocal (VAR pt: point); 
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{ Rectangle Calculations } 

PROCEDURE setRect (VAR r: Rect; left" top" right" OOttom: INTEGER); 
FUNCTIOO Equa1Rect (recti, rect2: Rect): BOOlEAN; 
FUNCTIOO El1f)tyRect (r: Rect): BOOlEAN; 
PROCEDURE OffsetRect (VAR r: Rect; dh,dV: INTEGER): 
PROCEDURE MapRect (VAR r: Rect; fronAect, toRect: Rect).: 
PROCEDURE InsetRect (VAR r: Rect; dh,dV: INTEGER): 
FUNCTION sectRect (srcl" src2: Rect; VAR dstRect: Rect): BOOLEAN; 
PROCEDURE unionRect (srcl,src2: Rect; VAR dstRect: Rect); 
FUNCTION PtInRect (pt: Polnt; r: Rect): BOOLEAN; 
PROCEDURE Pt2Rect (ptl,pt2: POint; VAR dstRect: Rect); 

{ Graphical Operat1ons on Rectangles } 

PROCEDURE FrameRect (r : Rect); 
PROCEDURE PaintRect (r: Rect); 
PROCEDURE EraseRect (r : Rect); 
PROCEDURE InvertRect (r: Rect); 
PROCEDURE F111Rect (r: Rect; pat: Pattern); 

{ RoundRect Routines } 

PROCEDURE FrameRoundReot (r: Reot; ovWd,ovHt: INTEGER); 
PROCEDURE PalntRoundRect (r: Rect; ovWO"ovHt: INTEGER); 
PROCEDURE EraseRot.rldReot (r: Rect; ovWd, ovHt: INTEGER); 
PROCEDURE InvertRoundRect (r: Rect; ovWd"ovHt: INTEGER); 
PROCEDURE FillRoundRect (r: Reot; ovWd,ovHt: INTEGER; pat: Pattern); 

{ Oval Routines } 

PROCEDURE Frameova1 (r: Rect); 
PROCEOlR: PaintOVal (r: Rect); 
PROCEDURE Eraseoval (r: Rect); 
PROCEDURE InvertOVal (r: Rect); 
PROCEDURE F1110va1 (r: Reot; pat: Pattern); 

{ Arc Routines } 

PROCEDURE FrameArc (r: Rect; startAng1e,arcAngle: INTEGER); 
PROCEDURE PaintArc (r: Rect; startAng1e"arcAngle: INTEGER); 
PROCEDURE EraseArc (r: Reot; startAngle,arCAngle: INTEGER); 
PROCEDURE InvertArc (r: Rect; startAngle"arcAngle: INTEGER); 
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PROCEDURE Fl11Arc (r: Rect; startAngle,arCAngle: INTEGER; pat: 
Pattern); 

PROCEDURE PtToAngle (r: Rect; pt: Point; VAR angle: INTEGER); 

{ Polygon Routines } 

FUNCTION OpenPoly: 
PROCEDURE ClosePoly; 
PROCEDURE KillPoly 
PROCEDURE OffsetPoly 
PROCEDURE t1apPoly 
PROCEDURE FrsnePoly 
PROCEDURE PaintPoly 
PROCEDURE ErasePoly 
PROCEDURE InvertPol y 
PROCEDURE FillPoly 

PolyHandle; 

(poly: PolyHanclle); 
(poly: PolyHanclle; dh, dV: INTEGER); 
(poly: PolyHanclle; fronflect,toRect: Rect); 
(poly: PolyHanclle); 
(poly: PolyHanclle); 
(poly: PolyHandle); 
(poly: PolyHanclle); 
(poly: PolyHandle; pat: pattern); 

{ Region calculations } 

FUNCTION Ne~: Rg1iandle; 
PROCEDURE DisposeRgn(rgn: RgnHandle); 
PROCEDURE COpyRgn ( srcRgn, dstRgn: RgnHaIldle); 
PROCEDURE setE~tyRgn( rgn: RgnHandle); 
PROCEDURE setRectRgn(rgn: Rg1iandle; left, top, right, bOttom: INTEGER); 
PROCEOlR: RectRgn (rgn: RgnHandle; r: Rect); 
PROCEDURE 0penRgn; 
PROCEDURE CloseRgn (dStRgn: RgnHandle); 
PROCEDURE OffsetRgn (rgn: RgnHandle; dh,dV: INTEGER); 
PROCEDURE MapRgn (rgn: RgnHandle; fr~ect, toRect: Rect); 
PROCEDURE InsetRgn (rgn: RgnHandle; dh,dV: INTEGER); 
PROCEDURE 5ectRgn (srcRgnA, srcRgnB, dstRgn: RgnHandle); 
PROCEDURE lJnionRgn (srcRgnA, srcRgnB, dstRgn: RgnHancUe); 
PROCEDURE DiffRgn (srcRgnA, srcRgnB, dStRgn: RgnHandle); 
PROCEDURE xorRgn (srcRgnA .. srcRgnB .. dstRgn: RgnHandle); 
FUNCTION EqualRgn (rgnA, rgnB: RgnHandle): BOOLEAN; 
FUNCTION Eq:>tyRgn (rgo: RgnHandle): BOOLEAN; 
FUNCTION PtInRgn (pt: point; rgn: RgnHandle): BOOLEAN; 
fUNCTION RectInRgn (r: Rect; rgn: RgnHandle): BOOlEAN; 

{ Graphical Operations on Regions } 

PROCEDURE FrameRgn (rgn: RgnHandle); 
PROCEDURE PaintRgn (rgn: RgnHandle); 
PROCEDURE EraseRgn (rgn: RgnHandle); 
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PROCEDURE InvertRgn (rgn: RgnHandle); 
PROCEDURE FillRgn (rgn: RgnHandle; pat: Pattern); 

{ Graphical Operat1ons on B1tMaps } 

PROCEDURE scrollRect(dstRect: Rect; dh,dV: INTEGER; updateRgn: 
rgnHandle); 

PROCEDURE COpyBits (srcBits,dstBits: BitMap; 
srcRect,dstRect: Rect; 
mode: INTEGER; 
maskRgn: RgnHandle); 

{ Picture Routines } 

FUNCTION OpenPicture(picFrane: Rect): PicHandle; 
PROCEDURE ClosePicture; 
PROCEDURE DrawPicture(~icture: P1cHandle; dstRect: Rect); 
PROCEDURE PicConment(kind, dataSize: INTEGER; dataHandle: QOHandle); 
PROCEDURE KillPicture(~icture: PioHandle); 

{ The Bottleneck Interface: } 

PROCEDURE setStcProcS(VAR procs: QOProcs); 
PROCEDURE StdText (count: INTEGER; textAddr: QOPtr; numer,denom: 

PROCEDURE Stdl1ne 
PROCEDURE StdRect 
PROCEDURE StdRRect 
PROCEDURE StdOVal 
PROCEDURE StdArc 

Point); 
(newPt: P01nt); 
(verb: GrafVerb; r: Rect); 
(verb: GrafVerb; r: Rect; OVWd,ovHt: INTEGER); 
(verb: GrafVerb; r: Rect); 
(verb: GrafVerb; r: Rect; startAngle,arcAngle: 

INTEGER); 
PROCEDURE StdPoly (verb: GrafVerb; poly: PolyHandle); 
PROCEDURE StdRgn (verb: GrafVerb; rgn: RgnHandle); 
PROCEDURE StdBi ts (VAR srcBi ts: B1 tMap; VAR srcRect, dstRect: Rect; 

rode: INTEGER; maSkRgn: RgnHandle); 
PROCEDURE StdConlnent (kind, data5ize: INTEGER; dataHandle: QOHanclle); 
FUNCTION stdTxMeas (count: INTEGER; textAddr: QOPtr; 

VAR numer,denOm: Point; 
VAR 1nfo: FontInfo): INTEGER; 

PROCEDURE StdGetPic (dataPtr: QOPtr; bytecount: INTEGER); 
PROCEDURE StdPutP1c (dataPtr: QOPtr; bytecount: INTEGER); 
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{ M1se Ut1l1ty Rout1nes } 

FUNCTION GetPlxel (h, V: INTEGER): BOOLEAN; 
FUNCTION Random: INTEGER; 
PROCEDURE Stuff Hex (thlngptr: QDPtr; s:Str255); 
PROCEDURE Forecolor (color: LongInt); 
PROCEDURE BackCOlor (color: Longlnt); 
PROCEDURE COlorS1t (wn1ch8it: INTEGER); 

E.13.1 Graf30 interfaCe 

{$S Graf } 

UNIT Graf3D; 

QulCkOraw 

{ three-dimensional graphics routines layered on top of QuickDraw } 

INTERFACE 

USES {$tJ QO/QuiCkDraw.OBJ} Qu1CkDraw; 

CONST radConst=S7.29578; 

TVPE Point3D=RECORD 
x: REAL; 
y: REAL; 
Z: REAL; 

END; 

Polnt20=RECORD 
x: REAL; 
y: REAL; 

END; 

XfMatrix = ARRAV[O .. 3,O .• 3] OF REAl; 
Port3OPtr II "Port3D; 
Port3D = RECORD 

GPort: GrafPtr; 
vlewReet: Reet; 
Xleft, yTop, xR1ght, yBottom: REAL; 
pen, penPr11re, eye: Polnt3D; 
hSize,vSize: REAL; 
hCenter, vCenter : REAL; 
xCotan, yCotan : REAL; 
ldent: BOOLEAN; 
xForm: XfMatrix; 

END; 
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VAR tnePort30: Port3OPtr; 

PROCEDURE Open3OPort (port: Port3OPtr); 
PROCEDURE 5etPort3D (port: Port30Ptr); 
PROCEDURE GetPort30 (VAR port: Port3OPtr); 

PROCEDURE HoveTo2O(x,y: REAL); PROCEDURE HoveTo30(x,y,Z: REAL); 
PROCEDURE L1neT02D(x,y: REAL); PROCEDURE L1neTo30(x,y,Z: REAl); 
PROCEDURE Hove2D(dx,dy: REAL); PROCEDURE Move30(dx,dy,dZ: REAL); 
PROCEDURE L1ne2D(dX,dy: REAl); PROCEDURE L1ne3D(dx,dy,dZ: REAL); 

PROCEDURE V1elJlPort (r: Rect); 
PROCEDURE LOOkAt (left, top, right, bottom: REAL); 
PROCEDlft V1e.Angle (angle: REAL); 
PROCEDURE Identity; 
PROCEDURE Scale 
PROCEDURE Translate 
PROCEDURE P1 too 
PROCEDURE Vaw 
PROCEDURE Roll 
PROCEDURE Skew 
PROCEDURE TransForm 
FUNCTION C11p30 

PROCEDURE setPt3D 
PROCEDURE 5etpt20 

(xFactor, yFactor, zFactor: REAL); 
(dX, dy, dZ: REAL); 
(xAngle: REAL); 
(yAngle: REAL); 
(ZAngle: REAL); 
(zAngle: REAL); 
(src: Po1nt30; VAR dst: Po1nt30); 
(srcl,src2: Polnt30; VAR dstl,dst2: POINT): 

BOOLEAN; 

(VAR pt3D: Point30; x,y,z: REAL); 
(VAR pt20: Point2D; X, y: REAL); 
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E.t4 QulCkDraW 8afJ1)le ProgrCIus 
This section provides listings Of two sample programs that are inclUded with 
the WOrkshop software. 

E.14.1 QIJSar4lle 
The program QIJSar4lle (in the file QOIQOSa IIple. TEXl) CIemOnstrates 
different things that QulCkDraw can do. Its output Is Shown In Figure E-26. 

Text 

Bold 
Itolic 
Underline 

~!tm1 

~ 

RoundRects 

took what you can draw with QuickDraw 

Rectangles 

Bit Images Wedges 

~ ~ .at 
~m~ 

Ovals 

,~ ''''0 
. 

Ill/i'/ 
\\\\\\\ 
111/1/ 

,\\\\\\' 

"""'~..J-/ 

Fl~E-26 
QIJSar4l1e 

The fIle QDlM/QIJSafT1)le. TEXT Is an exec fHe that can be used to rebulld 
thIs sample program. Disregard any warning messages from the llnker aboUt 
name conflIcts. 
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PROGRAM QOSanple; 

{ Sample program illlustrating the use of QuickDraw. } 

USES {$U QO/QuiCkDraw.OBJ} QuickDraw .. 
{$U QO/QOSUpport.OBJ} QOSupport; 

TYPE IconData = ARRAY[O .. 95] Of INTEGER; 

VAR heapBuf: 
myPort: 
icons: 

ARRAY[O .. 10000] OF INTEGER; 
GrafPort; 
ARRAY[O . .5] Of IconData; 

FUNCTION HeapFUll(hZ: QOPtr; bytesNeeded: INTEGER): INTEGER; 

QulckDraw 

{ this function will be called if the heapzone runs out of space } 
BEGIN 

WRITELN(' The heap is full. The program rust now terminate! '); 
Halt; 

END; 

PROCEDURE Ini tIcons; 
{ Manually stuff some icons. Normally we would read them from a file } 
BEGIN 

{ Lisa } 
StuffHex(micons[O, 0], 'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOlfFFFFfFFC'); 
StuffHex(micons[0 .. 12] .. '0060000000060180000000OB060000000013OFFFFFFFFFA3'); 
StUffHex(miconS[0,24], '18000000004311fFfff0002312000008OF23120000OBf923'); 
StUffHex(mlcons[O .. 36], '120000080F23120000OB0023120000OB0023120000OBOF23'); 
StuffHex(mlcons[O,48], '1200000Bf9231200000S0f231200000B002311FfFfF00023'); 
StUffHeX(mlcons[O .. 60] .. 'OS000000004307FFFFFFFFA3010000000026OFFfFFFFFE2C'); 
StUffHex(micons[0,72], '18000000013832AAAAASA9f065555551538OC2AAAA82A580'); 
StUffHex(mlcons[0 .. 84] .. '8000000009SOFFFFFFFFF300S0000000160OFFFFFFFFfCOO'); 

{ Printer } 
StuffHex(micons[l, 0], '000000000000000000000000000000000000000000000000'); 
StUffHex(mlconS[1 .. 12], '00000000000000007FFFFF000000800002S0000111514440'); 
StUffHex(mlconS[1,24] .. '0002000008400004454510400004000017COOOO4A5151000'); 
stUffHex(micons[l,36], '0004000010000004A54510000004000017FEOOF4A5151003'); 
StuffHex(mlconS[l,48], '0184000013870327ffffflOf06400000021BOCffffFFfC37'); 
StUffHex(mlconS[1 .. 60] .. 'lS000000006B3000000000077FFFFFFFFFABC00000000356'); 
StuffHex(mlconS[l,72], '8000000001AC87F00000015884100OCCCIBOB7FOOOCCC160'); 
StUffHex(mlconS[l,84] .. 'SOOOOOOOOlCOC000000003S07FFFFFFFFF0007S00001EOOO'); 
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{ Trash Can } 
StUffHex(iilcons[2, 0], '000001FCOOOOOOOOOE060000000030030000000OC0918000'); 
StuffHex(mlconS[2,12), '00013849800000026C4980000004C0930000000861260000'); 
StuffHex(iilconS[2,24], '0010064FE0000031199830000020E6301800002418EOOBOO'); 
StUffHex(mlcons[2,36), '0033E3801C0000180E002COOOOOFF801CC0000047FFEOCOO'); 
StuffHex(mlconS[2,48), '000500004C0000OS259A4C0000052SOA4C00000525FA4C00'); 
StuffHex(mlconS[2,60), '000524024C00000524924C00600524924C0090E524924C7C'); 
StuffHex(mlcons[2,72), '932524924C82A44524924001C88S24924CFIOC4524924C09'); 
StUffHex(mlcons[2,84), '0784249258E70003049233100000EOOOE40800001FFFC3FO'); 

{ tray } 
StuffHex(mlcons[3, 0), '000000000000000000000000000000000000000000000000'); 
StuffHeX(m1cons[3,12), '0000000000000000000000000000000000000007FFFFFFFO'); 
StUffHex(mlconS[3,24], 'OOOE00000018001A00000038003600000078006A000000D8'); 
StuffHeX(m1cons[3,36], 'OOO7FFFFFFB801AC000003580358000006BB07FCOOOFFD58'); 
StUffHeX(iilconS[3,48], '040600180AB80403FFF00D58040000000AB8040000000058'); 
StuffHeX(m1conS[3,60], '040000000ABB07FFFFFFFD5806ACOOOOOAB8055800000DS8'); 
StUffHex(mlconS[3,72], '06B000000AB807FCOOOFFD70040600180AE00403FFFOOOCO'); 
StUffHex(m1conS[3,84], '040000000B8004000000OF00040000000E0007FFFFFFFCOO'); 

{ F1le Cab 1 net } 
StUffHex(iilconS[4, 0), '0007FFFFFC0000080000OCOOOOI000001C00002000003400'); 
StUffHex(m1conS[4,12], '004000006COOOOFFFFFFD40000800000ACOOOOBFFFFED400'); 
StUffHex(&lconS[4,24), 'OOA00002ACOOOOA07F02D40000A04102ACOOOOA07F02D400'); 
StuffHex(m1conS[4,36], 'OOA00002ACOOOOAOB082D40000AOFF82ACOOOOA000020400'); 
StUffHeX(iilconS[4,48], 'OOA00002ACOOOOBFFFFED40000800000ACOOOOBFFFFED400'); 
StuffHex(m1conS[4,601, '00A00002ACOOOOA07F02D40000A04102ACOOOOA07F02D400'); 
StUffHex(&1cons[4,72), 'OOA00002ACOOOOAOBOB2D40000AOfF82ACOOOOA00002D800'); 
StuffHex(m1conS[4,841, '00AOOOO2B0000OBFFFFEE0000080000OCOOOOOFFFFFF8000'); 

{ dratrrer } 
StUffHex(mlcons[S, 0), '000000000000000000000000000000000000000000000000'); 
StUffHex(m1cons[S,12], '000000000000000000000000000000000000000000000000'); 
StUffHex(mlcons[S,24], '000000000000000000000000000000000000000000000000'); 
StUffHex(mlcons[5,36], 'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOlFFFFFFO'); 
StuffHex(iilcons[S,48], '000038000030000068000070000008000000003FFFFFFIBO'); 
StuffHex(mlcons[SI60], '0020000013S00020000016B000201FEOID50002010201ABO'); 
StUffHeX(iilconS[5,72], '00201FEOl560002000001AC0002000001580002020101BOO'); 
StuffHex(mlconS[S,84], '00203FF01600002000001C00002000001800003FFFFFFOOO'); 

END; 
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PROCEDURE orawIcon(1lIh1chIcon, h, V: INTEGER); 
VM sroB1 ts: B1 tHap; 

srcRect, OstRect: Rect; 
BEGIN 
srcB1ts.baseAddr:=m1conS[Wh1OhIcon]; 
srcB1ts.rowBytes:=6; 
5etRect(srCB1ts.bOUnCIS, 0,0,48,32); 
srcRect:=srCB1ts.boUndS; 
astRect:=srcRect; 

QlIlckDraw 

OffsetRect(dstRect,h,v); 
COpyBlts(srCBlts,thePort~.portB1ts,srcRect,OstRect,srCOr,N11); 

EN); 

PROCEDURE orawStUff; 

VAR 1: INTEGER; 
teftl)Rect: Rect; 
myPoly: Po lyHcn1 Ie; 
myRgn: RgnHandle; 
myPattern: Pattern; 

BEGIN 
stUffHex(~attern, '8040200002040800'); 

t~ect :.. ttlePort;'. portRect; 
Cl1pRect(tempRect); 
EraseRoundRect( teqlReot, 30, 20); 
FrameRounoRect( tempRect, 30, 20); 

{ draw two hOr1zontal l1nes across the top } 
ttoveTo(O,18); 
l1neTo(719,18); 
ttoveTo(0,20); 
l1neTo(719,20); 

{ Oraw d1v1der l1nes } 
tIoveTO(0,134); 
llneTo(719,134); 
ttoveTo(0,248); 
l1neTo(719,248); 
ttoveTo(240,21); 
llneTo(240,363); 
NoveTo( 480,21); 
l1neTo(480,363); 
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{ draw title } 
TextFont(O); 
HoveTo(210,14); 
Drawstring("LOOk what you can draw with QuickDraw'); 

{--------- draw text samples --------- } 

Move To (80, 34); DraWString( 'Text "); 

TextFace([bold]); 
HoveTo(70,55); DrawStr1ng('Bold'); 

TextFace([italic]); 
MoveTo(70,70); DrawString("Italic'); 

TextFace([underline]); 
HoveTo(70,85); DrawString('Underline'); 

TextFace([outline]); 
HoveTo(70,100); DrawString('OUtline"); 

TextFace([shadow]); 
MoveTo(70,115); DrawString('ShadDw'); 

TextFace([]); {restore to normal} 

{ --------- draw line samples --------- } 

MoveTo(330,34); DraWString('lines'); 

HoveTo(280, 25); Line(160,40); 

PenS1ze(3,2); 
HoveTo(280,35); Line(160,40); 

PenSize(6,4); 
HoveTo(280, 46); L1ne(160,40); 

PenSize(12,8); 
PenPat(gray); 
HoveTo(280,61); Line(160,40); 
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PenSize(15,10); 
PenPat(myPattern); 
t1oveTo(280,80); Llne(160,40); 
PenNormal; 

{ --------- draw rectangle samples --------- } 

HoveTo (S6 0, 34); OraWString('Rectangles'); 

SetRect(tellJ)Rect, 510, 40, 570, 70); 
FrameRect(tempRect); 

OffsetRect(tempRect,25,15); 
PenSize(3,2); 
EraseRect(tempRect); 
FrameRect(tempRect); 

OffsetRect(tempRect,25,15); 
PalntRect(tempRect); 

OffsetRect(tempRect,25,15); 
PenNormal; 
Fi 1 1 Rect(tempRect, gray); 
FrameRect(tempRect); 

OffsetRect(tempRect,25, 15); 
FillRect(tempRect,myPattern); 
FrameRect(tempRect); 

{ --------- draw roundRect samples --------- } 

MoveTo(70,148); DrawString('RoundRects'); 

SetRect(telJ1)Rect ... 30 ... 150 ... 90 ... 180); 
FromoRoundRoot(tompReot,30,20); 

OffsetRect(tempRect,25,1S); 
PenSlze(3,2); 
EraseRoundRect(tempRect,30,20); 
FrameRoundRect(tempRect,30,20); 

OffsetRect(tempRect,25,15); 
PaintRoundRect(tempRect,30,20); 
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OffsetRect(tempRect,25,15); 
PenNormal; 
F1 1 1 RoundRect(tempRect, 30, 20, gray); 
FrameRoundRect(tempRect,30,20); 

OffsetRect(tempRect,25,15); 
FillRoundRect(tempRect, 30, 20,myPattern); 
FrameRoundRect(tempRect,30,20); 

{ --------- draw bit image samples --------- } 

HoveTo(320,148); DrawString('Sit Images'); 

Drawlcon(0,266,156); 
Drawlcon(1,336,156); 
Drawlcon(2, 406,156); 
Drawlcon(3,266,196); 
DrawIcon(4,336,196); 
Drawlcon(5,406,196); 

{ --------- draw Wedge samples --------- } 

HoveTo(570,148); DrawString('WedgeS'); 

SetRect(tempRect,520,153,655,243); 
FtllArc(tempRect,135,65,dkGray); 
FillArc(tempRect,200,130,~Pattern); 
Fi1 1 Arc (teq:>Rect, 330, 75, gray); 
FrameArc(tempRect,135,270); 
OffsetRect(tempRect,20,O); 
PaintArc(tempRect,45,90); 

{ --------- draw polygon samples --------- } 

HoveTo(BO,262); DrawString('Polygons'); 
myPoly:=OpenPoly; 

HoveTo(30,290); 
LineTo(30,280); 
LineTo(50, 265); 
L1neTo(90,265); 
LineTo(BO,2BO); 
LineTo(95,290); 
LineTo(30,290); 

ClosePoly; { end of definition } 
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FramePoly(~ly); 

Off setPo ly (myPoly, 25, 15); 
PenSize(3,2); 
ErasePoly(myPoly); 
FramePoly(myPoly); 

Off setPo ly (myPoly, 25, 15); 
PaintPoly(~ly); 

Off setPoly (myPoly, 25, 15); 
PenNormal; 
FillPoly(myPoly,gray); 
FramePoly(myPoly); 

OffsetPoly(myPoly,25,15); 
FillPoly(myPoly,myPattern); 
FramePoly(myPoly); 

KillPoly(myPoly); 

{ --------- demonstrate region clipping --------- } 

MoveTo(320,262); OraWString('Regions ' ); 

myRgn: =NewRgn; 
OpenRgn; 

ShowPen; 

SetRect(tempRect, 260, 270, 460, 350); 
FrameRoundRect(tempRect,24,16); 

MoveTo(275, 335); {define triangular hole } 
lineTo(325, 285); 
lineTo(375 .. 335); 
LineTo(275o, 3350); 

SetRect(tempRect, 365,277, 445, 325); {oval hole} 
Frameoval(tempRect); 

HidePen; 
CloseRgn(myRgn); 

SetClip(myRgn); 

{ end of definition } 
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FOR i:=O TO 6 00 {draw stuff inside the clip region } 
BEGIN 
MoveTo(260,280+12*1); 
DrawString('Arbitrary Clipping Regions'); 

END; 

Cl1pRect(thePort A .portRect); 
Di sposeRgn( myRgn); 

{ --------- draw oval samples --------- } 

HoveTo(580,262); DrawString( • Ovals' ); 

SetRect(tempRect, 510,264,570, 294); 
FrameOval(tempRect); 

OffsetRect(tempRect,2S,lS); 
PenSize(3,2); 
EraseOval(tempRect); 
FrameDval(tempRect); 

OffsetRect(tempRect,2S,15); 
PaintOval(tempRect); 

OffsetRect(tempRect,25,15); 
PenNormal; 
FillOval(tempRect,gray); 
Frameoval(tempRect); 

OffsetRect(tempRect,25,15); 
FillOVal(tempRect,myPattern); 
FrameOval(tempRect); 

END; {DrawStuff} 

E-99 

QuickDmw 



P8scBi Refe.mnce H8ntJ81 QuickD.18k1 

BEGIN {main program } 
{ Initialization - Generic to all applications using QuickDraw } 
QOlnit(mheapBuf, WheapBuf[10000], ~ull); { Must do this once at 

beginning } 
OpenPort(mmyPort); 
PaintRect(thePortA.portRect); {Paint grey background } 

InitIcons; 
DrawStuff; 
Tone (2000, 500); { Beep tone of (1/2000)*10A6 == 500 cycles/sec for 

SOD milliseconds } 
Readln; {Wait until RETURN entered before terminating program } 

END. 
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El4.2 Boxes 
The program Boxes (in the file QOIBoxes. TEXT) uses the Graf30 routines to 
draw random three-dimensional boxes on a grid, as shown in Figure E-27. 

Fi~ E-27 
Boxes 

The file QOIMIBoxes. TEXT is an exec file that can be used to rebuild this 
sample program. Disregard any warning messages from the lInker about name 
conflicts. 
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PROGRAM Boxes; 

{ Sample program illustrating use of the Graf3D unit by drawing random 
3D boxes on a grid. } 

USES 
{$U QD/QuickDraw.OBJ} QuickDraw .. 
{$U QO/Graf30.OBJ } Graf3D, 
{$U QO/QOSupport. OBJ} QDSupport, 

CONST boXCount = IS; 

TYPE Box3D=RECORD 
ptl: Point3D; 
pt2: Polnt3D; 
dist: REAL; 

END; 

VAR 
heapBuf: 
GPortl: 
GPort2: 
myPort: 
myPort3D: 
boxArray: 
nBoxes: 
1: 

ARRAV[O •• 8192) OF INTEGER; 
GrafPort; 
Port3d; 
GrafPtr; 
Port3DPtr; 
ARRAY [0 •• bOxCount) OF Box3D; 
INTEGER; 
INTEGER; 

{16k bytes} 

FUNCTION HeapError(hz: QDPtr; bytesNeeded: INTEGER): INTEGER; 
{ this procedure gets called when the heap zone is full } 
BEGIN 

WRITELN('The heap is full. The program must now terminate! I); 
HAlT; 

END; 

FUNCTION Oiet8nOe(ptl, pt2: POINT30): REAL; 
VAR dx, dy, dz: REAL; 
BEGIN 

dx:=pt2.X - ptl.X; 
dy:=pt2.V - ptl.V; 
dz:=pt2.Z - ptl.Z; 
D1stance:=SQRT(dX*dx + dy*dy + dz*dz); 

END; 

E-102 



Pascal Reference Manual 

PROCEDURE HakeBox; 

VAR myBox: 
i, j, h, v: 
p1,p2: 
myRect: 
testRect: 

BEGIN 

Box30; 
INTEGER; 
Po1nt3D; 
Rect; 
Rect; 

pl.x:=Random mod 70-15; 
pl.y:=Random mod 70 -10; 
p1.z:=O.O; 
p2.x:=p1.x + 10 + ABS(Random) HOD 30; 
p2.y:=p1.y + 10 + ABS(RandOm) HOD 45; 
p2.z:=p1.z + 10 + ABS(RandOm) HOD 35; 

QuickDraw 

{ reject box 1f 1t 1ntersects one already 1n list } 
SetRect(myRect,ROUND(p1.x),ROUND(p1.y),ROUND(p2.x),ROUND(p2.y»; 
FOR 1: =0 TO nBoxes-1 00 

BEGIN 
11TH boxArray [ i] 00 

SetRect(testRect,ROUND(pt1.x),ROUNO(pt1.y), 
ROUNO(pt2.x),ROUND(pt2.y»; 

IF SectRect(myRect,testRect,testRect) THEN EXIT(HakeBox); 
END; 

myBox. pt1 : =p1; 
myBox. pt2 : :ap2; 

{ calc midpoint of box and its distance from the eye } 
p1.x:=(p1.x + p2.x)/2.0; 
p1.y:=(p1.y + p2.y)/2.0; 
pl.z:=(p1.z + p2.z)/2.0; 
Transform(p1,p2); 
myBox.dist:=D1stance(p2,myPort3D~.eye); {distance to eye} 

1:=0; 
boxArray[nBoxes].dist:-myBox.dist; { sentinel} 
WHILE myBox.dist > boxArray[i).d1st 00 1:=1+1; {1nsert 1n order of d1st} 
FOR j: -nBoxes OOWNTO i + 1 00 boxArray [j ) : -boxArray[ j-l ]; 
bOxArray[i):=~Box; 
nBoxes:=nBoxes+l; 

END; 
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PROCEDURE DrawBox(ptl, pt2: Point30); 
{ draws a 30 box with shaded faces. } 
{ only shades correctly in one direction } 
VAR t~gn: RgnHandle; 

BEGIN 
te~gn: =NeI.\lRgn; 
OpenRgn; 
MoveTo3D(ptl.~ptl.y,ptl.z); { front face, y=yl } 
LineTo30(pt1.~ ptl.y, pt2 .z); 
L1neTo3D(pt2 .x, ptl.y, pt2.z); 
L ineTo3D(pt2 . x, ptl. y, ptl. z); 
LineTo30(pt1.x, pt1.y,pt1.z); 

CloseRgn(tempRgn); 
FillRgn(tempRgn,white); 

OpenRgn; 
HoveTo30(ptl.x,ptl.y,pt2.z); { top face, z=z2 } 
LlneTo3D(pt1.x, pt2.y,pt2 .z); 
LineTo30(pt2.x,pt2.y,pt2.z); 
LineTo3D(pt2.~ ptl.y, pt2 .z); 
LineTo30(pt1.x, ptl.y, pt2.z); 

CloseRgn(tempRgn); 
fillRgn(tempRgn,gray); 

OpenRgn; 
HoveTo3D(pt2 .x, pt1.y, pt1.z); { right face, x=x2 } 

LineTo30(pt2 .x, pt1.y, pt2.z); 
LineTo3D(pt2.X,pt2.y,pt2.z); 
LineTo30(pt2. X, pt2. y, ptl. z); 
L1neTo3D(pt2 .x, ptl.y,ptl.z); 

CloseRgn(tempRgn); 
Fi 1 1 Rgn(tempRgn, black); 

PenPat(White); 
HoveTo30(pt2.x,pt2.y,pt2.z); {outline right} 
lineTo3D(pt2. X, pt2 .y, ptl.z); 
LineTo30(pt2. x, ptl.y, ptl.z); 
PenNormal; 

01 sposeRgn( teqlRgn); 
END; 
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BEGIN {main program } 
{ Initialization - Generic to all applications using QuickOraw } 
QOInit(iilheapBuf, iiheapBuf[8192], iiheapError); { t1ust do this once at 

begiming ) 

myPort := aGPortl; 
OpenPort(myPort); 
myPort3D := &GPort2; 
Open3DPort(myPort3D); 

VielllPort(myPort" .portRect); { put the image in this reet } 
LookAt(-100,7S,100,-7S); { aim the camera into 30 space } 
Vie",Angle(30); { choose lens focal length } 
Identity; Roll(20); Pitch(70); {roll and pitch tfie plane } 

PenPat ( lI1i te); 
BackPat( black); 
EraseRect(~ort".portRect); 

FOR i:=-10 TO 10 DO 
BEGIN 

HoveTo30(i*10, -100,0); 
LineTo30(i*10, +100, 0); 

END; 

FOR i:=-10 TO 10 DO 
BEGIN 

HoveTo30( -100, i *10,0); 
LineT03D( +100, i*10, 0); 

END; 

nBoxes:=O; 
REPEAT HakeBoX; UNTIL nBoxes=boxCount; 
FOR i: =nBoxes-l OOWNTO 0 00 

OrawBox(boxArray[i].pt1,boxArray[i].pt2); 

Tone(2000, 500); {Beep tone of (1/2000)*10"6 == 500 cycles/sec for 
500 milliseconds } 

ReadLn; {Wait until RETURN entered before terminating program } 

END. 
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E.15 ~rt 
The ~rt unit (in the f1le QO~rt. TEXl) provides the 
Inltlal1zatlon that you need to use QulcKDraw In the QDInlt procedUre, as well 
as procedures for simplified access to mouse tracKing, the mouse bUtton., and 
soun<l generation, and useful definitions of font numbers. For more detalled 
information on mouse-handling routines and sound, refer to ~ndlx F, 
Har(1ware Interface. 

UNIT QDSupport; 

INTERfACE 

USES 
{$U QO/unitStd.OBJ } unitStd, 
{$U QO/unitHz.OBJ } unitHz, 
{$U QDlHardware.OBJ } Hardware, 
{$U QO/Fontngr .OBJ } Fontngr, 
{$U QO/QuiCkDraw.OBJ} QuiCkDraw; 

CONST 
{---------- Font Numbers ----------} 

FTile12 = 4; {proportional} 
FTile18 = 5; {proportional} 
FTile24 6; {proportional} 
FP15Tile = 7; {Monospaced - 8 lines/inch & 15 chars/inch} 
FP12Tile = 8; {Monospaced - 6 lines/inch & 12 chars/inch} 
FP10Tile = 9; {HonospaCed - 6 lines/inch & 10 Chars/inch} 
FCent12 = 10; {proportional} 
FCent18 = 11; {proportional} 
FCent24 = 12; {proportional} 
FP12Gent = 13; {Honospaced - 6 lines/inch & 12 Chars/inch} 
FPIOCent = 14; {Honospaced - 6 lines/inch & 10 chars/inch} 
FP20Tile = 19; {HonospaCed} 
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PROCEDURE QOlnit(startPtr, I1mltPtr: QDPtr; ErrorProc: QOPtr); 
{ QDInit: Initializes QuickOraw unit by setting up its heap 

zone, global vars, cursor, and the Font Manager it 
calls 011. } 

PROCEDURE GetHouse(VAR pt: Point); 
{ GetHouse: Returns the current rouse location in the local 

coordinates of the current grafPort. } 

FUNCTION HouseButton: BOO..EAN; 
{HouseButton: Returns TRtE if the rouse button is currently held 

down, other"i se FALSE. } 

PROCEDURE Tone{waveLength, duration: LongInt); 
{ Tone: Produces a square wave tone of the specified 

wavelength (microseconds) for the ~ified duration 
(milliseconds). } 

E-107 



Pascal Refemnce Manual QlIickDl1!1W 

E.16 Glossary 
bit image: A collection of bits in memory that have a rectilinear represen­
tation. The Lisa screen is a visible bit image. 
bltfnaJt A pointer to a bit Image, the row width of that image, and its 
boundary rectangle. 

tnn:tary rectangle: A rectangle defined as part of a bitmap, Which encloses 
the active area of the bit image and imposes a coordinate system on it Its 
top left corner is always aligned around the first bit in the bit image. 

canera eye: A concept in three-dimensional graphics: the point of view and 
the viewing angle in which an object appears, independent of the objeCt's 
coordinates. 

character style: A set of stylistic variations, such as bold, italic, and 
underline. The empty set indicates normal text (no stylistic variations~ 

clipplrYJ: Limiting drawing to within the bounds of a particular area 

cliAling region: Same as clipRgn 

cliJ:Rgt The region to which an application limits drawing in a grafPort. 

coordinate plene: A two-dimensional grid. In QuickDraw, the grid coordinates 
are integers r~ing from -32768 to +32767, and all grid lines are infinitely 
thin. 

cursor: A 16-by-16-bit image that appears on the screen and is controlled by 
the mouse. 

amor level: A value, initialized to 0 when the system is booted, that keeps 
track of the number of times the cursor has been hidden. 

errpty: Containing no bits, as a shape defined by only one point 

font: The complete set of characters of one typeface, such as Century. 

fmne: To draw a shape by drawIng an outline of it 

global cooldinate system: The coordinate system based on the top left comer 
of the bit image being at (O,o~ 

Graf3D: A three-dimensional graphics unit that calls QuickDraw routines. 

grafPort: A complete drawing environment, including such elements as a 
bitmap, a subset of it in which to draw, a character font, patterns for drawing 
and erasing, and other pen characteristics. 

grafPtr. A pointer to a grafPort. 

tmdIe: A pointer to one master pointer to a dynamic, relocatable data 
structure (such as a region~ 

hotspot: The point in a cursor that is aligned with the mouse position. 

kem To stretch part of a character back under the previous character. 
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local coordinate system: The coordinate system local to a grafPort, imposed 
by the bol.n:Jary rectangle defined in its bitmap. 
mlsslfYJ syntJOl: A character to be drawn in case of a request to draw a 
character that is missing from a particular fonl 
pattem M 8-by-8-bit image, used to define a repeating design (such as 
stripes) or tone (such as gray~ 
pattern tnnfer mode: 01e of eight transfer modes for drawing lines or 
shapes with a pattern. 
picture: A saved sequence of QuickDraw drawing commallds (and, optionally, 
picture comments) that you can play back later with a single procedure call; 
also, the image resulting from these commands. 
picture conments: Data stored in the definition of a picture which does not 
affect the picture's appearance but may be used to provide additional 
information about the picture when it's played back. 

picture fnme: A rectangle, defined as part of a picture, which surrounds the 
picture and gives a frame of reference for scaling when the picture is drawn. 
pixel: The visual representation of a bit on the screen (white if the bit is 0, 
black if it's 1~ 

point: The intersection of a horlzontal grid line and a vertical grid line on 
the coordinate plane, defined by a horizontal and a vertical coordinate. 
polygm: A sequence of connected lines, defined by QuickDraw line-drawing 
Commands. 

port: GrafPort or Port3D. 
Port3D: A data structure. in Graf30 that maps three-dimensional coordinates 
into a two-dimensional QuickDraw grafPort. 
Port3£Ptr: A pointer to a Port30. 
port8its: The bitmap of a grafPorl 
portBlts..b0tn2s: The boUndary rectangle of a grafPort's bItmap. 

portRect: A rectangle, defined as part of a grafPort, which encloses a subset 
of the bitmap for ~e by the grafPort. 
regtm: Nt arbitrary area or set of areas on the coordinate plane. The 
outline of a region should be one or more closed loops. 
row width: The number of bytes in each row of a bit image. 
scale: To shrink or expand by a specified factor. 
soUd: Filled in with any pattern. 
source transfer rmde: O'le of eight transfer modes for drawing text or 
transferring any bit image between two bItmaps. 
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style: see Character style. 

thePort: A global variable that points to the current grafPort. 

thePort3D: A global variable that points to the current Port3D. 

tnmfer rTI:I1e: A specification of which boolean operation QuickDraw should 
perform when drawing or when transferring a bit image from one bitmap to 
another. 
tm'lslate: To move in three-dimensional space by a specified amount 

tm'lsfonnatlon mat.rbe same as xForm matrix. 

viewing pynmld: The portion of three-dimensional space that a camera eye 
can see. The pyramid's apex: ~s the point of the camera eye; its base is the 
viewRect in a Port3D. 

visR~ The region of a grafPort which is actually visible on the screen. 

xForm matrix: A 4x4 matrix that holds an equation to transform points 
plotted in three-dimensional coordinates into two-dimensional screen 
coordInates. 
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Hardware Interface 

The hardware interface software provides an interface for accessing and 
controlling several parts of the Lisa hardware. The hardware/software 
capabilities addressed include the rrouse, the cursor, the display, the contrast 
control, the speaker, roth Llldecoded and decoded keyboard access, the micro­
second and millisecond timers and the hardware clock/calendar. 

This appendix contains Pascal procedure and function declarations interleaved 
with text describing them. Pascal type declarations and a summary of the 
flllCtion and procedure declarations CCI1 be found in Section F.10, Interface of 
the Hardware Llnit. 

Programs using this LIlit should be compiled against the file QOlHardware.CBJ 
and linked to the file QDIHWlntl.OOJ. 

F.1 11le Mouse 
F.l.l Mouse Location 

Prt:Jce(lJre MouseLocatim (var x: Pixels; var y: Pixels); 

The motJSe is a poInting devIce used to indIcate screen locations. 
MouseLocatim returns the location of the mouse. The X -coordinate can range 
from 0 to 719, and the Y -coordinate from 0 to 363. The inl tlal mouse 
location is 0,0. 

F.l.2 Mouse Update Frapn:y 

ProceWre t1J Isel 'PdBtes (delay: MlllISectms); 

Software knowledge of the mouse location is updated periodically, rather than 
continuously. The frequency of these updates can be set by calling 
fvblSel ~tes.. The time between updates can range from 0 milliseconds 
(continuous updating) to 28 milliseroids, in intervals of 4 milliseCOlids. The 
initial setting is 16 milliseconds. 

F.L3 MlUSe SCBllf¥:J 

ProcettIre f'ob 1SeScal~ (scale:Boolem); 

ProceWre Mruse1hresh (threstold: Pixels); 

The relationship between physical mouse movements and logical mouse move­
ments is not necessarily a fixed linear mapping. Three alternatives are 
available: 1) lI1SC8led, 2) scaled for fine movement and 3) scaled for coarse 
movement Initial} y mouse movements are lI'lSCaled. 

When mouse movement is lII1scaJect, a horizontal mouse movement of x tIlits 
yields a change in the mouse X-coordinate of x pixels. Similiarly, a vertical 
movement of y units yields a change is the mouse Y -coordinate of y pixels. 
These rules apply independent of the speed of the mouse movement. 
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When mouse movement Is scaJet:t hOrizontal movements are magnified by 3/2 
relative to vertical movements. This is to compensate for the 2/3 aspect 
raUo of pixels on the screen. When scallng Is In effect, a dIstinction Is made 
between nne (small) movements cn:J ctJ8.ISe (large) movements. Fine move­
ments are sll~tly reduced, while coarse movements are magnIfIed. For scaled 
fine movements, a horizontal mouse movement of x lI'llts yields a change in 
the X-coordinate of x pixels, bUt a vertical movement of y lXlits yields a 
ctwlge of (213}*y pixels. For scaled coarse movements, a horizontal movement 
a x lI'lits yieldS a ctwlge of (3/2}*x pixels, while a vertical movements of y 
lI'lits yields a change of y pixels. 

The distinction between fine movements and coarse movements is determined 
by the still of the x and y movements each time the mouse location is 
updated. If this SlIll is at or below the tI1nJslxJlq the movement is considered 
to be a fine movement. Values of the threshold range from 0 (which yields all 
coarse movements) to 2S6 (which yields all fine movements~ Given the 
default mouse l4Jdating freq..ency, a threshold of about 8 (thIeshokfs initial 
setting) gives a comfortable transition between fine and coarse movements. 
t-aJSeSca)q enables CVld dIsables mouse scallng. r1lUSelhresh sets the 
threshold between fine cn:J coarse movements. 

F .1.4 J'IID.ISe Obneter 

Fmctim M:lJseODneter: ~yPIxels; 

In order to properly specify, desiCJl and test mice, it's important to estimate 
how far a mouse moves clIring its lifetime. MlLIseO:bneter returns the sun 
of the X a1d Y movements of the mouse since boot time. The value returned 
is in (tmealed) pixels. There are 180 pixels per inch of mouse movemenL 

F.2 The CUrsor 

ProcedJre CUnorln'BJe (hotX: Pbel!; tIltY: Pixels; heigtt: CUrsoIHeigtt; data: 
CUnmPtr; mask: CUnmPtr); 

The etmO.r is a small image that Is displayed on the screen. Its shape is 
specified by two bitmaps, called data cn:J mask. These bItmaps are 16 bIts 
wide cn:J from 0 to 32 bits hi~ The rule used to combine the bIts already 
on the screen with the data and mask Is 

screen <- (screen 51d (rot mask» xor data. 

The effect is that white areas of the screen are replaced with the cursor 
data Black areas of the screen are replaced with (not mask)xor data If the 
data and mask bitmaps are identical, the effect is to or the data onto the 
screen. 
The cursor has both a location and a hotspot The location is a position on 
the screen, with X-coordinates of 0 to 719 a1d Y -coordinates of 0 to 363. 
The hotspot is a position within the cursor bitmaps, with X- and V-coordi­
nates ranging from 0 to 16. The cursor is displayed on the screen with its 
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hOtspot at its location. If the cursor·s location is near an edge of the screen, 
the cursor image may be partially or COf'Tllletely off the screen. 

Most cursor operations cal be performed by calling the SetCursor, HdeCursor, 
ShlwCursor, and CIJscureCursor procedures defined by QuickDraw (see section 
E.9.2, CUrsor-Handling Rrutines~ Additional capabilities are provided by the 
Hardware Interface routines described below. 

The CUI'sorlmage procedure is used to specify the data bitmap, mask bitmap, 
heIght and hotspot of the cursor. Initially the cursor data and mask bitmaps 
contain all zeros, whiCh yields a blank (invisible) cursor. The initial hotspot is 
0..0. 

F.2.1 CUrsorJt1Juse T~ 

ProcedIre CUnorTnDir¥J (track: Boolean); 

ProcedIre CUnmLocat.ioo (x: Pixels; y: Pixels); 

CUrsorT~ enables and dIsables cursor I.nJckjng of the mouse. When 
tracking is enabled, the cursor location is changed to the mouse location each 
time the mouse moves. Setting the cursor location by call1ng CUrsorLocation 
will have no effect; the cursor sticks with the mouse. 
When tracking is disabled, the mouse location and cursor location are indepen­
dent Calling cursorLocation wUI move the cursor; moving the mouse will not 
When tracking is fIrst enabled (I.e., on each transItion from dIsabled to 
enabled) the mouse location Is modi fled to equal the cursor location. there­
fore, enabling tracking does not move the cursor; it does modify the mouse 
location. Initially trackIng Is enabled. 

F .2.2 1he Busy cursor 

ProcedIre BusyImage (tntX: Pixels; tIltY: Pixels; heictat: CUrsorHeictat; data: 
CUnorPtr; mask: OJrsorPtr); 

ProcedJre BusyDelay (delay: MllIisecor Ids); 

Applications may desire to display a busy CtUSOr (e.g., an hourglass) when an 
operation in progress requIres more than a few seconds to complete. The 
BusyImage procedure is used to specify the data bitmap, mask bitmap, height 
and hotspot of the busy cursor. 

A call to BusyDelay specifies that the normal cursor should current! y be 
displayed, and that display of the busy cursor· should be delayed for the 
specified runber of milliseconds. SUbsequent calls to BusyDelay override 
previous calls, postponing display of the busy cursor. If no calls to BusyDelay 
occur for the specified number of milliseconds, the busy cursor will be 
displayed until the next call to BusyOelay. 

Initially the busy cursor data and mask bitmaps contain all zeros, which yields 
a blank (invisible) cursor. The Initial hotspot is 0..0. The initial busy delay is 
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infinite, that is, the busy cursor will not be displayed until BusyDelay is 
called. 

F.3 The Display Screen 

ProcedIIe ScreenSlze (var x: Pixels; var y: Pixels); 

The display screen is a bit mapped displsy; that is, each pixel on the screen 
is controlled by a bit in main memory. The display has 720 pixels horizontally 
and 364 lines vertically, and therefore requires 32,760 bytes of main memory. 
The screen size may be determined by calling ScreenSize. 

Ftretioo FICI'JleC(ulter: Fumes; 
The screen is redisplayed about 60 times per second. A frame cOIJnter is 
incremented between screen updates, at the vertical retrace interrupt. The 
frame counter is an lIlSigned 32-bit integer which is reset to 0 each time the 
machine is booted. FICI'JleC(ulter returns this value. An application can 
synchronize with the vertical retraces by watching for changes in the value of 
this COlIlter. The frame counter should not be used as a timer; use the 
millisecond and mircosectJlld timers instead. 

f.3.1 Screen CootJast 

Ftretion Cootrast: ScreerContmst; 

ProcedIIe Setcontrast (contrast: ScreenContrast); 

The display's contrast level is under program control. Contrast values range 
from 0 to 255 ($FF), with 0 as maxinun contrast and 2SS as minilTUll. 
Cmtrast returns the contrast setting; setCont.rast sets the screen ccntrast. 
The low order two bits of the contrast value are ignored. The initial contrast 
value is 128 ($SO} 

ProcedIIe R~trast (contrast: ScreenContrast); 

A sudden change in the contrast level can be jarring to the user. 
R811JCcntmst gradually changes the contrast to the new setting over a period 
of about a second. ~ returns immediately, then ramps the 
contrast using interrupt driven processing. 

F.3.2 Al.ItomBtic Screen Fading 

Fl.I1Cti01 DimCmtrast: ScreenCa1trast; 

ProcedIIe SetOlrnCmtJast (contrast: ScreenContrast); 

The screen contrast level is automatically dirrmed if no user activity is noted 
over a specified period (usually several minutes~ This is done in order to 
preserve the screen phospher. Din'Contrast returns the contrast value to which 
the screen is dirrmed; SetDirTC01trast sets this value. The initial dim 
contrast setting is 176 ($BO~ 
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Ft.retim FadeOelay: MlllISecmds; 

ProceWre SetFadeOelay (delay: Milliseams); 

The delay between the last user activIty and dImmIng of the screen Is under 
software control. FadeOelay returns the fade delay; SetFadeOelay sets it 
The actual delay wHI range from the specIfied delay to twice the specIfied 
delay. The initial delay period Is five mInutes. 

When the screen is dim, user interaction will cause the screen contrast to 
return to its nonnal bri~t level (determined by the Cootmst cn:j SetCootrast 
routines defIned above~ I'1ovlng the mouse or pressing a key on the keyboard 
(e.g., SHIFT) is enough to trIgger the screen brIg"ltening. Calling 
CUrsorLocaUon or SetfadeOelay also indicates user activity. 

F.4 The Speaker 

Ftn:tlon Volt.me: SpeakerVolt.me; 

ProceWre SetVolt.me (volune: SpeakerVolt.me); 

ProceWre ~se (waveL.engttt MicroSeams); 

ProcedIre Slleree; 

ProcedIre Beep (waveLengttt MlcroSecoOOs; dlratlon: MilliSecmds); 

The routines in this section provide square wave output from the Lisa speaker. 
The speaker vOlt.me can be set to values in the range 0 (soft) to 7 (loud). 
Velure reads the volume setting; SetVOlune sets it The initial voIlI'1le 
setting is 4. 

Noise produces a square wave of approximately the specified wavelength. 
Silence shuts off the square wave. The minirrun wavelength is about 8 
microseconds, which corresponds to a frequency of 125,000 cycles per second, 
well above the audible range. The maxinun wavelength is 8,191 micro­
seconds, which corresponds to about 122 cycles per second. 

Noise and Silence are called in pairs to start and stop square wave output In 
contrast, Beep starts square wave output which will automatically stop after 
the specified period of time. The effects of ~lse, Silence and Beep are 
overridden by subSequent calls. 

F.5 1he Keyboard 
The routines in this section provide an interface to the k.eyboard, the k.eypad, 
the mouse button and plug, the diskette buttons and insertion switches, and 
the power switch. Two interfaces are prOVided, a pollable k.eyboard state and 
a queue of keyboard events. 

Three physical keyboard layouts are defined, the MOld US Layout" (with 73 
keys on the main keyboard and numeric keypad), the "Final US Layout" (76 
keys) and the "European Layout" (77 k.eys~ Each key has been assigned a 
key~ which uniquely identifies the key. Keycode values range from 0 to 
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127. Table F-1 defines the keycodes for the "Final US Layout", using the 
legends from the US Keyboard. The "Old US Layout" has three less keys; I\, 
Alpha Enter, and Rlglt ~tlon are not on the old keyboard. The "Europe8'l 
Layout" has one additional key, ><, wIth a keycode of $43. 

Two keys on the "Old US Layout" generate keycodes dIfferent from the 
corresponding keys on the "Final US Layout". To aid In compatibility, 
software changes the keycode for -, from S7C to $68, and the keycode for 
Right ~Uon from $68 to $4t:. 

Talle F-1 
Keycodes for ""Final US Layout-

HIGH" 000 001 
1 Lf 0 

0000 
o 

0001 
1 

0010 
2 

0011 
3 

0100 
4 

0101 
5 

0110 
6 

0111 
7 

1000 
8 

1001 
9 

1010 
A 

1011 
B 

1100 
C 

1101 
D 

1110 
E 

1111 
F 

............ 
DISK 1 ::::::::::::::::::::::: 

INSERTED '::::::::::::::::::::::: 

............ 
PARAlLEL ,::::::::::::::::::::::: 

PORT '::::::::::::::::::::::: 

l100SE 
BUTTON 

l100SE 
PLUG 

PtJlER 
BUTTON 

............ ............ ............ 
-:-:.:.:-:-:-:.:-:-:.:-: ............ 
............ ............ ............ ............ ............ ............ 
.:.:-:.:.:.:.:-:-:.:.:.: ............ ............ ............ ............ 

010 
2 

CLEAR 

7 

8 

9 

I 

rn 
4 

5 

6 

, 
(J] 

2 

3 

011 
3 

............ ............ 
-:.:.:-:.:-:.:.:.:-:-:.: ............ ....................... 
............ ............ 
. ::::::::::::::::::::::: ............ 

............ 
-:.:.:.:.:.:.:-:-:.:-:.: ............ 
.:-:-:.:-:.:-:.:-:.:-:.: ............ . .......... . 

100 
4. 

+ 

\ 

p 

)}»» BACKSPACE ............ 
............ 
'::::::::::::::::::::::: ALPHA 
'::::::::::::::::::::::: ENTER 

.:.:.:-:-:.:-:.:-:-:.:.: ............ ............ . .......... . . .......... . . .......... . ............ ............ ............ 
-:.:.:.:-:.:-:-:-:.:-:.: 

............ 
-:.:-:-:.:-:.:.:-:.:-:.: ............ 
:.:.:-:.:.:.:-:.:.:-:.: ............ ............ ............ 
:.:.:-:.:.:.:.:-:.:.:.: ....................... 
. :.:.:-:-:.:-:.:-:.:.:.: ............ 
:.:.:-:.:.:.:.:.:.:.:.: ............ 
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RETURN 

o 

? 
/ 

1 

RIGHT 
(PTION 

101 
5 

) 
o 
u 

J 

K 

{ 
[ 

} 
] 

M 

L 

; 

SPACE 

< 

> 

o 

110 
6 

E 

6 

& 
7 

* 
8 

% 
5 

R 

T 

y 

F 

G 

H 

v 

C 

B 

N 

111 
7 

A 

iii 

2 

it 
3 
$ 
4 

1 

Q 

s 

w 

TAB 

z 

x 

o 
LEFT 
{PTI~ 

CAPS 
LOCK 

SHIFT 
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F 5.1 KeybOard Identification 

FlIlCtion KeybOard: KeytxBd; 

FlIlCtion Legends: KeytldId; 

ProceWre setLegerm (ld: KeytxJld); 

l-lardware InteJl'ace 

LIsa software supports a host of dIfferent Keyboards. Each Keyboard has three 
major attrIbutes: manufacturer ... physIcal layout, and legendS. The Chart 
below describes hOw these three attrIbutes are combIned to form a Keyboard 
Identl- ficatlon number. The keyboards self Identify when the machIne Is 
turned on and when a new Keyboard Is attached. KeybOard returns the 
Identlfication number of the Keyboard currently attached. LegeOOs and 
seu..egerm provIde a means Of pretendIng to have dIfferent legendS ... wIthOUt 
physIcally replacIng the Keyboard. 

Keyboard IdentifIcation numbers: 

7 6 
I McnJfacturer Lavrut 

McnJfacturer: 

00 APD (I.e .... TKC) 
01 --
10 -- Keytronlcs 

Layout: 

00 Old US (73 keys) 
01 
10 -- European (77 keys) 
11 -- Final US (76 Keys) 

LayrutIlegends: 

$OF Old US 

$26 
$27 
$29 
$29 
$2A -­
$28 -­
$2C -­
$20 -­
$2E 
$2F --

Swiss-German 
Swiss-FrenCh 
Portuguese 
SpaniSh-Latin American 
Danish 
Swedish 
Italian 
French 
German 
UK 
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LeaendS 

(allocated for proposed SOftware) 
(allocated for proposed software) 
(allocated for proposed software) 
(allocated for proposed SOftware) 
(allocated for proposed software) 
(hardware not yet available) 
(hardWare not yet avallable) 
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$3C -- APL 
$30 -- French-Canadian 
$3E -- US-Dvorak 

(allocated for proposed sOftware) 
(allocated for proposed software) 
(allocated for proposed sOftware) 

$3F -- Final US 
F .52 Keyboard state 

Ft.rlCtioo KeylsDown (key: Keycap~ BooleCl'l; 

ProceWre KeyMap (var keys: Keycapset); 

Low level access to the keyboard is provided through a pOllable keybOard 
state. This state Informat1on Is based on the physical keycooes defined above. 
KeylsDown returns the position of a single specified key. Keytvlap returns a 
128-b1t map .. one btt for each key. A zero Indicates the key Is up .. a one 
indicates dOwn. For the mouse plug.. a zero indicates unplugged .. a one indi­
cates plugged in. Certain keys are not pollable; the corresponding bits wUl 
always be zero. These keys are the diskette insertion switches and buttons, 
parallel port .. and power switCh. (The parallel port and mouse plug keys are 
unreliable across reboots on older hardware.) 

F .5.3 Keyboard Events 
The hardware Interface provides a queue of keyboard events. The events in 
the Input queue are generally key down transitions. Each event contains the 
following information: 

keycode physical key 
ascU ASCII Interpretation of this key 
state caps-lock, Shift, option, ti, mouse button and repeat 
mouseX X-coordInate of the mouse when the key was pressed 
mouseY Y-COOrdinate of the mouse when the· key was pressed 
time value of the mIll1second timer when the key was pressed 

Keycode -- Keycodes are defIned In Table F-l, above. 
AscII -- The ASCII Interpretation of keys depends on the state of the caps­
locK, shift and option Keys. SIx Interpretations are assocIated wIth eaCh 
different keyboard layout: 

normal 
capS-lOCk 
shift or both shift and caps-lock 
option 
option with caps-lOCk 
option with shIft or bOth Shift and caps-lOCk 
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In most cases the ASCII value returned Is obvious. 
cases that aren't so obvious. 

:g ffil 
$00 (N ... J 

$01 SCH 
$03 ETX 
$08 ) 

:~(~ 
$18 (ESC) 

$1C (FS) 
$10 (GS) 
$lE (RS) 
$lF (US) 
$20 (SP) 

Disk 1 Inserted 
DIsk 1 Button 
DIsk 2 Inserted 
Disk 1 Button 
Power Button 
Mouse Buttm (dOwn) 
Mouse Plug (In) 
Mouse Button (l4l) 
Moose Plug (out) 
Enter 
BackSpace 
Tab 
Return 
Clear 

left 
Right 
Up 
Down 
Space 

l-lan:fwam Interface 

The table below lists the 

State -- A 16-bit word is used to return the state of several keys with each 
event Each bit represents one or more keys; a zero indicates that all of the 
keys are up, a one indicates that at least one of the keys is down. All 
additional bit indicates, if it is a one, that the event was generated by 
repeating the previous event. The following bits of state are currently 
assigned: 

bit 0: caps-lock 
bit 1: left or right shift 
bit 2: left or right option 
bit 3: • key 
bit 4: mouse button 
bit 5: this event is a repeat 

certaIn Keys never generate events. These Keys are caps-lOCk, both shift 
keys, option keys, and the • key. The mouse button generates events on both 
the down and up transitions. Down transItions have an ascll value of 0, up 
transitions 1. The mouse plug also generates two different events. When the 
mouse is plugged in an event wIth an ascII value of 0 Is returned, when It Is 
unplugged a value of 1 is returned. 
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FlIlCtion KeybPeek (repeats: Boolean; Index: Keytda;)lndeX; var event: 
KeyEvent~ Booleen; 

KeybPeek Is used to examine events in the keyboard queue, without removing 
them from the queue. The fIrst Input parameter indicates whether repeats are 
desired. The second parameter Is the queue index. The first output para­
meter indicates whether the specIfIed queue entry contains an evenl To 
examine an entire queue, first call KeybPeek with a queue index of 1. If an 
event Is returned, call it again wIth a queue index of 2, etc. 

FUlCtion KeybcEvent (repeats: Boolem; walt: BooltBl; var event: KeyEvent} 
Boolean; 

KeybcEvent is used both to determine if a keyboard event is available, and to 
return the event if one is available. The event is removed from the queue. 
KeybcEvent returns a boolean result which is true if an event is returned. 
The fint parcmeter to KeytxEvent is used to indicate if the caller will 
accept repeated events on this call. The second parameter indicates if the 
fLl1Ctions should wait for an event if one is not immediately available. 

F 5.4 Dead Key Diacriticals 
Many languages ef11)loy diacritical marks on certain letters. Several of the 
required diacritical mark-letter combinations appear on Europe€l1 keyboards, 
but others do not. The combinations shown in the table below may be typed as 
a two-key sequence, by first typing the dead key diacritical (which has no 
immediate effect), and then typing the letter. Dead key diacriticals appear on 
keyboard legends as the diacritical mark over a dotted square or hollow box. 

circumflex -- €lei 0 a 
grave accent ' -- a e 0 U 
tilde - -- a iif\J 5 
acute accent ' -- a et 6 u 
umlaut .. -- aA e i olj 00 

A dead key diacri tical followed by a letter which appears in the table above 
yIelds the corresponding character. The event that is generated contains the 
keycode, state, mouse location and time that correspond to the letter, but the 
ASCII value of the letter-diacritical combination. A dead key diacritical 
followed by a space yIelds just the dIacritical mark. The event contaIns the 
keycode, state, mouse location and time corresponding to the space, but the 
ASCII value of the dIacrItical mark. FInally, a dead key diacritical followed 
by any other character (Le., not a space or defined letter) yields the diacri t­
ical mark followed by the other character. 

diacritical, defined letter --> foreign character 
diacritical, space --> diacritical 
diacritical, other character --> diacritical, other character 
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F 55 Repeats 
tvIost keys, if held down for an extended period of time, may generate 
multiple events (repeats} The keys that are not repeatable are caps-lock, 
both shifts, both options, the • key, the diskette insertion switches and 
dIskette buttons, parallel port, the mouse button and plug, and the power 
button. Several conditions must be satisfied before a repeat is generated. 
These condltions are as follows: 
1. KeytxPeek or Keyt:x£vent is called with repeat.sOesired true. 
2. The keyboard event queue is empty. 
3. The key returned in the last event is still doWn. 
4. No down transitions have occurred since the last event. 
S. The key is repeatable. 
6. Enough time has elapsed. 

Repeats generate events wIth the following attributes: 
keycode original keycode 
ascii original ASCII interpretation 
state original position of the caps-lock, shift, etc. 
mwseX revised X -coordinate of the mouse 
mouseY revised Y -coordinate of the mouse 
time revised value of the millisecond timer 

ProceWre RepeatRate (var initial: MIlliSeconds; V8I stmequent: MilliSeconds); 

ProceWre setRepeatRate (initial: MUlisecon1s; ~ MilliSeconds); 
The repeat rates can be read and set by calls to RepeatRate and 
SetRepeatRate. The rates include an initial delay, which occurs prior to the 
first repetition, and a subseqUent delay, prIor to adcJitional repetitions. They 
are both in units of milliseconds. The default repeat rates are 400 
milliseconds initially and 100 milliseconds subsequently. 

F.6 The MiCIOSeCOl ~ Timer 

FU1Ction MicroTimer: Microseca ds; 

The MicroTImer flXlCtion simulates a contirlJOlJSly nn11ng 32-blt COlIlter 
which is incremented every microsecond. The timer is reset to 0 each time 
the machine is booted. The timer ctalges slfll about once every 35 minutes, 
and rolls over about every 70 minutes. 
The microsecond timer is deslgled for performance measurements. It has a 
resolution of 2 microsecondS. callIng MicroTlmer from Pascal takes aboUt 135 
microsecondS. Note that interrupt processing will have 8 major effect on 
mIcrosecond timIngs. 
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F.7 The MlIUsea:n:I Timer 
FUlCtioo TImer: Mllllseca ads; 

I-laJrlware interface 

The Timer flllCtion slrrulates a continuously running 32-blt counter which is 
incremented every mnllsecond. The timer is reset to 0 each time the 
machine is booted. The timer changes sign about once every 25 days, and 
rolls over about every 7 weeks. 

The millisecond timer is designed for timing user interactions such as mouse 
clicks and repeat keys. It can also be used for performance measurements, 
assuming that millisecond resolution is sufficient 

F.8 oate anj Time 

ProcetUe Date1lme (var date: DateArray); 

ProcetUe SetDateTlme (date: DateArray); 

ProcetUe DateToTIme (date: DateArray; var time: Seconds); 

The current date and time are available as a set of 16-bit integers Which 
represent the year, day, hour, minute and second, by calling DateTIme and 
SetDateTlme. The date and time are based on the hardware clock/calendar. 
This restricts dates to the years 1980-1995. The clOCk/calendar continues to 
operate during soft power off, and for brief periods on battery backup if the 
machine is unplugged. If the clOCk/calendar hasn"t been set since the last loss 
of battery power, the date and time will be midnight prior to January 1, 1980. 
Setting the date and time also sets the time stamp described below. 
DateToTime converts a date and time to a time stamp, defined in the next 
section. 

F.9 TIme~ 

FtMlCtioo ~ seconds; 

ProcetUe SetTirneSta'flJ (tinE: Seconds); 

ProcetUe TImeTaJate (time: Seconds; var date: DateArray); 
The current date and time are also available as a 32-bit unsigned integer 
which represents the number of seconds since the midnight prior to 1 January 
1901, by calling TinleSta11> and SetT~ The time stamp will roll over 
once every 135 years. Beware--for dates beyond the mid 1960's, the sign bit 
is set The time stamp is based on the hardware clock/calendar. This clock 
continues to operate during soft power off, and for brief periods on battery 
backup if the machine is unplugged. If the clock/calendar hasn't been set 
since the last loss of battery power, the date and time will be midnight prior 
to January 1, 1980.. Setting the time stamp also sets the date and time 
described above. Since the date and time is restricted to 1980-1995, the time 
stamp is also restricted to this range. TlmeTdJate converts a time stamp to 
the date and time format defined above. 
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F.1D Interface of the Hardware lillt 

Unit Hardware; 

Interface 

type 

Pixels 
HanyPixels 
CUrsorHeight 
CursorPtr 
oateArray 

Frames 
Seconds 
HilliSeconds 
Hicroseconds 
SpeakerVolume 
Screencontrast 
KeybdQlndex 
KeybdId 
KeyCap 
KeyCapSet 
KeyEvent 

{ House } 

= Integer; 
= Longlnt; 
= Integer; 
= "'Integer; 
= Record 

year : Integer; 
day: Integer; 
hour: Integer; 
minute: Integer; 
second : Integer; 
end; 

'" Longlnt; 
= LongInt; 
= LongInt; 
= LongInt; 
'"' Integer; 
= Integer; 
= 1. .1000; 
= Integer; 
= o .. 127; 
= Set of KeyCap; 
= Packed Record 

key: Keycap; 
ascii: Char; 
state : Integer; 
roouseX: Pixels; 
rouseV: Pixels; 
time: HilliSeconds; 
end; 

HardwaJ"B Interface 

Procedure HouseLocation (var x: Pixels; var y: Pixels); 
Procedure HouseUpdates (delay: MilliSeconds); 
Procedure HouseScaling (scale: Boolean); 
Procedure HouseThresh (threshold: Pixels); 
Function HouseOcfolJeter: HanyPixels; 
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{ CUrsor } 

Procedure CUrsorlocation (x: Pixels; y: Pixels); 
Procedure CUrsorTracking (track: Boolean); 

HBrdW8R!! Interfsce 

Procedure CUrsorlmage (hotX: Pixels; hotY: Pixels; height: 
CUrsorHeight; data: CUrsorPtr; mask: CursorPtr); 

Procedure Busylmage (hotX: Pixels; hotY: Pixels; height: 
CUrsorHeight; data: CUrsorPtr; mask: CursorPtr); 

Procedure BusyDelay (delay: Milliseconds); 

{ SCreen } 

Function FrarreCounter: Frames; 
Procedure ScreenSize (var x: Pixels; var y: Pixels); 

Function Contrast: ScreenContrast; 
ProcedUre SetContrast (contrast: ScreenContrast); 
Procedure R8fIl)Contrast (contrast: ScreenContrast); 
Function DimContrast: SCreencontrast; 
Procedure SetOimContrast (contrast: ScreenContrast); 

Function FadeOelay: MilliSeconds; 
Procedure SetFadeOelay (delay: MilliSeconds); 

{ Speaker } 

Function Volume: SpeakerVolume; 
Procedure SetVolume (volume: SpeakerVolume); 
Procedure Noise (wavelength: MicroSeconds); 
Procedure Silence; 
Procedure Beep (wavelength: MicroSeconds; duration: MilliSeconds); 
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{ Keyboard } 

Function Keyboard: Keybdld; 
Function LegendS: Keybdld; 
ProcedUre setLegends (id: Keybdld); 
Function KeylsOown (key: KeyCap): Boolean; 
Procedure KeyMap (var keys: KeyCapSet); 

Hardware Interface 

Function Ke~eek (repeats: Boolean; index: KeybdQlndex; var 
event: KeyEvent): Boolean; 

Function KeytxEvent (repeats: Boolean; wai t: Boolean; var event: 
KeyEvent): Boolean; 

Procedure RepeatRate (var initial: MilliSeconds; var subsequent: 
MilliSeconds); 

Procedure SetRepeatRate (initial: MilliSeconds; subsequent: 
MilliSeconds); 

{ Timers } 

Function HicroTirer: MicroSeconds; 
Function Timer: MilliSeconds; 

{ Date and Time } 

Procedure DateTime (var date: DateArray); 
Procedure SetDateTime (date: DateArray); 
Procedure DateToTire (date: DateArray; var time: Seconds); 

{ Time Stalp } 

Function TimeSt~: Seconds; 
Procedure SetTireStClf1) (tine: Seconds); 
Procedure TimeToOate (time: Seconds; var date: DateArray); 
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Appendix G 
Lisa Extended Character Set 

0 2 3 4 5 6 7 8 9 A B C 

IUL OLE SP 0 @ p p A e t 00 ~ 

SOH OC1 1 A Q a q A e 0 ± 
STX OC2 II 2 B R b r C r ¢ i ...... 

• 
3 C S E 

, 
£ J ElX DCl # C S I L 

fOT OC4 $ 4 D T d t ~ i § ¥ f 
flQ flAK % 5 E U e u 0 I • U. AS 

ACK SY. & 6 F V f V 0 ii 1r a ~ 
IfL fll I 7 G W 9 w a 6 B L « 

BS co ( 8 H X h x it 6 ® 1T » 

) A A HT En 9 I Y Y a 0 @ 1T . .. 
Lf SUB * J Z j z a 0 1M I ~ 

+ K [ k { a 0 51 A VT ESC . 
I 

ff fS < L \ I 
0 , 

Q A , a u 
eR as M ] } u ;C Q 0 - m c • 

N 
, 

" RE-so RS > n e u ce CE 
SI us I ? 0 0 DEL e U 0 f2J CB 

The first 32 characters and DEL are nonprinting control codes. 

The shaded area is reserved for future use. 
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- Iff ............. 

- ~~tt~~~ ~)~I)~l~l 
" rr(~ 

............ 

" t~I} 
............ 
~:~:~:~:~:~: , 

~ilIIil !Ilt!! 
, jfff .......•.•.• 

............. ............ . 
-r ............. ............ 

(> .•........... •........... 
::::::::::::: :::::::::::: 

y ............. ............ 
............. 

~~l}~lt 
............ 
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............. .............. 
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............. ?\?~ ............ 

............. 
............. . ............ . ........... 
............. ............. ............ 

}>}~ .......•..... :.:.:.:.:.: . 
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Appendix H 
Error Messages 

H_l Error Re,:KXting ________________________________________ . _____ . _____ . _. _______ H-l 

H.2 Lexical Errors • __________ . ______________________________________________ . ____ H-l 

H.3 5yrJtact.ic Errms _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ H-2 

H_4 Serraartic mors _____________________________________________________________ H-2 

H.5 Conditional Compilation _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ H-5 

H_6 Compiler Specific Limitations ____________________________________________ H-5 

H_1 YO Errors _. ________________ . _______ . ____ . _____________ .. _____________________ H-5 

H.8 Clasc81 Errors ____________ .. ________ .. __________ .. _____ .. ________________ . ___ H-5 

H.9 Code Generation Errors ____ . __________________________________ . __ . _. _______ H-6 

H_10 Verification Errors _______________________________________ . _________ . __ . _ _ _ _ _ H-6 





Error Messages 

H.l Error Reporting 
Error reports show the entire line containing an error. Error lines displayed 
on the screen and written to the error listing file ($E Compiler command) 
usually show the line preceding the error for context~ too~ although there are 
some circumstances in which that line is not shown. 

12 Read(Argurnent) 
13 If (IOResut<=O) AND (Arg>=O) THEN 

? 
*** Error 36 *** ';' expected. 

? 
? 

*** Error 102 *** Identifier not declared. 
*** file example/errors.TEXT *** 

Errors for any one line are accumulated (up to a maxinlum of 10) and 
reported after the line is fully scanned. Both the error number and its 
associated text are shown along with a "?II pointer to the error's approximate 
location. The pOinter usually pOint.s t.o the last character of the token that 
was being processed when the error occulTed. The pointer for an elTor 
message is shown on t.he line before the message. There may be multiple 
pointers associated with a single message., or multiple messages associated 
with a single pOinter. The source line is shown only once. The line number 
preceding it is the line position within the file whose name is shown as the 
last line in the error report. That line number may be lIsed in conjunction 
with the Editor's "Goto line II" feature to quickly find the errors in the 
specified file. 

H.2 Lexical Errors 
10 Too many digits 
11 Digit expected after '.' in real 
12 Integer overflow 
13 Digit expected in exponent 
14 End of line encountered in string constant 
15 Illegal character in input 
16 Premature end of file in source program 
17 Extra characters encountered after end of program 
18 End of file encountered in a comment 
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H.3 Syntactic Errors 
20 Illegal symbol 
21 Error in simple type 
22 Error in declaration part 
23 Error in parameter list 
24 Error in constant 
25 Error in type 
26 Error in field list 
27 Error in factor 
28 Error in variable 
29 Identifier expected 
30 Integer expected 
31 '(' expected 
32 ')' expected 
33 '[' expected 
34 ']' expected 
35 ':' expected 
36 ';' expected 
37 '=' expected 
38 ' .. ' expected 
39 '.' expected 
40 ':=' expected 
41 'program' expected 
42 'of' expected 
43 'begin' expected 
44 'end' expected 
45 'then' expected 
46 'until' expected 
47 'do' expected 
48 'to' or 'downto' expected 
49 'file' expected 
50 'if' expected 
51 '.' expected 
52 'implementation' expected 
53 'interface' expected 
54 'intrinsic' expected 
55 'shared' expected 
56 A '.' or '(I is expected following a type-id 

HA Semantic Errors 
100 Identifier declared twice 
101 Identifier not of the appropriate class 
102 Identifier not declared 
103 Sign not allowed 
104 Number expected 
105 LaNer bound exceeds upper bound 
106 Incompatible subrange types 
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107 Type of constant must be integer 
108 Type must not be real 
109 Tagfield must be scalar or subrange 
110 Type incompatible with with tagfield type 
111 Index type must not be real 
112 Index type must be scalar or subrange 
113 Index type must not be integer or longint 
114 Unsatisfied forward reference for type identifier: 
115 Illegal use of forward reference type identifier 

Error fo,less8ges 

116 Parameter list is inconsistent with original specification 
117 function result type is inconsistent with original 

specification 
118 function result type must be scalar~ subrange~ or pointer 
119 file value parameter not allowed 
120 Missing result type in function declaration 
121 f-format for real only 
122 Error in t'ype of standard function parameter 
123 Error in type of standard procedure parameter 
124 Number of parameters does not agree wi th declaration 
125 Illegal parameter substitution 
126 Result type of parameteric function does not agree with 

declaration 
127 Expression is not of set type 
128 Only tests on equality allowed 
129 Strict inclusion not allowed 
130 file comparison not allowed 
131 Illegal type of operand(s) 
132 Type of operand must be boolean 
133 Set element type must be scalar or subrange 
134 Set element types not compatible 
135 Type of variable is not array or string 
136 Index type is not compatible with declaration 
137 Type of variable is not record 
138 Type of variable must be file or pointer 
139 Illegal type of loop control variable 
140 Illegal type of expression 
141 Assignment of files not all~~ed 
142 Label type incompatible with selecting expression 
143 Subrange bounds must be scalar 
144 Type conflict of operands 
145 Assignment to standard function is not allowed 
146 Assignment to formal function is not all~~ed 
147 No such field in this record 
148 Type error in read 
149 Actual parameter must be a variable 
150 Multidefined case label 
151 Missing corresponding variant declara.tion 
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152 Real or string tagfields not allowed 
153 Previous declaration was not forward 

ErrOT f-.1essages 

154 SUbstitut'ion of standard procedure or function is not 
allowed 

155 Multidefined label 
156 Multideclared label 
157 Undefined label: 
158 Undeclared label 
159 Value parameter expected 
160 Multidefined record variant 
161 File not allowed here 
162 Unknown compiler directive (not 'external'~ 'forward'~ 

I i n1 i ne I, or I c I ) 

163 Variable cannot be packed field 
164 Set of real is not allowed 
165 Fields of packed records cannot be var parameters 
166 Case selector expression must be scalar or subrange 
167 String sizes must be equal 
168 String too long 
169 Value out of range 
170 Address of standard procedure cannot be taken 
171 Assignment to function result must be done inside function 
172 Loop control variable must be local 
173 Label value must be in 0 .. 9999 
174 Must exit to an enclosing procedure 
175 Procedure or function has already been declared once 
176 Unsatisfied forward declaration for Procedure 
177 Unsatisfied fonlJard declaration for Function 
178 Type conversion to a different size type is not allQl,cled 
179 Illegal type of operands in constant expression 
180 Division by 0 
181 NIL is not allowed in a constant expression 
182 ~ is not allowed in a constant expression 
183 Only certain pre-defined functions are allowed here 
184 Dereferencing is not allowed here 
185 INLINE code constants must be single word integers 
186 INLINE not allowed because procedure/function is already 

declared 
190 No such unit in this file 
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H.5 Conditional Compilation 
260 N~~ compile-time variable must be declared at global level 
261 Undefined c~npile-time variable 
262 Error in compile-time expression 
263 Conditional compilation options nested too deeply 
264 Unmatched ELSEC 
265 Unmat ched ENDC 
266 Error in SETC 
267 Unterminated conditional compilation option 

H.6 Compiler Specific Umitations 
300 Too many nested record scopes 
301 Set limits out of range 
302 String limits out of range 
303 Too many nested procedures/functions 
304 Too man'y nested include/uses files 
305 Includes not allowed in interface section 
306 Pack and unpack are not implemented 
307 Too manv uni ts 
308 Set constant out of range 
309 Structure too large ( ) 32K ) 
310 Parameter list too large ( )= 32K ) 
312 Size of local data is too large ( ) 32K ) 
313 Size of global data is too large ( ) 32K ) 
350 Procedure too large 
351 File name in option too long 
352 Too many errors on this line 

H.1 1/0 Errors 
400 Not enough room for code file 
401 Error in rereading code file 
402 Error in reopening text file 
403 Unable to open uses file 
404 Error in reading uses file 
405 Error in opening include file - compilation terminated 
406 Error in rereading pr~~iously read text block 
407 Not enough room for I-code file 
408 Error in writing code file 
409 Error in reading I-code file 
410 Unable to open listing file 
420 I/O error on debug file 

H.B CI8SC8I ErTtn 
800 OF missing 
801 Superclass identifier missing 
802 Method NEW is not declared 
803 Subclass declaration not allowed here 
804 Method is not a procedure 
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805 Unimplemented method: 
806 Unimplemented class: 
807 Superclass identifier is not a class 
808 Identifier is not a class 
809 'NB~' not allowed here 
810 'NEW' was expected here 
811 Illegal 'NE~~' method 
812 Illegal use of class identifier 
813 Unsafe use of a handle in an assignment statement 
814 Unsafe use of a handle in a ~HTH statement 
815 Unsafe use of a 11andle as a var parameter 
817 Compiler error!!! 
818 OVerride of non-existent procedure or function 
819 ThisClass function is only legal in methods 

H.9 Code Generation Errors 
1000-1999 I nt ernal code generati on errors 
2000 End of I-code file not found 

El'b?i'" 1\'/eSsBges 

2001 Expression too complicated, code generator ran out of 
registers 

2002 Code generator tried to free a register that was already 
free 

2003-2005 Error in generating address 
2006-:-2010 Error in expressions 
2011 Too many globals 
2012 Too many locals 

H.l0 Verification Errors 
4000 Bad verification block format 
4001 Source code version conflict 
4002 Compiler version conflict 
4003 Linker version conflict 
4100 Version in file less than minimum version supported by 

program 
4101 Version in file greater than maximum version supported by 

program 
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Pascal Workshop Files 

This appendix lists the files provided on the Pascal 3.0 micro diskettes, first 
alphabetically" then by diskette. 

file NfDe 
Alert 
apin/syslib.obj 
Archiver .Obj 
Assembler .Obj 
8\jteOi ff .Obj 
ChangeSeg.Obj 
ChBICount .Obj 
Code.Obj 

CodeSize.Obj 
Comp .Text 
CompBIe .Help. Text 
Compere .Obj 
Conca.t.Obj 
Copy .Obj 
Diff .Obj 
DumpObj.Obj 
DumpPatch .Obj 
Edit.Menus.Text 
Editor.Obj 
ErrTool.Obj 
fileDiv.Obj 
FileJoin.Obj 
find.Obj 
findlD.Obj 

Pascal. 
Diskette Notes Description 

9 

7 
5 
7 
7 
7 
5 

7 
7 
7 
7 
7 
7 
7 
7 
7 
5 
5 
7 
7 
7 
7 
7 

E 
1 

C 

c 

c 
c 

QuickPort support file 
A I ntri nsi c uni t-mi sc . 
Utility progrem 
Workshop program-68000 Assembler 
Utili ty prograIR 
Ut iIi ty program 
Utili ty progrem 
Workshop program-Pascal Code 
Generator 
Utili ty program 
Utili ty program 
Support file-CompBIe 
Utility program 
Utili ty program 
Utili ty program 
Utility program 
Util i ty program 
Utility program 
Support file-Editor menus file 
Workshop program-Editor 
Utili ty program 
Ut iIi ty program 
Utili ty program 
Utility program 
Utility prograIll 

Note A: These files are used for the installation procedure but are not installed. 
Note B: These files are the minimum necessary to run a user program in t.he 

tHorkshop environment.. A user program ma.y require other files as well. 
Note C: These files are necessary for running t.he minimum Pascal Workshop 

(Editor .. Assembler ... Pascal Compiler and Code Genel·ator .. Linker .. and 
Debugger). 

Note 0: These files are needed only for developing Macintosh software. 
Note E: These files are needed only for developing Lisa QuickPort software. 
Note F: These file-.s are needed only by the Lisa Office System. 
Note G These files are needed only for developing Lisa QuickDraw software. 
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Pascal 
File Halle Diskette Notes Description 
FindWord.Obj 7 Utili ty program 
font.heur 1 A Support file 
font.heur 2 C Support file 
font.lib 1 A Support file-tiny font library 
font.lib 2 C Support file-font library 
gxref.Obj 7 Utili ty program 
InstallTool.Obj 8 E Utili ty program 
inst allwsphrase 1 A Support file 
Intrinsic. Lib 1 A Library directory-intrinsic units 
Intrinsic.Lib 2 BC Library directory-intrinsic units 
IOSfPLIB.Obj 6 C Intrinsic unit-floating pOint 
iospaslib.obj 1 A Intrinsic unit-Pascal support 
iospaslib.obj 2 Be Intrinsic unit-Pasc8.1 support 
IUManager .Obj 3 Utility program 
LIBTKIPABC.TEXT 9 E QuickPort support file 
LineCount .Obj 7 Utili ty program 
Linker.Obj 6 C Workshop program-Linker 
LWCcount.Obj 7 Utili ty program 
NAClMac .Boot 9 D Support file-Mac boot code 
MAC/MacCom .Obj 9 D Utility program 
MAClRMaker .Obj 9 D Utili ty program 
N68K.ERR 5 C Support file-Assembler 
N68K.OPCODES 5 C Support file-Assembler 
ObjIOLib.Obj 4 C Intrinsic unit-object files 
OEMsyscall .Obj 6 Regular unit-privileged syst~o calls 
OSErrs.Err 5 C Support file-error message text 
paper. text 5 C Support file-Editor stationery 
Pascal.Obj 5 C Workshop program-Pascal Compi 1 er 
PasErrs .Err 5 C Support file-error message text 
PasLibCall.Obj 6 Intrinsic unit-Pascal support 
Past1at .Help. Text 7 Support fi I e-Pasffta.t 
PasMat .Obj 7 Utility program 
PortConfi g .Obj 4 Utility program 
PRLib.Obj 6 f Intrinsic unit-Printing 

Note A: These files are used for the installation procedure but are not installed. 
Note B: These files are the minimum necessary to run a user program in t.he 

Workshop environment. A user program m8.'Y require ot.her files as well. 
Note C: These files ere necessary for running t.he minimum Pascal It-k1rkshop 

(Editor .. Assembler .. Pascal Compiler and Code Generator .. Linker ... and 
Debugger). 

Note 0: Tflese files ere needed only for developing fv1acintosh softwere. 
Note E: These files are needed only for developing Lise. Quic:kPort softtHare. 
Note F: These files are needed only by the Lisa Office Sygtem. 
Note G: These files ere needed only for de·/eloping Lisa QuickDraw softl,a/are. 
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file Nelle 
ProcNernes .Help .Text 
ProcNernes .Obj 
OO/boxes.Obj 
OO/boxes.text 
iJ)/graf3d .Obj 
OD/graftypes.text 
ODAiardware .Obj 
QD/m/boxes.text 
OD/m/sernple.text 
OD/sernple .Obj 
OD/sample. text 
QD/support .Obj 
OP/BOXES.llIST.TEXT 
qp/boxes.text 
OP/Graf3D .Obj 
1:Jl/Hardware .Obj 
qp/mainbaud.text 
QP !Make. T ex t 
qp/MBAUD.CONfIG.TEXT 
qp/MBAUO.VT1OO.TEXT 
qp/mouseinput.text 
qp/mouseinput2.TEXT 
QP/PHRASE 
qp/phuser.text 
qplOOSAMPlE .CONfIG. TE;<1 
qp/qdsample.pic.TEXT 
qp/qdsarnple. text 
qp/ubaudrate. text 
OP/UOPortCall.Obj 
1:JllUOPortGraph.Obj 
OP/UOPortSoroc.Obj 
qp/uqportuser.TEXT 
OP/UOPortVT100.0bj 
qp/uqpsupport.TEXT 

Pascal l,yorkshop Files 

Pascal 
Diskette Notes Description 

7 Support file-ProcNames 
7 Utility program 
9 G QuickDraw example program 
9 G 'QuickDraw example source 
9 G 'Regul ar uni t-3D graphi cs 
9 G QuickDraw assembly interfaces 
9 G Regular unit-hardware interfaces 
9 G QuickDraw example exec file 
9 G QuickDr8.\AI exarnple exec file 
9 G QuickDraw example program 
9 G QuickDraw example source 
9 G Regular unit-QuickDraw support 
9 E Quicf<Port sample program 
9 E QuickPort sample program 
9 E Regular unit-3D graphics 
9 E Regular unit-hardware interface 
9 E QuickPort sample prograrn 
9 E QuickPort exec file 
9 E Qui ckPort sampl e program 
9 E QuickPort sample program 
9 E QuickPort sarople prograrn 
9 E QuickPort sample program 
9 E Support file-QuickPort 
9 E QuickPort sample program 
9 E Qui ckPort sarople prograrn 
9 E QuickPort sample program 
9 E QuickPort sarnple program 
9 E QuickPort sample program 
9 E Regular unit-OuickPort interfaces 
9 E Regular unit-OuickPort interfaces 
9 E Regular unit-OuickPort interfaces 
9 E QuickPort sample program 
9 E Regular unit-OuickPort interfaces 
9 E Qui ckPort support fi 1 e 

Note A: These files are used for the installation procedure but are not installed. 
Note B: These files 8l"e the minimum necess8l"Y to run a user program in t.he 

Workshop environment. A user program may require ot.her files es well. 
Note C: These files are necessary for running t.he minimum P~cal lr)orkshop 

(Editor .. Assembler .. Pascal Compiler and Code Generator .. Linker,. 8Jld 
Debugger). 

Note 0: These files are needed only for developing Macintosh software. 
Note E: These files 8l"e needed only for developing Lisa Quic:kPort software. 
Note F: These files are needed only by the Lisa Office Syst.em. 
Note G: These files are needed only for developing Lis:a QuickDraw soft.Y/are. 
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File Name 
OP/UOuickPort.Obj 
qp/usertab.TEXT 
qp/uuserterm.text 
IPlib.Obj 
qps~nple.note.text 
Search.Obj 
SegMap.Obj 
shell.Workshop 
Showlnterface.Help.Text 
Showlnterface.Obj 
SUlib.Obj 
SXref.Assembly.Text 
S;:<ref .Basic.Text 
SXref.Obj 
St~ef.Pascal.Text 
SyslLib.Obj 
Sys2Lib.Obj 
SysCall.Obj 
system.bt_Pri~n Disk 
system.bt_Profile 
system. bt_Sony 
system.cdd 

svstem.cd 2 Port Card 
sYstem. cd=Archive Tape 
svstem.cd Console 
sYst em . cd}1odem A 
svstem. cd Perallel Cable 
sYstem. cdYri em Cerd 
syst em. cd_Pri ern Di sk 
system.cd_Profile 

system.cd_Serie.l Cable 

PBSca.l l.vorkshop Files 

Pascal 
Diskette Hotes Description 

9 E Regular unit-QuickPort interfaces 
9 E QuickPort sample progrerfl 
9 E Qui ckPort sampl e program 
9 E Intrinsic unit-QuickPort 
9 E QuickPort sample program notes 
7 utility program 
7 Utility program 
5 BC Workshop shell 
7 Support file-Sho~Interface 
7 Utility program 
4 BC Intrinsic unit-standerd units 
7 Support file 
7 Support file 
7 Ut iIi ty program 
7 Support file 
4 Be Intrinsic unit-misc. 
6 EF Intrinsic unit-misc. 
6 Intrinsic unit-OS interfaces 
1 C System support-Priam boot tracks 
1 e System support-ProFile boot tracks 
2 C Syst~n support-Sony boot tracks 
1 Be System support-configurable driver 

directory 
1 C System support-2-port card driver 
1 e System support-Archive tape driver 
1 Be Syst~n support-console driver 
2 C System support-Europe-mod~R A driver 
2 C System support-perallel cable driver 
1 C System support-PrieIR card driver 
1 e System support-Pri8fR disk driver 
1 Be Syst~n support-ProFile or internal 

hard disk driver 
2 e System support-USA-serie.l cable 

driver 

Note A: These files are used for the installation procedure but are not installed. 
Note B: n·,ese files are the minimum necessary to run a user program in the 

Workshop environment. A user program may require other files as welL 
Note C: These files are necessary for running U·,e minimum Pascal tA)orkshop 

(Editor., Assembler., Pascal Compiler and Code Generator., Linker ... and 
Debugger). 

Note D: These files are needed only for developing Macintosh software. 
Note E: These files are needed only for developing Lisa QuickPort softth'are. 
Note F: These files are needed only by the Lisa Office System. 
Note G: These files are needed only for developing Lisa QuickDraw software. 
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Pascal 
File Halle Diskette Notes Description 
syst em . cd_Sony 
syst ern . debug 
s\}stem.debug2 
system .lld 
system .lld 
system.os 
syst ern . os 
SYSTEM.PRO 

1 
3 
3 
1 
2 
1 
3 
3 

System.PR_DaiSY Wheel Printer 3 
systerfl.PR_Imagewri ter / II Dt1P 3 
System.PR_Ink Jet Printer 1 
S'y'stern.shell 1 
svst ern. shell 2 
S'(STEt1 . UNPACK 1 
TK2LIB.Obj 8 
TKLIB.Obj 8 
Tools.Help.Text 7 
Transfer.Menus.Text 6 
Transfer.Obj 6 
Translit.Obj 7 
IJXref.Obj 7 
WordCount.Obj 7 
Workshop.Step.Help.Text 5 
~~RKSHOPERRS.ERR 5 
xref.help.text 7 
xref.Obj 7 
{Tl1}BJTTONS 3 
{Tll}obj 3 
{Tll}PHRASE 3 

8C 
c 
C 
A 
BC 
A 
8C 
C 

F 
F 
F 
A 
Be 
BC 
E 
E 

c 
c 
c 

Systern support-micro diskette driver 
System program-debugger 
System program-debugger 
Systern progrem-lO'tl-level drivers 
Systern program-Iow-Ievel drivers 
System program-OS 
System progrN~OS 
System support-print code 
confi gur at i on 
System support-daisy wheel printer 
System support-Irnagewri terIDt1P 
Systern support-ink jet printer 
Installation shell 
Environments windO'tl 
System support-unpack table 
Intrinsic unit-ToolKit 
Intrinsic unit-ToolKit 
Support file-various utilities 
Support file-Transfer menus file 
l,yorkshop prograr~ Transfer program 
Utili ty progrerR 
Utili ty progrerR 
Utility progr81fl 
Support file-Workshop shell 
Support file-error message text 
Support file-XRef 
Utility progrerR 
Support file-Preferences 
Workshop prograrn-Preferences 
Support file-Preferences 

Note A: These files are used for the installation procedure but are not installed. 
Note B: These files are the minimum necessary to run a user program in t.he 

Workshop environment. A US81· program may require ot.her files es well. 
Note C: These files are necessary for running t.he minimum Pascal t;.,'orkshop 

(Editor .. Assembler .. Pascal Compiler and Code Generator .. Linker .. and 
Debugger). 

Note 0: These files are needed only for developing l"'Iacintosh software. 
Note E: These files are needed only for developing Lisa QuickPort software. 
Note F: These files are needed only by the Lisa Office System. 
Note G: These files are needed onl~1 for developing Lisa QuickDraw soft'.-'/are. 
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Pascal Diskette 1 

Filenerne 

apin/syslib.obj 
font.heur 
font.lib 
i nst allwsphrase 
Intrinsic.Lib 
iospaslib.obj 
system.bt_Priam Disk 
~Jstem.bt_Profile 
system.cdd 
systern.cd_2 Port Csrd 
system.cd_Archive Tape 
svstem.cd Console 
sYstem.cdYriefn Card 
svsterR.cd Pri8l'R Disk 
sYst~R.cd=Profile 
system. cd_Sony 
system.lld 
system.os 
system.shell 
SYSTEM.UNPACK 

Size Psize 

89600 175 
1536 3 
5746 12 

17422 35 
1536 3 

24576 48 
11264 22 
11776 23 
1536 3 
1024 2 
4096 8 
5120 10 
2048 4 
3584 7 
5632 11 
3584 7 

10240 20 
142848 279 
16896 33 
1024 2 

707 total blocks for files listed 
31 blocks of OS overhead for catalog and files listed 
34 blocks free out of 772 

Pascal Diskette 2 

Filename 

font.heur 
font.lib 
Intrinsic.Lib 
iospaslib.obj 
syst ern . bt _Sony 
syst em . cdJ10dem A 
svst~n.cd Parallel Cable 
sYstem.cd-Serial Cable 
sYstem.lld 
syst ern . shell 

Size Psize 

1536 3 
264070 516 

5120 10 
47616 93 
11776 23 
8192 16 
2560 5 
7168 14 

10240 20 
7680 15 

715 total blocks for files listed 
21 blocks of OS overhead for catalog and files listed 
36 blocks free out of 772 
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Pascal Diskette 3 

Filename 

IlJ1anager .Obj 
system.debug 
system.debug2 
system.os 
SYSTEM.PRO 
System .PR_Daisy Wheel P ... 
system .PR_Imagewri ter /. .. 
{T 11 } BUTTONS 
{T11}obj 
{T11}PHRASE 

Size Psize 

14336 28 
32768 64 
16384 32 

161792 316 
402 1 

15872 31 
17408 34 
43520 85 
31232 61 
11215 22 

674 total blocks for files listed 
32 blocks of OS overhead for catalog and files listed 
78 blocks free out of 772 

Pascal Diskette -4 

Filename 

ObjIOLib.Obj 
PortConfig.Obj 
SUlib.Obj 
Sys1Lib .Obj 
System.PR_Ink Jet Print ... 

Size Psize 

59392 116 
6144 12 

27648 54 
275968 539 

14336 28 

749 total blocks for files listed 
27 blocks of OS overhead for catalog and files listed 
8 blocks free out of 772 
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Pascal Diskette 5 

Filename 

Assembler.Obj 
Code .Obj 
Edit .Menus.Text 
Editor.Obj 
N68K.ERR 
N68K.OPCOOES 
OSErrs.Err 
paper. text 
Pascal.Obj 
PasErrs . Err 
shell.~~orkshop 
Workshop.Step.Help.Text 
WORKSHOPERRS • ERR 

Size Psize 

42496 83 
51712 101 
3072 6 

40960 80 
3072 6 
4096 8 

22528 44 
2048 4 

116736 228 
7680 15 

76800 150 
2048 4 
2048 4 

733 total blocks for files listed 
35 blocks of OS overhead for catalog and files listed 
16 blocks free out of 772 

PEcal Diskette 6 

Filename 

IOSFPLIB.Obj 
Linker.Obj 
CEMsyscall.Obj 
PasLibCall.Obj 
PRLib.Obj 
Sys2Lib.Obj 
SysCall.Obj 
Transfer .t1enus. Text 
Transfer .Obj 

Size Psize 

66048 129 
37888 74 
4608 9 
2560 5 

43520 85 
134656 263 
22016 43 

2048 4 
14336 28 

640 total blocks for files listed 
30 blocks of as overhead for catalog and files listed 
114 blocks free out of 772 
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Pascal Diskette 7 

Filename Size Psize 
-------- ---- -----
Archiver .Obj 12288 24 
ByteOiff.Obj 2560 5 
ChangeSeg .Obj 2560 5 
CharCount.Obj 5120 10 
CodeSize.Obj 8704 17 
Comp.Text 2048 4 
Compare.Help.Text 7168 14 
Compare .Obj 12800 25 
Concat.Obj 5120 10 
Copy .Obj 6144 12 
Diff .Obj 9216 18 
DumpObj .Obj 22016 43 
Dumppatch .Obj 8192 16 
ErrTool.Obj 3072 6 
FileOiv.Obj 4608 9 
FileJoin.Obj 3584 7 
Find.Obj 8192 16 
findID.Obj 2560 5 
FindWord.Obj 1536 3 
gxref .Obj 14848 29 
lineCount.Obj 5120 10 
lWCcount.Obj 5120 10 
PasMat.Help.Text 11264 22 
PasMat .Obj 37376 73 
ProcNemes .Help. Text 5120 10 
ProcNames .Obj 19968 39 
Search.Obj 8192 16 
SegMap.Obj 2560 5 
Showlnterface.Help.Text 4096 8 
Showlnterface.Obj 29696 58 
&~ef.Ass~nbly.Text 3072 6 
:5Xref .Basic. Text 3072 6 
SXref.Obj 15360 30 
SXref.Pascal.Text 2048 4 
Tools .Help. Text 8192 16 
Transli t .Obj 7168 14 
UXref.Obj 14336 28 
WordCount .Obj 5120 10 
xref.help.text 5120 10 
xref .Obj 25600 50 

703 total blocks for files listed 
70 blocks of OS overhead for catalog and files listed 
11 blocks free out of 772 
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Pascal Diskette 8 

Filename 

InstallTool.Obj 
TK2LIB.Obj 
TKLIB.Obj 

Size Psize 

14336 28 
155136 303 
174592 341 

672 total blocks for files listed 
25 blocks of OS overhead for catalog and files listed 
87 blocks free out of 772 

Pascal Diskette 9 

Filename Size Psize 
------
ALERT 18432 36 
LIBTKlPABC.TEXT 11264 22 
MAClMac . Boot 2560 5 
MOClMacCorn .Obj 20992 41 
MOC/RMaker .Obj 24576 48 
OOlboxes.Obj 7680 15 
ODlboxes.text 6144 12 
OD/graf3d .Obj 10752 21 
OD/graftypes.text 14336 28 
ODlHardware .Obj 4608 9 
ODlmlboxes.text 2048 4 
OO/rolsarople. text 2048 4 
OD/sample .Obj 7680 15 
OD/sarnple.text 12288 24 
OD/support.Obj 3072 6 
QPIBOXES .llIST . TEXT 2048 4 
qplboxes.text 6144 12 
OPAiraf3D.Obj 10752 21 
QPlHerdwere .Obj 3584 7 
qp/roainbaud.text 2048 4 
OPlMake. Text 5120 10 
qpA18Al1D . CONFIG. TEXT 3072 6 
qp/MBAUD.VT100.TEXT 2048 4 
qp/roouseinput.text 7168 14 
qp/mouseinput2.TEXT 8192 16 
OPIPHRASE 7288 15 
qp/phuser.text 4096 8 
qpIODSAMPLE.DDNFIG.TEXT 14336 28 
qp/qdsarnple.pic.TEXT 13312 26 
qp/qdsarople.text 13312 26 
qp/ubaudrate.text 3072 6 
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OPIUOPortCall.Obj 
OPlUOPortGraph.Obj 
OP/UOPortSoroc.Obj 
qp/uqportuser.TEXT 
OP/UOPortVT100.0bj 
qp/uqpsupport.TEXT 
OP/UOuickPort.Obj 
qp/usertab.TEXT 
qp/uuserterm.text 
OPlib.Obj 
qpsample.note.text 

6656 13 
1536 3 
1536 3 
2048 4 
1536 3 
3072 6 
1536 3 
2048 4 
3072 6 

60416 118 
3072 6 

666 total blocks for files listed 
72 blocks of OS overhead for catalog and files listed 
46 blocks free out of 772 
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Appendix J 
Listing Formats 

Six different listing formats can be generated by the Compiler and Code Generator, 
allowing you to show different. amounts of generated assembly code and other 
information intermixed with your Pascal source. All the listings show the total line 
number count and the line number within each include file" plus lexical information. 
An example of each of the listing formats is shown at. the end of t.his appendix. 
The Compiler commands and Compiler and Code Generator options that control the 
listing are described in the Release 3.0 Notes to Chapter 12. 

The six different listing formats are: 

1. A basiC' listing as produced by the Compiler. The other five listing formats 
are modifications of this basic format, .. Unless you specify $L- as an option 
to the Code Generator, you won't see this listing" because its presence is a 
signal to the Code Generator that it Sl10uld modify the listing to one of the 
other five formats (its name is passed in the I-code). 

In the basic listing" each line of the source is preceded by five fields of 
information: 

Field 1: The total line count. 

Field 2: The current include and uses nesting depth. If the input is not. 
from either a uses or include, this field will be blank. 

Field 3: The line number of each line with respect to the include file 
containing that line. All error references are reported in terms of 
this line number. You may use it in conjunction with the Editor's 
"Goto line #" feature to easily locate the lines: that cont.ain the 
reported errors. 

Field 4: This field consists of t.wo indicators (left and right) that reflect the 
static block nesting leveL The left indicator is incremented (mod 
10) and displayed whenever a begin, repeat" or case is encountered. 
On termination of these structures with an end or until" the right 
indicator is displayed and then decremented. It is thus easy to 
match begin" repeat" and case statements with their matching 
terminations. 
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field 5: A letter in the this field reflects the static level of procedures and 
functions. The character is updated for each procedure or function 
nest level ("A" for levell, "8" for level 2, and so on), and 
displayed on the line containing the heading, and on the begin and 
end associated with the procedure or function body. Using this 
field you can easily find the procedure or function body for its 
corresponding heading when .there are nested procedures declared 
between the heading and its body. 

Note that if the source being shown in the listing is being skipped due to a 
$lFe Compiler command, the lexical information (fields 4 and 5) is not 
shown. You can then tell from the listing what is being skipped. 

2. A minimum listing containing all the basic listing information plus the 
LisaBug procedure-relative addresss corresponding to the statements. 
Generally, the addresses reflect the start of the associated statements. This 
is the form of listing produced by the Code Generator when $ASM- is in 
effect (either by option or Compiler commands). 

3. A ftll} listing containing the basic listing plus the generated assembly code 
int.erleaved wit.h the Pascal source. In general, the code generated fClr a 
statement follows that statement, but the.re are some conditions which cause 
the code to precede its assOCiated statement. The full listing is produced 
when $ASIvI+ is in effect (either by option or Compiler commands). 

4. A ftlll listing by procedure containing the basic listing plus the generated 
assembly code on a procedure basis, that is, all the source for a procedure is 
shown before its generated code. This listing is produced when $ASM+ is in 
effect and you specify the $ASM mac option. 

5. An A.~embler input source containing the original Pascal source as 
comments int.erleaved with the corresponding assembly code. This listing is 
produced when $ASM+ is in effect and you specify the $ASM ONlY option. 
There is no guarantee t.hat the source produced is completely valid 
Assembler input (although what is gene.rated will be syntactically correct). 
The Code Gene.rat.or generates appropriate .DEf and .REF statements and 
labels for branches and data Procedure references whose names conflict 
t,alith Assembler opcodes and direct.ives are renamed by padding the original 
name with percent characters (e.g ... "MOVE" would become "MOVE%%%%'~. A 
conflicting name is defined as one that occurs in the Assembler's opcode file 
N68K.OPCOOES. (This file is now also used by the Code Generator when t.he 
$ASM ON.. Y option is used.) 
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6. An AssembJer input source by procedure containing the original Pascal 
source for an entire procedure as comments followed by the corresponding 
assembly code. This listing is produced when $ASM+ is in effect and you 
specify both the Code Generator options $ASM ONLY and $ASrv1 PROC. 

Note that the only we:y to see the generated code is to use SASM+ .. either as an 
option to the Compiler or Code Generator or as Compiler directives. SASM PROC 
causes t.he disple:y of the code on a procedure basis .. and SASM ONLY causes the 
listing to be produced in Assembler input format. 
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LISTING FORMAT 11 - Bmic listing fermat as produced by the Compiler 

Lisa. Pascal COI'Ipiler V3.22 (14-Ja.n-84) 13:31:43 15-Jun~ 

1 
2 
3 
4 
5 
6 
7 1 
8 1 
9 1 

10 1 
11 1 
12 1 
13 1 
14 1 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

1-
Z --
3 --
4 --
5 --
6 --
1 -- A 
2 --
3 0- A 
4 --
5 --
I) --

7 --
8 -0 A 
7 --
8 0-
9 1-

10 --
11 --
12 --
13 --
14 --
15 --
16 -1 
17 -0 

PROGfWI EXSPIple; 

\lAR 
ArglJllent: Longlnt; 

{$I Factorial} 
FUNCTION Factorial(Arg: LongInt): Long Int; 

BEGIN {Factorial} 
If Ar9<=1.THEN 

Factonal := 1 
ELSE 

Factorial := Arg*factorial(Arg-1); 
END; {Factorial} 

BEGIN (EXSllple} 
REPEAT 

wri teLn; 
wri tee 'Enter argu'lfmt: '); 
Re&j(Argt.l'1ent); 
IF (IOResult<=O) AND (Ar~nt>=O) THEN 

'iri teln( 'Factorial ( " Argt..l'1eflt: 1, .) =', 
Factorial (Argu1ent): 1); 

UNTIL Argurrent<O; 
END. {EXSAple} 

Elapsed til'le: 1.483 secOnds. 

COPlpilation COFIplete - no errors found. 25 lines. 
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LISTING FORMAT 12 - Minimum listing format showing LisaBug addresses 

Lisa Pascal COMpiler V3.Z2 (14-Jun-84) 
Lisa Pascsl ~&8000 COde Generator V3.14 (14-Jun-84) 

13:31:43 lS-Jun-84 
13:36:41 lS-Jun-64 

1 
2 
:3 
4 
5 
6 
7 1 
8 1 
9 1 

10 1 
11 1 
12 1 
13 1 
14 1 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

1 --
2 --
3 --
4 --
5 --
6 --
1 -- A 
2 --
3 0- A 
4 -- 000008 
5 -- 000012 
6 -- 00001A 
7 -- 00001A 
8 -0 A 
7 --
60-
9 1-

10 --
11 --
12 --
13 --
14 --
15 --
16 -1 
17 -0 

000016 
00001E 
00002C 
000038 
0OOO4A 
00004A 
OOOO9C 

PROGRAM EXSMple; 

'JAR 
ArguMent: Longlnt; 

($1 Factorial} 
FUNCTION factorial(Arg: Longlnt): Longlnt; 

BEGIN (factorial} 
IF Arg<=l THEN 

faDtorial := 1 
ELSf 

FaDtorial := Al·g*Factorial (Al"g-l); 
BiD; (faDtorial) 

BEGIN {ExSPlple} 
REPEAT 

\lri telIl; 
IIrite('Enter arguMent: '); 
Read (Argupten t) ; 
IF (l~ul t<=O) AND (Argu'4eOt>=O) THEN 

wri telIl(' Factorial(', ArgUl'lent: 1, • > =', 
Factorial (Ar9Ul'lent): 1); 

lIfT 1 L ArguPJent<o; 
END. (EXSI'lple) 

El~sed '::»P1pilation tiMe: 1.483 seconds. 

COPlpilation eo:mplete - no errors found. 25 lines. 

Elapsed code generator tiM: 1.226 secondS. 

Total code size = 284 
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LISTING FORMAT 13 - Full listing format with generated code interleaved 

lisa Pasoal COPlpiler \/3.2"2 (14-Jt.rt-84) 
liss. Pascal t1C68f..(lO COde Generator Y3.14 (14-Jun-84) 

13:31:43 lS-Jun-84 
13 :37 :09 15-Jun-8lI 

1 1 -- PROORAM EXSI'Iple; 
2 2 --
3 3 -- 'JAR 
4 1I -- ArguMent: Longlnt; 
5 5 --
6 6 -- ($1 Factorial} 
7 1 1 -- A FUNCTION Factorisl(Arg: LongInt): LongInt; 
8 1 2 --
9 1 30- A BEGIN {factorial} 

00000o 4A6f fOOO fACTORIA TST.W $fOOO(A7) 
000004 lIES6 0000 LII'f( A6.I$OOOO 

10 1 4 -- IF Arg<=l THEN 
000008 OCAf 0000 0001 CNPI.l 8$00000001, $0008 (A6) 
OOOOOE 0008 
000010 6EOS Bt~T .S L.DOO1 ; OOOOOOiA 

11 1 5 -- Factorial := 1 

12 1 
13 1 

6 --
7 --

000012 7001 MOVEQ 8$01,00 
000014 2040 OOOC MOVE.l 00, $OOOC(A6) 
000018 601A BRA .s 1.0002 ; 00000034 

ELSf 
Factorial 

LOOO1 0000lA 42A7 
OOOO1C 202E 0006 
000020 5380 
0000222fOO 
000024 lIEBA 0000 
000028 2F2E 0008 
00002C /lEBA (0)() 
000030 2DSF OOOC 
000034 4ESE 
000036 2E9f 
000038 /lE75 

00003A C041 4354 4F52 
0000404941 

:= Al·9*Factorial (Al·9-1); 
CLR.L -(A7) 
MOVE.L $OOO6(A6),DO 
S1..IBQ .l 1$1, 00 
tIOVE.L DO,-(A7) 
JSR FACTORIA 
tIOVE.L $OOO6(A6).-(A7) 
JSR "l MUUl 
tIOVE.L (A7)+,$OOOC(A6) 
UNUC; A6 
MOVE.L (A7)+,(A7) 
RTS 

.'IORD $C6lI1,$4354,$4F52; N .ACTOR" 
_WORD $4941 "IA" 

000042 0000 CstSize .',iORD Last-CstSize-2 
000044 L.as t 

14 1 8 -0 A END; {Factorial} 
15 7 --
16 8 0- BEGIN {ExSAple} 
17 9 1- REPEAT 

000000 4EBA 0000 EXAI'fl'lf JSR ~ BEGIN 
000004 4E56 0000 LINK A6, 1$0000 
000008 2CSF 11000.l (A7)+,A6 
OOOOOA /lESS ffFC LINK A5,a$fFFC 
OOOOOE 9FED 0010 SUBA.l $0010(AS),A7 
000012 'lEBA 0000 JSR ~_I"n 

18 10 -- l,iri teLn; 
000016 2F2O OOOC L.OOO2 l'IOVE.l $OOOC(AS),-(A7) 
00001A 4EBA 0000 J--~ W I)f 

19 11 -- 'hoi te(, Enter argUPJent: ');-
0000lE 2f20 OOOC MO'JE. L $OOOC(AS), -(A7) 
000022 tJ87A 0002 PEA Cs w003 ; OOOOOOC6 
000026 4267 CLR.W -(A7) 
00CI028 IIEBA 0000 JSR M# STR 

20 12 -- Resd(ArgtJP1E!nt);-
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00002C 2F20 0008 I1(M:.L $0008(AS),-(A7) 
000030 lIEBA 0000 JSR ~_I 
000034 285f fFFC I1OVE.L (A7)+,$FFFC(AS) 

21 13 -- IF (IOResult<=O) AND (Arguwlent>=O) THEN 
000038 lIEBA 0000 JSR "IQRES 
00003C 4ASF TST.IN (A7). 
00003E SFCO SLf DO 
000040 liMO FFFC rST .L $fFFC(AS) 
000044 5CC1 93E 01 
000046 COO1 AND.B O1,DO 
000048 674A BEQ.S LOOOl : 00000094 

22 14 -- wri telIl( 'Factorial(', Arglll'lent: 1, ') =', 
23 15 -- Factorial (Al·guMent): 1); 

00004A 2F20 OOOC ttOVE.L $OOOC(AS),-(A7) 
00004E 467A 006A PEA Cst0002 ; OOOOOOBA 
OOJOS2 4267 CLR.W -(A7) 
000054 lIEBA 0000 JSR W STR 
000058 2F20 OOOC tIO\JE.L $OOOC(AS), -(A7) 
OOOOSC 2F20 FFFC ttM.L $FFFC(AS) ,-(A7) 
000060 3F3C 0001 MOVE.Ii 1$OOO1,-(A7) 
000064 'lEBA 0000 JSR ~I 
000068 2F20 OOOC MOVE.L $OOOc(AS),-(A7) 
00006C 467A 00Q8 PEA CstOOOl ; 00000086 
000070 4267 CLR.W -(A7) 
oooon 'lEBA QI.))() J...~ W STR 
000076 2F2D OOOC HOVE.L $oOOc(AS),-(A7) 
00007A 1t2A7 CLR.L -(A7) 
00007C 2F20 FFFC ttOVE.L $FFFC(AS),-(A7) 
000080 ItEBA 0000 JSR FACTOiUA 
000084 3F3C 0001 MO\IE.W 1$OOO1,-(A7) 
fXOO86 4EBA 0000 JSR ,,~ I 
00008C 2F20 OOOC ttOVE.L $oOoc(AS),-(A7) 
000090 4EBA 0000 JSR WIJ4 
0C0094 LIMO fFFC LDOOl TST .L $FFFC(AS) 
000098 6COO FF7C BGE LOOO2 :.00000016 

211 16 -1 lJfTIL ArguMent<O; 
00009C ItEBA 0000 JSR " TERI'I 
OOOOAO lIESD UNIY. AS 
OQ()()A2 'lEBA 0000 JSR "_00 
0000A64E75 RTS 
OOOOAS 4ESE UNLK A6 
0000AA4E75 RTS 

00l0AC CS58 4140 SOlIC .WIR) $CS58. $4140, $S04C ; n .XAMPL n 

000082 4520 .wa:ID $4520 "E .. 

0000B4 0022 CstSize JIORD Las t-Cs tSi ze-2 
000066 CstOOOl 
0000B6 03 • BYTE 3 
OOOOB7 2920 30 • ASCI I ') =' 
OOOOBA CstOOO2 
OOOOBA OA .B\'TE 10 
OOOOBB 4661 6374 6Fn • Ag:; I 1 'FactOl·· 
OOOOC1 6961 6C28 .ASCII 'ial( , 
0000C5 00 • BYTE $00 
0000C6 CstOOO3 
0000C6 10 • BYTE 16 
OOOOC7 4SSE 7465 7220 • ASCI I 'Enter ' 
OOOOCD 6172 6775 6065 .A~II 'argul'le' 
OOOOD3 6E74 3A2O • ASCI I 'nt: ' 
000007 00 • BYTE $00 
000008 Last 

J-7 



P8S'Csi Reference f.."8nll81 

25 17 -0 END. (EXSIlple} 

Elapsed COPlpilation tiMe: 1.463 seconds. 

COrtpilation COI'lplete - no errors found. 25 lines. 

Elapsed code generator tiM: 3.106 seconds. 

Total cOde size = 284 
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LISTING FORMAT 14 - Full listing fart1'l& with the $ASM PROC in effect 

Lisa Pascal c~Mpiler V3.22 (14-Jun-64) 
Lisa P8SOSJ. 11C68000 COde Generator Y3.14 (14-.Jun-84) 

13:31:43 15-Jun-84 
13:38:34 lS-Jun-84 

1 
2 
3 
II 
5 
6 
7 1 
8 1 
9 1 

10 1 
11 1 
12 1 
13 1 
14 1 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

1 -- PROORAM EXaAple; 
2 --
3 --
4 --
5 --
6 --
1 -- A 
2 --

VAA 
ArgUAent: Longlnt; 

($1 Fectorisl} 
FUNCTION Fsctorial(Arg: LongInt): Longlnt; 

3 0- A BEGIN {FSI)torial} 
4 -- IF Arg<=l THEN 
5 -- Factorial := 1 
6 -- ELSf 
7 -- Factorial := Arg*Factorial(Arg-1); 
8 -0 A END; (Fectorial) 

00000o 4A6F FOOO fACTORIA TST.W $fOOO(A7) 
00000lI llE56 0000 Uti< A6.#$OOOO 
000008 OCAE 0000 0001 CMPI.L l$ooOOOOOl,$0008(A6) 

7 --
8 0-
91-

10 --
11 --
12 --
13 --
14 --
15 --
16 -1 
17 -0 

OOOOOE 0008 
0000106EOS 
000012 7001 
000014 2040 OOOC 
000018 60lA 
oooOlA 42A7 
0000lC 202E 0008 
000020 5380 
000022 2FOO 
000024 4EBA 0000 
000028 2F2E 0008 
00002C tlEBA 0000 
000030 2DSF OOOC 
000034 4ESE 
000036 2E9F 
oooo384E75 

LDOO1 

LOOO2 

OOT .s 
MOVEQ 
MO'JE.L 
BRA.S 
CLR.L 
MOVE.L 
SUBQ.L 
MOVE.L 
J~ 
MOVE.L 
JSR 
MOVE.L 
UtU..K 
tlOVE.L 
RTS 

LDOO1 
#$01,00 
00,$OOOC(A6) 
LD002 
-(A7) 
$OOO6(A6) ,00 
U$1,OO 
OO.-(A7) 
FACTORIA 
$0008(A6),-(A7) 
"I ~1ULA 
(A7)+,$OOOC(A6) 
A6 
(A7)+, (A7) 

; 000000lA 

; 00000034 

00003A C641 4354 4F5Z 
000040 119111 

.~(R) $C641,$4354,$4F52;· .ACTOR" 

000042 0000 
00()()Q4 

.~ $49'11 n IA" 

CstSize .WORD Last-CstSize-2 
Last 

BEGIN {ExMPle} 
REPEAT 

Wri telJ"l; 
Wri te( 'Enter arguMent: '); 
Re-.a.d(Al"9UAent); 
IF (IOResult<=O) AND (ArguMent>=O) THEN 

writeLn('faotorial(', Ar~JMent: 1, ') =', 
Fsctori8.l(ArQUMent): 1); 

I~TIL ArguMent<O; -
END. {ExMPle} 

00000o llEBA 0000 EXAI'Plf 
000004 llES6 0000 
000008 2CSF 
I)oooOA 4E55 FFFC 
OOOOOE 9FED 0010 
000012 4EBA 0000 
000016 2F20 OOOC LDOO2 

J~ 
Uti< 
t10VE.L 
LJI't< 
SJJ6A.L 
JSR 
tl0'JE.1. 
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OOOO1A 4EBA 0000 JSR lWlJi 
OOOO1E 2f20 OOOC ttOVE.L $oOOc(AS).-(A7) 
000022 481A 00A2 PEA CstoOO3 000000C6 
000026 4261 CUUJ -(A?) 
000028 4EBA 0000 JSR MIl STR 
00002C 2F20 0008 MOVE.L $OOoa(AS).-(A7) 
000030 4fBA 0000 JSR ~l 
000034 2B5F FFFC HOVE.L (A7)+.~FFC(A5) 
000038 4EBA 0000 JSR ~ IORES 
00003C 4A5F TST.'" (A1)+ 
00003E SFCO SlE DO 
000040 4AAD FFFC TST.L $FFFC(AS) 
000044 5CCi SGE 01 
000046 COO1 AND.B 01,00 
000048 674A BEQ.S L.0001 00000094 
00004A 2f20 OOOC I'1OVE.L $OOOC(AS).-(A7) 
00004E 481A 006A PEA CstOOO2 OOOOOOBA 
0000524261 CUUI -(A7) 
000054 4EBA 0000 JSR MIl STR 
000058 2f20 OOOC ttOVE.L $000c(AS).-(A7) 
OOOOSC 2F20 FFFC ttOVE.L $FFFC(AS),-(A7) 
0CI0060 3F3C 0001 MOVE.'" 1$0001.-(A7) 
000064 4EBA 0000 JSR WI 
000068 2F20 OOOC t1O\IE.L $OCWJc(AS).-(A7) 
00006C 48?A 1)()48 PEA CstoOO1 000000B6 
000070 4267 CUUI -(A7) 
oooon 4EBA 0000 J~ W STR 
000076 2f20 OOOC MOVE.L $oOOC(AS).-(A7) 
00007A 42A? CLR.L -(A7) 
00007C 2F20 FFFC HOVE.L $FFFC(AS),-(A7) 
000080 4EM 0000 JSR fACTORIA 
000084 3F3C 0001 HOVE.II U$OOO1.-(A7) 
I)'J()088 4EBA 0000 J~ WI 
00008C 2f20 OOOC HOVE.L $oOOc(AS),-(A7) 
000090 4EBA 0000 JSR ~ Ltf 
000094 4AAD FFFC LDOO1 TST.L $FFFC(AS) 
000098 6COO FF7C BGE 1.0002 00000016 
00009C 4EM 0000 JSR " TERtI 
OOOOAO liES[) UtUK AS 
0000A2 4EBA 0000 JSR "_END 
0000A6 4E75 RTS 
OOOOAS 4ESE UNLK A6 
OOOOAA 4E75 RTS 

OOOOAC C558 4140 504C .WORD $C558,$414D,$504C ; " .XAI1PL" 
OOOOB2 4520 . 'lORD $4520 "E .. 

0000B4 0022 Cstsize . WORD Last-cstsize-2 
0000B6 CstoOOl 
OOOOB6 03 • BYTE 3 
OOOOB7 2920 30 • ASC II ') =' 
OOOOBA CstOOO1 
OOOOBA OA • BYTE 10 
OOOOBB 4661 6374 6F72 • AS: II 'Factor' 
OOOOC1 6961 6C28 .AS:II 'isl( , 
0000C5 00 • BYTE $00 
0000C6 Cstf.X)()3 
0000(:6 10 • BYTE 16 
OOOOC? 456E 7tl65 n20 .ASCII 'Enter ' 
OOOOCD 6172 6775 6065 .ASCII 'Sl'guJlle' 
000003 6E?4 3A20 • AS: II 'nt: ' 
OOOOD7 00 • BYTE $00 
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l.9.st 

El8p:sed COMp il at ion t i PIe: 13183 seconds. 

COplpilation COMplete - no errors four.:!. 25 lines. 

Elapsed code generator tiMe: 2.846 secondS. 

Total code size = 2S4 
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LISTING fORMAT 15 - Assembler input interleaved with Pmcal source as 
comments 

; PRO~RAt1 EX8I'1ple; 

VAR 

1.0001 

Argul'leflt: L.onglnt; 

{$I Factorial} 
FUNCTION Factorial(Arg: LDngInt): LoogInt; 

BEGIN {factorial} 

.FUHC FACTORIA 

. REF ~ MULA 

. REf FACTORIA 

TST.W -4096(A7) 
LINK A6,~tO 

IF Arg<=l THEN 
CMPI.L 11,8(A6) 
BGT .S 1.0001 

Factorial := 1 
MOVEQ #1,00 
MOVE.l DO, 12(A6) 
BRA.S LOOO2 

ELSE 
Factorial := Al·g*Factol·ial (Al·g-l); 

eLR.L -(A?) 
MOYE.l 6(A6),OO 
SJ6Q.l ~~l,OO 
MOYE.l DO,-(A7) 
JSR fACTORIA 
MOYE.L 8(A6),-(A7) 
JSR ~ I1JLA 
MOYE.l (A7)+,12(A6) 

1..0002 UNLK A6 
~10""E.l (A7)+, (A7) 
RTS 

.WORD $C641, $4354,$4f52, $4941 

CstSize .WORD Las t-CstSize-2 
last 

END; {Factorial} 

BEGIN {ExMple} 
REPEAT 

.MIN EXAl'PI.f 

.REF "Em 

. REF !lfrTERtI 

. REF »il 

. REF " JCRES 

. REF ~I 

. REF ""-STR 

. REF ~:~ 

. REF FACTORIA 

. REF " INIT 

. REF ":BEGIN 
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LDOO2 

JSR " BEGIN 
LINK A6,UO 
MM.L (A7)+,A6 
LINK AS, 8-4 
SUBA.L 16(AS),A7 
J~ " INIT 

..,ri telJ1; 
ffirlE.L 12(AS),-(A7) 
JSR !JItI LN 

I,4rite('Enter arguMent: '); 
MOYE.L 12(AS),-(A7) 
PEA CstOOO3 
CLR.1rI -(A7) 
J~ "'" STR 

Re80(ArgUplent) ; 
MOVE.L 8(AS),-(A7) 
JSR '-R I 
M~JE.L (A7)+,-4(A5) 

IF (IOResult<=O) AND (ArguMent>:O) THEN 
JSR " IORES 
T5.1' .'tI (A7)+ 
Sl.E DO 
TST .L -4(AS) 
S~ D1 
AND.B 01,00 
BEQ .s L.OOO1 

WriteLn('Factorial(', Ar~t: 1, ') :', 
Factorial (Argul'leOt): 1); 

MOVE.L 12(AS),-(A7) 

LDOO1 

PEA CstOOO2 
CLR.W -(A7) 
J~ W srR 
MOYE.L 12(AS),-(A7) 
MOYE.L -4(AS),-(A7) 
MOYE.W 11,-(A7) 
JSR !JItI I 
MOVE.L 12(AS),-(A7) 
PEA CstOOO1 
CLR.W -(A7) 
JSR W STR 
MOVE.L 12(AS),-(A7) 
CLR.L -(A7) 
MOVE.L -4(AS),-(A7) 
J~ FACTORIA 
MOVE.W 81,-(A7) 
JSR W I 
MOYE.L 1Z(AS),-(A7) 
JSR W LN 
TST .L -"(AS) 
BGE L.OOO2 

UNTIL Argunent<O; 
JSR "TERM 
UHLK AS 
JSR "EIt) 
RTS -
UNLK A6 
RTS 

.WORD $C55S,$414D,$504C,$4520 

CStSize .WORD Last-CstSize-2 
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CStoOOl. 

CstOOO2 

cstoOOJ 

Last 

.BVTE 3 

.ASCII '):' 

.BYTE 10 

. ASCI I 'F80torieJ(' 

.BYTE $00 

.BYTE 16 

.ASCII 'Enter arguPlE!nt: ' 

.BYTE $00 

END. {ExMple} 

• Etc 

Listing Formats 
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LISTING FORMAT 16 - Assembler inpe.£ with the $ASM PROC in effect 

; PROGfW1 EX8PlJ>le; 

VAR 
Argurtent: ~Int; 

($1 F80torial) 
FUNCTION F80torial(Arg: Longlnt): Longlnt; 

LDOO1 

LOOO2 

BEGIN (Factorial) 
IF Arg<=1 TtEH 

Factorial := 1 
ElSE 

Factorial := Arg*Factorial(Arg-l); 
00; {F80torial} 

.FUMe FACTORIA 

.REF ~ ttJiA 
• REF FACTORIA 

TST.V 
LItfK 
CHPI.L 
BGT .S 
HOYEQ 
I"IOVE.L 
BRA.S 
CLR.L 
l"IOVE.l 
SUBQ.L 
1'1000.L 
JSR 
MOYE.L 
JSR 
MOVE.L 
UtfLK 
MOYE.l 
RTS 

-4096(A7) 
116.10 
#1,8(A6) 
1.0001 
#1,00 
00,12(116) 
LOOO2 
-(A7) 
8(116),00 
81,00 
00,-(A7) 
FACTORIA 
8(A6),-(A7) 
~ I'IJLA 
(A7)+,12(A6) 
AS 
(A7)+,(A7) 

.WORD $C641, $4354, $4F52, $4941 

CStSize .WORD l.8st-CstSize-2 
l.8st 

BEGIN (Ex8PIPle) 
REPEAT 

lh'itel.Tl; 
~rite('Enter 8r9U"iOt: '); 
Read(ArguMent) ; 
IF (lOReslJl t<=O) AHD (Ar9lJ'1E!flt>=O) THEH 

Writel.Tl('Factorial(" Argup1E!Ot: 1, ') =', 
Fectorial(ArguMnt): 1); 

UNTIL ArguAent<O; 
END • (ExaPIp Ie ) 

.MAIN EXAl'PI.£ 

. REF " Et[) 
• REf "-TERH 
• REF -'_I 
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• REF "IORES 
• REF ~I 
. REF "'-STR 
. REF W-lJII 
. REF FACTORIA 
. REF "INIT 
. REF ":8EGIN 

JSR " BEGIN 
LINK A6,80 
tlCM.L (A7)+,A6 
LINK AS,I-4 
SUBA.L 16(AS),A7 
JSR "INIT 

I.DOO2 MOVE.L 12(AS),-(A7) 
JSR 5IlJII 
"OYE.L 12(AS),-(A7) 
PEA CstOOO3 
CLR.W -(A7) 
JSR W STR 
MM.L 8(A5),-(A7) 
JSR !llR1 
MM.L (A7)+,-4(AS) 
JSR "IOlES 
TST.W (A7)+ 
su:: DO 
TST.L -!l(AS) 
SGE 01 
AND.B 01,00 
SEQ.S LOOO1 
MOVE.l 12(AS), -(A7) 
PEA CstOOO2· 
CLR.W -(A7) 
J..~ W_STR 
MOVE.L 12(AS),-(A7) 
MOVE.L -!l(AS),-(A7) 
tlOVE.W a1,-(A7) 
JSR '*II 
MOVE.l 12(AS),-(A7) 
PEA CstOOO1 
CLR.W -(A7) 
JSR »I STR 
MO'JE.L 12(AS), -(A7) 
CLR.L -(A7) 
MOVE.L -4(AS),-(A7) 
JSR FACTORIA 
MOVE.'" 81,-(A7) 
JSR '*II 
I'IOVE.L 12(AS),-(A7) 
JSR »IlJII 

LOOO1 TS7.L -4(AS) 
BGE LOO02 
JSR "TERM 
UHLK AS 
JSR "_EIt) 
RTS 
UHU\ A6 
RTS 

. WORD $C558,$4140,$S04C,$4520 

CStsize • WORD Las. t-cs. tsize-2 

J-16 



Listing Formats 

CStoOO1 
.B'fTE 3 
.Ast:II ') =' 

CstOOO2 
.B'fTE 10 
• ASCII 'Fe.ctorial( , 
.B'fTE $00 

CStOOO3 
.ME 16 
.ASCII 'Enter arguMent: ' 
.8'fTE $00 

I..8.st 

• END 
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Index 
Please note that the topic references in this index 
are by section number. 

II 
Abs Function 11.4.2 
Abs2X D.4.3. 0.4.12 
Absolute value 0.9.2 
AbsX 0.3.9.2. 0.3.12 
Accuracy in Real Arithmetic D 
ACosX 0.4.3. 0.4.12 
Actual-Parameter 5.2. 1.1. 1.3 

syntax 5.2 
Actual-Parameter-List 5.2 

syntax 5.2 
Actual-Parameters in Procedure Call 6.1.2 
Add. 0.3.3.1 
AddPtd Procedure E.9.17 
AddC. 0.3.3.1. 0.3.12 
AddD 0.3.3.1. 0.3.12 
AddS 0.3.3.1. D.a12 
AddX D.3.3.1. 0.3.12 
Anomalies in Lisa Pascal B 
Annuity D.3.10.3. 0.3.12 
Apple II Pascal A 
Apple III Pascal A 
Apple II and Apple III Pascal: Other Differences 

A.3 
Apple Numerics Manual 0.1 
Applestuff Unit A 
Arc. Graphic Operations E.9.10 
Arctan Function 11.4.9 
Arctangent D.3.10.4 
Arithmetic Functions 11.4 
Arithmetic Operations 0.3.3 
Arithmetic Operators 5.1.2. D 
Array 3.2.1. 4.3.1 

component 3.2.1. 4.3.1 
reference 4.3.1 

Arrays and Matrices D.4.10.3 
Array-type 3.2.1 

syntax 3.2.1 
Ascent Line E.5.2 
ASCII 3. 1. 1. 5 
ASinX 0.4.3. D.4.3. D.4.12 
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Assembler Input Source J-2 
Assembler Input by Source J-3 
Assemably Language 0.5.1 
Assembly Language, Quickdraw E.11 
6502 Assembly-Language SANE Engine 0.1 
68000 Assembly-Language SANE Engine 0.1 
Assignment-Compatibility 3.4.3 
Assignment-Statement 6.1.1 

syntax 6. 1. 1 
ATanX 0.3.10.4, 0.3.12 
ATan2X 0.4.3, 0.4.12 
Auxiliary Procedures 0.3.9 

B 
BackColor Procedure E.9.5 
BackPat Procedure E.9.1 
Base-2 logarithm D.3.10.1 
Base Line E.5.2 
Base-Type 3.2.3, 3.3, 5.3 

of pointer-type 3.3 
syntax 3.3 
scope anomaly B 
of set-type 3.2.3, 5.3 

Basic Listing Formats J-1 
Beep Procedure F.4 
Binary Log 0.3.9.4 
Binary Scale D.3.9.4 
Bit Image E.4.1 
Bit Transfer Operations E.9.13 
BitMap Oata Type E.4.2 
Bitmaps E.4.2 
Bitwise Boolean Operations A 
Blank Character 1.1 
Blank Segment 8.3, 9.1 
Block 2 

syntax 2.1 
Block-Structured I/O 3.2.4, 

10. 1. 1-2, 10. 4 
Blockread Function 3.2.4,10.4.1 
Blockwrite function 3.2.4,10.4.2 
Boolean 3.1.1.4, 5.1.3, 5.1.5.2, 

10.3.3.7, 12.3-12.4 
comparisons 5.1.5.2 
constants as control values 12.3.-4 
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operands, evaluation of 5.1.3 
operators 5. 1. 3 
data type 3.1.1.4 
values in text-oriented output 

10.3.3.7 
Boundary Rectangle E.4.2 
Boxes Program E.14.2 
Buffer Variable 10.1.3, 10.1.7 
Built-In Procedures and Functions 10, 

11 
Busy Cursor F.2.2 
BusyOelay Procedures F.2.2 
BusyImage Procedures F.2.2 
Byte Array 11. 7 
Byte-Oriented Procedures and Functions 

11. 7 
Byte-Size Files 3.2.4 
Bytestream Type A 

C 
C20ec 0.3.4.2, 0.3.12 
C2Str 0.3.4.2, 0.3.12 
C2X D.3.4.1, 0.3.12 
Camera Eye E.12 
Case 6.2.2.2 

syntax 6.2.2.2 
Case-Constant in Case Statement 

6.2.2.2 
Case-Sensitivity 1.1, 1.2, 1.4 
Case-Statement 6.2.2.2, Notes 6-1 

efficiency 12.5 
syntax 6.2.2.2 

Char 1.6.1, 3.1.1.5, 10.3.1.1, 
10. 3. 3. 2, 11. 5 

constant 1. 6. 1 
type 3.1.15 
values in text-oriented I/O 

10.3.1.1, 10.3.3.2 
Character 1.1. 3.2.4. 4.3.1 

device 3.2.4, 10.1.1-2 
files 3.2.4 
font E.5.2 
in string 4.3.1 
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set 1. 1 
Character Style E.5.2 
CharWidth Function E.9.4 
Chr Function 11.5.2 
Class Functions 0.3.7.1 
ClassC 0.3.7.1, 0.3.12 
ClassO 0.3.7.1, 0.3.12 
ClassS 0.3.7.1, 0.3.12 
ClassX 0.3.7.1, D.3.12 
ClearHlts 0.4.2, 0.4.12 
ClearXcps 0.4.2, 0.4.12 
Clip30 Function E.12.4 
ClipRect Procedure E.9.1 
ClipRgn E.5 
Clock/Calendar F.8, F.9 
Close Procedure 10.1.5 
ClosePicture Procedure E.9.14 
ClosePoly Procedure E.9.15 
ClosePort Procedure E.9.1 
CloseRgn Procedure E.9.11 
Closing a File 10.1.5 
CmpX 0.3.6, 0.3.12 
Code Generation 12.1 
Code Generator Invocation Options Notes 12-4 
Code Generator Invocation Options (Table) 

Notes 12-7 
Color Orawing E.7.2 

routines E.9.5 
ColorBit Procedure E.9.5 
Column Pivoting 0.4.10.9 
Comment 1.8 
Comp 0.3.2, 0.3.12 
Comparison to Apple II and Apple III Pascal 
Comparison Functions 0.3.6 
Comparisons 5.1.5 
Comparisons Involving NaNs 0.2.4 
Compatibility of Parameter Lists 

7.3.5 
Compatible Types 3.4 
Compile-Time Expressions and Variables 

12.2.1-3 
Compiler 1.8, 12, A 

commands 1.8, 12.1-2, A, Notes 12-1 
Compiler Commands (Table) Notes 12-7 
Compiler Invocation Options Notes 12-2 
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Compiler Invocation Options CTable) Notes 12-7 
Component of Array 3.2.1, 4.3.1 
Component of File 3.2.4, 4.3.3 
Component-Type of Array 3.2.1 
Component-Type of File 3.2.4 
Composing Transformations D.4.10.3 
Compound D.3.10.3, D.3.12 
Compound Interest D.3.10.3 
Compound-Statement 6.2.1 

syntax 6.2.1 
Concat Function 11.6.3 
COND D.4.10.4 
Conditional Compilation 12.2 
Conditional-Statement 6.2.2 

syntax 6.2.2 
Conditioned Problems D.4.10.4 
Condition number D.4.10.4, D.4.10.10 
Constant 1. 4-7 

syntax 1. 7 
Constant-Declaration 1.7, 2.1, B 

scope anomaly B 
syntax 1. 7 

Constant-Declaration-Part 2.1 
syntax 2.1 

Constant Expressions Notes 1-1 
Constants, Assembly Language E.11.1 
Contrast Control F.3.1 
Contrast Function F.3.1 
Control-Variable 6.2.3.3 

syntax 6.2.3.3 
Conversion, Type Notes 3-1 
Conversions D.3.4 
Conversions To and From Extended D.3.4.1 
Conversions Betveen Binary and Decimal D.3.4.2 
Converting Decimal Strings into SANE Types 

D.3.4.2 
Converting SANE Types into Decimal Strings 

D.3.4.2 
Coordinate Conversion D.4.3 
Coordinate Plane E.3.1 
Coordinates, GrafPort E.3.1, E.6 
Copy Function 11.6.4 
CopyBits Procedure E.9.13 
CopyRgn Procedure E.9.11 
Correctly Rounded Conversion D.4. 7 
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Correlation Matrix 0.4.10.7 
Cos Function 11.4.5 
CoshX 0.4.3, 0.4.3, 0.4.12 
CosX 0.3.10.4, 0.3.12 
Cosine 0.3.10.4 
CpySgnX 0.3.9.2, 0.3.12 
CR Character 1.1, 1.S, 10.3 

in text-oriented I/O 10.3 
Crunch 10.1.5 
Current Block Number 10.4 
Current File Position 4.3.3 
Cursor Control 10.3.7, F.2 
Cursor Data Type E.4.4 
Cursor-Handling Routines E.9.2 
CursorHeight Data Type F.I0 
Cursorlmage Procedure F.2 
CursorLocation Procedure F.2.1 
CursorPtr Oata Type F.I0 
Cursor, QuickDraw E.4.4 
CursorTracking Procedure F.2.1 
Customizing QuickOraw Operations 

E.I0 

o 
020ec 0.3.4.2, 0.3.12 
02Str 0.3.4.2, 0.3.12 
02X 0.3.4.1, D.3.12 
Data Bitmap F.2 
Data Types 0.3.2 
Data Types 3 

assembly language E.l1.2 
Graf30 E.12.3, E.13.5 
QuickDraw E.2.2, E.13.2 

DataFile 10.1. 2 
Date F.8, F.9 
DateArray Data Type F.I0 
DateTime Procedure F.B 
DateToTime Procedure F.B 
DblPrecision D.4.12 
Dead Key Diacriticals F.5.4 
Debugging 12.1 
Oec2C 0.3.4.2, D.3.12 
Dec2D 0.3.4.2, D.3.12 
Dec2S D.3.4.2, D.3.12 
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Dec2X D.3.4.2, 0.3.12 
DecForm D.3.4.2, D.3.12 
Decimal D.3.4.2, 0.3.12 
Decimal Record Conversions 0.3.4.2 
Decimal Record Type 0.3.4.2 
DecStr D.3.4.2, 0.3.12 
DECSTRLEN 0.3.12 
Defining Declaration 7.1 
Delete Procedure 11.6.5 
Deletions A.2 
DENORMAL D.3.t.1, 0.3.12 
Denormalized number 0.3.7.1 
Denormalized Numbers 0.3.7 
Descent Line E.5.2 
Determinant D.4. 10. 10 
Determinants D.4.10.5 
Device 10. 1. 1-2 

character 10.1.1, 10.1.2 
file-structured 101.1, 10.1.2 
types 10.1.1, 10.1.2 

Diacritical Marks F.5.4 
DiffRgn Procedure E.9. 11 
Digi t 1. 1 
Digits 0.3.4.2, 0.3.12 
Digit-Sequence 1.4 

syntax 1. 4 
DimContrast Function F.3.2 
Dimensions of Lisa Screen E.4.1 
Directi ve 1. 3 
Diskette Insertion Switches F.5 
Display Screen F.S 
DisposeRgn Procedure E.9.11 
DIVBYZERO D.3.B.2. D.3.12 
Div Operator A 
DivC D.3.3.1, 0.3.12 
DivO D.3.3.1. 0.3.12 
DivS D.3.3.1, 0.3.12 
DivX D.3.3.1, 0.3.12 
Divide D.S.3.1 
Division by Zero (Real Arithmetic) 

3.1.1. 3. 0 
DLE Character 10.3 
Double D.3.2, D.3.12 
DblPrecision D.4.2 
DOWNWARD D.3.8.1, D.3.12 
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DrawChar Procedure E.9.4 
Drawing £.7 

color E.7.2 
DrawPicture Procedure E.9.14 
DrawString Procedure E.9.4 
DrawText Procedure E.9.4 
Dynamic Allocation Procedures 11.2 
Dynamic storage 0.4.4 

£ 
Efficiency, Case-Statements 12.5 
E format 0.4.6 
ELEMS D.3.12 
Elementary Functions 0.3.10, D.4.3 
Empty Set 5.3 
EmptyRect Function E.9.6 
EmptyRgn Function E.9.11 
Enumerated-Type 3.1.2 

syntax 3.1.2 
Environ D.3.B.2, D.3.12 
Environmental Control D.3.8 
Eof Function 10.1.7 

and various procedures 10.1.3-4, 
10.1.7, 10.2.1-2, 10.2.4, 
10.3.1-2, 10.4.1 

Eoln Function 10.3.5 
and read and readln procedures 
10.3.1, 10.3.2 

EQ D. 3. 6, 0.3.12 
Equal D.3.6 
EqualPt Function E.9.17 
EqualRect Function E.9.6 
EqualRgn Function E.9.11 
EraseArc Procedure E.9.10 
EraseOval Procedure E.9.8 
ErasePoly Procedure E.9.16 
EraseRect Procedure E.9.17 
EraseRgn Procedure E. 9. 12 
EraseRoundRect Procedure E.9.9 
Error Messages H 
Error Reporting H.1 
ETX Character A 
Euclidean Length D.4.10.3 
EX - 1 D.3.10.2 
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Exception 0.3.8.2, 0.3.12 
Exception Flags 0.3.8.2 
Existence 0.4.10.3 
Exit Procedure 11.1.1, A 
Exp 0.3.4.2, 0.3.12, 0.4.7, 0.4.12 
Exp Function 11.4.6 
Exponential format 0.4.6 
Exponentials 0.3.10.2 
Exp1X 0.3.10.2, 0.3.12 
Exp2X 0.3.10.2, 0.3.12 
ExpX 0.3.10.2, 0.3.12 
Expression Evaluation 0.3.5 
Expressions 5 

syntax 5 
Extended 0.3.2, 0.3.12 
Extended Comparisons A 
Extended Temporaries 0.3.5 
Extended-Based Expression Evaluation 0.3.5 
Extensions A.l 
External File 10.1 
External Function 7.2 
External Procedure 7.1-2 
External Rate of Return 0.4.9 
ExtPrecision 0.4.12 

F 
Factor 5 

syntax 5 
FadeDelay Function F.3.2 
F format D.4.6 
Field of Record 3.2.2, 4.3.2, 6.2.4 
Field-Declaration 3.2.2 

syntax 3.2.2 
Field-Designator 4.3.2 

syntax 4.3.2 
Field-List 3.2.2 

syntax 3.2.2 
File 3.2.4, 4.3.3, 10 

buffer 4.3.3 
Buffer and Eof Function 10.1.1 
Buffer and Reset Procedure 10.1.3 
Component 3.2.4, 4.3.3 
Identifier As Parameter Type 1.3 
Of Char 3.2.4 
Position and Reset Procedure 
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10.1.3 
Record 10.2 
Reference 4.3.3 
Species 10.1.2 
Standard File-Type Identifier 

3.2.4, 10.1, 10.4 
Types and Reset Procedure 10.1.3 
Variable 3.2.4, 4.3.3, 10 
File-Buffer-Symbol4.3.3 

syntax 4.3.3 
File-Structured Device 3.2.4, 

10. 1. 1-2, 10. 4 
File-Type 3.2.4 

syntax 3.2.4 
FillArc Procedure E.9.10 
FillChar Procedure 11.8.3 
FillOval Procedure E.9.8 
FillPoly Procedure E.9.1S 
FillRect Procedure E.9.7 
FillRgn Procedure E.9.12 
FillRoundRect Procedure E.9.9 
Final-Value 6.2.3.3 

syntax 6.2.3.3 
Financial Analysis 0.4.8 
Financial Functions 0.3.10 
Finite Real Values 3.1.1.3 
Fin-Npv 0.4.8: 0.4.12 
Fin-Return D.4.8, D.4.12 
FIXEOOEClMAL 0.3.4.2, 0.3.12 
Fixed Decimal Point Format 0.4.6 
Fixed-Part 3.2.2 

syntax 3.2.2 
Fixed-Point Output of Real Value 

10.3.3.4 
FLOATDEClMAL D.3.4.2, D.3.12 
Floating-Point Arithmetic 0 
Floating-Point Output of Real Value 

10.3.3.4, A 
Font Numbers £.15 
Fonts E.S.2 
For-Statement 6.2.3.3 

syntax 8.2.3.3 
ForeColor Procedure £.9.5 
Foreign Characters F.S.4 
Formal-Parameter-List 7.3 
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syntax 7.3 
Formal-Parameters and Procedure Call 

6.1. 2 
Forward Declaration 7.1-2, Notes 7-1 
FP68K D.4.5 
FP-Free-ASCII D.4.6, D.4.12. 
FPLib 0.1. 0.3.D.3.12. 0.5.3 
FP-New D.4.4. 0.4.12 
FP-Size D.4.4, D.4.12 
FP-Type D.4.4 0.4.12 
FPUnit D.5.3 
FrameArc Procedure E.9.10 
FrameCounter Function F.3 
FrameOval Procedure E.9.8 
FramePoly Procedure E.9.16 
FrameRect Procedure E.9.7 
FrameRgn Procedure E.9.12 
FrameRoundRect Procedure E.9.9 
Frames Data Type F.10 
Free Fomat D.4.6, D.4.12 
Free Format Conversion D.4.6 
Full Listing J-2 
Full Listing By Procedure J-2 
Full Rank D.4.10.2 
Function 7.2-3 
Function-Body 7.2 

syntax 7.2 
Function-Call 5, 5.2, 7.2, 7.3 

syntax: 5.2 
Function-Declaration 7.2 

syntax 7.2 
Function-Heading 7.2 

syntax 7.2 
Functional Parameter 7.3.4 
Functions, Assembly Language E.11.4 
Future Value D.3.10.3 

G 
GE D.3.6, D.3.12 
GEL D.3.6, D.3.12 
Get Procedure 10.2.1, 10.2.3 
GetClip Procedure E.9.1 
GetEnv D.3.8.2, D.3.12 
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GetFontInfo Procedure E.9.4 
GetHltAddress D.3.11, D.3.12 
GetPen Procedure E.9.3 
GetPenState Procedure E.9.3 
GetPixel Function E.9.18 
GetPort Procedure E.9.1 
GetPort30 Procedure E.12.4 
GetPrecision D.4.2, D.4.12 
GetRnd D.3.8.1, D.3.12 
GL 0.3.6, 0.3.12 
Global Coordinated E.6, E.9.17 
Global Constants D.3.5.1 
Global Variables, Assembly Language 

E.l1. 3 
GlobalToLocal Procedure E.9.11 
Goto-Statement 6.2, A 

syntax 6.1.3 
Gotaxy Procedures 10.3.1.2 
Graf30 E.12 

data types E.12.3, E.13.5 
sample program E.14.2 

GrafDevice Procedure E.9.1 
GrafPort Coordinates E.3.1, E.6 
GrafPort Data Type E.5 
GrafPort Routines E.9.1 
GrafPorts E.5 
GrafPtr Data Type E.5 
GrafVerb Data Type E.10 
Graphic Pen E.5.1 
Greater than D.3.6 
Greater than or equal D.3.6 
Greater than or less than 0.3.6 
Greater than. equal. or less than 0.3.6 
GT 0.3.6) D.3.12 

H 
Halt Address 0.3.11 
Halt Procedure 11.1.2) A 
Halts D.3.8.2 
Halt Vector D.3.8.2 
Handles E.3.4 

picture £.8.1 
polygon E.8.2 
region E.3.4 
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Hardware Interface F 
Hardware Interface, Linking To Notes F-1 
Heap 11.2, 0.4.4 
Heapresult Function 11.2.2 
Hex-Oigi t 1. 1 
Hex-Oigit-Sequence 1.4 

syntax 1. 4 
Hexadecimal Constants 1.4 
HideCursor Procedure E.9.2 
HidePen Procedure E.9.3 
Horner's Method 0.4.9 
Horner's Rule 0.3.5 
Host Program or Unit 9 
Host-Type of Subrange 3.1.3 
Hotspot E.4.4, F.2 
Hourglass Cursor F.2.2 
Hyperbolic Cosine 0.4.3 
Hyperbolic Sine 0.4.3 
Hyperbolic Tangent 0.4.3 

I 
I2X 0.3.4.1, D.3.12 
Identical Types 3.4 
Identifier 1. 2 

of program 8.1 
syntax 1. 2 

Identifier-List 3.1.2 
syntax 3. 1. 2 

Identity Procedure E.12.4.2 
IEEE Arithmetic D.2.1 
IEEE Standard D.3.1 
IEEE Standard D.3.1 
If-Statement 6.2.2.1 

optimization 12.3 
syntax 6.2.2 

Implementation-Part 9.1.1 
syntax 9.1.1 

In Operator 5.1.5.5 
Index 4.3.1 

in variable-reference 4.3.1 
syntax 4.3.1 

Index-Type 3.2.1 
syntax 3.2.1 

INEXACT 0.3.8.2, 0.3.12 
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INF D.2.1 
IFINITE D.3.7.1, D.3.12 
Infinities 3.1.1.3, D.3.7 
Infinities D.3. 7 
Infinity D.2.1 D.3. 7.1 
InitCursor Procedure E.9.2 
InitFPLib D.3.11, D.3.12 
InitGraf Procedure E.9.1 
Initial-Value 6.2.3.3 

syntax 6.2.3.3 
Initialization-Part A 
InitPort Procedure E.9.1 
Inline Declaration Notes 7-1 
Input (Standard File) 10.1.7, 10.3 
Input File Control (In Compilation) 

12.1 
Input Variables in Read Procedure 

10.3.1 
Input/Output 10, Notes 10-1 
Inquiries D.3. 7.1 
Insert Procedure 11.S.S 
InsetRect Procedure E.9.6 
InsetRgn Procedure E.9.11 
Int-EForm D.4.S, D.4.12 
Integer 1.4. 3.1.1.1-2. 10.3.1.2. 

10.3.3.3. 11.3-5. 0 
arithmetic 3.1.1.1. 3.1.1.2 
constant 1.4 
conversion overflow 0 
data type 3.1.1.1. 3.1.1.2 
data type conversions 3.1. 

3.1.1.5. 3.1.2. 11.5.1 
values in text-oriented I/O 

10.3.1.2. 10.3.3.3 
Interactive File-Type A 
Integral format D.4.6 
Interface 0.3.12 
INTERFACE 0.4.12 
Interface-Part 9.1.1 

syntax 9.1.1 
IRR D.4.8 
Internal Rate of Return 0.4.8 
Intrinsic Libraries Notes 9-3 
Intrinsic-Unit Syntax Notes 9-2 
INTRINSIC. LIB 9.2. 12.1 
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INVALID D.3.B.2, D.3.12 
Invalid Operations in Real Arithmetic 
Inverse D.4.10.1 
Inverse cosine D.4.3 
Inverses D.4.10.3 
Inverse sine D.4.3 
InvertArc Procedure E.9.10 
InvertOval Procedure E.9.8 
InvertPoly Procedure E.9.16 
InvertRect Procedure E.9. 7 
InvertRgn Procedure E.9.12 
InvertRoundRect Procedure E.9.9 
Ioresult Function 10.1.2, 10.1.6 
IOSFPLib D.1, D.4 
IOSPasLib D.1 
Iteritive Improvement D.4.10.6 

K 
Key State F.5.3 
KeyboEvent Function F.5.3 
KeyboId Data Type F.10 
KeyboPeek Function F.5.3 
KeyboQIndex Data Type F.10 
Keyboard 3.2.4, 10.1.1, 10.3, 

10.3.7.1, F.5 
attributes F.5.1 
echoing on input 10.3 
events F.5, F.5.3 
identification F.5.1 
layouts F.5.1 
legends F.5.1 
physical 3.2.4, 10.1.1, 10.3, 

10.3.7.1 
queue F.5.3 
repeats F.5.5 
state F.5.1 
testing 10.3.7.1 

Keyboard Function F.5.1 
KeyCap Data Type F.10 
KeyCapSet Data Type F.I0 
Keycodes F.5 
KeyEvent Data Type F.10 
KeyIsDown Function F.5.2 
KeyMap Procedure F.5.2 
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Keypress Function 10.3.7.1 
Keystate F.S.3 
KillPicture Procedure E.9.14 
KillPoly Procedure E.9.15 

l 
L2X D.3.4.1~ D.3.12 
Label 1.5, 2.1, 6 

on statement 6 
syntax 2. 1, 6 

Label-Declaration-Part 2.1 
syntax 2.1 

LDec2X 0.4.7, 0.4.12 
LE D.3.6, 0.3.12 
Legends Function F.5.1 
Length Attribute 3.1.1.6 
Length Function 11.6.1 
Less than D.3.6 
Less than or equal D.3.6 
Letter 1.1 
Libraries, Intrinsic Notes 9-3 
Linear Algebra D.4.10 
Linear Algebra Procedures D.4.10.8 
Linear Equations D.4.10.3 
Linear Least Squares 0.4.10.3 
Lineat Least Squares Problems D.4.10.9 
Line-Drawing Routines E.9.3 
Line Procedure E.9.3 
Line2D Procedure E. 12. 4 
Line3D Procedure E.12.4 
LineTo Procedure E.9.3 
LineTo2D Procedure E. 12. 4 
LineTo3D Procedure E.12.4 
Linker 7.1 
Linking D.1 
Lisa Extended Caracter Set G 
Listing Control 12.1 
Listing Formats J 
Ln Function 11.4.7 
Local Coordinates E.6, E.9.17 
LocalToGlobal Procedure E.9.17 
Lock 10.1. 5 
Logarithms D.3.10.1 
LogbX D. 3. 9. 4. D.3.12 
Loge (1 + x) D.3.10.1 
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Log2X D.3. 10. 1, D.3.12 
LnX D. 3. 10. 1, D.3.12 
LnlX D. 3. 10. 1, D.3.12 
LongDecimal D .. 4. 7, D.4.12 
Long Integer Data type A 
Longint 1.4, 3.1.1.2, 10.3.1.2, 

10.3.3.3, 11.3-5, D 
arithmetic 3.1.1.2 
constant 1.4, 1.S, 1.7 

11. 3. 4 
data type 3.1.1.2 
data type conversions 11.3.3, 
values in text-oriented I/O 

10.3.3.3 
LoneSieDie D.4. 7, D.4.12 
LookAt Procedure E.12.4.1 
LSigDigLen D.4, 7, D.4.12 
Lt D.3.S, D.3.12 

H 
Macintosh 0.1 
Macintosh Code Generation Notes 12-6 
Macintosh Floating-Point Programming D.4.5 
Macwkorks 0.5 
Managing Environmental Settings D.3.8.3 
ManyPixels Data Type F.10 
MapPoly Procedures E.9.18 
MapPt Procedure E.9.18 
MapRect Procedure E.9.18 
MapRgn Procedure E.9.18 
Mark D.4.4 
Mark Procedure 11.2.3, A 
Mask Bitmap F.2 
MathLib D.1, D.4, D.4.12, D.5.3 
Math-Solve D. 4. 9, D.4.12 
Math Sort 0.4.5 
Math-Sort 0.4.5. 0.4.12 
MathUnit D.5.3 
Mat-Mult D. 4. 10.8, D.4.12 
Matrix 0.4.10.3 
Matrix Multipication 0.4.10.3) D.4.10.8 
Maxint 3. 1. 1. 1 
MaxSig 0.4.5. 0.4.12 
Memavail Function 11.2.5 
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Member-Group 5.3 
syntax 5.3 

Memory Allocation Procedures 11.2 
Merge sorting D.4.5 
Microsecond Timer F.6 
MicroSeconds Data Type F.10 
MicroTimer Function F.6 
Millisecond Timer F.7 
MilliSeconds Data Type F.10 
Minimum Listing J-2 
Missing Symbol £.5.2 
Mod Operator A 
Mouse F.1 

button F.5 
plug F.5 

MouseLocation Procedures F.1.1 
MouseOdometer Procedure F.1.4 
MouseScaling Procedure F.1.3 
MouseThresh Procedure F.1.3 
MouseUpdates Procedure F.1.2 
Move Procedure E.9.3 
Move2D Procedure £.12.4 
Move3D Procedure E.12.4 
Moveleft Procedure 11.7.1 
MovePortTo Procedure E.9.1 
Moveright Procedure 11.7.2 
MoveTo Procedure £.9.3 
MoveTo2D Procedure E.12.4 
MoveTo3D Procedure 
MulC D.3.3.1, 0.3.12 
MulC D.3.3.1, D.3.12 
MulS D.3.3.1, 0.3.12 
MulX D.3.3.1, D.3.12 
Multiply D.3.3.1 

N 
NaN D.2.1 
NaN Arithmetic D.2.4 
NaN Code 0.2.1 
NaNCond 0.4.11 
NaNOet 0.4.11 
NaNIRR 0.4.8, D.4.11 
NaNs 3.1.1.3, D.3.7 
Natural (base-e) logarithm D.3.10.1 
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Negation D.3.9.2 
Negative Zeros D.2.1 
NegX D.3.9.2, D.3.12 
Nev Prodedure 3.3~ 11.2.1~ A 
NevRgn Function E.9.11 
Next-After D.3.9.3 
NextD D. 3. 9. 3, D.3.12 
NextS D.3.9.3, D.3.12 
NextX D.3.9.3, D.3.12 
NextRandom D. 4. 3, D.4.12 
Nil 3.3, 4.3.4, 11.2.1 
Noise Procedure F.4 
Nonsingular-transfomations D.4.10.1 
Normal 10. 1. 5 
NORMAL D.3.7.1, D.3.12 
Normalized Number D.3. 7.1 
Not-a-Number D.2.1 
Number 1. 4 
NumClass D.3.7.1, D.3.12 
Numerical Comparisons 5.1.5.1 

o 
Object File 9 
Object of Pointer 4.3.4 
ObscureCursor Procedure E.9.2 
Odd Function 11.4.1 
OffsetPoly Procedure E.9.15 
OffsetRect Procedure E.9.6 
OffsetRgn Procedure E.9.11 
Open3DPort Procedure E. 12. 4 
Opening a File 10.1, 10.1.2-4 
OpenPicture Function E.9.14 
OpenPoly Function E.9.15 
OpenPort Procedure E.9.1 
OpenRgn Procedure E. 9. 11 
Operands 5 

compile-time 12.2.3 
in expressions 5 

Operators 5 
compile-time 12.2.3 
in expressions 5 

Options, Code Generator Notes 12-4 
Options, Code Generator (Table) Notes 12-7 
Options, Compiler Notes 12-2 
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Options, Compiler (Table) Notes 12-7 
Optimization Of If, Repeat, and While 

statements 12.3, 12.4 
Ord Function 3.1, 3.1.1.5, 3.1.2, 

11. 5. 1 
Ord4 Function 3.1.1.2, 11.3.3 
Order of Evaluation of Operands 

5.1.1 
Ordinal Functions 11.5 
Ordinal-Type 3.1 

and ord function 11.5.1 
and ord4 function 11.3.3 
and pred function 11.5.4 
and succ function 11.5.3 
syntax 3.1 

Ordinal-Type-Identifier 3 
Ordinality 3.1 
Otherwise-Clause 6.2.2.2 

syntax 6.2.2.2 
Output (Standard File) 10.3 
Output Expression in Write Procedure 

10.3.3 
Output File in Write Procedure 

10.3.3 
Output-Specs in Write Procedure 

10.3.3 
Ovals, Graphic Operations E.9.8 
OVERFLOW D.3.8.2. D.3.12 
Overflow (Real Arithmetic) 

3.1. 1. 3, D 

P 
P154 D.3.1 
Packed Array of Char 5.1.5.6, 

10.3.1.5, 10.3.3.6, 11.8 
comparisons 5.1.5.6 
fillchar procedure 11.8.3 
scanning functions 11.8.1, 11.8.2 
text-oriented 1/0 10.3.1.5, 

10.3.3.6 
Packed Data Types 3.1.1.6, 3.2 
Page Procedure 10.3.6 
PaintArc Procedure E.9.10 
PaintOval Procedure E.9.8 
PaintPoly Procedure E.9.16 
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PaintRect Procedure E.9. 7 
PaintRgn Procedure E.9.12 
PaintRoundRect Procedure E.9.9 
Parameter 7.1, 7.3 
Parameter-Declaration Syntax Notes 1-2 
Parameter List Compatibility 7.3.5 
Parameter-Declaration 7.3 

syntax 7.3 
Parameters in Procedure Call 6.1.2 
Pascal Compiler 12 
Pascal Diskette Description 1-6 
Pascal Real Arithmetic 0.5.2 
Pascal Workshop Files I 
Pattern Data Type E.4.3 
Pattern Transfer Mode E.7.1 
Patterns E.4.3 
Pen E.5.1 
Pen Routines E.9.3 
PenMode Procedure E.9.3 
PenNormal Procedure E.9.3 
PenPat Procedure E.9.3 
PenSize Procedure E.9.3 
Performance Penalty for Longint 

val ues 3. 1. 1. 2 
PicComment Procedure E.9.14 
PicHandle Data Type E.8.1 
PicPtr Oata Type E.8.1 
Picture Comments E.8.1 
Picture Data Type E.8.1 
Picture Frame E.8.1 
Picture Routines E.9.14 
Pictures E.8.1 
Pitch Procedure E.12.4.2 
Pixtel E.4. 1 
Pixtels Data Type F.10 
Plus-EForm 0.4.6, 0.4.12 
Point Data Type E.3.2 
Pointer 4.3.4. 11.2 
Pointer Function 3.3, 11.3.4 
POinter-Object-SymboI4.3.4 

syntax 4.3.4 
Pointer-Reference 4.3.4 
POinter-Type 3.3 

conversions 11.3.3. 11.3.4 
syntax 3.3 
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Pointer-Type-Identifier 3 
Points E.3.2 
Points, Calculations E.9.17 
Polar Coordinates 0.4.3 
Polygon Data Type E.8.2 
Polygons E.8.2 

calculations E.9.15 
graphic operations E.9.16 

PolyHandle Data Type E.8.2 
Polynomial 0.3.5 
PolyPtr Data Type E.8.2 
PorBits E.5 
PortRect E.5 
PortSize Procedure E.9.1 
Pos Function 11.6.2 
Power Switch F.5 
P-QR-Record 0.4.12 
Precedence of Operators 5 
Pred Function 3.1, 11.5.4 
Predecessor 3.1 
Predefined Identifiers A.4 
Present Value D.3.10.3 
Procedural Parameter 7.3.3 
Procedure 7.1, 7.3 
Procedure-and-Function-Declaration-

Part 2.1 
syntax 2.1 

Procedure-Body Syntax Notes 7-1 
Procedure-Declaration 7.1 

syntax 7.1 
Procedure-Entry D.3.8.3 
Procedure-Exit D.3.8.3 
Procedure-Heading 7.1 

syntax 7.1 
Procedure-Statement 6.1.2, 7.1 

syntax 6.1.2 
Procedures, Assembly Language E.11.4 
ProcEntry D.3.8.3, D.3.12 
ProcExit D.3.8.3, D.3.12 
Program 8 

identifier 8.1 
segments 8.3 
syntax 8.1 

Program-Heading 8.1 
syntax 8.1 
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Program-Parameters 8.1, 8.2 
syntax 8.1 

Pseudo-inverse P 0.4.10.3 
Pseudo-inverses D.4.I0.1 
Pt2Rect Procedure E.9.S 
PtlnRect Function E.9.S 
PtlnRgn Function E.9.11 
PtToAngle Procedure E.9.S 
Purge 10.1.5 
Put Procedure 10.2.2-3 
Pwroften Function 11.4.10 
Pyramid £.12 

q 
QDProcs Data Type E.I0 
QDProcsPtr Data Type E.10 
QDSample Program E.2.1, E.14.1 
QDSupport Unit E.15 
QNAN D.3.7.1, D.3.12 
QR-Condition D.4.10, D.4.10.10, D.4.12 
QR-Oeterminant 0.4.10.8) 0.4.10.10, 0.4.12 
QR-Factor D.4.10.8, D.4.10.10, D.4.12 
QR Factorization 0.4.10.9 
QR-Improve 0.4.10.8) 0.4.10.10) 0.4.12 
QR-Residual D.4.10.8, D.4.10.10, D.4.12 
QR-Solve 0.4.10.8) 0.4.12 
QR-Solve finds D.4.10.10 
QR-TransOeterminant 0.4.10.8) 0.4.10.10, 0.4.12 
QR-Transolve D. 4. 10. 8, D. 4. 10. 10, D.4.12 
Quadratic Equation 0.3.5 
Qualifier 4.3 

syntax 4.3 
QuickOraw E 
QuickDraw Oata Types E.2.2. E.13.2 
QuickDraw Glossary E.16 
QuickOraw, Linking To Notes E-l 
QuickDraw Routines E.9 

arcs E.9.10 
bit transfer E.9.13 
color drawing E.9.5 
cursor handling E.9.2 
customizing E.I0 
grafPorts E.9.1 
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line drawing E.9.3 
miscellaneous utilities E.9.18 
ovals E.9.8 
pen E.9.3 
pictures E.9.14 
points E.9. 17 
polygons E.9. 1S, E.9.1S 
rectangles E.9.S, E.9.7 
regions E.9.11, E.9.12 
rounded-corner rectangles E.9.9 
text drawing E.9.4 
wedges E.9.10 

QuickDraw Sample Programs E.2.1, 
E.14 

QuickDraw Summary E.13 
QuickDraw, Text Notes E-l 
QuickDraw, Using From Assembly 

language E.11 
Quiet NaN D.3. 7.1 
Quo D.3.3.2. D.3.12 
Quoted-Character-Constant 1.6.1 

syntax 1. 6. 1 
Quoted-String-Constant 1.6 

syntax 1. 6 

R 
RampContrast Procedure F.3.1 
RandModulus D.4.3, D.4.12 
Random Function E.9.18 
Random Number Generator D.3.10.5 
RandomX D. 3.10. 5, D.3.12 
Range-Checking 3.1.3, 12.1 
Rank-Deficient D.4.10.2 
Read Procedure 10.3.1 
Readln Procedure 10.3.2 
Real 1.4, 3.1.1.3, 10.3.1.3, 

10.3.3.4, 11.3-4, D 
arithmetic D 
constant 1. 4 
data type 3.1.1.3 
data type and round function 11.3.2 
val ues 3. 1. 1. 3 
values and write procedure D 
values in text-oriented I/O 

10.3.1.3, 10.3.3.4, D 
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RealPrecision D.4.2~ D.4.12 
Real-Type 3.1 

syntax 3.1 
Real-Type-Identifier 3 
Record 3.2.2, 4.3.2 

field 3.2.2, 4.3.2 
number and seek procedure 10.2.4 
or file 10.2 
reference 4.3.2 
reference in with statement 6.2.4 

Record-Oriented I/O 10.2 
Record-Type 3.2.2 

new procedure 11.2.1 
syntax 3.2.2 

Rectangle Calculation Routines £.9.6 
Rectangle Data Type £.3.3 
Rectangles E.9.9 
Rectangles E.3.3 

graphic operations E.9.7 
RectlnRgn Function E.9.11 
RectRgn Procedure E.9.11 
Recursion 7.1-2 
Redeclaration of Identifier 2.2.2, 

2.2.4 
Region Data Type E.3.4 

calculations E.9.11 
graphic operations E.9. 12 

Regression D.4.10.7 
Regular-Unit Syntax Notes 9-2 
Relational Operators 5.1.5 
Relaxed Order of Declarations Notes 2-1 
Release D.4.4 
Release Procedure 11.2.4~ A 
RelX D. 3. 6, D.3.12 
RelOp D.3.S, D.3.12 
Remainder D.3.3.2 
RemX D.3.3.2, D.3.12 
Repeat-Statement 6.2.3.1 

optimization 12.4 
syntax 6.2.3.1 

Repeating Keys F.5.5 
RepeatRate Procedure F.5.5 
Repetitive-Statement 6.2.3 

syntax 6.2.3 
Reserved Words 1.1 

Index-25 

Index 



Pascal Ref'erencel1anual 

Reset Procedure 10.1, 10.1.5, A 
Residual D. 4. 10. 6, D.4.10.10 
Result-Type 7.2 

syntax 7.2 
Rewrite Procedure 10.1.4 
RgnHandle Data Type E.3.4 
RgnPtr Data Type E.3.4 
RintX D.3.9.1, D.3.12 
Roll Procedure E.12.4.2 
Rotation E.12 
Round D.2.4 
Round Function 11.3.2, D 
Rounding D.2.2 
RoundDir D.3.12 
Rounding Direction D.3.8.1 
Rounding Error D.4.9 
Rounding Function D.3.8.1 
Rounding in Real Arithmetic D 
Rounding precision D.3.8 
Rounding Direction D. 3. 8. 1. 
RoundDir D.3.8.1 
Roundoff Errors D.4.10.4 
RoundPrecision D.4.2, D.4.12 
Round to Integral Value D.3.9.1 
Row Width E.4.1 

S 
S2Dec D.3.4.2, D.3.12 
S2Str D.3.4.2, D.3.12 
S2X D.3.4.1, D.3.12 
Sane D.1 
SANE Environ D.3.11, D.3.12 
ScalbX D.3.9.4. D.3.12 
Scale Procedure E.12.4.2 
Scale-Factor 1.4 

syntax 1. 4 
ScalePt Procedure 
Scan Function A 
Scaneq Function 11.8.1 
SCanne Function 11.8.2 
Scope 2.2 

of standard objects 2.2.5 
Screen 10.3, 10.3.7.2, F.3 

contrast F.3.1 
cursor control 10.3.7.2, F.2 
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fading F.3.2 
physical 10.3 

ScreenContrast Data Type F.10 
ScreenSize Procedure F.3 
ScrollRect Procedure E.9. 13 
Seconds Data Type F.10 
SectRect Function E.9.6 
SectRgn Procedure E.9.11 
Seed 0.3.10.5 
Seek Procedure 10.2.3 
Segment Keyword A 
Segmentation 8.3~ Notes 9-1 
Segments 8.3, 9.1, 9.2.1 
Selector in Case Statement 6.2.2.2 
Series of payments 0.4.8 
Set 3.2.3, 5.1.4, 5.1.5.4, 5.3 

comparisons 5.1.5.4 
membership testing 5.1.5.5 
operators 5. 1. 4 
values 5.3 

Set-Constructor 5, 5.3 
syntax 5.3 

Set-Type 3.2.3 
syntax 3.2.3 

SetClip Procedure E.9.1 
SetContrast Procedure F.3.1 
SetCursor Procedure E.9.2 
SetOateTime Procedure F.8 
SetOimContrast Procedure F.3.2 
SetEmptyRgn Procedure E.9.11 
SetEnv 0.3.8.1, D.3.8.2 0.3.12 
SetFadeDelay Procedure F.3.2 
SetHlt D.3.8.2? D.3.12 
SetHlt Address 0.3.8.2, 0.3.11, 0.3.12 
Set Legends Procedure F.5.1 
SetOrigin Procedure E.9.1 
SetPenState Procedure E.9.3 
SetPort Procedure E.9.1 
SetPort30 Procedure E.12.4 
SetPortBits Procedure E.9.1 
SetPrecision 0.4.2, 0.4.12 
SetPt Procedure E.9.17 
SetPt20 Procedure E.12.4 
SetPt3D Procedure E.12.4 
SetRect Procedure E.9.6 
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SetRectRgn Procedure E.9.11 
SetRnd D. 3. 8. 1, D.3.12 
SetRepeatRate Procedure F.5.5 
SetStdProcs Procedure E.l0 
SetTimeStamp Procedure F.9 
SetVolume Procedure F.4 
SetXcp D.3.8.2, D.3.12 
Sgn D.3.4.2, D.3.12, D.4.7, D.4.12 
Shared Intrinsic-Unit Notes 9-1 
ShowCursor Procedure E.9.2 
ShowPen Procedure E.9.3 
Sig D.3.4.2, D. 3. 12, D.4.7, D.4.12 
SigDig D.3.12 
SIGDIGLEN D.3.12 
Sig-FFarm D.4.6 
Sig-FForm D.4.12 
Sign 1. 4 

syntax 1. 4 
Sign D.3. 7.1 
SignDfX D.4.4 
SignOfX D.4.12 
Sign Manipulation D.3.9.2 
SignalIng NaN D.3. 7.1 
Signed Zero 3.1.1.3 
Signed-Number 1.4 

syntax 1. 4 
Silence Procedure F.4 
Simple-Expression 5 

syntax 5 
Simple-Statement 6.1 

syntax 6.1 
Simple-Type 3.1 

syntax 3.1 
Simple-Type-Identifier 3 
Sin Function 11.4.4 
Sine D.3.10.4 
Single D.3.12 
Sinele, Double, Comp Extended D.3.2 
Singular D.4.10.1 
SinhX D. 4. 3, D.4.12 
SinX D. 3. 10. 4, D.3.12 
Size-Attribute 3.1.1.6 

syntax 3. 1. 1. 6 
Sizeof Function 11.1.3 
Skew Procedure E.12.4.2 
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SNAN 0.3.7.1, 0.3.12 
Solving a system of linear equations 0.4.10.3 
Sorted 0.4.5 
Source Transfer Mode E.7.1 
SpaceExtra Procedure £.9.4 
Speaker F.4 
SpeakerVolume Data Type F.l0 
Special Symbols 1.1 
Sqr Function 11.4.3 
Sqrt Function 11.4.8, D 
SqrtX 0.3.3.3, D.3.12 
Square Root 0.3.3.3 
Stable 0.4.5 
Stack Space and Memavail Function 

11. 2.5 
Standard Apple Numeric Environment 0-1 
Standard errors D. 4. 10. 7 
Standard Procedures and Functions 

for I/O 10 
10, 11 

Standard Simple-Types 3.1 
Statement 6 

syntax 6.1 
Statement-Part 2.1 

syntax 2.1 
Statistical Computatins D.4.10.7 
StdArc Procedure E.10 
StdBits Procedure E.10 
StdComment Procedure E.l0 
StdGetPic Procedure E.10 
StdLine Procedure E.l0 
StdOval Procedure E.10 
StdPoly Procedure E.10 
StdPutPic Procedure E.10 
StdRect Procedure E.10 
StdRgn Procedure E.10 
StdText Procedure E.l0 
StdTxMeas Function E. 10 
Str2C D.3.4.2, D.3.12 
Str2D 0.3.4.2, D.3.12 
Str2S D.3.4.2. D.3.12 
Str2X 0.3.4.2, D.3.12 
Str20ec 0.3.12 
String 1.6, 3.1.1.6, 4.3.1, 5.1.5.3, 

10.3.1.4, 10.3.3.5, 11.6, A 
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character 4.3.1 
comparisons 5.1.5.3 
concatenation 11.6.3 
constant 1.6. 3.1.1.6 
constant comparisons 5.1.5.3 
length function 11.6.1 
procedures and functions 11.6 
reference 4.3.1 
substring copying 11.6.4 
substring deletion 11.6.5 
substring insertion 11.6.6 
substring search 11.6.2 
values in text-oriented IIO 

10.3.1.4. 10.3.3.5 
String-Character 1.6 

syntax 1. 6 
String-Type 3.1.1.6 

syntax 3. 1. 1. 6 
String-Type-Identifier 3 
StringWidth Function E.9.4 
Structured-Statement 6.2 

syntax 6.2 
Structured-Type 3.2 

syntax 3.2 
Structured-Type-Identifier 3 
Stuff Hex Procedure E.9.18 
Systems of linear equations 0.4.10.9 
Style D. 3. 4. 2. D.3.12 
SubPt Procedure E.9.17 
Subrange-Type 3.1.3 

syntax 3. 1. 3 
Subtract D.3.3.1 
SubC 0.3.3.1. D.3.12 
SubD D.3.3.1. D.3.12 
SubSx D.S.3.1, D.3.12 
SubX D.3.3.1. D.3.12 
Succ Function 3.1, 11.5.3 
Successor 3.1 
Swap D.4.5 
Syntax Diagrams, Complete Collection 

C 
Syntax Diagrams. Explanation Preface 
System Intrinsic Library 9.2.2. 12.1 
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T 
Tag Constants In New And Dispose 

procedures 11.2.1-2 
Tag-Field 3.2.2 
Tag-Field-Type 3.2.2 

syntax 3.2.2 
Tangent D.3.10.4 
TanhX D.4.3, D.4.12 
TanX D.3.10.4, D.3.12 
Term 5 

syntax 5 
TestHlt D.3.8.2, D.3.13 
TestXcp D.3.8.2, 0.3.12 
Testing Set Membership 5.1.5.5 
Text E.5.2 
Text Type 3.2.4, 10.1.2, 10.3 
Text-Drawing Routines E.9.4 
Text-Oriented I/O 10.3 
TextFace Procedure E.9.4 
Textfile 10.1.2, 10.3, Ar 
TextFont Procedure E.9.4 
TextMode Procedure E.9.4 
TextSize Procedure E.9.4 
TextWidth Function E.9.4 
Three-Dimensional Graphics. See 
TFP-byte D.4.4, D.4.12 
TFP-Comp 0.4.4, 0.4.12 
TFP-Double D.4.4, D.4.12 
TFP-Extended 0.4.4, 0.4.12 
TFP-integer D.4.4, 0.4.12 
TFP-longint 0.4.4, 0.4.12 
TFP-real 0.4.4, D.4.12 

Graf30 
Time F.8. F.9 
Time Stamp F.9 
Timer Function (Millisecond Timer) 

F. 7 
Timers F.6, F.7 
TimeStamp Function F.9 
TimeToOate Procedure F.9 
TONEAREST 0.3.8.1, 0.3.12 
TOWARDZERO D.3. 7.1, 0.3.12 
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Trail-Point D.4.6, D.4.12 
Transfer Functions 11.3 
Transfer modes E.7.1 
TransForm Procedure E.12.4.2 
Transformation D.4.10.1 
Transformation Matrix E.12 
Translate Procedure E.12.4.2 
Transpose D.4.10.3 
Treesearch Procedure A 
Trigonometric Functions D.3.10.4 
Trunc D.2.4 
Trunc Function 11.3.1, A, D 
Turtlegraphics Unit A 
Type 3 

compatibility and identity 3.4 
syntax 3 

Type-Conversion Notes 3-1 
Type-Declaration 3 

syntax 3 
Type-Declaration-Part 2.1, 3.5 

syntax 2.1 

u 
UCSD Pascal A 
Unary Arithmetic Operators 5.1.2 
UNDERFLOW D, 3._ 8. 2, D. 3. 12 
Underscore Character 
UnionRect Procedure E.9.6 
UnionRgn Procedure E.9.11 
Uniqueness 0.4.10.3 
Unit 9 

intrinsic 9.2 
regular 9.1 

Unit-Heading Syntax Notes 9-2 
Unit, Intrinsic Notes 9-1 
Univtype Notes 7-2 
UNORD 0.3.6, 0.3.12 
Unordered 0.3.6 
Unsigned-Constant 5 

syntax 5 
Unsigned-Integer 1.4 

syntax 1.4 
Unsigned-Number 1.4 

syntax 1. 4 
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Unsigned-Real 1.4 
syntax 1.4 

Untyped File 3.2.4, 10.1.1-2, 10.4 
I/O 10.4 

UPWARD 0.3.8.1, 0.3.12 
Uses 0.3.1, 0.4.1 
Uses-Clause 8.1, 9.1.1-2, 9.2, 9.3 

syntax 8.1 
Utility Procedures 0.4.4 

v 
Value Parameter 7.3.1 
ValidPrefix 0.3.12 
Variable 4 
Variable Parameter 7.3.2, A 
Variable-Declaration 4.1 

syntax 4.1 
Variable-Declaration-Part 2.1 

syntax 2.1 
Variable-Identifier 4.1 

syntax 4.1 
Variable-Reference 4.2 

syntax 4.1 
Variant 3.2.2 

records, new procedure 11.2.1 
syntax 3.2.2 

Variant-Part 3.2.2 
syntax 3.2.2 

Vectors and Linear Transformations D.4.10.1 
Vector space 0.4.10.1 
Vertical Retrace F.3 
VHSelect Data Type E.3.2 
ViewAngle Procedure E.12.4.1 
Viewing Pyramid E.12 
ViewPort Procedure E.12.4.1 
VisRgn E.5 
Volume Function F.4 

, 
Wedges, Graphic Operations E. 9. 10 
While-Statement 6.2.3.2 

optimization 12.4 
syntax 6.2.3.2 
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With-Statement 6.2.4 
syntax 6.2.4 

Wordstream Type A 
Write Procedure 10.3.3. A 

with real values D 
Write-Protection of File 10.1.5 
Writeln Procedure 10.3.4. A 

.r 
X2C D.3.4.1, 0.3.12 
X20 D.3.4.1, 0.3.12 
X2I 0.3.4.1, 0.3.12 
X2L 0.3.4.1, 0.3.12 
X2LDec D.4. 7, D.4.12 
X2S D.3.4.1, D.3.12 
X2X D.3.4.1, D.3.12 
X2Dec D.3.4.2, D.3.12 
X2Str D.3.4.2, D.3.12 
XForm Matrix E.12 
XpwrI D.3.10.2, D.3.12 
XpwrY D. 3. 10. 2, D.3.12 
XorRgn Procedure E.9.11 

y 
Yaw Procedure E.12.4.2 

z 

ZERO 0.3.7.1, D.3.12 
Zero D.2.1. D.3.7.1 
Zero of a Nonlinear Function D.4.9 
Zero of polynonial function D.4.9 
Zero Signed 3.1.1.3 

CHARACTERS 
$C Compiler Commands 12.1 
$0 Compiler Commands 12.1 
$DECL Compiler Command 12.2.1 
$E Compiler Command 12.1 
$ELSEC Compiler Command 12.2.4 
$ENDC Compiler Command 12.2.4 
$1 Compiler Command 12.1 
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$IFC Compiler Command 12.2.4 
$L Compiler Commands 12.1 
$R Compiler Commands 3.1.3, 12.1 
$S Compiler Command 8.3. 9.1. 9.2. 

12.1 
$SETC Compiler Command 12.2.1 
$U Compiler Commands 9.1.2, 9.2.2, 

12.1 
$X Compiler Commands 12.1 
0, Signed 3.1.1.3 
1S-Bit Integer Arithmetic 3.1.1.1-2, 

11. 3. 3 
32-Bit Integer Arithmetic 3.1.1.2, 

11. 3. 3 
3D Graphics. See Graf3D. 
@ Operator 3.3, 5.1.6 
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